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Overview

The link between depression and suicide cannot be overstated. As demonstrated in both “Depression
and Suicide” and “Affective Disorders and Suicide Risk: A Reexamination” a depression is arguably the
most important risk factor for suicide, and treating the condition early is key to reducing suicide risk for
depressed patients.
These studies are contained in other sections of this application, but with the lives of patients at stake, I
think its worth looking at them multiple times. The key findings of the studies are as follows:
1. Depression and Suicide – This study concludes that depression is a “particularly important risk
factor” for suicide, and that early diagnosis and treatment is important for preventing suicide.
2. Affective Disorders and Suicide Risk: A Reexamination – This study concludes that the estimated
lifetime prevalence of suicide in those ever hospitalized for suicidality is 8.6%

Depression and Suicide
JMAJ 44(8): 359–363, 2001

Yoshitomo TAKAHASHI
Chief, Department of Suicidology, Tokyo Institute of Psychiatry

Abstract: Among the various mental disorders which tend to be closely related
to suicide, depression is a particularly important risk factor. Many patients suffering
from depression commit suicide never having had access to psychiatric care or
proper treatment. Although depressed mood, psychomotor retardation, anxiety,
and autonomic symptoms may occur in depression, patients suffering from depression often visit a primary care physician rather than a psychiatrist, complaining of
various somatic symptoms. Therefore, the role of the primary care physician, not
only that of the psychiatrist, is critical in preventing such patients from committing
suicide. In this regard, the present report outlines means of assessing suicide risk
in depressed patients. Since early diagnosis and implementation of intensive treatment for depression provide a good chance of preventing suicide, every physician
should know how to assess the risk of suicide.
Key words: Depression; Suicide; Risk factors; Accident-proneness

Introduction
According to statistics published by the
National Police Agency, 31,957 individuals committed suicide in Japan in 2000, a rate of 25.2
per 100,000 population.1) Among the causes of
suicide, physical illness was the most common,
accounting for 34.9% of all suicides. Because
of this close association with somatic illness,
because individuals with psychiatric problems
often visit a physician who does not specialize
in psychiatry, and because depression is closely
related to suicide and is associated with various
somatic symptoms, general practitioners, not
only psychiatrists, play a significant role in preventing suicide.

This report focuses on assessment of the risk
of suicide in depressed patients. Since early
diagnosis and implementation of intensive treatment provide a good chance of suicide prevention, it is important that every physician be well
informed as to how to assess the risk of suicide.

Clinical Picture of Depression
Kielholz2) reported risk factors associated
with suicide in patients suffering from depression (Table). These risk factors are described
below, with special emphasis on those possibly
requiring particular attention.3)
According to a survey done using the psychological autopsy method, 70–90% of those

This article is a revised English version of a paper originally published in
the Journal of the Japan Medical Association (Vol. 124, No. 1, 2000, pages 59–62).
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Table Risk Factors for Suicide in Depressed Patients (Kielholz, 1974)2)
A) Signs of suicide risk and selection of means
1) Prior history of attempted suicide or implication of suicide
2) Family history of suicide
3) Verbal threats of suicide
4) Concrete disclosures as to preparation and implementation of suicide
5) Unnaturally calm behavior after having been in an unstable state
6) Dreams of self-destruction
B) Specific symptoms
1) Severe anxiety/irritability
2) Persistent insomnia
3) Uncontrollable aggressiveness
4) Initial, convalescent, and mixed stages of depression
5) Age periods associated with biological crisis (adolescence, pregnancy,
puerperium, climacterium)
6) Severe self-guilt feelings
7) Incurable illness, hypochondriacal delusion
8) Concomitant alcohol dependency
C) Environmental factors
1) Broken family
2) Loss of someone or something important
3) Occupational and financial difficulties
4) Failure to carry out tasks or reach life goals
5) Loss of religious affiliations

who committed suicide had evidence of some
mental disorder when alive, and 60–70% were
depressed. Reportedly, one in six patients who
fall under the category of major depression as
set forth in the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSMIV), of the American Psychiatric Association,
dies as a result of suicide. Thus, the suicide rate
among patients suffering from depression is at
least several dozen times higher than that of
the general population.
Patients with severe depression who meet
the diagnostic criteria for melancholia are at
particularly high risk of suicide. Caution is also
necessary in dealing with patients who are not
seriously ill but have prolonged illnesses with
repeated exacerbations. Rapid cyclers, who
alternate between hypomanic and depressive
phases within a short period of time, and patients
who present a mixed clinical picture in the convalescent stage are also at high risk of suicide.
Symptoms that require particular caution

360

JMAJ, August 2001—Vol. 44, No. 8

include persistent insomnia and extreme psychomotor retardation and anxiety/irritability. Early
morning waking is observed in most depressed
patients, and suicide attempts are often made
at that time; thus, the highest priority should be
given to treating insomnia.
Patients who are aware of feelings of despair,
hopelessness, and worthlessness also require
special attention. Certain researchers attach
great importance to patients’ feelings of despair
as a predictor of future suicide.
The suicide rate in patients suffering from
depression associated with delusions is extremely high. Depressed patients suffering
from hypochondriacal delusion, delusion of
self-guilt, or delusion of poverty have a fivefold higher suicide rate than those without such
delusions.4)
Some patients who have not yet reached the
hypochondriacal delusion stage may dwell on
somatic symptoms. It is not rare for somatic
symptoms to be the most prominent feature

DEPRESSION AND SUICIDE

of the patient’s clinical picture, while other
depressive symptoms remain relatively obscure.
Such patients are apt to focus exclusively on
their somatic symptoms and visit primary care
physicians other than psychiatrists.
Elderly patients in particular often complain
of somatic symptoms, rather than reporting
depressed feelings. The leading cause of suicide
in the elderly is physical illness. Although some
highly suicidal patients may have a malignant
disease with a poor prognosis, the presence of a
number of somatic symptoms, no one of which
is particularly severe, should also be regarded
as a risk factor for suicide.5,6)
It has been widely observed in the clinical
setting that patients in the early stage of
dementia are often depressed. Combined with
inappropriate cognition of their surroundings,
depression in such patients may engender feelings of hopelessness. Even seemingly small
inabilities can suddenly create an imminent
risk of committing suicide.
There is also danger when disturbance of
consciousness associated with some organic
disorder is concomitant with a depressive state.
Suicide resembling an accident may occur
under the influence of delirium. In particular,
when elderly patients who have tended to be
depressed for a long period develop mild
dementia or delirium as well, the risk of suicide
increases and particular caution is warranted.
It can be said that the 3Ds, namely, depression,
mild dementia, and delirium, form a suicide
risk triad in the elderly.

Stage of Illness
In regard to the relation between stage of
illness and suicide risk, it is noteworthy that
risk may increase abruptly just after onset, in
convalescence, and just after discharge from
the hospital. Of course, this does not apply to
all patients, and suicide risk should be carefully
assessed in every stage of illness.
Pöldinger7) classified the process leading to
suicide into three stages: a) thinking, b) ambiva-

lence, and c) decision making. A certain period
of calm, like “the calm before the storm”, often
characterizes the decision-making stage. This
can be a dangerous time, possibly with important implications for treatment. It may happen
that a patient who has been depressed and
suffering extreme anxiety becomes peaceful,
smiles, and shows gratitude to health care providers, with a seemingly sudden disappearance
of earlier symptomatic behavior. Because of
this period of calm, health care providers may
arrive at the optimistic conclusion that the
patient’s suicide risk has disappeared, when
this is actually far from the case.

Suicidal Ideation, Suicide Attempt,
and Family History of Suicide
Any threats or actions that imply suicide
should be given serious consideration. The
expression of suicidal ideation is not limited
to words alone, and may be conveyed through
a medium other than speech. Patients may
directly say “I want to die” or “I am going to
kill myself”. They may also express themselves
indirectly, making statements such as “Life has
no meaning” or “I wish I would never wake
up”. Another possibility is saying something
like “Thank you for all you have done for me”,
in an unnatural situation. Before committing
suicide, patients may dispose of or give away
valuable possessions; they may prepare the
means to be used in suicide; or they may visit
the place where they plan to commit suicide.
In comparison with the general population,
those who have survived a suicide attempt are
far more likely to repeat suicidal behavior and
to actually succeed. One in ten patients with a
history of attempted suicide does ultimately
succeed in committing suicide. The suicide risk
is several hundred times greater among these
patients than in the general population, indicating a history of attempted suicide to be an
extremely important risk factor. Patients who
have a history of self-injury or self-mutilation,
such as taking a slight overdose of pills or cut-
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ting their wrists, are also at high risk of suicide
in the long term.
When patients suffering from depression
attempt suicide during treatment, they most
frequently use prescription drugs. Therefore,
it is important that neither hypnotics nor antidepressants be prescribed at a potentially fatal
dose or that the patient’s family assume the
responsibility for drug management. Particular
caution is warranted in the case of tricyclic
antidepressants, which are dangerous because
of their highly adverse effects on the cardiac
system.
It is also important to obtain information as
to the patient’s family history of suicide. The
presence of suicide(s) in the patient’s immediate family or among other close relatives
increases the risk of suicide. Some families
reportedly have a high prevalence of suicide,
raising the possibility of heredity playing a role
in suicide. In addition, a person is reportedly at
increased risk of suicide if he or she experiences the suicide of someone, not necessarily a
relative, who is important to him or her. It is
possible that when those who may be at high
risk of suicide learn of someone else’s suicide
they see themselves in the same light as the
person who died and would therefore be at
markedly increased risk of committing suicide.
The risk of “cluster suicide”, particularly in
adolescence, has been emphasized in recent
years.8,9)
An unconscious self-destructive tendency
(accident proneness) may precede suicide;
patients may become incapable of maintaining
their personal safety or caring for their health.
The possible approach of an emergency should
be suspected when an individual with a number
of other risk factors repeatedly has accidents or
fails to comply with medical recommendations
for management of a chronic illness.

Association with Drinking
When alcohol dependence is concomitant
with depression, the risk of suicide increases.
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Even if the diagnostic criteria for alcohol dependence are not met, many who attempt suicide
are under the influence of alcohol when the
attempt is made.10) The direct effects of alcohol
include blunting of judgement and facilitation
of the tendency toward suicidal behavior.
Since alcohol may provide temporary relief
from some depressive symptoms, alcohol consumption may increase gradually without a
patient’s conscious awareness. Among patients
suffering from depression, non-drinkers may
begin imbibing or those with low alcohol consumption may increase their intake. Even
though patients seem to experience some improvement of symptoms while under the influence of alcohol, the original depressive symptoms actually tend to worsen in the long term,
because alcohol essentially depresses the central nervous system. Considering the risk of
suicide, patients should abstain from drinking
alcohol while being treated for depression.

Risk of Extended Suicide
In addition to the suicide risk of the patient,
the risk of extended suicide (murder suicide),
which involves a person or persons closely
related to the patient, should also be kept in
mind. The patient may harbor an illusion of
being united with the possible victim or be
completely unable to imagine that person functioning without the patient. In despair, the
patient chooses suicide as the only possible
solution, having concluded that the other would
not survive without him or her.
If the patient is a young mother, her children
may become victims. Aged parents may commit suicide over a grown child who is physically
handicapped and whom they are unable to care
for. A middle-aged man may commit suicide
after killing all the members of his family, or an
elderly person with a sick or bed-ridden partner may commit suicide after killing the partner. Thus, attention must be focused not only
on the mental symptoms of depressed patients,
but also on their social and familial situations.

DEPRESSION AND SUICIDE

It is important to ensure the safety of potential
victims susceptible to homicidal actions on the
part of the patient, as well as to control the
patient’s own potentially suicidal actions.

2)

3)

Conclusion
It is much more likely for suicide to be undertaken by an individual with a mental disorder
than for someone mentally competent to commit suicide. Among mental disorders, depression is particularly important in terms of its
association with suicide. It should be noted that
not all patients suffering from depression exhibit a typical clinical picture, and it merits
emphasis that early diagnosis of depression and
implementation of proper treatment provide a
good chance of suicide prevention.

4)

5)
6)

7)
8)
9)
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Affective Disorders and Suicide Risk: A Reexamination
John Michael Bostwick, M.D.
V. Shane Pankratz, Ph.D.

Objective: In 1970, Guze and Robins
published a meta-analysis of suicide in
patients with affective illness that inferred
a lifetime risk of 15%. Since then, this figure has been generalized to all depressive
disorders and cited uncritically in many
papers and textbooks. The authors argue
for an alternative estimate of suicide risk
and question the generalizability of the
Guze and Robins estimate.
Method: The authors sorted studies obtained through a literature search that included data pertaining to suicide occurrence in affective illness into one of three
groups: outpatients, inpatients, or suicidal inpatients. Suicide risks were calculated meta-analytically for these three
groups, as well as for two previously published collections.
Results: There was a hierarchy in suicide
risk among patients with affective disorders. The estimate of the lifetime prevalence of suicide in those ever hospitalized
for suicidality was 8.6%. For affective disorder patients hospitalized without specification of suicidality, the lifetime risk of

suicide was 4.0%. The lifetime suicide
prevalence for mixed inpatient/outpatient populations was 2.2%, and for the
nonaffectively ill population, it was less
than 0.5%.
Conclusions: The percentage of subjects
dead due to suicide (case fatality prevalence) is a more appropriate estimate of
suicide risk than the percentage of the
dead who died by suicide (proportionate
mortality prevalence). More important, it
is well established that patients with affective disorders suffer a higher risk of suicide relative to the general population.
However, no risk factor, including classification of diagnostic subtype, has been reliably shown to predict suicide. This article demonstrates a hierarchy of risk based
on the intensity of the treatment setting.
Given that patients with a hospitalization
history, particularly when suicidal, have a
much elevated suicide prevalence over
both psychiatric outpatients and nonpatients, the clinical decision to hospitalize
in and of itself appears to be a useful indicator of increased suicide risk.
(Am J Psychiatry 2000; 157:1925–1932)

I

n 1970, Guze and Robins reviewed 17 studies of suicide
in patients with primary affective disorder and concluded
that 15% of depressed patients would die by suicide (1). In
1990, Goodwin and Jamison reviewed 13 additional studies to replicate the results of Guze and Robins and concluded that 18.9% of depressed patients would die by suicide (2). The methodologies of these two reviews were
similar, containing the same assumptions as well as the
same biases. We note three points of particular interest.
First, both reviews considered studies that consisted almost exclusively of hospitalized patients. Second, both reviews calculated proportionate mortality (the percentage
of the dead who died by suicide) rather than case fatality
(the percentage of the original sample who died by suicide). Third, most of the studies included in both estimates of lifetime suicide risk had follow-up periods of only
a few years. We shall show how these three issues distort
the interpretation of the actual risk of suicide in patients
with affective disorders.
Even though both reviews considered studies that almost exclusively consisted of hospitalized populations,
subsequent authors, all citing Guze and Robins, have generalized their 15% figure to populations neither Guze and
Am J Psychiatry 157:12, December 2000

Robins (1) nor Goodwin and Jamison (2) considered. Following this convention, major American textbooks continue to report the 15% figure as correct for all depressed
patients (3–7). Moreover, “depression” is no longer defined as it was in 1970. Subsequent editions of DSM have
made the diagnosis of a major depressive episode more
inclusive. Today up to 20% of the population meet criteria
for a watered-down, broad, and, ultimately, a less lethal
depressive diagnosis. Klein and Thase (8) made this point
powerfully when they observed that in 1972, the lifetime
prevalence of depression in the American population in
DSM-II terms was 2%–3%, when the definition of depression included only involutional melancholia, the unipolar
form of manic depression, psychotic depression, and “severe depressive neuroses.” By 1994, under the rubric of
DSM-IV, the lifetime prevalence of depression had increased to 10%–20%. The major difference between 1972
and 1999 is not that we are caught in an affective epidemic. “Much broader and more inclusive definitions of
mood disturbance, with major differences in thresholds
for ‘clinical depression’ and when we recommend treatment” are the explanation (9). Today, many more people
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carry a depressive label, but the incidence of the severe
forms remains relatively low.
The psychiatric literature and textbooks do not alert
readers to this diagnostic shift. Extrapolations of studies of
the most severely ill are now wrongly applied to all patients with a depressive diagnosis of any sort. Examples
that such generalizations are inappropriate are easily
found. For instance, Helgason (10) followed a cohort of
Icelanders for 61 years and found that 7.2% of the patients
with affective disorder died as a result of suicide. When the
cohort was split into two groups, one psychotic and one
neurotic, the suicide rates bifurcated (patients with primarily psychotic depression: 14.5%; patients with primarily neurotic depression: 1.8%).
Both of the previous reviews (1, 2) employed proportionate mortality to estimate suicide rates in affective disorder
patients. Proportionate mortality is a conditional quantity
that represents the probability that a subject will have died
as a result of suicide, given that the subject has died during
the follow-up period. If all of the subjects in every study
were followed throughout their lifespan, proportionate
mortality would correctly estimate the probability of suicide. However, if subjects are not followed for their entire
lives, proportionate mortality will overestimate the risk of
suicide, particularly since suicide is overrepresented as a
cause of death among younger persons (11).
This leads to the third limitation of the results obtained
by the two previous reviews (1, 2). Their suicide rates were
estimated from studies of hospitalized patients that had
varying, and frequently brief, lengths of follow-up after discharge. Because suicide is known to occur at the highest
rates soon after hospitalization and early in the course of
diagnosed illness, subjects who die in studies with short
follow-up periods are more likely to die from suicide than
any other cause. Therefore, in short studies proportionate
mortality will greatly overestimate the lifetime risk of suicide. We therefore challenge the use of the proportionate
mortality estimate as a measure of suicide risk and propose
the use of case fatality rates as a more realistic alternative.
The two previous reviews both tell us something about the
sickest psychiatric patients, i.e., those mentally ill enough to
require hospitalization. But these “highly selected” populations yield results “unlikely to be generally applicable to all
patients suffering from the particular disease” (12). We dispute the generalizability of the findings of the earlier metaanalyses (1, 2) to affectively ill populations other than depressed inpatients and outline a hierarchical model of assigning suicide risk to patients with affective disorders.

Method
Our reexamination began with a reanalysis of the data in the 17
studies included in the meta-analysis of Guze and Robins (1). For
each study, we compared both proportionate mortality and case
fatality. The additional 13 studies that Goodwin and Jamison (2)
used to confirm the findings of Guze and Robins (1) were also reanalyzed. We also conducted a computer search of the MEDLINE
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(1966–present) and PsycINFO (1984–present) databases and reviewed the bibliographies of relevant psychiatry textbook chapters, studies, and review articles to identify additional studies.
The search was limited to English-language studies.
The purpose of our study was to reassess the lifetime prevalence of suicide in patients with affective disorders. All studies analyzed in this article are, by definition, survivorship studies, and
most are observational rather than randomized and controlled.
O’Brien and Shampo (13) stated that “in every study of survivorship, the first requirement is to describe the group studied.” Thus,
we have only included those reports containing a minimum data
set that summarized the number of suicides and deaths among a
cohort of affectively ill patients. Each included study plainly indicated whether the subjects at the inception of the investigation
were inpatients, outpatients, or a mixture of both.
We chose the general and inclusive term “affective disorders”
because it encompasses the incongruence among investigators
(12) as well as the definitional heterogeneity bred over the past
several decades by the evolution of classification systems such as
DSM and ICD. Many studies predated or ignored these systems.
The jumble of terms for affective disorders included manic depression, bipolar depression, neurotic depression, nonpsychotic
depression, reactive depression, endogenous depression, neurosis, involutional melancholia, unipolar depression, primary depression, secondary depression, and affective psychosis. Adding
to the confusion was the fact that some authors are of the opinion
that the presence of endogenous features, rather than depressive
subtype, determines suicide rates (14, 15).
Over 30 years ago, Silverman (16) determined that suicide in
depressed patients was not clearly associated with the presence
or absence of physical symptoms, diagnostic subtype, psychosis,
or treatment modality. The search for definitive suicide risk factors, detailed in hundreds, if not thousands, of papers, remains
inconclusive. Among psychotropic medications, only lithium has
been found to reduce the incidence of suicide (17) and then only
after patients have reliably taken it for at least 2 years (18).
This study scrutinized each population’s treatment status,
since we hypothesized that different patient statuses have different suicide rates. First, we confirmed that the studies included in
the two previous reviews (1, 2) almost exclusively contained inpatient subjects. As new studies were identified, we took special
pains to distinguish how patients were classified for comparison
purposes. The new studies of affective disorder patients were
sorted into two inpatient categories and one outpatient category
on the basis of how the authors classified patient status at study
commencement (19). The first inpatient category was undifferentiated according to suicidality; the second comprised patients
hospitalized after suicidal ideation or attempt.
After noting treatment status, we restricted the studies accepted
by excluding studies that did not have a mean follow-up time of at
least 2 years, since the incidence of suicide is elevated in the first 2
years after hospitalization (20–23). In addition, all studies included had to have at least a 90% rate of follow-up. This restriction
was based on the common sense presumption that the larger the
number of original subjects unaccounted for, the greater the number who may have been lost to a condition like suicide (11, 24). As
more subjects are lost to follow-up, more questions must be raised
about what happened to them and what conclusions can be
drawn with confidence from the remaining data (25).
While we took great pains to obtain the cleanest collection of
studies possible, several problems presented themselves. First,
the suicidal inpatient category contained mixed diagnoses, since
only two of the studies specifically excluded all but affective disorder patients. Second, few outpatient studies could meet our initial rigid inclusion criteria. Most studies began with a mix of patients from a variety of psychiatric services, including inpatient,
outpatient, emergency room, and day hospital. In one study, 54%
Am J Psychiatry 157:12, December 2000
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TABLE 1. Mortality Data From Suicide Prevalence Studies for Five Populations of Psychiatric Patients

Patient Population
Affective disorder outpatients
(26, 107–112)c
Total
Studies pooled for
meta-analysisd
Affective disorder inpatients
(20, 22, 32, 71–96)
Total
Studies pooled for
meta-analysisd
Suicidal inpatients
(20, 97–106)e
Total
Studies pooled for
meta-analysisb
Previous meta-analyses of
hospitalized affective
disorder patients
Studies (42–58) examined
by Guze and Robins (1)
Studies (10, 59–70)
examined by Goodwin
and Jamison (2)
Total (N=9)f
Studies pooled for
meta-analysisd

General Mortality
Number Number Number Number
Prevalence (%)a
of
of
of
of
95% CI
Studies Subjects Deaths Suicides Estimateb

7

7,444

—

150

5

5,100

463

114

29

19,723

—

800

22

11,891

2,383

463

11

14,954

—

900

7

2,723

642

235

17

4,905

1,301

234

9

11,996

—

394

7

11,445

1,526

349

Proportionate Mortality
Case Fatality
Prevalence (%)a
Prevalence (%)a
Estimateb
95% CI
Estimateb 95% CI

9.1

7.1–11.6

24.6

17.8–34.1

2.0

1.5–2.6

20.0

13.1–30.7

20.0

16.0–25.0

4.1

3.1–5.3

27.3

15.8–47.1

31.7

22.5–44.6

6.0

5.0–7.3

26.4

19.1–36.5

18.0

13.8–23.5

4.8

3.2–7.0

14.6

8.1–26.3

21.5

14.9–31.1

3.4

2.5–4.5

a

General mortality prevalence is total deaths divided by total subjects. Proportionate mortality prevalence is suicides divided by total deaths.
Case fatality prevalence is suicides divided by total subjects.
b Calculated by means of generalized estimating equations (40).
c Studies began with at least two-thirds of the subjects as outpatients.
d Excludes studies in which the number of deaths was not known or given.
e Category includes mixed diagnoses, since only two studies excluded all but affective disorder patients.
f Excludes four studies that were postmortem analyses or did not distinguish affective disorder patients.
had a history of prior hospitalization, and 86% had been hospitalized at least once during the 5-year follow-up period (26). The
largest American study of mortality in psychiatric “outpatients,”
Morrison’s San Diego study of 12,000 patients, was, in fact, a report of a mixed group (27). More than 40% of these so-called “outpatients” had at least one hospitalization during the 8.5 years of
the study (J.R. Morrison, personal communication, 1999). As a result, we relaxed the outpatient category criteria to include studies
in which at least two-thirds of the subjects were nominal outpatients at the starting point.
Another potential limitation of this study, and of the two previous reviews (1, 2) as well, arises from the failure to consider additional factors that may influence suicide risk. For instance, while
the discrepancy between male and female suicide rates in the
general population is significantly narrowed in the psychiatric
population, it is not completely erased (28). While some studies
distinguished between the sexes, others simply provided the
number of patients followed. Other potential risk factors surely
exist for which data are not generally available. These may include rehospitalization, treatment modalities, employment, age,
race, country, or any of the myriad other factors that can be used
to characterize populations.
Like the two previous reviews (1, 2), our study used a small set of
variables from each study to examine the risk of suicide in affective disorder patients. Our data analysis considered only the number of patients, the number of deaths, and the number of suicides
in each of the studies we analyzed. It would have been preferable
to collect the survival status and length of follow-up for each subject, but those data were not universally available. Our analysis included as suicides only those deaths classified specifically as such
and excluded accidental deaths, “quasi-suicides,” and other cateAm J Psychiatry 157:12, December 2000

gories of ambiguous deaths. This narrow suicide definition only
slightly diminishes suicide counts. Coroners over the last century
have been shown to apply consistent standards to suicide classification (29) and to underestimate suicide by exclusion of accidental deaths and the like at a consistent rate of 15%–20% (30).
Like the two previous reviews (1, 2), ours is a meta-analysis, an
approach “developed as a way to summarize the results of different
research studies of related problems” (31). Admittedly, many difficulties arise when dealing with data from such studies. The studies
themselves do not fully reflect the situation in the population at
large (32–36). Further, the various studies differ in their aims and in
their execution (37). While it was impossible to completely overcome these limitations, we were able to minimize their impact by
carefully delineating the terms and conditions for inclusion.
Statistical methods can compensate for the remaining heterogeneity. These methods are often referred to as “random effects
models” (38) as opposed to “fixed effects models,” which do not
account for study-to-study variability. The idea behind random effects techniques is that some universal set of studies exists, from
which the observed studies are randomly drawn. This construct
has the effect of ascribing study-to-study variability to this unobserved sampling mechanism. The global estimates of probabilities
or averages obtained by using random effects models are usually
approximately equal to the quantities that are calculated by using
traditional techniques. However, the variance estimates are larger,
which reflects the additional study-to-study variability.
In this article, we calculated four distinct probability estimates
for each of five different populations of psychiatric patients (affective disorder outpatients, affective disorder inpatients, suicidal inpatients, and the hospitalized affective disorder patients from the
two previous meta-analyses [1, 2]). The first probability estimate is
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FIGURE 1. Lifetime Risk of Suicide Among Five Populations
of Psychiatric Patientsa
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by application of Bayes’s Rule (39), which states that
the probability of suicide is equal to the probability of suicide given
death (proportionate mortality prevalence) times the probability of
death (general mortality prevalence).

b Determined

the “case fatality prevalence,” or the probability that a subject will
die by suicide during the course of the study. Within a single study,
this can be estimated by dividing the number of suicides by the
number of subjects. The second probability is the “proportionate
mortality prevalence,” or the probability that a subject will die as a
result of suicide given that the subject will die during the course of
the study. This corresponds to the rates used in the two previous
meta-analyses (1, 2). For a single study, this can be estimated by dividing the number of suicides by the number of deaths. The third
probability represents the “general mortality prevalence,” or the
probability that a subject will die of any cause during follow-up. For
a single study, this probability can be estimated by the ratio of total
deaths to total subjects. The fourth probability is a projection of
what the suicide mortality would be if all subjects were followed
until death. It is obtained by an application of Bayes’s Rule, which
states that the probability of suicide is equal to the probability of
suicide, given death, times the probability of death (39).
Each of the first three probabilities, and its 95% confidence interval, was calculated by using the generalized estimating equations (40) capabilities found in PROC GENMOD, a part of the SAS
statistical package (41). The suicide mortality estimate was calculated as the product of the proportionate mortality prevalence
and the general mortality prevalence. In addition to obtaining
probability estimates, pair-wise comparisons among the various
mortality prevalence estimates were performed, again by using
PROC GENMOD.

Results
Table 1 summarizes the data obtained from the studies
belonging to each of our five populations of psychiatric patients. One group reflects the 17 studies (42–58) originally
examined by Guze and Robins (1). Another represents the
13 studies (10, 59–70) in Goodwin and Jamison’s review (2).
The other three groups were those we identified for this

1928

study. Twenty-nine studies (20, 22, 32, 71–96) met inclusion criteria for the “affective disorder inpatients” category.
Eleven studies (20, 97–106) focused specifically on inpatients hospitalized after a suicide attempt or ideation.
Seven studies of affective disorder patients (26, 107–112)
began with at least two-thirds of the subjects as outpatients. The information recorded for each group of studies
includes the number of studies that could be pooled in our
meta-analysis as well as the total number of subjects,
deaths, and suicides in each collection of pooled studies. It
also contains the random effects estimates of the general
mortality prevalence, proportionate mortality prevalence,
and case fatality prevalence rates, along with corresponding 95% confidence intervals (CIs).
The group-wide general mortality estimates varied from
9.1% to 27.3% among the different populations of psychiatric patients. The estimates of proportionate mortality
ranged from 18.0% to 24.6% for four of the groups, with
that for suicidal inpatients equal to 31.7%. The case fatality estimates were considerably smaller, ranging from
2.0% for affective disorder outpatients to 6.0% for suicidal
inpatients. The case fatality estimates nearly matched the
final estimates of suicide risk we obtained by applying
Bayes’s Rule to the probability estimates obtained from
the random effects models (Figure 1).
The case fatality rates of all of the three populations of
psychiatric patients for which we identified new studies
were significantly different from one another. The case fatality prevalence of affective disorder inpatients significantly differed from that of both suicidal inpatients (χ2=
5.40, df=1, p=0.02) and affective disorder outpatients (χ2=
12.87, df=1, p=0.0003). Also, the case fatality prevalence of
the affective disorder outpatients and the suicidal inpatients significantly differed (χ2=43.84, df=1, p<0.0001). As
we expected, the earlier studies collected by Guze and Robins (1) and Goodwin and Jamison (2) were most similar to
our new collection of studies of affective disorder inpatients. The case fatality prevalence from Guze and Robins
was significantly different from that of our affective disorder outpatients (χ2=12.73, df=1, p=0.0004) but was not statistically different from that of Goodwin and Jamison (χ2=
1.91, df=1, p<0.17) or from our affective disorder (χ2=0.42,
df=1, p<0.52) or suicidal (χ2=1.15, df=1, p<0.29) inpatients.
While not different from that of Guze and Robins (1), the
case fatality prevalence from Goodwin and Jamison (2) significantly differed from those of both affective disorder outpatients (χ2=6.36, df=1, p<0.02) and suicidal inpatients (χ2=
10.58, df=1, p<0.002). These results support our hypothesis
that suicide risk is hierarchical among the affectively ill.

Discussion
This study was a meta-analysis that drew upon data
pooled from diverse sources. Even with the crudeness of
the data, however, two points emerge robustly. First, case
fatality rates are a better measure of suicide risk than proAm J Psychiatry 157:12, December 2000
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portionate mortality rates. Second, lifetime suicide prevalence sorts out in a stair-step hierarchy of increasing risk
according to treatment history (Figure 1).
We are not the first to argue that case fatality rates describe suicide risk better than proportionate mortality
rates. In a 1968 American Journal of Psychiatry review on
the epidemiology of depression (16), Silverman roundly
criticized the use of proportionate mortality to describe
suicide risk in an earlier meta-analysis of Robins and
associates (113).
The proportionate mortality measure reflects only the
percentage of suicides among those who died during the
study, and that is its weakness. It estimates a conditional
probability: the risk of a suicide should death occur during
the study. It cannot approximate the actual risk of suicide
unless at least one of two conditions is met: either all of the
subjects under observation are followed until they die or
suicides occur at the same rate relative to the total number
of deaths.
The first of these conditions is difficult to meet. Many subjects in a given study are likely to outlive the career of a single
researcher. For instance, Helgason’s 1979 paper followed a
cohort for 61 years (10), and almost one-half of the cohort
was still alive at the end of this extensive follow-up period.
The second requirement does not fit what we know
about suicide epidemiology. Suicide is overrepresented in
youthful populations (11). Further, numerous researchers
have demonstrated that suicide occurs variably at different points in the natural course of affective illness (20, 23,
114–117). It is evident that suicide risk decreases as the
time from the most recent hospitalization, or treatment,
increases (20, 114–116, 118). Also, suicide risk is highest
during the years immediately following the onset of affective disorders (23, 117, 119).
Because the risk of suicide is not constant across the
history of affective disease, proportionate mortality must
provide a biased estimate of suicide risk. This is particularly true for studies with a short length of follow-up in
which very few patients have yet died from any cause.
With suicide concentrated in the first months after discharge, and in the early stages of disease, it will be disproportionately represented in a suicide-to-death ratio. This
is reflected in the results of the studies we examined. Studies with a short length of follow-up produced estimates of
proportionate mortality that were very high. In fact, the
proportionate mortality prevalence estimates from two
studies, one with a mean follow-up of 3.2 years (76) and
one with a mean follow-up of 0.5 years (44), were equal to
100% (44, 76). Case fatality estimates do not suffer from
this bias, since they allow individuals who have not yet
died to provide information concerning the probability of
suicide during follow-up. Of course, we must acknowledge
that case fatality prevalence will underestimate the lifetime rate of suicide by missing future suicides. However,
proportionate mortality prevalence misses not only future
suicides but also future deaths. As suicides tend to occur at
Am J Psychiatry 157:12, December 2000

a higher rate soon after diagnosis or treatment, the bias in
case fatality estimates is sure to be smaller than the bias
incurred by using proportionate mortality prevalence to
estimate lifetime suicide risk.
As a final evaluation of the appropriateness of case fatality and proportionate mortality methods, consider the results presented in Table 1 and Figure 1. The case fatality
prevalence estimates are quite close to our final estimates
of suicide risk, while the proportionate mortality prevalence estimates are much higher. While neither proportionate mortality prevalence nor case fatality prevalence is
a perfect estimate of suicide risk, from this combined evidence, it would appear that case fatality is better.
If case fatality rates are used to approximate suicide risk,
a hierarchical layering of suicide risk becomes apparent.
The results in Table 1 suggest, and pair-wise comparisons
verify, that suicide prevalence differs according to treatment history. Those who are not psychiatric patients have
the lowest risk. Psychiatric outpatients have a higher risk,
but it is not so great as that of psychiatric inpatients. In
turn, psychiatric inpatients who are suicidal have the
highest risk. While we must recognize that only two of the
11 studies of suicidal inpatients specifically concerned affective disorder patients, these had two of the four highest
case fatality prevalences, at 9.2% (99) and 15.2% (104).
This points to greater lethality in the affective subgroup.
Clinical judgment about the level of treatment intensity
required appears to predict suicide prevalence.
Others before us have recognized this hierarchy. Black
and Winokur (120) asserted that hospitalized psychiatric
patients form “a special subgroup” whose elevated death
risk early after discharge “may not be generalizable.” Moreover, Kiloh and colleagues (88) found that in the long-term
outcome of depressive illness, “few factors apart from prior
hospital admission seem to be of prognostic importance.” A
number of studies that included one or more types of psychiatric patients, as well as nonpsychiatric subjects, provided further evidence that our proposed hierarchy is
correct (10, 34, 67, 121, 122). These studies consistently
demonstrate that those who are deemed to be the most severely ill at baseline are at the greatest risk for suicide. They
complement the finding of VanGastel and colleagues (123),
who reported that both suicidal ideation and attempt are
directly related to the severity of depression.
Given that a suicide risk hierarchy is present, we now recall that the studies included in the meta-analyses of both
Guze and Robins (1) and Goodwin and Jamison (2) almost
exclusively consisted of inpatients. Subsequent authors,
including those in most major English-language textbooks, who have referenced the seminal Guze and Robins
meta-analysis, have extrapolated the results to all patients
with affective disorders. In most cases they have failed to
acknowledge the preponderance of inpatients in the original studies. This consequent bias cannot be ignored. The
case fatality prevalence estimates from the two previous
meta-analyses compared favorably to that from our newly
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gathered inpatient collection but differed from those of
outpatients. Additionally, Goodwin and Jamison’s case fatality prevalence was significantly different from the case
fatality prevalence obtained from studies that examined
suicidal inpatients. We emphasize that the results of the
two previous meta-analyses are applicable only to patients with affective disorders who have been hospitalized
without specification of suicidality.
If hospitalized depressed patients are at greater risk of
suicide, what then determines which ones are hospitalized?
Rather than depression itself, it is the threat of suicide that
usually decides which patients are offered—or forced to accept—admission (9, 23). The severity of depression and,
hence, the degree of suicidality, may be driven by specific
factors occurring along with the core depressive syndrome.
These include substance abuse or dependence in the patient or first-degree relatives, anxiety (particularly the malignant anguish or “psychache” described by Shneidman
[124]), impulsivity, aggressivity, and family history of affective illness, suicide, or suicide attempts (125). Hopelessness
is pervasive in suicidal states (126). Goldney and colleagues
(127) found that the patients in a series who died as a result
of suicide after psychiatric hospitalization had more and
longer hospitalizations, more previous suicide attempts,
more overt depression, and more neuroleptic use. All these
factors, rather than specific indicia of affective disease, will
likely enter into the clinical judgment and result in some
patients being admitted to the hospital while others are
treated in less restrictive settings.
In summary, the case fatality method gives a more accurate accounting of suicide prevalence than the proportionate mortality method. This is because suicide risk in
affective disorders concentrates early in the course of illness and soon after hospital discharge. Case fatality rates
are different among groups of affective disorder patients,
defined by history of treatment and suicidality. Those recently hospitalized with a suicide attempt or suicidal ideation are at highest risk. Those recently hospitalized for
any psychiatric reason have the next highest risk. Psychiatric outpatients are at lower risk than inpatients but are at
higher risk than those in the general population who do
not carry an affective diagnosis. From a public health
perspective, suicide prevention efforts should thus be focused on recently or repeatedly hospitalized patients,
especially the suicidal ones. In the absence of other compelling data, it may be reasonable to relax concern somewhat as the length of time from the last hospitalization or
suicidal state increases for any given patient.
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Question 2
Relevant medical or scientific evidence pertaining to the disease
or condition
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Overview
Depression is a mental health disorder that can cause significant impairment to a patient’s daily life.
Symptoms include:
•
•
•
•
•
•
•
•
•

Changes in sleep
Changes in appetite
Lack of concentration
Loss of energy
Lack of interest
Low self esteem
Hopelessness
Changes in movement
Physical aches and pains

Causes include:
•
•
•
•
•
•

Trauma
Genetics
Life circumstances
Brain structure
Other medical conditions
Drug and alcohol abuse

Treatments include:
•
•
•
•
•
•
•
•
•
•
•

Medications including antidepressants, mood stabilizers and antipsychotic medications
Psychotherapy including cognitive behavioral therapy, family-focused therapy and
interpersonal therapy
Brain stimulation therapies including electroconvulsive therapy (ECT) or repetitive
transcranial magnetic stimulation (rTMS)
Light therapy
regulate the hormone melatonin
Exercise
Alternative therapies including acupuncture, meditation, and nutrition
Self-management strategies and education
Mind/body/spirit approaches such as meditation, faith, and prayer

In addition to the above information many studies have linked suicide to depression. Highlighted in this
document are two:
1. Depression and Suicide – This study concludes that depression is a “particularly important risk
factor” for suicide, and that early diagnosis and treatment is important for preventing suicide.

2. Affective Disorders and Suicide Risk: A Reexamination – This study concludes that the estimated
lifetime prevalence of suicide in those ever hospitalized for suicidality is 8.6%
Depression has the ability to significantly impact a patient’s daily life, and the consequences of not
treating it or inadequately treating it are not only debilitating, but at times deadly.

Depression
Depression is more than just feeling sad or going through a rough patch. It’s a serious mental
health condition that requires understanding and medical care. Left untreated, depression can be
devastating for the people who have it and for their families. Fortunately, with early detection,
diagnosis and a treatment plan consisting of medication, psychotherapy and lifestyle choices,
many people do get better.
Some people have only one episode in a lifetime, but for most people depression recurs. Without
treatment, episodes may last a few months to several years.
An estimated 16 million American adults—almost 7% of the population—had at least one major
depressive episode in the past year. People of all ages and all racial, ethnic and socioeconomic
backgrounds experience depression, but it does affect some groups of people more than others.
Women are 70% more likely than men to experience depression, and young adults aged 18–25
are 60% more likely to have depression than people aged 50 or older.

Symptoms
Just like with any mental illness, people with depression experience symptoms differently. But for
most people, depression changes how they function day-to-day. Common symptoms of
depression include:
•
•
•
•
•
•
•
•
•

Changes in sleep
Changes in appetite
Lack of concentration
Loss of energy
Lack of interest
Low self esteem
Hopelessness
Changes in movement
Physical aches and pains

Causes
Depression does not have a single cause. It can be triggered, or it may occur spontaneously
without being associated with a life crisis, physical illness or other risk. Scientists believe several
factors contribute to cause depression:
•

•
•

Trauma. When people experience trauma at an early age, it can cause long-term changes
in how their brains respond to fear and stress. These brain changes may explain why
people who have a history of childhood trauma are more likely to experience depression.
Genetics. Mood disorders and risk of suicide tend to run in families, but genetic
inheritance is only one factor.
Life circumstances. Marital status, financial standing and where a person lives have an
effect on whether a person develops depression, but it can be a case of “the chicken or
the egg.”

•

•

•

Brain structure. Imaging studies have shown that the frontal lobe of the brain becomes
less active when a person is depressed. Depression is also associated with changes in
how the pituitary gland and hypothalamus respond to hormone stimulation.
Other medical conditions. People who have a history of sleep disturbances, medical
illness, chronic pain, anxiety, and attention-deficit hyperactivity disorder (ADHD) are more
likely to develop depression.
Drug and alcohol abuse. Approximately 30% of people with substance abuse problems
also have depression.

Diagnosis
To be diagnosed with depression, a person must have experienced a major depressive episode
that has lasted longer than two weeks. The symptoms of a major depressive episode include:
•
•
•
•
•
•
•
•

Loss of interest or loss of pleasure in all activities
Change in appetite or weight
Sleep disturbances
Feeling agitated or feeling slowed down
Fatigue
Feelings of low self-worth, guilt or shortcomings
Difficulty concentrating or making decisions
Suicidal thoughts or intentions

Treatments
Although depression can be a devastating illness, it often responds to treatment. The key is to
get a specific evaluation and a treatment plan. Treatment can include any one or combination of:
•
•
•
•
•
•
•
•

Medications including antidepressants, mood stabilizers and antipsychotic medications
Psychotherapy including cognitive behavioral therapy, family-focused therapy and
interpersonal therapy
Brain stimulation therapies including electroconvulsive therapy (ECT) or repetitive
transcranial magnetic stimulation (rTMS)
Light therapy, which uses a light box to expose a person to full spectrum light and
regulate the hormone melatonin
Exercise
Alternative therapies including acupuncture, meditation, and nutrition
Self-management strategies and education
Mind/body/spirit approaches such as meditation, faith, and prayer

See more at: http://www.nami.org/Learn-More/Mental-Health-Conditions/Depression
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Abstract: Among the various mental disorders which tend to be closely related
to suicide, depression is a particularly important risk factor. Many patients suffering
from depression commit suicide never having had access to psychiatric care or
proper treatment. Although depressed mood, psychomotor retardation, anxiety,
and autonomic symptoms may occur in depression, patients suffering from depression often visit a primary care physician rather than a psychiatrist, complaining of
various somatic symptoms. Therefore, the role of the primary care physician, not
only that of the psychiatrist, is critical in preventing such patients from committing
suicide. In this regard, the present report outlines means of assessing suicide risk
in depressed patients. Since early diagnosis and implementation of intensive treatment for depression provide a good chance of preventing suicide, every physician
should know how to assess the risk of suicide.
Key words: Depression; Suicide; Risk factors; Accident-proneness

Introduction
According to statistics published by the
National Police Agency, 31,957 individuals committed suicide in Japan in 2000, a rate of 25.2
per 100,000 population.1) Among the causes of
suicide, physical illness was the most common,
accounting for 34.9% of all suicides. Because
of this close association with somatic illness,
because individuals with psychiatric problems
often visit a physician who does not specialize
in psychiatry, and because depression is closely
related to suicide and is associated with various
somatic symptoms, general practitioners, not
only psychiatrists, play a significant role in preventing suicide.

This report focuses on assessment of the risk
of suicide in depressed patients. Since early
diagnosis and implementation of intensive treatment provide a good chance of suicide prevention, it is important that every physician be well
informed as to how to assess the risk of suicide.

Clinical Picture of Depression
Kielholz2) reported risk factors associated
with suicide in patients suffering from depression (Table). These risk factors are described
below, with special emphasis on those possibly
requiring particular attention.3)
According to a survey done using the psychological autopsy method, 70–90% of those

This article is a revised English version of a paper originally published in
the Journal of the Japan Medical Association (Vol. 124, No. 1, 2000, pages 59–62).
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Table Risk Factors for Suicide in Depressed Patients (Kielholz, 1974)2)
A) Signs of suicide risk and selection of means
1) Prior history of attempted suicide or implication of suicide
2) Family history of suicide
3) Verbal threats of suicide
4) Concrete disclosures as to preparation and implementation of suicide
5) Unnaturally calm behavior after having been in an unstable state
6) Dreams of self-destruction
B) Specific symptoms
1) Severe anxiety/irritability
2) Persistent insomnia
3) Uncontrollable aggressiveness
4) Initial, convalescent, and mixed stages of depression
5) Age periods associated with biological crisis (adolescence, pregnancy,
puerperium, climacterium)
6) Severe self-guilt feelings
7) Incurable illness, hypochondriacal delusion
8) Concomitant alcohol dependency
C) Environmental factors
1) Broken family
2) Loss of someone or something important
3) Occupational and financial difficulties
4) Failure to carry out tasks or reach life goals
5) Loss of religious affiliations

who committed suicide had evidence of some
mental disorder when alive, and 60–70% were
depressed. Reportedly, one in six patients who
fall under the category of major depression as
set forth in the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSMIV), of the American Psychiatric Association,
dies as a result of suicide. Thus, the suicide rate
among patients suffering from depression is at
least several dozen times higher than that of
the general population.
Patients with severe depression who meet
the diagnostic criteria for melancholia are at
particularly high risk of suicide. Caution is also
necessary in dealing with patients who are not
seriously ill but have prolonged illnesses with
repeated exacerbations. Rapid cyclers, who
alternate between hypomanic and depressive
phases within a short period of time, and patients
who present a mixed clinical picture in the convalescent stage are also at high risk of suicide.
Symptoms that require particular caution
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include persistent insomnia and extreme psychomotor retardation and anxiety/irritability. Early
morning waking is observed in most depressed
patients, and suicide attempts are often made
at that time; thus, the highest priority should be
given to treating insomnia.
Patients who are aware of feelings of despair,
hopelessness, and worthlessness also require
special attention. Certain researchers attach
great importance to patients’ feelings of despair
as a predictor of future suicide.
The suicide rate in patients suffering from
depression associated with delusions is extremely high. Depressed patients suffering
from hypochondriacal delusion, delusion of
self-guilt, or delusion of poverty have a fivefold higher suicide rate than those without such
delusions.4)
Some patients who have not yet reached the
hypochondriacal delusion stage may dwell on
somatic symptoms. It is not rare for somatic
symptoms to be the most prominent feature
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of the patient’s clinical picture, while other
depressive symptoms remain relatively obscure.
Such patients are apt to focus exclusively on
their somatic symptoms and visit primary care
physicians other than psychiatrists.
Elderly patients in particular often complain
of somatic symptoms, rather than reporting
depressed feelings. The leading cause of suicide
in the elderly is physical illness. Although some
highly suicidal patients may have a malignant
disease with a poor prognosis, the presence of a
number of somatic symptoms, no one of which
is particularly severe, should also be regarded
as a risk factor for suicide.5,6)
It has been widely observed in the clinical
setting that patients in the early stage of
dementia are often depressed. Combined with
inappropriate cognition of their surroundings,
depression in such patients may engender feelings of hopelessness. Even seemingly small
inabilities can suddenly create an imminent
risk of committing suicide.
There is also danger when disturbance of
consciousness associated with some organic
disorder is concomitant with a depressive state.
Suicide resembling an accident may occur
under the influence of delirium. In particular,
when elderly patients who have tended to be
depressed for a long period develop mild
dementia or delirium as well, the risk of suicide
increases and particular caution is warranted.
It can be said that the 3Ds, namely, depression,
mild dementia, and delirium, form a suicide
risk triad in the elderly.

Stage of Illness
In regard to the relation between stage of
illness and suicide risk, it is noteworthy that
risk may increase abruptly just after onset, in
convalescence, and just after discharge from
the hospital. Of course, this does not apply to
all patients, and suicide risk should be carefully
assessed in every stage of illness.
Pöldinger7) classified the process leading to
suicide into three stages: a) thinking, b) ambiva-

lence, and c) decision making. A certain period
of calm, like “the calm before the storm”, often
characterizes the decision-making stage. This
can be a dangerous time, possibly with important implications for treatment. It may happen
that a patient who has been depressed and
suffering extreme anxiety becomes peaceful,
smiles, and shows gratitude to health care providers, with a seemingly sudden disappearance
of earlier symptomatic behavior. Because of
this period of calm, health care providers may
arrive at the optimistic conclusion that the
patient’s suicide risk has disappeared, when
this is actually far from the case.

Suicidal Ideation, Suicide Attempt,
and Family History of Suicide
Any threats or actions that imply suicide
should be given serious consideration. The
expression of suicidal ideation is not limited
to words alone, and may be conveyed through
a medium other than speech. Patients may
directly say “I want to die” or “I am going to
kill myself”. They may also express themselves
indirectly, making statements such as “Life has
no meaning” or “I wish I would never wake
up”. Another possibility is saying something
like “Thank you for all you have done for me”,
in an unnatural situation. Before committing
suicide, patients may dispose of or give away
valuable possessions; they may prepare the
means to be used in suicide; or they may visit
the place where they plan to commit suicide.
In comparison with the general population,
those who have survived a suicide attempt are
far more likely to repeat suicidal behavior and
to actually succeed. One in ten patients with a
history of attempted suicide does ultimately
succeed in committing suicide. The suicide risk
is several hundred times greater among these
patients than in the general population, indicating a history of attempted suicide to be an
extremely important risk factor. Patients who
have a history of self-injury or self-mutilation,
such as taking a slight overdose of pills or cut-
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ting their wrists, are also at high risk of suicide
in the long term.
When patients suffering from depression
attempt suicide during treatment, they most
frequently use prescription drugs. Therefore,
it is important that neither hypnotics nor antidepressants be prescribed at a potentially fatal
dose or that the patient’s family assume the
responsibility for drug management. Particular
caution is warranted in the case of tricyclic
antidepressants, which are dangerous because
of their highly adverse effects on the cardiac
system.
It is also important to obtain information as
to the patient’s family history of suicide. The
presence of suicide(s) in the patient’s immediate family or among other close relatives
increases the risk of suicide. Some families
reportedly have a high prevalence of suicide,
raising the possibility of heredity playing a role
in suicide. In addition, a person is reportedly at
increased risk of suicide if he or she experiences the suicide of someone, not necessarily a
relative, who is important to him or her. It is
possible that when those who may be at high
risk of suicide learn of someone else’s suicide
they see themselves in the same light as the
person who died and would therefore be at
markedly increased risk of committing suicide.
The risk of “cluster suicide”, particularly in
adolescence, has been emphasized in recent
years.8,9)
An unconscious self-destructive tendency
(accident proneness) may precede suicide;
patients may become incapable of maintaining
their personal safety or caring for their health.
The possible approach of an emergency should
be suspected when an individual with a number
of other risk factors repeatedly has accidents or
fails to comply with medical recommendations
for management of a chronic illness.

Association with Drinking
When alcohol dependence is concomitant
with depression, the risk of suicide increases.
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Even if the diagnostic criteria for alcohol dependence are not met, many who attempt suicide
are under the influence of alcohol when the
attempt is made.10) The direct effects of alcohol
include blunting of judgement and facilitation
of the tendency toward suicidal behavior.
Since alcohol may provide temporary relief
from some depressive symptoms, alcohol consumption may increase gradually without a
patient’s conscious awareness. Among patients
suffering from depression, non-drinkers may
begin imbibing or those with low alcohol consumption may increase their intake. Even
though patients seem to experience some improvement of symptoms while under the influence of alcohol, the original depressive symptoms actually tend to worsen in the long term,
because alcohol essentially depresses the central nervous system. Considering the risk of
suicide, patients should abstain from drinking
alcohol while being treated for depression.

Risk of Extended Suicide
In addition to the suicide risk of the patient,
the risk of extended suicide (murder suicide),
which involves a person or persons closely
related to the patient, should also be kept in
mind. The patient may harbor an illusion of
being united with the possible victim or be
completely unable to imagine that person functioning without the patient. In despair, the
patient chooses suicide as the only possible
solution, having concluded that the other would
not survive without him or her.
If the patient is a young mother, her children
may become victims. Aged parents may commit suicide over a grown child who is physically
handicapped and whom they are unable to care
for. A middle-aged man may commit suicide
after killing all the members of his family, or an
elderly person with a sick or bed-ridden partner may commit suicide after killing the partner. Thus, attention must be focused not only
on the mental symptoms of depressed patients,
but also on their social and familial situations.

DEPRESSION AND SUICIDE

It is important to ensure the safety of potential
victims susceptible to homicidal actions on the
part of the patient, as well as to control the
patient’s own potentially suicidal actions.

2)

3)

Conclusion
It is much more likely for suicide to be undertaken by an individual with a mental disorder
than for someone mentally competent to commit suicide. Among mental disorders, depression is particularly important in terms of its
association with suicide. It should be noted that
not all patients suffering from depression exhibit a typical clinical picture, and it merits
emphasis that early diagnosis of depression and
implementation of proper treatment provide a
good chance of suicide prevention.

4)

5)
6)

7)
8)
9)
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Affective Disorders and Suicide Risk: A Reexamination
John Michael Bostwick, M.D.
V. Shane Pankratz, Ph.D.

Objective: In 1970, Guze and Robins
published a meta-analysis of suicide in
patients with affective illness that inferred
a lifetime risk of 15%. Since then, this figure has been generalized to all depressive
disorders and cited uncritically in many
papers and textbooks. The authors argue
for an alternative estimate of suicide risk
and question the generalizability of the
Guze and Robins estimate.
Method: The authors sorted studies obtained through a literature search that included data pertaining to suicide occurrence in affective illness into one of three
groups: outpatients, inpatients, or suicidal inpatients. Suicide risks were calculated meta-analytically for these three
groups, as well as for two previously published collections.
Results: There was a hierarchy in suicide
risk among patients with affective disorders. The estimate of the lifetime prevalence of suicide in those ever hospitalized
for suicidality was 8.6%. For affective disorder patients hospitalized without specification of suicidality, the lifetime risk of

suicide was 4.0%. The lifetime suicide
prevalence for mixed inpatient/outpatient populations was 2.2%, and for the
nonaffectively ill population, it was less
than 0.5%.
Conclusions: The percentage of subjects
dead due to suicide (case fatality prevalence) is a more appropriate estimate of
suicide risk than the percentage of the
dead who died by suicide (proportionate
mortality prevalence). More important, it
is well established that patients with affective disorders suffer a higher risk of suicide relative to the general population.
However, no risk factor, including classification of diagnostic subtype, has been reliably shown to predict suicide. This article demonstrates a hierarchy of risk based
on the intensity of the treatment setting.
Given that patients with a hospitalization
history, particularly when suicidal, have a
much elevated suicide prevalence over
both psychiatric outpatients and nonpatients, the clinical decision to hospitalize
in and of itself appears to be a useful indicator of increased suicide risk.
(Am J Psychiatry 2000; 157:1925–1932)

I

n 1970, Guze and Robins reviewed 17 studies of suicide
in patients with primary affective disorder and concluded
that 15% of depressed patients would die by suicide (1). In
1990, Goodwin and Jamison reviewed 13 additional studies to replicate the results of Guze and Robins and concluded that 18.9% of depressed patients would die by suicide (2). The methodologies of these two reviews were
similar, containing the same assumptions as well as the
same biases. We note three points of particular interest.
First, both reviews considered studies that consisted almost exclusively of hospitalized patients. Second, both reviews calculated proportionate mortality (the percentage
of the dead who died by suicide) rather than case fatality
(the percentage of the original sample who died by suicide). Third, most of the studies included in both estimates of lifetime suicide risk had follow-up periods of only
a few years. We shall show how these three issues distort
the interpretation of the actual risk of suicide in patients
with affective disorders.
Even though both reviews considered studies that almost exclusively consisted of hospitalized populations,
subsequent authors, all citing Guze and Robins, have generalized their 15% figure to populations neither Guze and
Am J Psychiatry 157:12, December 2000

Robins (1) nor Goodwin and Jamison (2) considered. Following this convention, major American textbooks continue to report the 15% figure as correct for all depressed
patients (3–7). Moreover, “depression” is no longer defined as it was in 1970. Subsequent editions of DSM have
made the diagnosis of a major depressive episode more
inclusive. Today up to 20% of the population meet criteria
for a watered-down, broad, and, ultimately, a less lethal
depressive diagnosis. Klein and Thase (8) made this point
powerfully when they observed that in 1972, the lifetime
prevalence of depression in the American population in
DSM-II terms was 2%–3%, when the definition of depression included only involutional melancholia, the unipolar
form of manic depression, psychotic depression, and “severe depressive neuroses.” By 1994, under the rubric of
DSM-IV, the lifetime prevalence of depression had increased to 10%–20%. The major difference between 1972
and 1999 is not that we are caught in an affective epidemic. “Much broader and more inclusive definitions of
mood disturbance, with major differences in thresholds
for ‘clinical depression’ and when we recommend treatment” are the explanation (9). Today, many more people
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carry a depressive label, but the incidence of the severe
forms remains relatively low.
The psychiatric literature and textbooks do not alert
readers to this diagnostic shift. Extrapolations of studies of
the most severely ill are now wrongly applied to all patients with a depressive diagnosis of any sort. Examples
that such generalizations are inappropriate are easily
found. For instance, Helgason (10) followed a cohort of
Icelanders for 61 years and found that 7.2% of the patients
with affective disorder died as a result of suicide. When the
cohort was split into two groups, one psychotic and one
neurotic, the suicide rates bifurcated (patients with primarily psychotic depression: 14.5%; patients with primarily neurotic depression: 1.8%).
Both of the previous reviews (1, 2) employed proportionate mortality to estimate suicide rates in affective disorder
patients. Proportionate mortality is a conditional quantity
that represents the probability that a subject will have died
as a result of suicide, given that the subject has died during
the follow-up period. If all of the subjects in every study
were followed throughout their lifespan, proportionate
mortality would correctly estimate the probability of suicide. However, if subjects are not followed for their entire
lives, proportionate mortality will overestimate the risk of
suicide, particularly since suicide is overrepresented as a
cause of death among younger persons (11).
This leads to the third limitation of the results obtained
by the two previous reviews (1, 2). Their suicide rates were
estimated from studies of hospitalized patients that had
varying, and frequently brief, lengths of follow-up after discharge. Because suicide is known to occur at the highest
rates soon after hospitalization and early in the course of
diagnosed illness, subjects who die in studies with short
follow-up periods are more likely to die from suicide than
any other cause. Therefore, in short studies proportionate
mortality will greatly overestimate the lifetime risk of suicide. We therefore challenge the use of the proportionate
mortality estimate as a measure of suicide risk and propose
the use of case fatality rates as a more realistic alternative.
The two previous reviews both tell us something about the
sickest psychiatric patients, i.e., those mentally ill enough to
require hospitalization. But these “highly selected” populations yield results “unlikely to be generally applicable to all
patients suffering from the particular disease” (12). We dispute the generalizability of the findings of the earlier metaanalyses (1, 2) to affectively ill populations other than depressed inpatients and outline a hierarchical model of assigning suicide risk to patients with affective disorders.

Method
Our reexamination began with a reanalysis of the data in the 17
studies included in the meta-analysis of Guze and Robins (1). For
each study, we compared both proportionate mortality and case
fatality. The additional 13 studies that Goodwin and Jamison (2)
used to confirm the findings of Guze and Robins (1) were also reanalyzed. We also conducted a computer search of the MEDLINE
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(1966–present) and PsycINFO (1984–present) databases and reviewed the bibliographies of relevant psychiatry textbook chapters, studies, and review articles to identify additional studies.
The search was limited to English-language studies.
The purpose of our study was to reassess the lifetime prevalence of suicide in patients with affective disorders. All studies analyzed in this article are, by definition, survivorship studies, and
most are observational rather than randomized and controlled.
O’Brien and Shampo (13) stated that “in every study of survivorship, the first requirement is to describe the group studied.” Thus,
we have only included those reports containing a minimum data
set that summarized the number of suicides and deaths among a
cohort of affectively ill patients. Each included study plainly indicated whether the subjects at the inception of the investigation
were inpatients, outpatients, or a mixture of both.
We chose the general and inclusive term “affective disorders”
because it encompasses the incongruence among investigators
(12) as well as the definitional heterogeneity bred over the past
several decades by the evolution of classification systems such as
DSM and ICD. Many studies predated or ignored these systems.
The jumble of terms for affective disorders included manic depression, bipolar depression, neurotic depression, nonpsychotic
depression, reactive depression, endogenous depression, neurosis, involutional melancholia, unipolar depression, primary depression, secondary depression, and affective psychosis. Adding
to the confusion was the fact that some authors are of the opinion
that the presence of endogenous features, rather than depressive
subtype, determines suicide rates (14, 15).
Over 30 years ago, Silverman (16) determined that suicide in
depressed patients was not clearly associated with the presence
or absence of physical symptoms, diagnostic subtype, psychosis,
or treatment modality. The search for definitive suicide risk factors, detailed in hundreds, if not thousands, of papers, remains
inconclusive. Among psychotropic medications, only lithium has
been found to reduce the incidence of suicide (17) and then only
after patients have reliably taken it for at least 2 years (18).
This study scrutinized each population’s treatment status,
since we hypothesized that different patient statuses have different suicide rates. First, we confirmed that the studies included in
the two previous reviews (1, 2) almost exclusively contained inpatient subjects. As new studies were identified, we took special
pains to distinguish how patients were classified for comparison
purposes. The new studies of affective disorder patients were
sorted into two inpatient categories and one outpatient category
on the basis of how the authors classified patient status at study
commencement (19). The first inpatient category was undifferentiated according to suicidality; the second comprised patients
hospitalized after suicidal ideation or attempt.
After noting treatment status, we restricted the studies accepted
by excluding studies that did not have a mean follow-up time of at
least 2 years, since the incidence of suicide is elevated in the first 2
years after hospitalization (20–23). In addition, all studies included had to have at least a 90% rate of follow-up. This restriction
was based on the common sense presumption that the larger the
number of original subjects unaccounted for, the greater the number who may have been lost to a condition like suicide (11, 24). As
more subjects are lost to follow-up, more questions must be raised
about what happened to them and what conclusions can be
drawn with confidence from the remaining data (25).
While we took great pains to obtain the cleanest collection of
studies possible, several problems presented themselves. First,
the suicidal inpatient category contained mixed diagnoses, since
only two of the studies specifically excluded all but affective disorder patients. Second, few outpatient studies could meet our initial rigid inclusion criteria. Most studies began with a mix of patients from a variety of psychiatric services, including inpatient,
outpatient, emergency room, and day hospital. In one study, 54%
Am J Psychiatry 157:12, December 2000
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TABLE 1. Mortality Data From Suicide Prevalence Studies for Five Populations of Psychiatric Patients

Patient Population
Affective disorder outpatients
(26, 107–112)c
Total
Studies pooled for
meta-analysisd
Affective disorder inpatients
(20, 22, 32, 71–96)
Total
Studies pooled for
meta-analysisd
Suicidal inpatients
(20, 97–106)e
Total
Studies pooled for
meta-analysisb
Previous meta-analyses of
hospitalized affective
disorder patients
Studies (42–58) examined
by Guze and Robins (1)
Studies (10, 59–70)
examined by Goodwin
and Jamison (2)
Total (N=9)f
Studies pooled for
meta-analysisd

General Mortality
Number Number Number Number
Prevalence (%)a
of
of
of
of
95% CI
Studies Subjects Deaths Suicides Estimateb

7

7,444

—

150

5

5,100

463

114

29

19,723

—

800

22

11,891

2,383

463

11

14,954

—

900

7

2,723

642

235

17

4,905

1,301

234

9

11,996

—

394

7

11,445

1,526

349

Proportionate Mortality
Case Fatality
Prevalence (%)a
Prevalence (%)a
Estimateb
95% CI
Estimateb 95% CI

9.1

7.1–11.6

24.6

17.8–34.1

2.0

1.5–2.6

20.0

13.1–30.7

20.0

16.0–25.0

4.1

3.1–5.3

27.3

15.8–47.1

31.7

22.5–44.6

6.0

5.0–7.3

26.4

19.1–36.5

18.0

13.8–23.5

4.8

3.2–7.0

14.6

8.1–26.3

21.5

14.9–31.1

3.4

2.5–4.5

a

General mortality prevalence is total deaths divided by total subjects. Proportionate mortality prevalence is suicides divided by total deaths.
Case fatality prevalence is suicides divided by total subjects.
b Calculated by means of generalized estimating equations (40).
c Studies began with at least two-thirds of the subjects as outpatients.
d Excludes studies in which the number of deaths was not known or given.
e Category includes mixed diagnoses, since only two studies excluded all but affective disorder patients.
f Excludes four studies that were postmortem analyses or did not distinguish affective disorder patients.
had a history of prior hospitalization, and 86% had been hospitalized at least once during the 5-year follow-up period (26). The
largest American study of mortality in psychiatric “outpatients,”
Morrison’s San Diego study of 12,000 patients, was, in fact, a report of a mixed group (27). More than 40% of these so-called “outpatients” had at least one hospitalization during the 8.5 years of
the study (J.R. Morrison, personal communication, 1999). As a result, we relaxed the outpatient category criteria to include studies
in which at least two-thirds of the subjects were nominal outpatients at the starting point.
Another potential limitation of this study, and of the two previous reviews (1, 2) as well, arises from the failure to consider additional factors that may influence suicide risk. For instance, while
the discrepancy between male and female suicide rates in the
general population is significantly narrowed in the psychiatric
population, it is not completely erased (28). While some studies
distinguished between the sexes, others simply provided the
number of patients followed. Other potential risk factors surely
exist for which data are not generally available. These may include rehospitalization, treatment modalities, employment, age,
race, country, or any of the myriad other factors that can be used
to characterize populations.
Like the two previous reviews (1, 2), our study used a small set of
variables from each study to examine the risk of suicide in affective disorder patients. Our data analysis considered only the number of patients, the number of deaths, and the number of suicides
in each of the studies we analyzed. It would have been preferable
to collect the survival status and length of follow-up for each subject, but those data were not universally available. Our analysis included as suicides only those deaths classified specifically as such
and excluded accidental deaths, “quasi-suicides,” and other cateAm J Psychiatry 157:12, December 2000

gories of ambiguous deaths. This narrow suicide definition only
slightly diminishes suicide counts. Coroners over the last century
have been shown to apply consistent standards to suicide classification (29) and to underestimate suicide by exclusion of accidental deaths and the like at a consistent rate of 15%–20% (30).
Like the two previous reviews (1, 2), ours is a meta-analysis, an
approach “developed as a way to summarize the results of different
research studies of related problems” (31). Admittedly, many difficulties arise when dealing with data from such studies. The studies
themselves do not fully reflect the situation in the population at
large (32–36). Further, the various studies differ in their aims and in
their execution (37). While it was impossible to completely overcome these limitations, we were able to minimize their impact by
carefully delineating the terms and conditions for inclusion.
Statistical methods can compensate for the remaining heterogeneity. These methods are often referred to as “random effects
models” (38) as opposed to “fixed effects models,” which do not
account for study-to-study variability. The idea behind random effects techniques is that some universal set of studies exists, from
which the observed studies are randomly drawn. This construct
has the effect of ascribing study-to-study variability to this unobserved sampling mechanism. The global estimates of probabilities
or averages obtained by using random effects models are usually
approximately equal to the quantities that are calculated by using
traditional techniques. However, the variance estimates are larger,
which reflects the additional study-to-study variability.
In this article, we calculated four distinct probability estimates
for each of five different populations of psychiatric patients (affective disorder outpatients, affective disorder inpatients, suicidal inpatients, and the hospitalized affective disorder patients from the
two previous meta-analyses [1, 2]). The first probability estimate is
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FIGURE 1. Lifetime Risk of Suicide Among Five Populations
of Psychiatric Patientsa
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See Table 1 for studies that comprised the patient populations.
by application of Bayes’s Rule (39), which states that
the probability of suicide is equal to the probability of suicide given
death (proportionate mortality prevalence) times the probability of
death (general mortality prevalence).

b Determined

the “case fatality prevalence,” or the probability that a subject will
die by suicide during the course of the study. Within a single study,
this can be estimated by dividing the number of suicides by the
number of subjects. The second probability is the “proportionate
mortality prevalence,” or the probability that a subject will die as a
result of suicide given that the subject will die during the course of
the study. This corresponds to the rates used in the two previous
meta-analyses (1, 2). For a single study, this can be estimated by dividing the number of suicides by the number of deaths. The third
probability represents the “general mortality prevalence,” or the
probability that a subject will die of any cause during follow-up. For
a single study, this probability can be estimated by the ratio of total
deaths to total subjects. The fourth probability is a projection of
what the suicide mortality would be if all subjects were followed
until death. It is obtained by an application of Bayes’s Rule, which
states that the probability of suicide is equal to the probability of
suicide, given death, times the probability of death (39).
Each of the first three probabilities, and its 95% confidence interval, was calculated by using the generalized estimating equations (40) capabilities found in PROC GENMOD, a part of the SAS
statistical package (41). The suicide mortality estimate was calculated as the product of the proportionate mortality prevalence
and the general mortality prevalence. In addition to obtaining
probability estimates, pair-wise comparisons among the various
mortality prevalence estimates were performed, again by using
PROC GENMOD.

Results
Table 1 summarizes the data obtained from the studies
belonging to each of our five populations of psychiatric patients. One group reflects the 17 studies (42–58) originally
examined by Guze and Robins (1). Another represents the
13 studies (10, 59–70) in Goodwin and Jamison’s review (2).
The other three groups were those we identified for this

1928

study. Twenty-nine studies (20, 22, 32, 71–96) met inclusion criteria for the “affective disorder inpatients” category.
Eleven studies (20, 97–106) focused specifically on inpatients hospitalized after a suicide attempt or ideation.
Seven studies of affective disorder patients (26, 107–112)
began with at least two-thirds of the subjects as outpatients. The information recorded for each group of studies
includes the number of studies that could be pooled in our
meta-analysis as well as the total number of subjects,
deaths, and suicides in each collection of pooled studies. It
also contains the random effects estimates of the general
mortality prevalence, proportionate mortality prevalence,
and case fatality prevalence rates, along with corresponding 95% confidence intervals (CIs).
The group-wide general mortality estimates varied from
9.1% to 27.3% among the different populations of psychiatric patients. The estimates of proportionate mortality
ranged from 18.0% to 24.6% for four of the groups, with
that for suicidal inpatients equal to 31.7%. The case fatality estimates were considerably smaller, ranging from
2.0% for affective disorder outpatients to 6.0% for suicidal
inpatients. The case fatality estimates nearly matched the
final estimates of suicide risk we obtained by applying
Bayes’s Rule to the probability estimates obtained from
the random effects models (Figure 1).
The case fatality rates of all of the three populations of
psychiatric patients for which we identified new studies
were significantly different from one another. The case fatality prevalence of affective disorder inpatients significantly differed from that of both suicidal inpatients (χ2=
5.40, df=1, p=0.02) and affective disorder outpatients (χ2=
12.87, df=1, p=0.0003). Also, the case fatality prevalence of
the affective disorder outpatients and the suicidal inpatients significantly differed (χ2=43.84, df=1, p<0.0001). As
we expected, the earlier studies collected by Guze and Robins (1) and Goodwin and Jamison (2) were most similar to
our new collection of studies of affective disorder inpatients. The case fatality prevalence from Guze and Robins
was significantly different from that of our affective disorder outpatients (χ2=12.73, df=1, p=0.0004) but was not statistically different from that of Goodwin and Jamison (χ2=
1.91, df=1, p<0.17) or from our affective disorder (χ2=0.42,
df=1, p<0.52) or suicidal (χ2=1.15, df=1, p<0.29) inpatients.
While not different from that of Guze and Robins (1), the
case fatality prevalence from Goodwin and Jamison (2) significantly differed from those of both affective disorder outpatients (χ2=6.36, df=1, p<0.02) and suicidal inpatients (χ2=
10.58, df=1, p<0.002). These results support our hypothesis
that suicide risk is hierarchical among the affectively ill.

Discussion
This study was a meta-analysis that drew upon data
pooled from diverse sources. Even with the crudeness of
the data, however, two points emerge robustly. First, case
fatality rates are a better measure of suicide risk than proAm J Psychiatry 157:12, December 2000

JOHN MICHAEL BOSTWICK AND V. SHANE PANKRATZ

portionate mortality rates. Second, lifetime suicide prevalence sorts out in a stair-step hierarchy of increasing risk
according to treatment history (Figure 1).
We are not the first to argue that case fatality rates describe suicide risk better than proportionate mortality
rates. In a 1968 American Journal of Psychiatry review on
the epidemiology of depression (16), Silverman roundly
criticized the use of proportionate mortality to describe
suicide risk in an earlier meta-analysis of Robins and
associates (113).
The proportionate mortality measure reflects only the
percentage of suicides among those who died during the
study, and that is its weakness. It estimates a conditional
probability: the risk of a suicide should death occur during
the study. It cannot approximate the actual risk of suicide
unless at least one of two conditions is met: either all of the
subjects under observation are followed until they die or
suicides occur at the same rate relative to the total number
of deaths.
The first of these conditions is difficult to meet. Many subjects in a given study are likely to outlive the career of a single
researcher. For instance, Helgason’s 1979 paper followed a
cohort for 61 years (10), and almost one-half of the cohort
was still alive at the end of this extensive follow-up period.
The second requirement does not fit what we know
about suicide epidemiology. Suicide is overrepresented in
youthful populations (11). Further, numerous researchers
have demonstrated that suicide occurs variably at different points in the natural course of affective illness (20, 23,
114–117). It is evident that suicide risk decreases as the
time from the most recent hospitalization, or treatment,
increases (20, 114–116, 118). Also, suicide risk is highest
during the years immediately following the onset of affective disorders (23, 117, 119).
Because the risk of suicide is not constant across the
history of affective disease, proportionate mortality must
provide a biased estimate of suicide risk. This is particularly true for studies with a short length of follow-up in
which very few patients have yet died from any cause.
With suicide concentrated in the first months after discharge, and in the early stages of disease, it will be disproportionately represented in a suicide-to-death ratio. This
is reflected in the results of the studies we examined. Studies with a short length of follow-up produced estimates of
proportionate mortality that were very high. In fact, the
proportionate mortality prevalence estimates from two
studies, one with a mean follow-up of 3.2 years (76) and
one with a mean follow-up of 0.5 years (44), were equal to
100% (44, 76). Case fatality estimates do not suffer from
this bias, since they allow individuals who have not yet
died to provide information concerning the probability of
suicide during follow-up. Of course, we must acknowledge
that case fatality prevalence will underestimate the lifetime rate of suicide by missing future suicides. However,
proportionate mortality prevalence misses not only future
suicides but also future deaths. As suicides tend to occur at
Am J Psychiatry 157:12, December 2000

a higher rate soon after diagnosis or treatment, the bias in
case fatality estimates is sure to be smaller than the bias
incurred by using proportionate mortality prevalence to
estimate lifetime suicide risk.
As a final evaluation of the appropriateness of case fatality and proportionate mortality methods, consider the results presented in Table 1 and Figure 1. The case fatality
prevalence estimates are quite close to our final estimates
of suicide risk, while the proportionate mortality prevalence estimates are much higher. While neither proportionate mortality prevalence nor case fatality prevalence is
a perfect estimate of suicide risk, from this combined evidence, it would appear that case fatality is better.
If case fatality rates are used to approximate suicide risk,
a hierarchical layering of suicide risk becomes apparent.
The results in Table 1 suggest, and pair-wise comparisons
verify, that suicide prevalence differs according to treatment history. Those who are not psychiatric patients have
the lowest risk. Psychiatric outpatients have a higher risk,
but it is not so great as that of psychiatric inpatients. In
turn, psychiatric inpatients who are suicidal have the
highest risk. While we must recognize that only two of the
11 studies of suicidal inpatients specifically concerned affective disorder patients, these had two of the four highest
case fatality prevalences, at 9.2% (99) and 15.2% (104).
This points to greater lethality in the affective subgroup.
Clinical judgment about the level of treatment intensity
required appears to predict suicide prevalence.
Others before us have recognized this hierarchy. Black
and Winokur (120) asserted that hospitalized psychiatric
patients form “a special subgroup” whose elevated death
risk early after discharge “may not be generalizable.” Moreover, Kiloh and colleagues (88) found that in the long-term
outcome of depressive illness, “few factors apart from prior
hospital admission seem to be of prognostic importance.” A
number of studies that included one or more types of psychiatric patients, as well as nonpsychiatric subjects, provided further evidence that our proposed hierarchy is
correct (10, 34, 67, 121, 122). These studies consistently
demonstrate that those who are deemed to be the most severely ill at baseline are at the greatest risk for suicide. They
complement the finding of VanGastel and colleagues (123),
who reported that both suicidal ideation and attempt are
directly related to the severity of depression.
Given that a suicide risk hierarchy is present, we now recall that the studies included in the meta-analyses of both
Guze and Robins (1) and Goodwin and Jamison (2) almost
exclusively consisted of inpatients. Subsequent authors,
including those in most major English-language textbooks, who have referenced the seminal Guze and Robins
meta-analysis, have extrapolated the results to all patients
with affective disorders. In most cases they have failed to
acknowledge the preponderance of inpatients in the original studies. This consequent bias cannot be ignored. The
case fatality prevalence estimates from the two previous
meta-analyses compared favorably to that from our newly
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gathered inpatient collection but differed from those of
outpatients. Additionally, Goodwin and Jamison’s case fatality prevalence was significantly different from the case
fatality prevalence obtained from studies that examined
suicidal inpatients. We emphasize that the results of the
two previous meta-analyses are applicable only to patients with affective disorders who have been hospitalized
without specification of suicidality.
If hospitalized depressed patients are at greater risk of
suicide, what then determines which ones are hospitalized?
Rather than depression itself, it is the threat of suicide that
usually decides which patients are offered—or forced to accept—admission (9, 23). The severity of depression and,
hence, the degree of suicidality, may be driven by specific
factors occurring along with the core depressive syndrome.
These include substance abuse or dependence in the patient or first-degree relatives, anxiety (particularly the malignant anguish or “psychache” described by Shneidman
[124]), impulsivity, aggressivity, and family history of affective illness, suicide, or suicide attempts (125). Hopelessness
is pervasive in suicidal states (126). Goldney and colleagues
(127) found that the patients in a series who died as a result
of suicide after psychiatric hospitalization had more and
longer hospitalizations, more previous suicide attempts,
more overt depression, and more neuroleptic use. All these
factors, rather than specific indicia of affective disease, will
likely enter into the clinical judgment and result in some
patients being admitted to the hospital while others are
treated in less restrictive settings.
In summary, the case fatality method gives a more accurate accounting of suicide prevalence than the proportionate mortality method. This is because suicide risk in
affective disorders concentrates early in the course of illness and soon after hospital discharge. Case fatality rates
are different among groups of affective disorder patients,
defined by history of treatment and suicidality. Those recently hospitalized with a suicide attempt or suicidal ideation are at highest risk. Those recently hospitalized for
any psychiatric reason have the next highest risk. Psychiatric outpatients are at lower risk than inpatients but are at
higher risk than those in the general population who do
not carry an affective diagnosis. From a public health
perspective, suicide prevention efforts should thus be focused on recently or repeatedly hospitalized patients,
especially the suicidal ones. In the absence of other compelling data, it may be reasonable to relax concern somewhat as the length of time from the last hospitalization or
suicidal state increases for any given patient.
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Question 3
Consideration of whether conventional medical therapies are
insufficient to treat or alleviate the disease or condition
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Overview
Depression is a mental health disorder that can cause significant impairment to a patient’s daily life. The
condition is typically characterized by feelings of sadness and loss of interest. Behavioral therapy and
pharmaceutical antidepressants are most often used to treat the condition.
Studies indicate though that not all patients suffering from depression find traditional treatments
effective. In fact a study by Khalid Saad Al-Harbi concluded that “Treatment-resistant depression
continues to challenge mental health care providers,” and that only about a third of patients with
treatment-resistant depression achieve remission with traditional treatments.
This means that many patients struggling with depression can spend years searching for relief to no
avail. Additionally, its well known that depression is linked to suicide, and so the inability of a physician
to fully treat a patient’s depression can quite literally become a matter of life or death.
Further more existing pharmaceutical treatments come with a range of severe side effects including,
suicide, stroke, hallucinations, worsening depression and many more. A document provided by the Good
Samaritan Society is attached providing a full range of side effects.
Overall, current treatments are insufficient for a portion of patients suffering from depression. Both in
that they aren’t effective and in that they can cause severe side effects and worsening of the condition.
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Background: Patients with major depression respond to antidepressant treatment, but 10%–30%
of them do not improve or show a partial response coupled with functional impairment, poor
quality of life, suicide ideation and attempts, self-injurious behavior, and a high relapse rate.
The aim of this paper is to review the therapeutic options for treating resistant major depressive
disorder, as well as evaluating further therapeutic options.
Methods: In addition to Google Scholar and Quertle searches, a PubMed search using key words
was conducted, and relevant articles published in English peer-reviewed journals (1990–2011)
were retrieved. Only those papers that directly addressed treatment options for treatment-resistant
depression were retained for extensive review.
Results: Treatment-resistant depression, a complex clinical problem caused by multiple risk
factors, is targeted by integrated therapeutic strategies, which include optimization of medications, a combination of antidepressants, switching of antidepressants, and augmentation with
non-antidepressants, psychosocial and cultural therapies, and somatic therapies including electroconvulsive therapy, repetitive transcranial magnetic stimulation, magnetic seizure therapy,
deep brain stimulation, transcranial direct current stimulation, and vagus nerve stimulation. As
a corollary, more than a third of patients with treatment-resistant depression tend to achieve
remission and the rest continue to suffer from residual symptoms. The latter group of patients
needs further study to identify the most effective therapeutic modalities. Newer biomarker-based
antidepressants and other drugs, together with non-drug strategies, are on the horizon to address
further the multiple complex issues of treatment-resistant depression.
Conclusion: Treatment-resistant depression continues to challenge mental health care providers, and further relevant research involving newer drugs is warranted to improve the quality of
life of patients with the disorder.
Keywords: treatment-resistant depression, antidepressants, biomarkers, therapeutic options,
somatic therapies
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Major depression is a common debilitating disorder affecting 10%–15% of the
population per year. Despite advances in the understanding of the psychopharmacology
and biomarkers of major depression and the introduction of several novel classes of
antidepressants, only 60%–70% of patients with depression respond to antidepressant
therapy. Of those who do not respond, 10%–30% exhibit treatment-resistant symptoms
coupled with difficulties in social and occupational function, decline of physical health,
suicidal thoughts, and increased health care utilization. Treatment-resistant depression represents a dilemma for health care providers. Major depression with a poor or
unsatisfactory response to two adequate (optimal dosage and duration) trials of two
Patient Preference and Adherence 2012:6 369–388
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different classes of antidepressants has been proposed as an
operational definition of treatment-resistant depression.1–4
It is reported that at any one time 14 million people suffer
from depression, and only 50% of them receive some form
of treatment. Up to 70% of people who have depression
show substantial improvement as measured by commonly
used rating scales, such as the Hamilton Rating Scale for
Depression (HRSD),5,6 but they require additional psychosocial interventions for achieving complete remission. It is
estimated that 10%–30% of patients with major depression
do not respond to typical antidepressant medications,7 and
this group of patients needs trials of a variety of treatment
strategies. For this purpose, it is particularly important to
determine the adequacy and outcome of prior treatment trials
by using the Antidepressant Treatment History Form that
helps to exclude “pseudoresistance” cases.8 Complete remission is achieved in 70%–90% of patients with depression,
leaving 10%–30% refractory to treatment, and managed by
a variety of therapeutic modalities. Unfortunately, approximately 30% of patients with treatment-resistant depression
do not respond to any treatment.9,10
According to the findings from the Sequenced Treatment
Alternatives to Relieve Depression (STAR*D) study,
50%–66% of patients with depression do not recover fully
on an antidepressant medication and one-third of patients
do have a remission of their depressive symptoms.11,12
It is obvious that use of a variety of treatment approaches
versus only an antidepressant makes the outcome variable
in patients with major depression. Notably, the results of
mega STAR*D studies open windows into the effectiveness or ineffectiveness of antidepressant medications among
patients seeking treatment in real-world settings, including in
primary health care13,14 and help clinicians to make treatment
decisions in patients with treatment-resistant depression.
The prevalence of both treatment-resistant depression and
non-treatment-resistant depression would impressively be
variable across time attributed to methodological issues, definition of treatment-resistant depression, and the therapeutic
options used, including neurostimulation therapies.
Treatment-resistant depression defies true definition 9
(Table 1), but mental health experts agree that it should
only be diagnosed in patients who have not been helped
by two or more antidepressant treatment trials of adequate
dose and duration. To add difficulty to the definition of
treatment-resistant depression, treatment response and success has different meanings across multiple research settings.
By and large, treatment-resistant depression evades universal
definition and meaning, and poses a number of diagnostic
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Table 1 Suggested
depression9
Treatment
non-response

Treatment
response
Remission
Recovery
Relative treatment
resistance
Absolute treatment
resistance
Treatment-refractory
depression

Adequate dose

Adequate length
of treatment
Medication
intolerance

terminology

for

treatment-resistant

A response that is poor enough with significant
residual symptoms that a change in the treatment
plan is called for (eg, failure to evidence at least a
50% reduction in the HRSD score
A response that is good enough that a change in
the treatment plan is not usually called for
(eg, at least a 50% reduction in HRSD score)
Attainment of a virtually asymptomatic status
(eg, HRSD 7) for at least 2 consecutive weeks
Remission for 6 consecutive months
Non-response to an adequate dose of a
potentially effective medication for an adequate
length of time
Failure to respond to a maximal trial of a single
treatment for an extended period of time
(eg, imipramine at 300 mg/day for 6 weeks)
Treatment non-response (ie, persistence of
significant depressive symptoms) despite at least
two treatment trials with drugs from different
pharmacological classes, each used in an
adequate dose for an adequate time period
An oral dose that is close to the manufacturers’
recommended maximal dose. Adequate dose
may be smaller for elderly patients
At least 4 consecutive weeks of treatment,
during which the patient has had an adequate
dose for at least 3 weeks
Inability to achieve or maintain an adequate
therapeutic dose of an antidepressant drug due
to idiosyncratic reactions or side effects9

Abbreviation: HRSD, Hamilton Rating Scale for Depression.

and therapeutic challenges to mental health experts. The aim
of this paper is to review the therapeutic options for treating
resistant major depressive disorder, as well as evaluating
further therapeutic interventions.

Search methods
In addition to Google Scholar and Quertle websites, literature
searches were also conducted using PubMed for the years
1990–2011 and entering the keywords “treatment-resistant
depression”, “treatment-refractory depression”, “partial
response depression”, and “nonresponsive depression”.
These words were combined with tricyclic antidepressants
(TCA), selective serotonin reuptake inhibitors (SSRI),
serotonin norepinephrine reuptake inhibitors (SNRI),
and atypical antipsychotics, somatic therapies, such as
electroconvulsive therapy (ECT), vagus nerve stimulation
(VNS), deep brain stimulation (DBS), repetitive transcranial
magnetic stimulation (rTMS), magnetic seizure therapy,
transcranial direct current stimulation (tDCS), and
psychotherapy for a second round of computer searching.
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Another round of searching included a combination
of keywords, ie, “treatment-resistant depression with
augmentation strategies”, “combined antidepressants”,
“switching approaches”, “names of individual antidepressant
medications”, and “nonpharmacological interventions”. As a
corollary, relevant articles published in English peer-reviewed
journals were retrieved. Only those papers including original
studies, clinical trials, systematic reviews, and meta-analyses,
which directly addressed treatment-resistant depression, were
retained for extensive review and inclusion in this study.
Some exceptions were made with regard to small case series,
and related mainly to somatic therapies.

Therapeutic trials: pros and cons
Well designed clinical trials provide strong evidence-based
data for antidepressant therapy for treatment-resistant depression, but there are many difficulties in interpreting their
results. There is no absolutely correct dosage for a specific
antidepressant, because dosage requirements vary with age,
gender, weight, physical health, concomitant medication
usage, and tolerance. Confirmation of treatment adequacy by
serial plasma drug levels is not the rule in clinical practice,
and valid plasma level-response relationships are limited
to only a subgroup of TCA and lithium,9 and are now
extended to certain newer antidepressants. In a study that
examined the relationship between plasma antidepressant
concentration and both clinical response and adverse effects
in treatment-resistant depressed adolescents, 334 participants
with major depression who had not responded to an SSRI
were randomized to one of four treatments, ie, switch to
another SSRI (fluoxetine, citalopram, or paroxetine), switch
to venlafaxine, switch to SSRI + cognitive behavior therapy,
or switch to venlafaxine + cognitive behavior therapy.
Adolescents who did not improve by 6 weeks had their
dose increased. Plasma concentrations of medication and
metabolites were measured at 6 weeks in 244 participants
and at 12 weeks in 204 participants.
Adolescents treated with citalopram whose plasma concentration was equal to or greater than the geometric mean
showed a higher response rate compared with those having
less than the geometric mean, with parallel but nonsignificant
findings for fluoxetine. A dose increase of citalopram or fluoxetine at week 6 was most likely to result in a response when it
led to a change in concentration from less than the geometric
mean at 6 weeks to the geometric mean or greater at week 12.
Plasma levels of paroxetine, venlafaxine, or O-desmethylvenlafaxine were not related to clinical response. Exposure was
associated with more cardiovascular and dermatologic side
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effects in those receiving venlafaxine. It was concluded that
the antidepressant concentration may be useful in optimizing treatment for depressed adolescents receiving fluoxetine
or citalopram.15 With respect to psychotherapy, adequacy of
treatment may depend on the number of sessions, the expertise
of the practitioner, the therapist’s adherence to a particular
form of therapy, and also interaction within the patienttherapist dyad. The efficacy of ECT trials may be gauged by
the total number of treatments, the use of bilateral electrode
placement, and verification of seizure occurrence and its
timing by electroencephalographic monitoring. Therefore,
treatment resistance is linked to a certainty about the adequacy
of a specific treatment trial.16–19
Researchers have categorized treatment-resistant
depression in accordance with antidepressant trials as: stage 0,
has not had a single adequate trial of medication; stage 1,
failure of an adequate trial of one class of an antidepressant,
ie, monotherapy; stage 2, failure of adequate trials of
two distinctly different classes, ie, an SSRI and TCA, as
two monotherapy trials; stage 3, stage 2 plus failure to
respond to one augmentation strategy, ie, lithium or thyroid
augmentation of one of the monotherapies; stage 4, stage 3
plus a failure on a second augmentation strategy in terms
of monoamine oxidase inhibitors; and stage 5, stage 4 plus
failure of an adequate course of ECT.9 There are other staging
methods for treatment-resistant depression, including the
Antidepressant Treatment History Form, the Thase and Rush
model, the European Staging model, the Massachusetts
General Hospital Staging model, and the Maudsley Staging
model, with variable predictive validity and reliability.20
These staging methods help researchers and clinicians to
understand the severity and chronicity of treatment-resistant
depression and plan trial interventions accordingly.

Patient concerns
Treatment-resistant depression is a difficult condition to
treat. Patients with the disorder should interactively share
their inner experiences with the treating expert and be able
to ask freely any questions related to risk factors underlying
treatment-resistant depression, better treatment options,
lifestyle changes, costs and insurance coverage, a proper
medication schedule, duration of treatment, severity of side
effect, suicidal thoughts and attempts, non-suicidal selfinjurious behaviors, and intolerance issues. Other related
issues to be discussed with patients having treatmentresistant depression are adherence to treatment, impact
of medical comorbidities such as heart disease, cancer,
thyroid disease, anemia, and eating disorders, interactions

submit your manuscript | www.dovepress.com

Dovepress

371

Dovepress

Al-Harbi

between antidepressants and other medications including
herbal supplements, manifestations of impending relapse,
and genetic vulnerability. Mental health experts should also
address in nontechnical language patients’ concerns about
somatic therapies, including ECT, VNS, tDCS, rTMS,
magnetic seizure therapy, and DBS.12,19
Patients with treatment-resistant depression should
know about the predictors of good and bad outcomes of
treatment. In a UK study that aimed to assess the impact
of post-treatment clinical states on longer-term outcome
recruited 118 patients with treatment-resistant depression
who received specialist inpatient treatment and were followed
up for a median of 3 years. Longitudinal outcome, dichotomized into good and poor, was used as the primary outcome
and functional measures were used as secondary outcomes.
Among the 118 treated patients, 40 (34%) entered clinical
remission, 36 (31%) entered partial remission, and 42 (37%)
remained in a depressive episode at discharge. At follow-up,
35% had a longitudinally defined poor outcome. According
to this study, post-treatment clinical status was the main
predictor of both poor and good outcome. Nearly 50% of
patients achieved post-discharge recovery, and subsequently
had a longer-term outcome comparable with that of patients
discharged in remission. Patients who remained in an episode
post-treatment were more symptomatically and functionally
impaired. In summary, post-treatment clinical states are
a useful guide for clinicians in projecting the longer-term
outcome for patients with treatment-resistant depression. The
persistence of residual or syndromal symptoms predicts a
poorer longer-term outcome, whereas treatment to remission
is associated with better outcomes.21
In another study of young adolescents with SSRI-resistant
depression, suicide attempts and nonsuicidal self-injuries
were found to have clinical and prognostic significance.
This research further called for preventive and therapeutic
strategies for treatment-resistant depression and its associated
adverse behavioral complications.22 Patients with treatmentresistant depression also need to be familiar with issues
related to weight gain.23 Like patients with depression and
general medical conditions,24 patients with treatment-resistant
depression also have cost concerns associated with variable
outcomes and poor adherence to treatment or combined
therapies. Patients with depression who respond/remit on
antidepressant treatment bear less cost than those who have
persistent depression.25,26 By and large, treatment-resistant
depression is associated with extensive use of depressionspecific and general medical services, which poses a substantial economic burden, together with work loss costs.27,28
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In a related context, a randomized, controlled trial evaluated
the incremental cost-effectiveness over 24 weeks of combined
cognitive behavior therapy plus a switch to a different
antidepressant medication versus a medication switch only
in adolescents who continued to have depression despite
adequate initial treatment with an SSRI. Participants were
randomly assigned to switch to a different medication
only or to switch to a different medication plus cognitive
behavior therapy. Clinical outcomes were depression-free
days, depression-improvement days, and quality-adjusted
life-years based on depression-free days. It was revealed that
combined treatment had a higher net benefit for subgroups
of youth without a history of substance abuse, with lower
levels of hopelessness, and with comorbid conditions. For
youth with SSRI-resistant depression, combined treatment
decreases the number of days with depression and was more
costly. It was concluded that, depending on a decision-maker’s
willingness to pay, combined therapy may be cost-effective,
particularly for some subgroups.29

Risk factors
There is no one reason for treatment-resistant depression.
Depression is a heterogeneous disorder, as reflected by treatment heterogeneity and variable nonresponse rates,30 and the
latter could be due to patient age and gender. Elderly patients
may be somewhat less treatment-responsive than those at
midlife. Conversely, younger women may benefit less from
TCA than men or women treated with monoamine oxidase
inhibitors.9 Individuals with fewer interpersonal or economic
resources, minority status, lower function and quality of
life, and chronic depression may also be less responsive
to antidepressant treatment. Furthermore, a higher level of
objective stress, poorer social support and family networks,
and/or a greater risk of noncompliance also contribute
to treatment-resistant depression.9,31,32 However, for most
patients with treatment-resistant depression, it is probably
a combination of different risk factors (Table 2) which are
as follows: not staying on prescribed antidepressants long
enough, ie, for 6–12 weeks when they have their full effect;
skipping doses, in terms of poor adherence (blood sample
analysis for measuring drug levels is an option for confirming
or excluding such a possibility); unpleasant side effects of
prescribed psychiatric and non-psychiatric drugs; drug–drug
interactions in particular antidepressants and medical
treatments; the wrong medicine or the wrong dose for the
individual in question; genetic disposition in terms of fast
or slow metabolizers of antidepressants; medical comorbid
conditions, such as hypothyroidism and anemia, which also
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Table 2 Risk factors for treatment-resistant depression
Risk factors

Remarks

Not staying on a
medicine long enough
Skipping doses

Antidepressants can take as long as 6–8
weeks before they fully take effect
Take depression medicine exactly as
prescribed to know it is working effectively
Consult doctor for emerging side effects of
antidepressants because he/she may offer
some help including informing that side
effects tend to decrease over time
Some medicines do not work well
with antidepressants and in some cases
interactions with dangerous consequences
may occur
Antidepressant drugs work very differently
in different people and finding the right
medicine, at the right dose, takes trial
and error
Researchers have found a gene that
interferes in the synthesis of tryptophan,
a substrate for serotonin synthesis,
deficiency of which contributes to
treatment resistance
Medical conditions like heart disease,
cancer, or thyroid problems, and eating
disorders can contribute to depression,
and need to be treated simultaneously
Co-occurring Axis I and Axis II diagnosis
needs concurrent treatment
Depression may pre- or post-cede
substance abuse that need proper
treatment as well
Some people are simply misdiagnosed with
treatment-resistant depression and need
comprehensive reassessment
As environmental effect sizes in affected
individuals with treatment-resistant
depression may negatively interfere with
compliance

Unpleasant side effects

Drug interactions

Wrong medicine
or wrong dose

Genes

Co-occurring medical
conditions

Co-occurring psychiatric
conditions
Alcohol or drug abuse

Wrong diagnosis

Poverty and low
education

contribute to depression by several mechanisms and each
needs a separate treatment approach, and ignoring either
of them would result in treatment failure and nihilism; and
eating disorders, alcohol, and other substance-use disorders,
which tend to worsen the depression or might be the main
underlying cause of depression.9,32 Furthermore, breakthrough episodes can also occur among patients partially or
fully improved that may contribute to the resistant nature of
depression.33 In addition, misdiagnosis of depression also
leads to treatment-resistant depression.34 Misdiagnosis also
includes failure to identify the actual subtype of depression, such as atypical, psychotic, bipolar, or melancholic
depression, that has an impact on treatment selection and
outcome and may require concurrent pharmacotherapy,
such as an antipsychotic or augmentation psychotherapy.9
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Some evidence also indicates a poorer response to TCA in
atypical depression, bipolar depression, psychotic depression,
and depression associated with significant Axis I, Axis II, or
Axis III comorbidity.31 Further, major depressive disorder that
remains unrecognized and untreated may become treatmentresistant depression.35
Another symptomatic correlate of treatment resistance
is the global severity of depression. A naturalistic study
revealed that most patients with a substantial degree of
treatment resistance continue to have significant symptoms
and functional disability when receiving their usual
treatment.36 Finally, the adverse effects of medication and
poor compliance determined by poverty and low education
may be additional obstacles to successful treatment of
depression.19,37,38 According to the World Health Organization
International Classification of Functioning, Disability and
Health, that includes psychiatric disorders, 39 including
major depression and treatment-resistant depression,
the participation level of patients with depression is an
important treatment component that may influence their
outcomes and correspondingly might contribute to treatmentresistant depression. Interestingly, based on the perceived
relative therapeutic efficacy of available treatment options,
depression may also be seen as a secondary compliance
risk factor for treatment-resistant depression. In a recent
review, risk factors for treatment-resistant depression in
adolescents were identified to be the severity of depression,
level of hopelessness and suicidal ideation, psychiatric
and medical comorbidities, environmental factors such as
family conflict, maternal depression, and history of physical
and sexual abuse, as well as pharmacokinetics and other
biomarkers.40,41
In another study, a team of researchers reported that
genetic polymorphisms in the transcription factor, cyclic adenosine monophosphate response element binding (CREB1),
could be associated with treatment resistance in patients
with depression.42 Also, based on an experimental animal
study,43 researchers reported discovering a mutant gene on
chromosome 12 that codes for tryptophan hydroxylase-2.
This enzyme helps in the biosynthesis of serotonin, and is
produced 80% less than normal by individuals with major
or treatment-resistant depression who have this mutant gene,
which was also identified in normal individuals (3/219),
but much less often than in patients with severe depression
(9/87).44 The implication of this study is that genetic testing, if developed, could identify patients with depression
who would or would not respond satisfactorily to one of the
antidepressants, eg, a TCA, SSRI, or SNRI.

submit your manuscript | www.dovepress.com

Dovepress

373

Dovepress

Al-Harbi

In summary, depressive illness-related factors, personal
characteristics, medication variables, and psychosocial
stresses collectively contribute to the development of
treatment-resistant depression, and are associated with a
considerable disease burden.45

Therapeutic options
There are five main strategies (Table 3) used to overcome a
partial response or lack of response to antidepressant therapy,
ie, optimization, switching, combination, augmentation, and
somatic therapies.46 Because there is no standard treatment
approach, mental health experts offer the aforesaid strategies
Table 3 Management strategies for treatment-resistant depression
Therapeutic strategies
and options

Remarks

Optimization
of antidepressants

Maximize dose for adequate time
and check serum levels of prescribed
antidepressant if supported by evidencebased data
Changing from one ineffective
antidepressant to similar or different
class of antidepressant; SSRI/SNRI to
TCA, MAOI, and atypical antipsychotics
with antidepressant properties
Adding another antidepressant from
different classes, eg, TCA + MAOI,
SSRI + TCA, SSRI + atypical
antidepressant, SSRI + buspirone, etc
Adding a second agent that is not
an antidepressant but may enhance
the antidepressant effect of the
drug in question, eg, lithium, thyroid
hormones, pindolol, psychostimulants,
atypical antipsychotics, sex hormones,
anticonvulsants/mood stabilizers, and
dopamine agonists
ECT, VNS, rTMS, MST, DBS, and TDCS
Use of antidepressants together with
other modes of treatment, which
include psychotherapy, risk management
strategies, CAM therapies, and life style
changes such as exercise and school
vacation
Use of a treatment to manage the side
effects of antidepressants and also to
increase its efficacy
Isolated, severe cases of treatmentresistant depression
In genetic, biomarkers, and animal models
for drug development

Switching
of antidepressants

Combination
of antidepressants

Augmentation
strategies

Somatic therapies
Integrated approach

Adjunctive approach

Neurosurgical
interventions
Continuing research

Abbreviations: CAM, complementary and alternative medicine; TDCS, transcranial
direct current stimulation; ECT, electroconvulsive therapy; VNS, vagus nerve
stimulation; rTMS, repetitive transcranial magnetic stimulation, DBS, deep brain
stimulation; MST, magnetic seizure therapy; TCA, tricyclic antidepressant; MAOI,
monoamine oxidase inhibitors; SSRI, selective serotonin reuptake inhibitor; SNRI,
serotonin-norepinephrine reuptake inhibitor.
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based on re-evaluation of patients with treatment-resistant
depression. The patient with depression not responding to
antidepressant monotherapy requires a highly individualized
treatment plan and, accordingly, some people will respond
to a specific treatment, while others do not. Finding the
right approach to treat depression can take a lot of effort
and time.29,30 Therefore, the following principles need to
be followed to manage patients with treatment-resistant
depression: ensure accurate diagnosis, including subtype
of depression; assess comorbid psychiatric and medical
conditions; evaluate psychosocial stressors, as well as social
and family support; ensure adequate dose and duration of
treatment; monitor and treat adverse events; educate the
patient regarding depression and antidepressants; ensure
compliance; and aim for remission. The five approaches are
now described briefly.

Optimization of antidepressants
The two core features of this strategy are to optimize dosage
and duration of antidepressant therapy for patients who have
experienced only partial improvement. The advantages of this
strategy are to capitalize on the natural history of episodic
depression which remits over time and to counteract the
tendency of some patients to discontinue the antidepressant
prematurely. Furthermore, it helps to distinguish a true
enduring antidepressant response from a more transient
placebo response. Specifically, placebo responders have a
greater likelihood of relapse between weeks 6 and 12 than
patients who have responded to active antidepressants.9,32
An adequate trial of antidepressant therapy has been defined
by some clinicians as a minimum of 6 weeks.7 If the patient
exhibits a partial response during this initial period, another
4–6 weeks of treatment should be added. Thus, a total of
10–12 weeks may be required in some cases to elicit a full
response to antidepressant therapy.47 Irrational prescribing
of antidepressant medications with regard to dosage and
duration is a common cause of treatment failure9,47 and
is common in clinical practice. In a study conducted in a
managed care environment, only 11% of patients requiring
antidepressant therapy received either an adequate dosage
or duration of therapy.48 This irrational prescribing trend is
particularly common in elderly patients,49 and is especially
problematic in low-income and middle-income countries.
The older literature suggests that routine prescription of
maximal doses of TCA, monoamine oxidase inhibitors, and
second-generation antidepressants is associated with a greater
likelihood of response than more modest doses in patients
with treatment-resistant depression.9 Notably, administration
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of higher doses of first-generation and second-generation
antidepressants in patients with treatment-resistant depression requires monitoring of blood levels to track the clinical
response and to avoid adverse effects.

Switching strategies
The switching approach mainly involves discontinuing an
ineffective antidepressant and starting a new antidepressant
from a similar or different class in patients with treatmentresistant depression. Earlier studies found response rates
of only 10%–30% for TCA in patients with a past history
of lack of response to TCA.9 A trial course of nortriptyline
guided by plasma levels similarly suggested a 30% response
in patients with a prior history of TCA failure.50 Conversely,
better response rates of up to 70% have been reported when
patients are switched to an alternative class of antidepressant,
including the second-generation heterocyclic antidepressants and SSRI/SNRI coupled with a different mechanism
of action.7,30,32,47 Thase and Rush reviewed the relevant
literature on old trend switching approaches involving
several within and across classes of antidepressants in the
population with treatment-resistant depression and similar
conclusions were drawn, with the recommendation to conduct
larger, controlled, double-blind, crossover studies of SSRI/
SNRI-resistant depression using newer antidepressants and
TCA.9 A number of relatively well designed studies,51–67
which focused on switching strategies from SSRI in major
depression, have been conducted to address these issues, and
are summarized in Table 4. A summary of the findings of
these studies is as follows: response rate 26%–76%; remission rate 28%–87%; a TCA might prove to be a strategy
of first choice for patients who do not respond to an SSRI;
intolerance to one SSRI does not necessarily mean intolerance to the whole class of SSRI; challenges include collecting
controlled data to address the equally important question
about the effectiveness of an alternate SSRI when another
member of this class is not effective; across-class switch is
a good treatment option; in patients unresponsive to SSRI,
administration of antidepressants with different mechanisms
of action is an effective switching strategy; and switching
from an SSRI to a TCA and vice versa in patients who do not
respond to a 4-week trial is not associated with an improved
response. The last observation runs counter to that predicted
by current guidelines.68
The advantages of this strategy are improved adherence,
reduced medication costs, and fewer drug interactions,69
while the disadvantages are that therapeutic gains from
original antidepressant are lost, the patient has to wait for
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the new agent to become effective, and relapse or withdrawal
symptoms together with adverse effects may occur during
the intervening period. This is particularly true if the
half-life of the first agent is quite long, as is the case with
fluoxetine (35 days), and another SSRI is started before an
adequate washout period has occurred. Other antidepressants
that require longer washout periods of up to 14 days are
clomipramine, tranylcypromine, moclobemide, bupropion,
and phenelzine if switched to another TCA, monoamine
oxidase inhibitor, or SSRI. Serotonin syndrome,70 reflecting
toxic serotonin levels in the central nervous system and
characterized by hyperalertness, agitation, confusion,
restlessness, myoclonus, hyperreflexia, diaphoresis, shivering,
tremor, and, possibly, death, may occasionally develop if the
washout period was inadequate when switching from one
SSRI antidepressant to another. In summary, the risks of
toxicity are greater with higher dosage regimens and an inadequate washout period, although urgent cases may necessitate
a shorter switching interval.

Combination of antidepressants
Combination therapy involves the addition of a second antidepressant agent from a different class to the therapeutic
regimen of patients with treatment-resistant depression.30,71
The additional antidepressant is used for 12 weeks or even
months in optimum doses.9 Older antidepressants may
be used because they are reported to have good results in
treatment-resistant depression coupled with severe, recurrent
depression.72–74 Various types of combination are reported in
the literature, but the most common are TCA + SSRI followed
by, eg, venlafaxine + TCA, SSRI + SSRI, and SSRI + venlafaxine.75 Venlafaxine + mirtazapine is frequently used in
clinical practice, and this combination produces a good
response in patients with difficult-to-treat depression, which
is attributed to the synergistic action of this combination. In
one study of 32 patients with persistent depressive illness,
the mirtazapine + venlafaxine combination was given at
some point over a 3-year period between 2002 and 2005.
Clinical response rates were 44% at 4 weeks and 50% at 8
weeks. At 6-month review, 56% of the original cohort and
75% of those still receiving treatment had shown a significant response. In total, 44% experienced some adverse
effects. Five patients discontinued treatment due to sedation (19%) and weight gain (19%).76 In another study, the
venlafaxine + mirtazapine combination was given to 22
patients with major depression who had failed one trial
of antidepressant therapy. The mean duration of treatment was approximately 8 weeks, producing a response
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Table 4 Summary of clinical studies of switching from an SSRI in major depression
Reference

Initial
treatment

Post-switch
treatment

Design

Response rate

Thase et al51

Sertraline

Fluoxetine

n = 106, open, non-response,
or intolerance

63%

Brown and
Harrison52

Fluoxetine

Sertraline

n = 91, open, primarily
intolerant

76%

Zarate et al53

Fluoxetine

Sertraline

n = 31, open, non-response
or intolerance

42% at discharge,
26% at follow-up

Joffe et al54

Second SSRI

n = 55, open,
non-response only

51%

Peselow et al55

Fluoxetine,
Sertraline,
Paroxetine
Paroxetine

Imipramine

n = 15, double-blind,
prospective nonresponse

73%

Thase et al56

Sertraline

Imipramine

n = 117, double-blind,
cross-over prospective
non-response

60% in the sertraline group and
44% in the imipramine group

Nierenberg et al57

Various

Venlafaxine

n = 84, open, non-response
to 3 prior trials

33%

De Montigny et al 58

Various

Venlafaxine

n = 152, open, nonresponse
to at least one prior trial

58% response
28% remission

Kaplan59

Venlafaxine

n = 73, open, nonresponse
to one prior SSRI

87% full remission

Poirer and
Boyer60

Fluoxetine,
Sertraline,
Paroxetine
Various, two
thirds SSRIs

Venlafaxine or
Paroxetine

n = 172, double-blind,
randomized, nonresponse to
two prior trials, 1 prospective

McGrath et al61

Fluoxetine

Bupropion

n = 18, open, nonresponse
to prior prospective
fluoxetine trial

Response
52% venlafaxine, 33% paroxetine
Remission
42% venlafaxine, 22% paroxetine
28% response

Fava et al62

Various SSRI

Mirtazapine

n = 69, open, nonresponse
to prior prospective SSRI trial

48% response

Thase et al63

Various SSRI

Mirtazapine or
Sertraline

n = 243, double-blind,
randomized, nonresponse
to one prior SSRI, not sertraline

Rapaport et al64

SSRI,
Citalopram

Risperidone

n = 489, multiple designs,
double-blind, placebo-controlled,
nonresponse to 1–3 SSRI failures

Lenox-Smith
and Jiang65

SSRI

Venlafaxine
Citalopram

n = 406, 12-week, double-blind,
randomized, parallel-group,
multicenter study

Souery et al66

Citalopram
Despiramine

Despiramine/
citalopram

n = 189, nonresponse,
prospective study, 8 weeks

Rosso et al67

SSRI

Duloxetine and
bupropion

n = 49, a randomized,
comparison study,
2 SSRI trial failures

At week 3 and 4 mirtazapine . sertraline,
P , 0.05 (.50% improvement) and at
week 8 mirtazapine and sertraline, P = NS.
Remission rate 37% mirtazapine
and 29% sertraline
Median time to relapse was 97 days
with risperidone augmentation and
56 with placebo (P = 0.05); relapse
rates were 56% and 64%, respectively
(P , 0.05)
Venlafaxine and citalopram with similar
efficacy. In severely depressed patients,
venlafaxine ER was significantly more
effective
First 4 weeks, no difference between
citalopram and despiramine or switch,
but in the next 4 week, remitter
rates . among non-switched patients,
switched patients had more score on
HRSD and MADRS, CGI scales
Response rate 60%–70% and remission
rate 30%–40%

Copyright © 2003, Physicians Postgraduate Press. Adapted with permission from Nelson JC. Managing treatment-resistant major depression. J Clin Psychiatry. 2003;64 Suppl 1:5–12.69
Abbreviations: ER, extended-release; HRSD, Hamilton Rating Scale for Depression; MADRS, Montgomery-Åsberg Depression Rating Scale; CGI, Clinical Global Impression;
NS, not statistically significant; SSRI, selective serotonin reuptake inhibitors.
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rate of 81.8% and a remission rate of 27.3%. Only one patient
was unable to tolerate the combination, although 50% had
significant side effects during treatment.77
This approach has certain disadvantages, ie, it does not
allow for adequate evaluation of monotherapy, is associated with reduced compliance, has an increased likelihood
of adverse effects, is prone to polypharmacy, and has the
potential for increased drug interactions. Advantages of the
combination approach are that it is coupled with a rapid
response, no titration is necessary, initial improvements are
maintained, the strategy builds on therapeutic gains, addition
of the second compound is generally well tolerated, and the
disadvantages of switching strategies are avoided. In addition,
the response rate is comparable or superior to drug substitution. In this strategy, there might be a synergistic therapeutic
effect, but side effects due to drug–drug interactions also tend
to emerge, so careful drug surveillance is needed.6,69

Augmentation strategies
Augmentation therapy involves adding a second agent (but
one that is not routinely regarded as an antidepressant) to the
therapeutic regimen when there is only a partial response to
the primary antidepressant agent.38 The reported strength of
recommendation for augmentation or switching is best supporting evidence.78 Various augmenting agents, including
lithium, atypical antipsychotics, thyroid hormone, pindolol,
buspirone, dopamine agonists, sex steroids, glucocorticoidspecific agents, herbal products, and newer anticonvulsants,
have been used in patients with treatment-resistant
depression.19 Augmentation options, mechanisms, and dosing
strategies for the various agents are summarized in Tables 5–7.
The key points are as follows: downregulation of central
beta-adrenergic receptors, which explains the 4–6-week
delay in obtaining clinical improvement; lithium enhances
not only serotonin neurotransmission but also impacts other
neurotransmitter systems and neuromodulators, with a
response rate of 30%–65% in patients with treatment-resistant
depression who have failed several classes of antidepressants
and coupled with equal augmentation efficacy at serum blood
levels of 0.4 and 0.8 mEq/L; response may take just 2 days or
up to 3–6 weeks, which is considerably shorter than the delay
expected with switching, which involves taper of the first drug,
washout, and delay in onset of the second drug; antagonism
of 5HT2A receptors, common among atypical antipsychotics,
is also seen with mirtazapine and nefazodone and is coupled
with enhanced release of frontal dopamine and norepinephrine, which is thought to be a key action of antidepressant
agents; fluoxetine–olanzapine reported 40% improvement
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among patients with treatment-resistant depression as
compared with 30% and 25% improvement with fluoxetine
and olanzapine alone, respectively; olanzapine, aripiprazole,
quetiapine, and ziprasidone had mixed results in a population
with treatment-resistant depression; T3 25–50 µg/day for
2–3 weeks is more effective than T4 for augmenting TCA,
monoamine oxidase inhibitors, SSRI, and lithium in patients
with treatment-resistant depression; monitoring thyroid
function before T3 administration for a baseline reading as
well as after administration is important; pindolol, a 5-HT1A
postsynaptic antagonist, accelerates the onset of action of
antidepressants by preventing negative feedback to the presynaptic 5-HT1A receptor but is currently not recommended
for this purpose; unlike open-label studies, buspirone is
ineffective in randomized controlled trials; stimulants had
no positive results in randomized controlled trials involving
patients with treatment-resistant depression; after adjusting
for the selection bias inherent in the STAR*D comparison
of augmentation versus switching, clinically meaningful
differences in the adverse event profiles between these
strategies were not observed; risperidone (remission rate
[RR] 26.7%), valproate (RR 48.7%), buspirone (RR 32.6%),
trazodone (RR 42.6%), and thyroid hormone (RR 37.5%)
added to paroxetine 20 mg/day was effective and well tolerated in 225 Chinese patients with stage II treatment-resistant
depression; an add-on multicenter trial of 183 patients with
treatment-resistant depression failed to detect a statistically
significant difference between lamotrigine and placebo
given for 10 weeks, but post hoc analysis suggested that
future studies of the efficacy of lamotrigine should focus
on specific subgroups with depression; a double-blind,
placebo-controlled study found that topiramate augmentation potentiates the efficacy of SSRI (fluoxetine, citalopram,
sertraline) in the treatment of resistant depression; and further
large, comparative, double-blind, randomized clinical trials
of augmentation agents in patients with treatment-resistant
depression are needed.9,30,79–99
The level of evidence for common augmentation agents
is as follows: lithium and T3 (best evidence); atypical
antipsychotic drugs (some evidence); stimulants, inositol,
estrogen, omega-3 fatty acids, and dopamine agonists (little
evidence); herbal supplements, lamotrigine (no evidence);
and tetraiodothyronine and pindolol (not effective).46

Comorbidity
Patients with treatment-resistant depression need to be
assessed for comorbid medical and other psychiatric
conditions. This is mandatory because 75.5% and 46.9%
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Table 5 Augmentation options for treatment-resistant depression
Medication

Available data

Remarks
Limited data
Rapidly effective and more data are needed
Ineffective in RCTs
Comparable with lithium in STAR*D but fewer
side effects
Comparable to T3 in STAR*D but more side effects

Lamotrigine97
Valproate96
Topiramate98
Pindolol94

Positive RCTs,77 STAR*D
Multiple open-label trials, RCTs, STAR*D
Negative RCTs, STAR*D
Limited RCTs with SSRI,78,96 positive
when combined with TCA91,93
Limited RCTs with SSRI,78,80 positive when
combined with TCA93
Negative RCTs
Pilot RCT, effective and well tolerated
Positive RCT98
Negative RCTs94

Stimulants81

Negative RCTs 81

Sex hormones
Atypical antipsychotics
Aripiprazole89
Olanzapine/fluoxetine23

Mixed data, most for testosterone

Traditional agents
Mirtazapine77
Bupropion100
Buspirone96
T3
Lithium

Quetiapine99

3 positive RCTs,89 FDA indication
One positive RCT,23 multiple equivocal
RCTs,85 FDA indication
One negative RCT, two positive unpublished
RCTs with extended-release formulation

Risperidone96

Two positive RCTs, one negative

Ziprasidone85
All antipsychotics

Mixed open-label data only85
Response (odds ratio = 1.69) and
remission (odds ratio = 2.00) versus
placebo from RCTs

Small numbers, mixed populations
Data are limited and larger sample size RCTs are needed
RCTs with larger sample needed
Positive data for antidepressant effect acceleration,
not recommended for augmentation
May have a role for adjunctive treatment of apathy.
Accelerates the antidepressant effect
Significant long-term side effects
Negative self-report outcomes
Weight gain, metabolic syndrome
Weight gain, metabolic syndrome, helpful adjunctive
agent for some patients with TRD but
placebo-controlled trials are needed
Trials with short treatment lead-in
(4–5 weeks on previous antidepressant treatment)
Discontinuation rates for adverse events higher versus
placebo (odds ratio = 3.91)

Note: Information sourced from a number of papers.11,13–14,23,31,77–98,100
Abbreviations: RCTs, randomized controlled trials; FDA, Food and Drug Administration; SSRI, selective serotonin reuptake inhibitor; STAR*D, Sequenced Treatment
Alternatives to Relieve Depression; TRD, treatment-resistant depression.

of patients with unipolar and bipolar treatment-resistant
depression (n = 49) were reported to have at least one other
Axis I and two additional Axis I diagnoses, respectively,
which included anxiety disorder and substance abuse. Axis
I comorbidity appears to be differentially associated with
treatment resistance in unipolar and bipolar depression.101
It is also true with treatment-resistant depression, which is
probably associated with a variety of physical diseases at an
etiological level, including painful syndromes.102 In addition,
both physical and psychiatric comorbid conditions contribute
to treatment resistance in patients with depression. Patients
with comorbidities who showed a partial response to TCA,
monoamine oxidase inhibitors, SSRI, and SNRI may derive
benefit from the use of stimulants, ie, methylphenidate 10 mg
three times daily, dextroamphetamine 5 mg three times
daily, or modafinil 100–200 mg once daily. These medications are reported to accelerate the effects of antidepressant
therapy, but have a potential for abuse and randomized
controlled trials failed to produce any treatment benefits.76,81
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However, these medications may have a role in the adjunctive
treatment of apathy.30,81 Nefazodone, another compound used
concurrently with prescribed medications in patients with
treatment-resistant depression (n = 20) and high psychiatric
comorbidity (post-traumatic stress disorder, substance use
disorder, and personality disorder) produced good results,
with 50% of patients (n = 11) showing substantial improvement, and a smaller proportion having a more modest clinical response.84 Duloxetine and venlafaxine have also been
used in several studies with fairly good results.103 The basic
principles of treating treatment-resistant depression with
comorbidities remain the same and all options need to be
used sequentially.104

Electroconvulsive therapy
ECT is a recognized mode of treatment for a variety of mental
disorders, including treatment-resistant depression. 105,106
ECT is still the most consistently effective in patients
with treatment-resistant depression, with a response rate
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Table 6 Mechanism of action of agents used as augmentation for
treatment-resistant depression
Augmentation agent

Mechanism of action

Lithium

Potentiate serotonergic neurotransmission,
modulates phosphatidyl-inositol pathway
Potentiate norepinephrine neurotransmission,
corrects subclinical hypothyroidism that
causes depression-like symptoms
Improve frontal serotonin, norepinephrine,
and dopamine functions, and other
neurotransmitters such as glutamate
Improve norepinephrine and dopamine
neurotransmission
Precursor of diacylglycerol and inositol
triphosphate
Affects gamma aminobutyric acid,
serotonergic, noradrenergic and cholinergic
neurotransmission
Normalize communication in nerve cells;
lower tumor necrosis factor-α; lower
interleukin-B; lower prostaglandins
E 2, 3, 4; and increase brain-derived
neurotrophic factor
Increase dopamine tone
May impact monoaminergic
neurotransmission
Blocks 5-hydroxytriptamine 3 receptors,
potentiates dopamine
Potentiates norepinephrine
neurotransmission
Increases serotonergic tone

Triiodothyronine

Atypical antipsychotics

Psychostimulants
Inositol
Estrogen

Omega-3 fatty acids

Dopamine agonists
Herbal supplements
Lamotrigine
Tetraiodothyronine
Pindolol

Copyright © 2005, MBL Communications. Adapted with permission from Gotto J,
Rapaport MH. Treatment options in treatment-resistant depression. Prim Psychiatry.
2005;12:42–50.46

of 50%–70%.30 Furthermore, ECT remains the treatment
of first choice for the most severe, incapacitating forms of
treatment-resistant depression, though the strength of the
recommendation of ECT is level C.78 Surprisingly, relapse
rates are significantly higher in patients with treatmentresistant depression after a successful course of therapy.107
Research is needed to establish the efficacy of alternative
methods to prevent relapse following successful ECT, including maintenance ECT and combination pharmacotherapy
strategies. Patients who fail to respond to ECT as proposed
in Stage 5 treatment-resistant depression represent some
of the most challenging cases. Predictors of nonresponse
to ECT need to be in place. In a large patient population
with treatment-resistant depression, ECT was an effective
treatment for approximately two thirds of cases. A lack of
response to ECT was associated with bipolar subtype, presence of manic symptoms during depression, slightly less
severe depressive symptomatology, and protracted duration
of the depressive episode.108 In a recent study of adolescents
with treatment-resistant depression, continuation ECT and
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maintenance ECT were useful and safe treatment strategies
for selected adolescents with severe treatment-resistant
depression, and symptom remission was achieved without
cognitive impairment.109

Other somatic therapies
These reversible but more invasive therapies were developed
to avoid the adverse effects and complications of ECT and
at the same time to be more effective in treatment-resistant
depression. rTMS and VNS are approved by the US Food
and Drug Administration for the treatment of intractable seizure disorders and treatment-resistant depression. However,
with regard to treatment-resistant depression, other neuromodulation therapies, including DBS, magnetic seizure
therapy, and tDCS, are in the experimental stages.30,88,110–112
Notably, the Food and Drug Administration has approved
DBS for compassionate use in severe obsessive-compulsive
disorder.
Studies of somatic therapies seem to be producing
promising results. In an open-label study, 21 patients who
failed two antidepressant trials were given rTMS therapy
(high-frequency, 10 Hz, intensity of 110%) for 4 weeks,
keeping the dose of pre-existing antidepressants unchanged.
Nineteen patients completed the study and were assessed.
In intention-to-treat analysis, the mean HRSD-17 scores
were reduced from 30.80 ± 5.00 to 19.00 ± 6.37. Only four
patients reported headache, but there was no discontinuation
due to adverse effects. The study indicated the potential
utility of rTMS as an augmenting agent in treatmentresistant depression. Both high frequency left-sided and
low frequency right-sided unilateral rTMS are efficacious
in treatment-resistant depression. Similar benefits have been
suggested for sequential bilateral rTMS (low frequency
right-sided then high frequency left-sided).113 In another
study, subjects aged 18–85 years were recruited from a
tertiary care university hospital. Seventy-four subjects with
treatment-resistant depression and a 17-item HRSD score
greater than 21 were randomized to receive unilateral, bilateral, or sham rTMS. The rates of remission were compared
between the three treatment groups. The remission rates
differed significantly between the groups using a modified
intention-to-treat analysis that excluded subjects who did
not respond to ECT during the current episode. The remission rate was significantly higher in the bilateral group than
in the sham group. The remission rate in the unilateral group
did not differ in either group.114 These studies, including a
meta-analysis, call for larger controlled studies to compare
the efficacy of sequential bilateral rTMS and high frequency
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Table 7 Dosing strategies for augmentation agents for treatment-resistant depression
Augmentation agents

Recommended dosing strategies

Side effects

Lithium

Tremors, weight gain, polydipsia, polyurea

Triiodothyronine
Olanzapine
Ziprasidone
Risperidone
Methylphenidate

Initially 150 mg twice daily to be increased in accordance
with blood level (0.4–0.8 mEq/L) and clinical response
25–50 μg/day for 3 weeks
2.5–5 mg/day
20–40 mg/day
0.5–1 mg/day
5–30 mg/day

Dextroamphetamine

10–20 mg/day

Modafinil
Primapexole
Inositol
Estrogen

200 mg/day
0.25–2.5 mg/day
500–1000 mg/day
0.1–0.2 mg patch

Omega-3 fatty acids
Lamotrigine

6 g EPA and 2 g DHA
12.5–25 mg/day initially; increase by 12.5–25 mg/week
up to 100–220 mg/day

Irritability, sweating, palpitation, and anxiety
Sedation and weight gain
Sedation and weight gain
Sedation and weight gain
Insomnia, irritability, GI symptoms, abuse
and blood pressure/heart rate variability
Insomnia, irritability, GI symptoms, abuse
and blood pressure/heart rate variability
Headache, dizziness, nausea and dry mouth
Nausea and agitation
Not available
Risk for breast and uterine cancer,
weight gain, and edema
Unpleasant fishy burp
Nausea, headache, blurry vision,
rash and sleepiness

Notes: Pindolol, T4, and herbal supplements are not recommended.
Copyright © 2005, MBL Communications. Adapted with permission from Gotto J, Rapaport MH. Treatment options in treatment-resistant depression. Prim Psychiatry. 2005;12:42–50.46
Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; GI, gastrointestinal.

left-sided rTMS in depression and treatment-resistant
depression.114,115
In another study, 22 patients with major depression were
randomly assigned to a crossover protocol comparing tDCS
and placebo stimulation add-on to a stable antidepressant
medication. The parameters of active tDCS were: 1 mA or
2 mA for 20 minutes daily, with the anode over the left dorsolateral prefrontal cortex and the cathode over the contralateral
supraorbital region. Active and placebo tDCS was applied for
2 weeks using indistinguishable direct current stimulators.
Patients, raters, and operators were blinded to the treatment
conditions. The results showed that there was no significant
difference in depression scores after 2 weeks of real tDCS
compared with 2 weeks of sham tDCS. However, subjective
mood ratings showed an increase in positive emotions after real
tDCS compared with sham tDCS. Anodal tDCS, applied for 2
weeks, was not superior to placebo in patients with treatmentresistant depression. A modified and improved tDCS protocol
should be investigated in controlled pilot trials to develop
effective tDCS for treatment-resistant depression.116
In an interesting single treatment-resistant depression
patient analysis, VNS produced good results and achieved a
cost saving over modified ECT.117 Both ECT and VNS could
be combined in managing severe cases of treatment-resistant
depression. VNS has some disadvantages, including hoarseness of voice caused by the stimulator delivering the electrical pulse, and rarely infection due to surgical implantation
of a small device into the left chest wall.117 In an open-label
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study of resistant major depressive episode, the predictors of
response to VNS were a history of resistant depression, mild
to moderate resistant depression, non-severe resistant depression, and no history of use of ECT.118 The long-term effects
and tolerability of VNS need to be determined to ascertain
its suitability for use in treatment-resistant depression.
A multicenter pilot study of 21 patients with treatmentresistant depression who received DBS found that patients
treated with subcallosal cingulate gyrus DBS had an
RESP50 of 57% at one month, 48% at 6 months, and 29%
at 12 months. However, the response rate after 12 months
of DBS increased to 62% when response is defined by 50%
reduction in baseline HRSD-17 score (RESP50). Reductions
in depressive symptoms were associated with amelioration
of disease severity in patients who responded to surgery.
Overall, findings from this study corroborated the results
of previous reports showing that outcome of subcallosal
cingulate gyrus DBS may be replicated across centers.119
Ward and Irazoqui have provided greater detail on target
structures, motivation, response rates, and the proposed
mechanism of action of somatic therapies used in treatmentresistant depression.4 Data from a follow-up study suggested
that in the long term (up to 6 years), DBS remains a safe
and effective treatment for treatment-resistant depression.120
Finally, psychosurgery, such as subcaudate tractotomy, limbic
leucotomy, anterior capsulotomy, and anterior cingulotomy
remain the last line of somatic treatment for patients with
severe treatment-resistant depression.30
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Complementary and alternative
medicine
The therapeutic role of ethyl eicosapentaenoic acid, an
essential fatty acid, as an augmentation agent for traditional
antidepressants in treatment-resistant depression has been
reported.30 Puri et al showed that eicosapentaenoic acid
improved some symptoms, including suicidal ideation and
social phobia, in a single patient with severe treatmentresistant depression. This compound also induced neurobiological changes, such as a 30% increase in the volumetric
niacin response, a 53% increase in the relative concentration
of cerebral phosphomonoesters, a 79% increase in the ratio
of cerebral phosphomonoesters to phosphodiesters, and a
reduction in the lateral ventricular volume of the brain.121
The therapeutic value of L-methylfolate, a medicinal food,
is emphasized in patients of Hispanic origin with treatmentresistant depression.122 The efficacy of other complementary
and alternative medicines in patients with treatment-resistant
depression needs to be studied because these therapies
have minimal adverse effects and their contribution to
the management of various diseases is expanding rapidly.
Conversely, in modern medicine, of about 65% of patients
who discontinue antidepressants, 45% of them do so because
of unpleasant side effects.123 Regarding lifestyle changes,
researchers reported positive effects of moderate physical
exercise on quality of life in patients with treatment-resistant
depression.124

Psychotherapy
In general, psychotherapy alone is effective in mild to moderate depression, and when combined with antidepressants, is
associated with better results in severe depression than either
therapy alone. Traditionally, the strength of recommendation for psychotherapy is B level, and it has been considered
useful in the management of treatment-resistant depression,
primarily as an adjunct to help patients maintain morale and
optimism.78 Currently, various studies have also justified the
use of psychotherapy, especially cognitive behavior therapy,
when using switching and augmentation approaches in
patients with treatment-resistant depression.9,30,100 In a comparative study that recruited patients with treatment-resistant
depression who responded unsatisfactorily to citalopram and
were assigned randomly to either augmentation of citalopram
with cognitive therapy or sustained-release bupropion or
buspirone or switch to cognitive therapy or another antidepressant, sertraline, sustained-release bupropion, or extendedrelease venlafaxine, Thase et al100 found that pharmacologic
augmentation was more rapidly effective than augmentation
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of citalopram using cognitive behavioral therapy, whereas
switching to cognitive behavioral therapy was better tolerated
than switching to a different antidepressant. Few randomized
controlled trials125,126 have investigated interventions for
treatment-resistant depression in young people, and results
from these show modest benefit from antidepressants, with
no additional benefit of cognitive behavioral therapy over
medication. Overall, there is a lack of evidence about effective interventions to treat young people who have failed to
respond to evidence-based interventions for depression.
Research in this area is urgently required.125,126 In a related
development, research suggests that children and adolescents
with school difficulties are less likely to respond to fluoxetine
compared with those with no school difficulties. Depressed
adolescents in the Treatment of Resistant Depression in
Adolescents study, who had not responded to a previous
adequate trial of an SSRI, were randomly assigned to one
of the following: another SSRI, venlafaxine, another SSRI +
cognitive behavioral therapy, or venlafaxine + cognitive
behavioral therapy. Participants were classified into four
groups, depending on whether their enrollment in the study
and end of treatment was during school or summer vacation.
There was a significant interaction between school difficulties
and timing of treatment, with the lowest rates of response
being among adolescents having school difficulties and
ending their treatment during the active school year. School
problems are relevant to treatment response in depressed
adolescents and should be incorporated into the treatment
plan. These findings also suggest that the time of year might
need to be taken into consideration for analysis of clinical
trials in school-aged youth.127 In a systematic review,128
researchers examined the utility of psychotherapy in the
management of treatment-resistant depression, and found it
to be useful. However, the evidence was sparse and the results
were mixed. Given that quality trials are lacking, rigorous
clinical trials are recommended to guide practice, including
in primary care.128
A team of researchers examined the long-term outcome of
participants in the Treatment of SSRI-Resistant Depression in
Adolescents, in which 334 adolescents with major depressive
disorder initially resistant to SSRI treatment were randomly
treated for 12 weeks with another SSRI, venlafaxine, another
SSRI + cognitive behavioral therapy, or venlafaxine + cognitive behavioral therapy. Responders then continued with the
same treatment through week 24, while non-responders were
given open treatment. By 72 weeks, an estimated 61.1% of the
randomized adolescents had reached remission. Randomly
assigned treatment, ie, that given for the first 12 weeks,
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did not influence the remission rate or time to remission,
but the group assigned to SSRI had a more rapid decline in
self-reported depressive symptoms and suicidal ideation than
those assigned to venlafaxine. Participants with more severe
depression, greater dysfunction, and alcohol or drug use at
baseline were less likely to remit. The depressive symptom
trajectory of the remitters diverged from that of non-remitters
during the first 6 weeks of treatment. Of the 130 participants
in remission at week 24, 25.4% relapsed in the subsequent
year. While most adolescents achieved remission, more than
one third did not, and one quarter of the patients who remitted experienced a relapse. The investigators suggested more
effective interventions are needed for patients who do not
show robust improvement early on in treatment.129

Future treatment options
New drugs approved for the management of depression
are on the market (Table 8). These medications include
desvenlafaxine (an SNRI), escitalopram (an SSRI), and a
reformulation of trazodone (Oleptro™). A number of drugs,
including riluzole, that act on glutamate receptors and have
antidepressant activity have also been developed and are
approved for managing major depression.81,130 Studies have
explored the role of ketamine, an NMDA antagonist, in treating treatment-resistant depression and acute suicidal ideation.

Table 8 Future treatment options for treatment-resistant
depression
Medication/intervention

Comments

Melatonin drugs
(agomelatine)

Preliminary data only, no inclusion of
TRD population in registration trials,
not yet studied as an augmenting agent
Intravenous infusions used for
scopolamine, studied as augmenting
agents rather than primary treatment,
small numbers in published results,
large trials underway
Short-term symptomatic relief, only
intravenous infusions used, further
trials underway
VNS approved for TRD but long-term
treatment needed, TMS showed less
efficacy in more treatment-resistant
patients but use of TMS in TRD under
investigation, DBS trials underway

Acetylcholine drugs
(scopolamine, mecamylamine,
varenicline)

Glutamate drugs
(ketamine, NR2 antagonists,
riluzole)
Neurostimulation

Copyright © 2010, Informa Healthcare. Adapted with permission from Philip NS,
Carpenter LL, Tyrka AR, Price LH. Pharmacologic approaches to treatment resistant
depression: a re-examination for the modern era. Expert Opin Pharmacother. 2010;11:
709–722.81
Abbreviations: NR2, NMDA receptor subunit; TRD, treatment-resistant depression;
VNS, vagus nerve stimulation; DBS, deep brain stimulation; TMS, transcranial magnetic
stimulation.
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Ketamine appears to have a rapid antidepressant effect,
within hours or a day, although these effects only last
for 7–10 days. Patients need to be admitted to hospital to
receive ketamine intravenously from an anesthesiologist,
while their vital signs are closely monitored. Ketamine is
a drug of abuse and induces trance-like or hallucinatory
states. Like other anesthetics, ketamine also produces mild
to moderate cognitive side effects. Ketamine treatment
may be akin to ECT and studying ketamine may reveal
mechanisms underlying depression and help to identify
drugs that can be prescribed as antidepressants to a wider
patient population.131 In a comparative study of 17 patients
with treatment-resistant depression non-responsive to ECT
and 23 patients with treatment-resistant depression who had
not previously received ECT were given a single open-label
infusion of ketamine 0.5 mg/kg and evaluated using the
Montgomery-Åsberg Depression Rating Scale at baseline
(60 minutes before the infusion), as well as at 40, 80, 120,
and 230 minutes after infusion. Depressive symptoms
were significantly improved in the ECT-resistant group at
230 minutes, with a moderate effect size. At 230 minutes,
the group not exposed to ECT showed significant improvement with a large effect size. Ketamine appears to improve
depressive symptoms in patients with major depression who
had previously not responded to ECT. These preliminary
results warrant further investigation in a larger sample size
to determine the effectiveness of ketamine in patients with
depression not responsive to other treatments.132 In one study,
10 participants with treatment-resistant depression were
given riluzole, another NMDA antagonist, along with their
regular antidepressant. After 6–12 weeks, they experienced
an almost 10-point drop on the HRSD.130
Triple reuptake inhibitors that block the reuptake of
serotonin, norepinephrine, and dopamine, are the newest
drugs in the stable of monoamine antidepressants. 133
Currently, there are no randomized controlled trials on these
agents and research is preliminary. It is believed that triple
reuptake inhibitors devoid of an effect on sexual function
could be used as second-line treatment when patients with
depression do not respond to an SSRI.134,135 Non-conventional
antidepressants, such as tianeptine, are also used for treatmentresistant depression with some benefits.133 Another new drug,
agomelatine, the first melatonergic antidepressant containing
a 5-HT2C receptor antagonist and a melatonin-1 agonist, is
approved in Europe to treat major depression. It has a unique
mechanism of action by targeting the melatonin system in
the brain,81and randomized controlled trials in the treatmentresistant depression population are needed. In another
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development, loss of brain-derived neurotrophic factor was
found in major depression. Brain-derived neurotrophic factor
is a member of the nerve growth factor family, which helps
with the survival and growth of neurons. However, stress
seems to decrease levels of brain-derived neurotrophic factor.
Increasing brain-derived neurotrophic factor may be a new
strategy for developing new antidepressants. Furthermore,
compounds that influence the endocannabinoid system
involved in depression, and neuropeptide systems, such
as galanin and melanin-concentrating hormone, may be
used in the treatment of treatment-resistant depression.133
Several neuropeptides and their receptors have also been
identified as potential targets for pharmacologic intervention
by corticotropin-releasing factor and substance P.136 Some
investigators have suggested use of Sertoli cell therapy in
patients with treatment-resistant depression.137 Acetylcholine
drugs, such as scopolamine, mecamylamine, and varenicline,
have been used in small studies involving patients with
treatment-resistant depression, with positive results.81,138,139
In summary, preliminary data for the aforementioned
newer antidepressant therapies support the view that larger,
randomized, controlled studies are needed in future. A stepwise treatment algorithm for patients with treatment-resistant
depression need to be used for better decision-making, better
responses, and a higher remission rate in the population with
treatment-resistant depression.11,140

Discussion
This paper is a narrative review of the literature on treatmentresistant depression. In addition to Google Scholar and
Quertle database searches, multiple rounds of computer
searching of PubMed using key words and a combined
strategy might have led to some relevant articles, especially
in young and elderly populations, having been missed, and
possibly biasing our results. However, the astronomical
database on treatment-resistant depression published regularly and globally is difficult to synthesize. Furthermore,
selection and review of all articles by a lone author is an uphill
task and selection bias might have entered into this qualitative
review. Despite these caveats, this review reports important
findings and developments in the therapeutic paradigms
for treatment-resistant depression over two decades. The
prevalence of treatment-resistant depression is 10%–30%,7
but some researchers have suggested that it could be more
than 30%,11,12,69 according to definitions of treatment-resistant
depression and other methodological issues. With advances
in the treatment of resistant depression, it is not surprising
that its prevalence would temporally decrease or change.
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It seems that depression should only be considered drugresistant after at least 6 weeks of two trials of antidepressant
therapy.9,51 Some researchers suggested extending this period
for up to 10–12 weeks in patients who respond partially to
trials of antidepressant therapy.15,47 Nonetheless, at least 30%
of patients continue to manifest residual symptoms with
poor quality of life and impairment in overall functioning.51
In addition to requiring several recommended therapeutic
options, this core group of patients with treatment-resistant
depression warrants a comprehensive search for factors
responsible for the persistence of depression, which include
but are not limited to the patient’s characteristics and
environment, including stresses, a comorbid psychiatric
or somatic disorder, and drug abuse or addiction.19,40–42,44,45
Arguably, the suggested therapeutic strategies for treatmentresistant depression have variable outcomes in terms of
response and remission rate, as well as disadvantages due
to multiple factors, including the adverse effect profile of
antidepressants.
It is reported that optimization of a first-line antidepressant
in adequate doses and for an extended period of up to 12 weeks
is based on weak evidence.19,69,81 Similarly, trials comparing
continuation of the first-line antidepressant versus switching
to another antidepressant from a different class have reported
conflicting results.9,19 A switching strategy may benefit a
small proportion of patients, but the elimination half-life of
the discontinued drug, such as fluoxetine, and washout period
must be taken into account to limit the risk of interactions
during the transition period.9,19,69,81 A combination approach
also has some disadvantages because it increases the risk
of adverse effects, possibly without a substantial clinical
benefit.19 Evidently, a second course of antidepressant
monotherapy tends to treat up to 50% of those who have failed
with the initial treatment effectively, when the second drug
has a profile distinct from the initial medication. It means that
25% of patients with treatment-resistant depression respond
to optimization and combined strategies, and another 50%
tend to respond to switching options. The remaining 25% of
patients with treatment-resistant depression are candidates
for augmentation strategies.81
The strength of evidence supporting a trial of augmentation or a switch to a new agent is very similar, with
remission rates of 25%–50% in both cases.141 A review of
comparative trials suggested that adjunctive use of lithium
and thyroid hormone have an established antidepressant
effect in patients with treatment-resistant depression, but
there is no firm evidence that adding lithium to non-TCA
treatment increases the chances of remission. 78,91,93,96,141
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According to other researchers, thyroid hormone, a benzodiazepine, buspirone, and pindolol as augmenting agents have
limited proven antidepressant effects.19,78,94,96 Furthermore,
Connolly and Thase141 as well as others 46,78,96 have reported
that of these two options, ie, lithium versus thyroid hormone,
T3 augmentation seems to offer the best benefit/risk ratio for
augmentation of modern antidepressants. However, lithium
is known to have a narrow therapeutic window and needs
blood level monitoring to avoid the toxicity and fatalities
associated with high lithium levels.77,78,80 With regard to
newer generations of antidepressants, after failure of a
first-line SSRI, neither a switch within a class nor a switch
to a different class of antidepressant is unequivocally supported by the data, although switching from an SSRI to
venlafaxine or mirtazapine may potentially offer greater
benefits.75–77,141 In an open-label study, mirtazapine was
effective in 38% of patients with depression resistant to
standard antidepressants.142 It is noted that switching from
a newer antidepressant to a TCA after a poor response to the
former is not supported by strong evidence.142 Augmentation
with an antiepileptic or a psychostimulant is not supported
unequivocally but they are reported to be more harmful
than beneficial because of adverse effects, including the
addiction potential of stimulants.46,81,96–98 Conversely, the
use of psychostimulants with conventional antidepressants
is recommended in patients with treatment-resistant depression because significant improvement was demonstrated, in
particular with respect to energy, mood, and psychomotor
activity. It was concluded that their rapid onset of action
(2–3 hours) after administration may help cover the therapeutic latency period of conventional antidepressants and
probably potentiates their effect.143 According to some studies, augmentation with atypical antipsychotics has had mixed
results,23,85,96 but quetiapine and aripiprazole were relatively
supported by the evidence.89,99 It is noted that Symbyax®, a
combination of olanzapine and fluoxetine, is approved for
the acute management of treatment-resistant depression.
ECT has a place in the management of patients failing multiple optimized monotherapies, switching options,
combined approaches, and augmented treatment strategies 30,105,106,108 but carries a risk of reversible memory
disorders.19 Surprisingly, patients with treatment-resistant
depression who responded to ECT were found to have a high
relapse rate,107 which could be prevented by maintenance
ECT. Some studies reported no cognitive impairment with
ECT in adolescents with treatment-resistant depression.109
In this regard, replication research is required to support or
refute such results. The role of other somatic interventions,
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including VNS, rTMS, DBS, and tDCS, in patients with
treatment-resistant depression is expanding with greater
efficacy, but have some side effects and need further research,
especially large controlled randomized studies targeting
particular areas in the brain implicated in major depression
and treatment-resistant depression.4,112–120 The efficacy of
psychotherapy in patients with treatment-resistant depression
is fairly good, and 50% of patients tend to get benefits from
psychotherapies, especially cognitive behavioral therapy
and mindfulness-based cognitive behavioral therapy.19,100,144
Additional cognitive behavioral therapy in the young population with treatment-resistant depression has limited or no
value and needs further research.126 Regular exercise and use
of some complementary and alternative medicines impact
positively on treatment-resistant depression and need further
research using herbal supplements.124

Conclusion
In summary, 70% of patients with major depression respond
to initial antidepressant therapy, leaving 30% of patients
who are refractory to treatment and therefore need special
treatment-resistant depression management strategies.
Twenty-five percent of patients with treatment-resistant
depression tend to respond to optimization and combined
treatment paradigms and another 50% of patients are reported
to respond to switching therapeutic options. Augmentation
strategies target the remaining 25% of patients suffering from
treatment-resistant depression, with inconsistent outcomes.
Overall, although there is no strict compartmentalization of
treatment response and remission rate in the population with
treatment-resistant depression, about one third of patients
with the disorder continue to be resistant to available therapeutic options, and hence pose a major therapeutic challenge
to mental health experts.

Recommendations
Based on this narrative review, that has some caveats, the
following recommendations are made:
• Each individual with treatment-resistant depression is a
unique case and needs detailed evaluation to identify the
prior antidepressant response and also to make a correct
diagnosis.
• Assessment of risk factors for treatment-resistant
depression is equally important to guide mental health
professionals in tailoring an appropriate management plan
for patients with treatment-resistant depression.
• There are a wide variety of options for the treatment of
major depression and treatment-resistant depression,
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therefore every therapeutic paradigm needs to be
utilized when helping patients with treatment-resistant
depression.
• In light of the demonstrated importance of truly adequate
treatment to the long-term outcomes of patients with
treatment-resistant depression, further randomized clinical trials involving newer drugs and psychotherapies and
somatic therapies are needed in the future.
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Antidepressants and Side Effects
Antidepressants are thought to work by altering brain concentrations of chemicals called neurotransmitters — primarily
serotonin, norepinephrine, histamine and dopamine. There are several different classes / types available:
• Selective Serotonin Reuptake Inhibitors (SSRIs), e.g., Prozac (fluoxetine), Celexa (citalopram), Lexapro
(Escitalopram), Paxil (paroxetine), Zoloft (Sertraline)

•
•
•
•

Serotonin and Norepinephrine Reuptake Inhibitors (SSNIs), eg, Effexor (venlafaxine), Cymbalta (duloxetine)
Tricyclic antidepressants (TCAs), eg, Elavil (amitriptyline), Tofranil (imipramine), Pamelor (nortriptyline)
Monoamine Oxidase Inhibitors (MAOIs), eg, Nardil (phenelzine), Parnate (tranylcypromine)
Miscellaneous / Others include Remeron (mirtazapine), Trazodone and Wellbutrin (bupropion)

Most non-demented patients respond to the first antidepressant, though some only improve after switching to a different
agent or adding a second one from a completely different class. About 10% of persons are treatment resistant and won't
respond to any. There is growing evidence that antidepressants are not more effective than placebos (sugar pills) in
moderately to severely demented patients.
Patients must take the antidepressant for 3–4 weeks before they are likely to experience a therapeutic effect. Stopping it
suddenly may lead to withdrawal symptoms such as anxiety and irritability, or depression may recur. Many people have
at least one side effect (see below). Side effects or lack of response are common reasons people stop taking them.
When drugs are used for depression, facilities track outcomes. Periodic input is sought from staff, providers, family and
others as well as utilizing depression tools that provide scores that correlate with severity of depression. Situational
depression (e.g., adjusting to a new living situation, death of a close friend or family member…) seldom responds solely
to medications. If or when there are side effects attributable to the drug, or depression does not seem to be a continuing
issue, the facility and providers will taper and/or stop the medication. Federal Regulations require efforts to reduce or
discontinue these drugs at specified time intervals or provide evidence why not doing so would cause harm.
Although side effects are drug-specific, most antidepressants share the same sorts of side effects as listed below.
Potential Side Effects of Antidepressants
Serious:

Suicide
Mania
Neuroleptic Malignant Syndrome
Hypoglycemia
Glaucoma
Hyper- or Hypotension
QT Prolongation
Increased Cholesterol Levels
Decreased Platelets
Hyperthermia / Heat Stroke

Worsening Depression
Serotonin Syndrome
SIADH
Anaphylaxis
Priapism
Heart Attack
WBC changes
Strokes
Hallucinations / Psychosis

Drowsiness / Sedation
Hyponatremia
Seizures
Abnormal Bleeding
Falls with Injury
Cardiac Arrhythmias
Bullous Dermatitis
Paralytic Ileus
Hepatitis

Common:

Nausea
Diarrhea
Asthenia
Anorexia or Increased Appetite
Decreased Libido
Edema
Palpitations
Itching / Pruritis

Headache
Xerostomia
Tremor
Constipation
Rash
Confusion
Sweating
Gynecomastia / Galactorrhea

Insomnia
Somnolence
Dyspepsia
Nervousness / Anxiety
Visual Disturbance
Syncope
Urinary Frequency
Paresthesias

If you have questions about any of this information at any time, please do not hesitate to ask the primary care
provider or a facility staff member such as the social worker.

Question 4
Evidence supporting the use of medical marijuana to treat or
alleviate the disease or condition, including journal articles,
peer-reviewed studies, and other types of medical or scientific
documentation
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Key Findings
Marijuana’s schedule I status makes studies on its medical use difficult to conduct. Because of this
evidence, that medical marijuana is effective in treating depression is more limited than that of an FDA
approved pharmaceutical, but significant evidence of medical marijuana’s effectiveness can still be seen.

New Evidence
Effects of cannabidiol in males and females in two different rat models of
Depression
Results provide additional support to previous data indicating that CBD may be a promising novel drug
for treating depression, a prevalent condition for which new therapeutic approaches are necessary. It is
plausible that CBD may also be of clinical value in other disorders with prominent symptoms of
helplessness and/or anhedonia. Hence, CBD should be considered a viable psychopharmacological agent
with the potential to relieve two relatively common symptoms of mental illness.
Cannabidiol Induces Rapid and Sustained Antidepressant -Like Effects Through Increased
BDNF Signaling and Synaptogenesis in the Prefrontal Cortex
This study demonstrates that CBD induces a rapid antidepressant effect, probably by increasing BDNF
signaling in the PFC and synaptic dendritic spine density. Moreover, a long-lasting enhancement of
synaptic efficacy could mediate CBD-sustained antidepressant effects.
Emerging evidence for the antidepressant effect of cannabidiol and the underlying
molecular mechanisms
The knowledge acquired during the past decades provides evidence that CBD has antidepressant-like
profile in different animal models. Given the very substantial large unmet clinical needs, the
characterization of CBD as a possible therapeutic agent for affective disorders is of significant interest. It
may be a useful and tolerable intervention strategy, alone or in combination with already established
antidepressant strategies.

Previously Submitted Evidence
Patient-Reported Symptom Relief Following Medical Cannabis Consumption
Patient-managed cannabis use is associated with clinically significant improvements in self-reported
symptom relief for treating a wide range of health conditions (including depression), along with frequent
positive and negative side effects.

Cannabis Use in HIV for Pain and Other Medical Symptoms
86% of patients in this study who reported suffering from depression found that cannabis was effective
in reducing symptoms.

Who Are Medical Marijuana Patients? Population Characteristics from Nine California
Assessment Clinics
26.1% of study participants reported a reduction in depression due to cannabis use.

Taming THC: potential cannabis synergy and phytocannabinoid -terpenoid entourage
effects
In this review of existing medical evidence that cannabis is effective in treating depression, Russo
concludes the the endocannabinoid system plays a key role in mediating depression.

Cannabinoids Elicit Antidepressant -Like Behavior and Activate Serotonergic Neurons
through the Medial Prefrontal Cortex
This study shows that aat low doses, the CB1R agonist WIN55,212-2 [R()-[2,3-dihydro-5-methyl-3[(morpholinyl)]pyrrolo[1,2,3-de]-1,4-benzoxazinyl]-(1-naphthalenyl) methanone mesylate] exerts potent
antidepressant-like proper- tiesinthe ratforced-swimtest (FST). This effectis CB1R dependent becauseit
was blocked bythe CB1R antagonist rimonabant andis 5-HT mediated because it was abolished by
pretreatment with the 5-HT-depleting agent parachlorophenylalanine.

Endocannabinoid system: Role in depression, reward and pain control (Review)
The conclusion of this study states “Cannabinoids present in marijuana are well-known to contain pain
and depression, and Δ9 -THC, the active ingredient of marijuana, exerts its activity by activating CB1 and
CB2 receptors.”

The endocannabinoid system and emot ional processing: A pharmacological fMRI study
with Δ9-tetrahydrocannabinol
A pharmacological functional magnetic resonance imaging (fMRI) study was conducted with a placebocontrolled, cross-over design, investigating effects of the endocannabinoid agonist Δ9tetrahydrocannabi-nol (THC) on brain function related to emotional processing in 11 healthy subjects.
Performance and brain activity during matching of stimuli with a negative (‘fearful faces’) or a positive
content (‘happy faces’) were assessed after placebo and THC administration. After THC administration,

performance accuracy was decreased for stimuli with a negative but not for stimuli with a positive
emotional content.

A possible role for the endocannabinoid system in the neurobiology of depressi on
In spite of the reporting of conflicting results, the pharmacological enhancement of endocannabinoid
activity at the CB1 cannabinoid receptor level appears to exert an antidepressant-like effect in some
animal models of depression. On the contrary, a reduced activity of the endogenous cannabinoid system
seems to be associated with the animal model of depression, namely the chronic mild stress model.

Medical Cannabis in Arizona: Patient Characteristics, Perceptions, and Impressions of
Medical Cannabis Legalization
82.1 % of the patients who reported experiencing relief from depression symptoms as a result of using
cannabis.

Therapeutical use of the cannabinoids in psychiatry
This study concludes “the cannabinoid system is a promising target for novel therapeutic interventions
in psychiatry,” and “Cannabinoids may be greatly useful in this Field.”

DO PATIENTS USE MARIJUANA AS AN ANTIDEPRESSANT?
After presenting five cases where marijuana exhibited an antidepressant effect, the study concludes “In
conclusion, several lines of evidence suggest that marijuana may possess antidepressant effects,
although it is difficult in many reports to be certain that marijuana played a causal role in alleviating
depression.”
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The current study explores the therapeutic potential of Cannabidiol (CBD), a compound in the Cannabis plant,
using both sexes of 2 “depressive-like” genetic models, Wistar Kyoto (WKY) and Flinders Sensitive Line (FSL)
rats. Rats ingested CBD (30 mg/kg) orally. In the saccharin preference test, following a previous report of a prohedonic eﬀect of CBD in male WKY, we now found similar results in female WKY. CBD also decreased immobility
in the forced swim test in males (both strains) and in female WKY. These ﬁndings suggest a role for CBD in
treating mental disorders with prominent symptoms of helplessness and anhedonia.

Major depressive disorder (MDD) is a signiﬁcant cause of incapacity
in the Western world. Various anti-depressant drugs are used in attempts to relieve the debilitating symptoms [26]. Although these drugs
ease symptoms in about 60–70% of cases, there are numerous patients
who do not ﬁnd relief and the rate of remission is low [10,30]. Furthermore, a large portion of those who are responsive suﬀer from negative side eﬀects such as dry mouth, abdominal pain, sexual dysfunction, increased anxiety, expressions of violence and even suicide
[5]. The main target of drugs currently in use to treat MDD is monoamine neurotransmission. Over 40 years of research into the role of
serotonin, a monoamine, has not resulted in the development of a
universally eﬀective treatment or a cure for the disorder. Consequently,
there is great need for new pharmacological approaches both for
treatment of the non-responders, and to alleviate the wide-range of
adverse eﬀects of the existing therapeutics.
The endocannabinoid system (ECS) may be a target for new antidepressant drugs. The ECS is important for daily regulation of many
basic functions such as cognition, perception, sleep, pain, appetite, reward, as well as endocrine, cardiovascular and immune responses
[6,7,31]. There is increasing evidence supporting the role of the ECS in
the neurobiology of depression [24,42,43]. Speciﬁcally, the ECS system

⁎

can regulate hypothalamic-pituitary-adrenal (HPA) axis activity and it
plays a role in both the pathophysiology and treatment of MDD
[11,14–16,44]. Considering the potential of the ECS as a pharmacological target, the recent increased usage of medical marijuana, typically
produced from Cannabis ﬂowers or Cannabis plant resin extract, is not
surprising [4].
Although there is therapeutic potential in cannabis, there are
drawbacks as well. There are several compounds with diﬀerent activities in cannabis and its activity depends on the quantity and ratio of
these constituents. The psychoactive Δ9 - tetrahydrocannabinol (THC),
a major constituent, causes most of the marijuana eﬀects (the ‘high’),
but is also associated with adverse side eﬀects such as anxiety, cholinergic deﬁcits and immunosuppression [37]. A recent publication has
shown that THC treatment of adolescent male mice leads to long-term
cognitive and behavioral dysfunction [25].
By contrast, cannabidiol (CBD), which is also an abundant constituent, causes anti-anxiety, anti-schizophrenia and anti-inﬂammatory
eﬀects [17]. It also appears to block the above-mentioned long-term
cognitive and behavioral dysfunctions [25]. Despite these positive effects, there is a serious lack of carefully controlled clinical research in
the ﬁeld. In pre-clinical research, CBD has been found to have
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keep the head above water. The criterion for struggling was making
active forepaw movements in and out of the water including climbing.
Swimming was deﬁned as activity that is not immobility or struggling
and was calculated by subtracting total immobility + total struggling
from the total test time. At completion of the test, animals were dried
oﬀ with a towel. The cylinder was cleaned and water changed between
test animals.
The SPT procedure was similar to that described in Shoval et al.
[41]
with
modiﬁcations.
Saccharin
(2,3
dihydro-3-oxonenzisosulfonazole purchased from Sigma) dissolved with tap water
was used in a 2-bottle test (vs. water) to assess relative preference.
Two days prior to the test day, animals were habituated to the SPT
conditions by placing them individually in test cages overnight with
both saccharin and water bottles in the same conﬁguration as they
would be on the test day. The habituation procedure provided baseline
measures and aimed to reduce general levels of anxiety and neophobia
to the saccharin solution. The animals were not deprived of water or
food at any point. On the test day, 2 h after ingesting the CBD or vehicle
and after exposure to the FST, each animal was presented with 2
identical bottles (200 ml), one with saccharin (0.025%) and one with
drinking water. The animals had the opportunity to drink as much as
they wanted during the ensuing 18 h. The bottles were weighed before
and after the experiment. Bottles and nipples were checked for leakage
prior to the test.
The total consumption of water and saccharin in grams was measured and was used to calculate the preference ratio as followed:

protective properties in several animal models of neurodegeneration as
well as therapeutic-like eﬀects in models of psychiatric disorders
[19,29,35,46,47]. Clinical trials have indicated potential beneﬁts in the
management of Alzheimer's disease, multiple sclerosis (MS), Parkinson's disease and amyotrophic lateral sclerosis [18]. In accordance,
recent evidence from our lab showed that CBD had pro-hedonic eﬀects
in male Wistar Kyoto (WKY) rats, a genetic model of depression. This
eﬀect was manifested in increased consumption of a sweet solution in
the Saccharin Preference Test (SPT) and increased exploration of a
novel object and locomotion in the Novel Object Exploration Test
(NOE) [41].
In line with the behavioral data demonstrating antidepressant-like
eﬀects, one proposed mechanism of action of CBD is through 5-HT1A
receptors [2,12,34,38,45]. These receptors modulate responses to
stressful stimuli and are proposed to mediate the eﬀects of antidepressant drugs [3,22]. However, CBD has a wide range of pharmacological actions with several suggested mechanisms, though the precise mechanisms which underlie its therapeutic eﬀects are still unclear.
Taken together, CBD has a polypharmacological proﬁle, resulting in
multiple mechanisms of action possibly responsible for its high therapeutic potential. Some of these may be involved in alleviating psychopathologies such as MDD.
The aim of the current study was to expand the translational evidence we have collected thus far and further examine CBD as a potential anti-depressant agent at a dosage of 30 mg/kg, consumed with
food [41]. In our previous report, we showed the compound's potential
to relieve anhedonia-like symptoms in a genetic rat model. An additional key symptom in depression is hopelessness/helplessness, often
modeled in rodents by examining passive coping strategies using the
forced swim test (FST). Examining CBD's ability to reduce helplessnesslike behavior in addition to anhedonia will expand our understanding
of its clinical potential. Recent studies have indeed shown that CBD
exerts antidepressant-like eﬀects in the FST in male mice and rats, at
least partially through serotonergic pathways ([9,39,40]). Another way
to examine its potential therapeutic signiﬁcance would be to examine
its eﬀect on female as well as male rats, as MDD is more prevalent in
women than in men [26]. Importantly, for convergent validity, the
present study investigated the inﬂuence of CBD on an additional genetic
rat model of depression, the Flinders Sensitive line (FSL). Both WKY and
the FSL rat models present many behavioral and physiological endophenotypes that are often present in MDD making them valuable
models for studying depression (for reviews see [23,27]). The present
study examined the eﬀects of acute oral self-administration of 30 mg/kg
of CBD on males and females of two genetic rat models of depression,
using both the SPT to assess anhedonia-like behavior and the FST for
despair-like behavior. The oral route was chosen as it is the preferred
translational option for potential use in humans. The study included
Wistar, FSL and WKY adult male and female rats approximately 70days-old. The rats were provided by Bar-Ilan University's colony, FSL
progenitors were provided by Prof. Overstreet (FSL) and WKY progenitors were purchased from Envigo. Rats were housed in polycarbonate cages (38 × 21 × 18 cm), 2 per cage, in a temperature controlled facility (22 + 1 °C), under 12 h–12 h light:dark cycle (lights on
at 07:00). Food and water were available ad libitum and a plastic tube
was in the cage for enrichment. The study protocol adheres to the
National Institutes of Health guide for the care and use of Laboratory
animals (NIH Publications No. 8023, revised 1978) and the ARRIVE
guidelines and it was approved by the Institutional Animal Care and
Use Committee (protocol #46-05-2017).
The FST was as described by Porsolt et al. [32] with modiﬁcations.
A Plexiglas cylinder 45.5 cm tall, 20 cm diameter was ﬁlled to 30 cm
with 24 ± 0.5 °C water. The animals were immersed in the Plexiglas
cylinder for 5 min.
The following measurements were recorded: immobility and struggling durations were measured online using a stop watch. The criterion
for immobility was making only the minimal movements necessary to

(100×saccharin consumption)/(saccharin consumption
+ water consumption)
In order to prevent neophobia, a high-fat diet pellet with a 70-μl
drop of ethanol was given 2 times during the week prior to the experiment (individually in a holding cage). CBD and vehicle solutions
were prepared immediately before use. On the test day, each animal
was placed in its holding cage and given the pellet, between 0900 and
1100 h (The rats completed eating the pellet within 5 min.). Either
30 mg/kg of CBD dissolved in 70 μl ethanol or 70 μl of ethanol (vehicle)
was laced onto this pellet of high fat rodent diet (D12492 Research
Diets, Inc. Rodent diet with 60% Fat, NJ USA). The consistency of the
pellets diﬀers from standard rodent chow, they are soft, allowing for the
entire amount to be absorbed fully into the pellet. The animals consumed the pellet without any need of coercion. Behavioral testing
began between 11:00–13:00 h, in a dedicated experimental room, 2 h
after the pellet was consumed (the same time frame in which we found
anti-depressive-like eﬀects of CBD and its variant CBDA-ME [13,41]).
Two researchers performed each of the experiments. One prepared
the drug solutions and was therefore not “blind” to the group assignment of the rats. The other was totally “blind”. Both researchers observed all rats together, counterbalancing the roles in scoring immobility or struggling between animals.
Experiment 1: Twenty-ﬁve male Wistar (mean weight: 250-350 g)
and 30 male WKY (mean weight: 200-250 g) were pretreated with
either 30 mg/kg of CBD or vehicle. Two hours after consumption of
the pellet they were exposed to the FST.
Experiment 2: Twenty-one WKY female rats (mean weight: 190250 g) consumed a pellet laced with CBD or vehicle solution (as
described above) on the experiment day. Two hours later, an FST
was conducted, to examine helplessness-like behavior. The rats were
then placed in their individual test cages to examine anhedonia-like
behavior overnigsht in the SPT.
Experiment 3: The same procedure as in Experiment 2 was conducted with 24 FSL female rats (mean weight: 200–250 g).
Experiment 4: The same procedure as in Experiment 2 was conducted with 34 FSL male rats (mean weight: 300–400 g).
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(e.g., [23]). In addition, WKY rats treated with 30 mg/kg CBD were
signiﬁcantly less immobile (p < 0.001) and swam signiﬁcantly more
(p < 0.001) than WKY rats treated with vehicle (Fig. 1a & 1b).
For the analysis of the female WKY, one way MANOVAs performed
on the variables: immobility and swimming, revealed a signiﬁcant effect of CBD (F(2, 18)=6.318, p < 0.01). Tests for simple main eﬀects
with Bonferroni adjustment showed that CBD signiﬁcantly reduced
immobility and increased swimming (Fig. 2).
For the female FSL, one-way MANOVAs performed on the variables:
immobility and swimming, revealed no signiﬁcant eﬀects of CBD
(Fig. 3a).
For the Male FSL, one way MANOVAs performed on the variables:
immobility and swimming, revealed a signiﬁcant eﬀect of CBD (F(2, 27)
=6.005, p < 0.01). Tests for simple main eﬀects with Bonferroni adjustment showed that CBD signiﬁcantly reduced immobility, but not
swimming (Fig. 3b).
The current experiments indicate that oral administration of 30 mg/
kg of CBD has the potential to reduce depressive-like behavior in two
diﬀerent genetic models of depression – WKY and FSL rats.
Additionally, we extended recent ﬁndings on the pro-hedonic eﬀects of
the same dose of CBD in male WKY rats to females, strengthening the
accumulating evidence for CBD as a pharmacotherapeutic agent for
MDD.
The addition of the FST to the current study expands our understanding of the scope of CBD's therapeutic potential. Results of the FST
demonstrated that WKY of both sexes and male FSL rats were less immobile and swam more when treated with CBD. A reduction in ﬂoating
behavior suggests that depression-like symptoms such as helplessness
have been improved, extending the application of the drug to alleviate
these types of symptoms. Female FSL rats however did not display any
change in behavior as measured by the FST. There is little research on
female FSL as a model of depression and since we did not compare them
to a control strain in this study we cannot conclude whether their
ﬂoating levels were indicative of healthy control levels, or rather, if
they modeled pathological coping behavior. Therefore, it is diﬃcult to
draw conclusions on the eﬀects of CBD using this model. It is plausible
that the lack of eﬀects are similar to those demonstrated with Wistar
controls who seem not to be signiﬁcantly aﬀected by 30 mg/kg of CBD.
However, a control strain (Wistar) was only employed in the male WKY
experiment, to follow the design of our previous study in male WKY rats
[41]. Interpretation of the results should consider that the FST is a
controversial test for females, and that males and females may be responsive to diﬀerent doses of the same drug [20]. While this may hold
for the FSL strain, in our current study WKY females were responsive to
this dose of CBD in a similar manner as male WKY rats.
While several studies [9,36,39,40,45] have reported a similar eﬀect

Table 1
Saccharin preference (mean ± SEM) of female Wistar Kyoto (WKY) and male
and female Flinders Sensitive Line (FSL) (n = 10–15 in each group).

WKY Females
FSL Males
FSL Females
⁎⁎

Vehicle

30 mg/kg CBD

73.3 (2.3)
87.8 (1.8)
82.7 (6.2)

82.3 (2.3)⁎⁎
89.6 (1.2)
89.6 (0.9)

p < 0.05.

Between-group comparisons were performed by Student's t-test (for
2 group comparisons), and two-way multivariate or univariate analysis
of variance (MANOVA) followed up by one-way ANOVAs with tests for
simple main eﬀects with Bonferroni adjustment on each dependent
variable (where appropriate). On the FST, two measures were assessed
with MANOVA: Immobility and swimming. Struggling was not included
in these analyses to allow degrees of freedom.
Results of the SPT in WKY females showed, as expected, that
baseline saccharin preference between control and treatment groups
were not signiﬁcantly diﬀerent using an independent-samples t-test.
However, an independent-samples t-test between the two treatment
conditions on the test day revealed signiﬁcantly higher saccharin preference for the group treated with CBD compared to vehicle treated
controls (t [15]= 2.58, p = 0.021). (Vehicle: M = 73.3, SD = 6.06,
N = 8; 30 mg/kg CBD: M = 82.3, SD = 8.09, N = 9) (Table 1).
For FSL females there was no signiﬁcant baseline diﬀerence in
preference between control and treatment using an independent-samples t-test. An independent-samples t-test on the test day did not show
signiﬁcant diﬀerences between the two treatment conditions. (Vehicle:
M = 82.07, SD = 19.9, N = 13; CBD: M = 90.68, SD = 2.8, N = 11)
(Table 1). Similarly to the male FSL, as expected, no signiﬁcant difference was found in baseline preference between control and treatment groups. An independent-samples t-test on the test day did not
show signiﬁcant diﬀerences between the two treatment conditions.
(Vehicle: M = 87.8, SD = 5.7, N = 9; CBD: M = 89.6, SD = 4, N = 10)
(Table 1).
For the male WKY (vs. Wistar controls) in the FST, a two-way
MANOVA was performed on the variables: immobility and swimming.
The MANOVA performed on the variables: immobility and swimming.
The MANOVA performed on the variables: immobility and swimming.
The MANOVA revealed a signiﬁcant main eﬀect of strain (F
(2,50) = 11.772, p < 0.001) and an interaction of strain x drug (F
(2,50) = 8.75, p < 0.01).
Tests for simple main eﬀects with Bonferroni adjustment showed
that WKY treated with vehicle were signiﬁcantly more immobile
(p < 0.05) than Wistar rats treated with vehicle, as in previous studies

Fig. 1. A) Duration of immobility (mean + SEM) in the FST of male Wistar Kyoto (WKY) rats that received orally vehicle or 30 mg/kg cannabidiol (CBD) (N = 12 and
13 rats, respectively) versus Wistar control male rats that received vehicle or cannabidiol (CBD) (N = 13 and 17 rats, respectively). ***p < .001. B) Duration of
swimming (mean + SEM) in the FST of male WKY rats that received orally vehicle or 30 mg/kg CBD (N = 12 and 13 rats, respectively) versus Wistar control male
rats that received vehicle or CBD (N = 13 and 17 rats, respectively). ***p < .001.
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Fig. 2. A) Duration of immobility (mean + SEM) in the FST of female WKY rats that received orally vehicle or 30 mg/kg CBD (N = 9 and 12 rats, respectively).
**p < .01. B) Duration of swimming (mean + SEM) in the FST of female WKY rats that received orally vehicle or 30 mg/kg CBD (N = 9 and 12 rats, respectively)).
**p < .01.

Fig. 3. A) Duration of immobility and swimming (mean + SEM) in the FST of female Flinders Sensitive Line (FSL) rats that received orally vehicle or 30 mg/kg
cannabidiol (CBD) (N = 12 and 13 rats, respectively). B) Duration of immobility and swimming (mean + SEM) in the FST of male FSL rats that received orally vehicle
or 30 mg/kg CBD (N = 12 and 13 rats, respectively). **p < .01.

potential use to treat disorders with anhedonic symptoms.
Although FSL rats are considered a genetic model of some aspects of
depression, in contrast to WKY, they do not consistently show anhedonia-like behavior [28]. While use of relatively extreme stressors, and
comparison to a relatively extreme control strain can produce anhedonia-like behavior in FSL rats, less extreme conditions and comparison
with a wild-type (Sprague-Dawley) strain do not [23,33]. Thus, under
the present testing conditions it was expected that the pro-hedonic effect that was found with the WKY model would not be present in the
FSL model. Future studies should attempt to replicate this eﬀect using
diﬀerent methods to attain convergent validity.
This study was limited to surveying the acute eﬀects of a single CBD
administration; considering that MDD is a chronic condition, the results
should be interpreted carefully. Further translational experiments are
needed to explore the long-term eﬀects of chronic CBD exposure. A
chronic study would reveal the potential changes in the brain that
mediate the behavioral eﬀects. In addition, investigating CBD's mechanisms is necessary in order to understand its action and its safety
proﬁle [8]. The research presented here is the ﬁrst to use two diﬀerent
genetic rat models of depression, the WKY and the FSL rat strains, using
two divergent behavioral tests both in males and females.
In conclusion, the current results provide additional support to
previous data indicating that CBD may be a promising novel drug for
treating depression, a prevalent condition for which new therapeutic
approaches are necessary. It is plausible that CBD may also be of clinical value in other disorders with prominent symptoms of helplessness
and/or anhedonia. Hence, CBD should be considered a viable

for CBD in their studies, using males of wild-type strains of mice or rats,
the present study was the ﬁrst to show this anti-depressant eﬀect in
speciﬁc genetic models of depression. Both the WKY and the FSL are
considered valuable models for studying depression, presenting many
behavioral and physiological endophenotypes that are often present in
MDD, without the need to use stress protocols to render them “depressed” [23,27].
Interestingly, although Réus et al.'s [36] study used intraperitoneal
injection (IP), and the present study used oral administration, it was the
same dose of 30 mg/kg, out of several doses, that had an observable
eﬀect. This indicates that even though the CBD in our study had to be
absorbed via the gut before entering blood circulation, most of it remained as eﬀective as in an IP injection, yet avoiding the stress associated with injection. Taken together, these technical aspects
strengthen the ﬁndings of our research, setting this dose of CBD, per os
(orally), as a potential therapeutic for MDD. In humans, the active dose
of CBD in some disease states is extremely high. In schizophrenia, for
example, Leweke et al. [21] found that the eﬀective dose is about
800 mg/day. Therefore, the development of more potent CBD-type
compounds is desirable.
The current study explored another key symptom in MDD: the diminished interest or pleasure in activities (DSM-5, [1]). This phenomenon, known as anhedonia, is a symptom that often appears in several
diﬀerent mental illnesses. A classic test for assessing this in rodents is
the Saccharin Preference Test (SPT). As found in our previous study
with male WKY rats [41], the current study replicated the pro-hedonic
eﬀect of 30 mg/kg of CBD with WKY females, strengthening CBD's
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psychopharmacological agent with the potential to relieve two relatively common symptoms of mental illness.
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Abstract
Currently available antidepressants have a substantial time lag to induce therapeutic response and a relatively low
efficacy. The development of drugs that addresses these limitations is critical to improving public health. Cannabidiol
(CBD), a non-psychotomimetic component of Cannabis sativa, is a promising compound since it shows largespectrum therapeutic potential in preclinical models and humans. However, its antidepressant properties have not
been completely investigated. Therefore, the aims of this study were to investigate in male rodents (i) whether CBD
could induce rapid and sustained antidepressant-like effects after a single administration and (ii) whether such effects
could be related to changes in synaptic proteins/function. Results showed that a single dose of CBD dosedependently induced antidepressant-like effect (7–30 mg/kg) in Swiss mice submitted to the forced swim test
(FST), 30 min (acute) or 7 days (sustained) following treatment. Similar effects were observed in the Flinders
Sensitive and Flinders Resistant Line (FSL/FRL) rats and the learned helplessness (LH) paradigm using Wistar rats.
The acute antidepressant effects (30 min) were associated with increased expression of synaptophysin and PSD95 in
the medial prefrontal cortex (mPFC) and elevated BDNF levels in both mPFC and hippocampus (HPC). CBD also
increased spine density in the mPFC after 30 min, but not 7 days later. Intracerebroventricular injection of the TrkB
antagonist, K252a (0.05 nmol/μL), or the mTOR inhibitor, rapamycin (1 nmol/μL), abolished the behavioral effects
of CBD. These results indicate that CBD induces fast and sustained antidepressant-like effect in distinct animal
models relevant for depression. These effects may be related to rapid changes in synaptic plasticity in the mPFC
through activation of the BDNF-TrkB signaling pathway. The data support a promising therapeutic profile for CBD
as a new fast-acting antidepressant drug.
Keywords Cannabidiol . Antidepressant . BDNF . Prefrontal cortex
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Introduction
Major depressive disorder (MDD) is a recurrent condition,
being among the leading contributors to social and economic
burden, affecting approximately 20% of the global population
[1]. According to the World Health Organization, MDD is a
leading cause of disability [2]. The current pharmacological
treatment approaches indicate the use of serotonin reuptake
inhibitors (SSRI) as first-line medications [3, 4]. However,
several weeks of treatment are needed to induce a therapeutic
response, and up to 33% of the patients are considered treatment-resistant, failing to respond to two or more treatment
attempts [5]. Also, the adherence of patients to these medicines is relatively low, as they cause several undesired side
effects [6, 7].
In recent years, new fast-acting effective antidepressants
have been proposed based on promising data from clinical
and preclinical studies [8, 9]. Among them, ketamine, a mixed
profile drug with high affinity for the NMDA-receptor, is the
most studied [10]. Ketamine seems to disinhibit glutamate release, facilitating neuroplastic changes in several brain areas,
including the prefrontal cortex (PFC), which in turn contributes
to the restoration of the neuronal circuities altered in stress and
depression [11]. Importantly, a single dose of ketamine rapidly
increases both intra- and extracellular brain-derived neurotrophic factor (BDNF), which could constitute part of its fastacting antidepressant mechanism [12]. Stress and depression
are associated to decreased BDNF levels and expression of its
receptor tropomyosin-related kinase B (TrkB) in the hippocampus (HPC) [13, 14] and PFC [15, 16].
BDNF binds and activates TrkB receptors, triggering multiple
intracellular signaling cascades (reviewed in [17, 18]), such as
those regulated by the mammalian target of rapamycin complex
1 (mTORC1), resulting in fast protein synthesis and synaptogenesis [19–21]. Therefore, the increase in BDNF levels induced by
ketamine may activate TrkB-mTOR signaling, thereby contributing to its sustained antidepressant effects [17, 22].
Although ketamine is effective in reducing depressive symptoms, it produces psychotomimetic undesired effects, even in low
doses [23]. In this sense, the discovery of new drugs that could
act as rapid antidepressants without inducing significant side
effects is of great importance. In this scenario, cannabidiol
(CBD), a non-psychotomimetic cannabinoid present in the
Cannabis sativa plant, seems to be a promising compound. It
has shown therapeutic potential in different psychiatric disorders,
including anxiety, schizophrenia, and epilepsy, with significant
effects in humans and rodent models [24]. Importantly,
antidepressant-like effects have been described for CBD in the
forced swimming test, in the tail suspension test, and in the
olfactory bulbectomy model [25–30]. However, CBD antidepressant effects have not been tested in animal models with more
appropriate face and construct validity. It also remains to be
investigated if CBD can induce acute and sustained effects.
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The mechanisms involved in CBD-induced psychotropic
effects are not entirely understood. CBD activates 5-HT1A and
peroxisome proliferator-activated (PPARγ) receptors [31, 32].
It can also facilitate endocannabinoid signaling through inhibition of the fatty acid amide hydrolase enzyme (FAAH) [33,
34]. Additionally, CBD increases BDNF and mTOR signaling
in models of neurodegeneration [35, 36]. It is not known,
however, if these mechanisms participate in CBD-induced
antidepressant effects.
Therefore, the aim of the present study was, for the first
time, to investigate whether (i) CBD could produce acute and
sustained antidepressant-like effects in distinct animal models,
and (ii) to assess whether such effects would involve facilitation of BDNF signaling and neuroplastic mechanisms.

Materials and Methods
Animals
Male Swiss mice (25–30 g, 8 weeks) and male Wistar from the
FMRP-USP Facility, Sprague-Dawley (SD) from Taconic
(Copenhagen—Denmark), and Flinders Resistant (FRL) or
Flinders Sensitive (FSL, 280–350 g) line rats from
Translational Neuropsychiatry Unit—Aarhus University breeding colonies—were used to conduct the experiments. Mice were
housed in groups of 10 animals per cage (1147 cm2). Wistar rats
were housed individually (570 cm2), and SD, FRL, and FSL rats
were housed in pairs. All animals were housed in temperaturecontrolled room (23 ± 2 °C) with a 12/12-h light-dark cycle
(lights on 6:30 a.m./ lights off 6:30 p.m.). Food and water were
available ad libitum throughout the study period. The total number of animals used in the present study was 367.
The protocols described in the present study were approved
by the respective ethical committees (Danish National
Committee for Ethics in Animal Experimentation (2012-153934-00254) and CETEA (no. 072/2014), and all efforts were
made to minimize animal suffering and to reduce the number
of animals used.

Drugs and Reagents
Cannabidiol (CBD, THC Pharma, Germany, 7, 10, and
30 mg kg−1) was dissolved in Tween 80 (Synth, Brazil) 2% in
sterile isotonic saline for systemic administration in mice and
Wistar rats [25], or in an aqueous solution containing 30% of
1,2-Propyleneglycol (Riedel-de Haen, Germany) and 2.5% of
ethanol (CCS Healthcare AB, Sweden) for systemic administration in SD, FRL, and FSL rats (according to pilot experiments).
For intracerebral administration, CBD (50, 150, and 300 nmol/
μL) was dissolved in grape fruit oil, as described in [29]. K252a
(Sigma-Aldrich, St. Louis, MO, USA, 0.05 nmol uL−1; [37]) and
S-Ketamine (Pfizer, IL, USA, 15 mg kg−1; [38]) were dissolved
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in sterile isotonic saline, and rapamycin (LC laboratories, MA,
USA, 1 nmol μl−1) in DMSO [39]. When two drugs used in the
same experiment had different vehicles, half of the animals in the
final control group received administration of each vehicle group.

injected into the lateral ventricle as a marker. The injection
sites were visually identified by dye spread over the ventricles.
Animals that received injections outside the ventricle were
excluded from statistical analysis.

Experimental Design

Experiment 3—CBD Effects on BDNF and Synaptic Protein
Levels

Experiment 1—Evaluation of Acute and Sustained Effects
Induced by CBD in Mice Submitted to the FST
After 2 h habituation in the experimental room, mice received
intraperitoneal (ip) injections of CBD (7, 10, and 30 mg kg−1)
or vehicle (10 mL kg−1) and were submitted to the FST 30 min
later (acute effect). Independent groups of mice received ip
injections of CBD (10 and 30 mg kg −1 ) or vehicle
(10 mL kg−1) and were submitted to the FST 7 days later
(sustained effect). Mice FST consisted of 6 min swimming
session when animals were individually placed in glass cylinders (25 cm height, 17 cm diameter) containing 10 cm of
water (25 °C), as described in [25, 40].
To investigate possible unspecific locomotor effects induced by CBD, the drug (10 mg kg −1 ) or its vehicle
(10 mL kg−01) was administered intraperitoneally to independent groups of mice, which were submitted to the open field
test, OFT, 30 min (acute effect) or 7 days later (sustained
effect), as described in [25].
Experiment 2—Participation of Trk and mTOR Signaling
Mechanisms in CBD Effects
Since TrkB and mTOR signaling have been implicated in mediating rapid and sustained antidepressant effect [17, 22], we
investigated if CBD effects in the FST could involve the same
signaling pathway. To do that, intracerebroventricular (icv) drug
injections were performed with the aim to address: (1) the effects of direct injection of CBD into the CNS; (2) the effects
induced by blockade of TrkB or mTOR upon CBD effects.
Therefore, mice underwent stereotaxic surgery to have
guide-cannulas implanted into the lateral ventricle, as described
in the supplementary material. The first experiment consisted of
an icv injection of vehicle (1 μL) or CBD (50, 150, and
300 nmol μL−1). Thirty minutes later, mice were submitted to
the OFT and, immediately after, to the FST, as previously described. In the second experiment, mice received a first icv
injection of vehicle, K252a (0.05 nmol μL−1) or rapamycin
(1 nmol μL−1) followed by a second injection (ip), 5 min later,
of vehicle or CBD (10 mg kg−1). Thirty minutes after the systemic injection, the animals were individually submitted to the
OFT (6 min) and then to the FST (6 min).
After the behavioral tests, animals were euthanized by decapitation preceded by ip administration of an anesthetic
(chloral hydrate solution 5%, 0.1 mL/10 g, C2H3Cl3O2,
VETEC, Brazil). Soon after, Evan’s blue dye (1 μL) was

To investigate if CBD effects could be associated to rapid and/
or sustained changes in BDNF and synaptic protein levels in
the HPC and PFC, independent groups of animals received ip
injections of CBD (10 mg kg−1) or vehicle (10 mL kg−1) and
were submitted to the FST, 30 min or 7 days later.
Immediately after the FST, the animals were deeply anesthetized with 5% chloral hydrate (1 mL kg−1, Sigma-Aldrich) and
decapitated. The HPC and PFC were dissected for further
analysis of BDNF levels by ELISA or PSD95 and SYP by
WB, as detailed in the supplementary material.
Experiment 4—CBD Effects on the Number of Dendritic
Spines in Mice
To investigate if CBD effects could be associated with rapid and/
or sustained changes in the number of dendritic spines in the
PFC and HPC, independent groups of animals received ip injections of CBD (10 mg kg−1) or vehicle (10 mL kg−1), and 30 min
or 7 days later, were submitted to the FST. Immediately after or
7 days later, the animals were sacrificed, and their brain removed
for further processing with the Golgi-Cox method. The procedure was performed using the FD Rapid Golgi Stain Kit (FD
Neurotechnologies, USA) according to fabricant’s recommendations, with detailed protocol in supplementary material. The
number of spines in 10 μm of secondary and tertiary apical
dendrites located into the dentate gyrus of the HPC and in the
PFC (layer II/III) was analyzed using a light microscope (Zeiss,
Germany). An analyzer blind to the experimental conditions
measured six to eight neurons per animal distributed over defined plans according to Paxinos and Franklin Atlas [41], complying with the following criteria: the neurons were relatively
isolated, displayed a defined cell body and a complete dendritic
tree evidenced by well-defined endings, and presented intact
primary, secondary, and tertiary branches.
Experiment 5—Acute and Sustained Effect of CBD in Rats
Submitted to Different Preclinical Models
To further substantiate the acute and sustained behavioral effects induced by CBD, we used two different animal models: a
stress-based animal model (learned helplessness, LH) and an
animal model based on selective breeding (FRL/FRL
combined with FST).
The learned helplessness paradigm was performed as previously described [42], with further details in the supplementary
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material. On day 1, rats were submitted to a pretest session (PT)
with 40 inescapable electric foot shocks (0.4 mA, 10 s duration;
PT: stressed group) and, on the 7th day, they were submitted to
the test (T, 30 escapable foot shocks, 0.4 mA, 10 s duration, 30–
90 s interval) preceded by a tone (60 dB, 670 Hz) that started 5 s
before each shock and lasted until its end. Animals could avoid
the shock during the sound presentation or interrupt its presentation (escape) by crossing to opposite side of the chamber. The
absence of this behavior was considered an escape failure. It is
well-documented that PT exposure increases, whereas antidepressants decrease, the number of escape failures in this paradigm [43]. To investigate CBD effects, rats received a single
injection of CBD (10 and 30 mg kg−1) or vehicle (10 mL kg−1)
in one of the following periods: immediately after or 24 h after
PT, or on day 7 (1 h before the test).
To evaluate CBD effects in FRL/FSL, we first tested CBD in
Sprague-Dawley rats, the strain background from which FRL
and FSL animals were developed [44]. We also included ketamine as a positive control for the acute and sustained effects
[38]. The animals were exposed to the PT and T sessions of the
forced swim as described earlier [38, 45]. One hour before the
T, they received an ip injection of ketamine (15 mg kg−1), CBD
(10 and 30 mg kg−1) or vehicle. Locomotor activity was
assessed in the OFT immediately before the FST. After 7 days,
rats were re-exposed to the test session of FST. FRL and FSL
animals were exposed only to the test session of forced swim,
as previously described [44]. One hour after the administration
of ketamine (15 mg kg−1), CBD (10 and 30 mg kg−1) or

Fig. 1 Acute and sustained
effects of cannabidiol (CBD) in
the mice forced swimming test
(FST) and open field test (OFT). a
Acutely, CBD treatment reduced
immobility time (IT) in FST (n =
6–7 mice per group). b The IT
was reduced in FST 7 days after
CBD treatment (n = 7 mice per
group). c The number of crossings
did not differ between treatment
groups (n = 6 mice per group).
The data are presented as mean ±
SEM. *p < 0.05 compared to vehicle (VEH) mice
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vehicle, the animals were exposed to the OFT. Immediately
after the OFT, the animals were submitted to the FST (acute
effect). After 7 days, the rats were re-exposed to the test session
of the FST (sustained effect).
In rats, OFT was carried out in a squared arena (100 cm ×
100 cm × 40 cm high), in a dimly lit (10 lx), temperaturecontrolled room (24 ± 1 °C). The experiment was videotaped,
and the total distance traveled was analyzed using Ethovision
XT 11 software (Noldus Information Technology).

Statistical Analysis
Analyses of the FST and LH data were performed using oneway ANOVA (post-test: Dunnett). Repeated measures (RM)ANOVA was used to compare the number of crossings in
OFT, and unpaired t test was used for the molecular data.
The GraphPad Prism 5.0 software was used for statistical
analyses. A 95% confidence interval and a significance level
of 5% (p < 0.05) were considered for all analyses.

Results
CBD Induces Acute and Sustained
Antidepressant-Like Effects in the Mice FST
CBD treatments significantly reduced the immobility time,
30 min (F3,23 = 3.871, p < 0.05, Fig. 1a) and 7 days (F2,18 =
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5.910, p < 0.05; Fig. 1b) after its single administration
(10 mg kg − 1 ), thus revealing acute and sustained
antidepressant-like effect, respectively. As shown in Fig. 1c,
CBD (10 mg kg−1) did not induce any significant difference in
the number of crossings in the OFT when compared to vehicle
(RM-ANOVA; interaction, F10,75 = 5.15, p > 0.05; treatment,
F2,75 = 0.2862, p > 0.05; time, F5,75 = 0.8006, p < 0.05), which
excluded possible unspecific effects of CBD on locomotor
activity.

Participation of TrkB Receptors and mTOR Signaling
in CBD-Induced Effects

Mol Neurobiol (2019) 56:1070–1081

time, F3,66 = 4.813, p < 0.05). Next, we analyzed if CBD effects could be blocked by a TrKB receptor antagonist (K252a)
or by an mTOR signaling inhibitor (rapamycin). As shown in
Fig. 2c, d, systemic CBD administration reduced the immobility time in the FST (one-way ANOVA, F5,29 =
8.699, p < 0.05), which was blocked by icv K252a or
rapamycin administration (Fig. 2c; p > 0.05 compared to the
vehicle group). In the OFT, CBD did not change the number
of crossings (Fig. 2d; treatment, F5,84 = 0.5770, p > 0.05; interaction, F15,84 = 0.3906, p > 0.05). Therefore, systemic effects of CBD are dependent on intact TrkB and mTOR
signaling in the CNS.

CBD Effects on BDNF and Synaptic Protein Levels

CBD significantly decreased the immobility time in the FST
after icv administration (Fig. 2a; 300 nmol/μL; one-way
ANOVA, F3,24 = 7.219, p < 0.05), without changing the number of crossings in the OFT (Fig. 2b; RM-ANOVA; interaction, F9,66 = 1.49, p > 0.05; treatment, F3,66 = 1.605, p > 0.05;

CBD administration (10 mg kg−1) acutely increased BDNF
levels in both the HPC and PFC (Fig. 3a; p < 0.05; t16 =
3.535; and t17 = 2.277, respectively), but this effect was not

Fig. 2 Trk and mTOR blockade impair cannabidiol (CBD) effects in the
forced swimming test (FST). a CBD treatment (icv) reduced immobility
time (IT) in FST, when compared to vehicle (VEH) (n = 6–8 mice per
group). b The number of crossings did not differ between treatment
groups (n = 6–8 mice per group). c The inhibition of mTOR

(Rapamycin, Rapam) and blockade of TrK (K252) prevented the reduction in IT in FST induced by CBD administration (n = 5–7 mice per
group). d The number of crossings did not differ between treatment
groups (n = 5–6 mice per group). Data are presented as mean ±
SEM. *p < 0.05 compared to VEH mice
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Fig. 3 Levels of BDNF, mTOR, and synaptic proteins in CBD-treated
mice submitted to forced swimming test (FST). a Acutely, BDNF levels
are increased in hippocampus (HPC) and prefrontal cortex (PFC) of mice
treated with CBD (n = 9–10 animals per group). b Seven days after CBD
administration, BDNF levels are not changed (n = 9–10 mice per group).

c Experimental scheme for WB of synaptic proteins. d CBD treatment
increased synaptic proteins levels in PFC (n = 8 mice per group). e CBD
treatment did not change synaptic proteins levels in HPC (n = 6–8 mice
per group). The data are presented as mean ± SEM. *p < 0.05 compared
to VEH mice

detected 7 days later (Fig. 3b; p > 0.05, HPC, t16 = 1.874 and
PFC, t18 = 0.799). On the other hand, 7 days after the CBD
administration, the synaptic protein (PSD95 and SYP) expression was increased only in the PFC (Fig. 3d; p < 0.05; t14 =
3.915; and t14 = 2.761, respectively). No change was found in
the HPC (Fig. 3e; p > 0.05; PSD95, t12 = 1.876 and SYP, t11 =
1.767). These results are consistent with a rapid increase in
BDNF levels in the HPC and PFC, associated with a delayed
increase in synaptic proteins in the PFC, in response to a single
CBD injection.

(Fig. 4a, b; prelimbic PFC: secondary branch, t8 = 2.688; tertiary branch, t8 = 2.636; infralimbic PFC: secondary branch,
t 8 = 2.322; tertiary branch, t 8 = 2.814; p < 0.05 for all).
However, no difference was found 7 days later (Fig. 4c, d;
prelimbic PFC: secondary branch, t6 = 0.7769; tertiary branch,
t6 = 0.9873; infralimbic PFC: secondary branch, t6 = 1.666;
tertiary branch, t6 = 0.2708; p > 0.05 for all). Also, CBD did
not change the number of dendritic spines in the dorsal HPC
(dentate gyrus) when compared to the vehicle group at any
time of analysis (p > 0.05; Fig. 4e, 30 min after the injection:
secondary branch, t8 = 0.1136; tertiary branch, t8 = 0.4951;
Fig. 4f, 7 days after the injection: secondary branch, t8 =
1.668; tertiary branch, t8 = 0.01073).

CBD Rapidly Increases the Number of Dendritic Spines
To investigate if dendritic remodeling would be associated
with the behavioral and molecular effects induced by CBD,
we analyzed the number of dendritic spines in the PFC and
HPC, 30 min and 7 days after drug injection. Acute administration of CBD increased the number of dendritic spines in
both prelimbic and infralimbic areas of the medial PFC

Acute and Sustained Effects of CBD in Rats Submitted
to Different Preclinical Models
To better support our findings regarding the rapid and
sustained effects induced by CBD in the FST, we analyzed
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Fig. 4 Effect of cannabidiol (CBD) or vehicle (VEH) administration
in dendritic spines number. a Experimental scheme for acute treatment. In prefrontal cortex (PFC), acute CBD treatment (ip) increased
dendritic spine number in prelimbic (PL; b) and infralimbic (IL; c)
regions (n = 5 mice per group). e Experimental scheme for sustained
treatment. Seven days after CBD injection (ip), the number of

dendritic spines did not change in PFC (PL and IL, f, g, respectively;
n = 4 mice per group). In hippocampus (dentate gyrus (DG)), systemic CBD administration did not change the dendritic spines number
(acute, d; 7 days, h; n = 5 mice per group). The data are presented as
mean ± SEM. *p < 0.05 compared to VEH mice

its effects in two different animal models sensitive to antidepressant drugs, the learned helplessness and the FSL animals.
One-way ANOVA showed that administration of CBD immediately after PT, but not 1 h before T, reduced the number of
escape failures (Fig.5a; one-way ANOVA, F4,47 = 2.818,
p < 0.05) and increased the number of escapes (Fig. 5b;
F4,47 = 2.134), without changing the number of crossings
(Fig. 5c; F4,47 = 1.681, p > 0.05). These data are indicative
of a rapid antidepressant-like effect of CBD since the LH is
irresponsible to acute (single) treatment with conventional
antidepressants.
In Sprague-Dawley rats, the control animals of FRL and
FSL rats, the injection of CBD at the dose of 30 mg kg−1
significantly reduced the immobility time in FST (Fig. 5d;
F3,23 = 3.348, p < 0.05). The same effect was found to the
positive-control ketamine (Fig. 5d; t11 = 2.732, p < 0.05).
Neither ketamine nor CBD modified the exploratory activity
of the animals in the OFT (Fig. 5e; F2,23 = 1178, p > 0.05).
Similarly, as shown in fig. 5f, g, CBD (10 and 30 mg kg−1)
and ketamine (15 mg kg−1) significantly reduced the immobility time in FSL rats (Fig. 5f; F3,25 = 8.441, p < 0.05). When
the animals were re-exposed to FST, the groups treated with
CBD did not show any change in the immobility time (Fig. 5g;
F3,24 = 3873, p > 0.05) whereas this effect was still significant
to the positive-control ketamine (Fig. 5g; t12 = 2.941, p <

0.05). In FRL rats, injection of CBD and ketamine did not
reduce the immobility time in FST (Fig. 5g; F3,22 = 1.085,
p > 0.05). Seven days after, the animals were re-exposed to
the FST and CBD reduced the immobility significantly.
(Figure 5h; t13 = 2.689, p < 0.05). Neither ketamine or CBD
modified the exploratory activity of the animals in the OFT
(Fig. 5;h FSL, F3,28 = 0.0965; FRL; F3,22 = 0.3544, p > 0.05
for both).

Discussion
The main finding of the present study is that CBD induces not
only a robust acute, but also sustained, antidepressant-like effect in different species and distinct animal models involving
stress exposure (FST, LH) and selective breeding (FSL/FRL).
The rapid effect was accompanied by increased BDNF levels
in the HPC and mPFC, and markers of synaptic plasticity in the
mPFC. Moreover, CBD effect was blocked by icv injection of
TrkB receptor antagonist or mTOR inhibitor. Additionally, the
sustained effects of CBD were accompanied by increases in
PSD95 and SYP expression in the PFC, without any change in
the number of dendritic spines. Altogether, our results suggest
that the rapid antidepressant-like effect induced by acute CBD
injection involves BDNF/TrkB/mTOR signaling and increased
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Fig. 5 Effect of cannabidiol (CBD) or vehicle (VEH) administration in
different animal models. In learned helplessness (LH), acute CBD treatment (ip) induced sustained reduction in number of failures (a), increase
in the number of escape (b), and did not change the number of crossings
(c; n = 10–13 rats per group). In Sprague-Dawley rats, CBD and
ketamine (ket) treatment reduced the immobility time in forced
swimming test (FST; d; n = 6–7 rats per group) and did not
change the number of crossing in open field test (OFT; e; n =

6–7 rats per group). f Injection of CBD and ket in FSL rats
reduced the immobility time in FST (n = 4–8 per group). g The
re-exposition of FSL rats treated with CBD to the FST did not
change immobility time (n = 4–8 per group). h The traveled distance did not differ between treatment groups (n = 4–8 rats per
group). The data are presented as mean ± SEM. *p < 0.05 compared to VEH mice; #p < 0.05 compared to the VEH mice; @p <
0.05 compared VEH FRL X VEH FSL

dendritic spine density in the medial PFC, whereas the longlasting effect may be associated with an enhancement of synaptic function in this same brain area.
The behavioral effects of CBD observed herein agree with
previous reports describing its antidepressant-like effects
[25–30]. For instance, systemic CBD treatment reduced the
immobility time in mice submitted to the FST [25–27] and the
tail suspension test (TST; [30]). In another study, CBD attenuated the behavioral deficits induced by olfactory bulbectomy
within 24 h, indicating a similar fast-acting antidepressant
profile [28]. Chronic treatment with CBD was also effective
in animals subjected to chronic unpredictable stress [46].
Interestingly, a recent study showed that CBD induces a prohedonic effect in the saccharin preference test in the WistarKyoto, a genetic rat model of depression [47]. This finding is
in full accordance with our observation that CBD produced an
antidepressant-like effect in the FSL/FRL rats, another genetic
rat model of depression based on selective breeding [44].

Since fast-acting antidepressants, such as ketamine, Glyx13 (NMDA receptor partial agonist), and scopolamine (muscarinic receptor antagonist), induce behavioral effects through
rapid BDNF-mediated signaling and increased synaptogenesis in the PFC [11, 48, 49], we hypothesized that this mechanism is essential for the behavioral effects induced by CBD.
BDNF is recognized as playing important roles in neuronal
survival, differentiation, outgrowth, and synaptogenesis, during development and in the adult brain (for review see [55]).
Stress exposure is able to negatively change BDNF levels
whereas the behavioral effect of fast-acting antidepressants
has been related to the rapid and long-lasting increases in
synaptogenesis in response to increased BDNF levels in
PFC [56, 57]. In the hippocampus, Garcia and coworkers
demonstrated that 1 h after one single injection of ketamine
also increases BDNF levels [58]. Moreover, the fast-acting
behavioral antidepressant-like effects induced by ketamine
and other NMDA antagonist in mouse models was shown to

1078

be dependent on the rapid synthesis of BDNF due to derepression of its translation in the hippocampus [59].
Therefore, BDNF signaling in both PFC and hippocampus
seems to play an important role the behavioral effect induced
by fast-acting antidepressants.
Supporting our initial hypothesis, acute administration of
CBD (10 mg kg−1) rapidly increased BDNF levels in both
mPFC and HPC, an effect not observed 7 days later. Since
icv administration of k252a (Trk antagonist) or rapamycin
(mTOR inhibitor) blocked the behavioral effect induced by
systemic CBD administration, it is probable that the fast
antidepressant-like effect of CBD depends on intact BDNFTrkB-mTOR signaling in the brain. In support of our data,
repeated CBD treatment increased BNDF and mTOR levels
in the spinal cord [35] and brain of rodents exposed to models
of neurodegeneration [36]. In contrast, unaltered BDNF levels
in the PFC and HPC after acute CBD administration have also
been reported [25, 27]. However, differences in the age and
species used or CBD dose (30 vs. 10 mg kg−1; [25]) might
have contributed to the contradictory findings. Based on the
present study, we suggest that CBD can rapidly increase
BDNF levels in the PFC and HPC, an effect associated with
its behavioral effects in the FST. The rapid upregulation of
BDNF protein and subsequent activation of its receptor,
TrkB, could trigger several intracellular signaling pathways
that ultimately lead to mTOR activation (see [22]), which
mediates protein synthesis and synaptogenesis.
The mechanism responsible for CBD effects resulting in
increased BDNF and mTOR signaling are not yet clear. It is
known, however, that CBD increases serotonin levels in the
PFC [28] and that administration of CBD into the same brain
region induces antidepressant-like effects that are dependent
on local 5-HT1A activation [29]. Evidence indicates that treatment with 5-HT1A agonists rapidly increases BDNF mRNA
and protein levels in PFC and hippocampus [60] and in cultured neurons [61]. Moreover, decreased BDNF levels and
TrkB activation are described in the brain of 5-HT1A knockout
mice [62], thus suggesting that proper 5-HT1A activation
positively regulates BDNF levels in the brain. This
mechanism seems to participate in the behavioral effect
of fast-acting antidepressants, since activation of 5-HT1A
receptors in the medial PFC was shown to induce acute and
sustained antidepressant-like and the sustained effect induced
by systemic injection of ketamine was attenuated by intramedial PFC injection of a 5-HT1A receptor antagonist,
WAY100635. Altogether, it is possible to suggest that 5HT1A activation by CBD, either by direct binding or by indirect increase in serotonin levels, can lead to increased BDNF
levels and TrkB activation, which would ultimately lead
mTOR activation and synaptogenesis, as we observed herein.
This hypothesis, however, warrants further investigation.
Alternatively, recent evidence indicates that chronic CBD
treatment induces behavioral and neuroplastic effects in
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stressed animals due to a facilitation of endocannabinoid neurotransmission and consequent CB1/CB2 receptor activation,
which could recruit intracellular/synaptic proteins involved in
neurogenesis and dendritic remodeling [63]. It remains to be
investigated if this could participate in acute and sustained
effects induced by the drug.
Based on the findings about BDNF and mTOR involvement in CBD effects, we further investigated if CBD effects
would also be associated with increased levels of synaptic
proteins and dendritic spines, since chronic antidepressant
treatment prevents or reverses dendritic spine alterations
caused by stress [50, 51]. In addition, drugs with a fastacting antidepressant effect, such as ketamine, rapidly increase
the number of dendritic spines in the PFC and reverse the
effects of chronic stress via increased BDNF regulation of
synaptic protein synthesis [39, 52]. Our data indicate that
CBD increases the number of dendritic spines in the medial
PFC (PL and IL) 30 min after the administration. Although we
did not observe this effect 7 days later, there was an increase of
PSD95 and SYP in the PFC, suggesting an enhancement of
dendritic function. One possible explanation for the discrepant
results in the number of dendritic pines and synaptic proteins
at 30 min and 7 days after CBD administration could rely on
the fact that CBD would actually rapidly favor synaptogenesis
to substantiate an activity-driven selection of the appropriate
synaptic contacts, thus allowing dendrite turnover to take
place [64]. Therefore, the number of dendrites would not be
increased after 7 days, only increased synaptic function as
revealed by increased SYP and PSD95.
Supporting our data, depressed subjects present reduced
PSD95 levels in the PFC, which is reversed by ketamine
[53]. Additionally, administration of rapamycin (icv and
intra-mPFC) blocks the antidepressant behavioral effects and
the increase in dendritic spines induced by ketamine [39].
Similarly, icv rapamycin administration blocked CBDinduced behavioral effects in the present study. Altogether,
these results suggest that CBD induces fast effects on dendritic
remodeling in the mPFC, possibly involving BDNF-mediated
signaling. On the other hand, its sustained effect could rely on
increased synaptogenesis in the same brain region.
Experiments specifically targeting the mPFC or the HPC
could help clarifying the differential involvement of these
two brain regions in CBD-induced effects.
Finally, to further substantiate our behavioral findings in
the FST, we investigated CBD effects in two different animal
models with higher face, construct, and predictive validity, the
learned helplessness and FRL/FSL animals. Both models fail
to respond to the acute effects of conventional antidepressants,
but they positively identify the acute antidepressant effect of
ketamine [20, 44]. In our study, a single injection of CBD
reduced the number of escape failures in the LH and the immobility time in the FSL animals. Additionally, the effects in
the LH and FRL animals were present 7 days after the first
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injection. These results further support the proposal that CBD
possesses fast-acting antidepressant properties. The use of
more than one behavioral test can provide convergent validity
and increase confidence in studies aimed at identifying new
fast-acting antidepressant drugs [54]. Nevertheless, the fact
that all molecular analysis was performed with brain tissue
from only one species (mice) submitted to the forced swimming test remains a limitation of the present study. Further
analysis using different animal models and treatment intervals
could reveal new important information about CBD effects.
In conclusion, this study demonstrates that CBD induces a
rapid antidepressant effect, probably by increasing BDNF signaling in the PFC and synaptic dendritic spine density.
Moreover, a long-lasting enhancement of synaptic efficacy
could mediate CBD-sustained antidepressant effects.
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Signiﬁcant limitations with the currently available antidepressant treatment strategies have inspired research on
ﬁnding new and more eﬃcient drugs to treat depression. Cannabidiol (CBD) is a non-psychotomimetic component of Cannabis sativa, and emerges in this regard as a promising compound. In 2010, we were the ﬁrst
laboratory to demonstrate that CBD is eﬀective in animal models of predictive of antidepressant eﬀect, a ﬁnding
now conﬁrmed by several other groups. Recent evidence suggests that CBD promotes both a rapid and a sustained antidepressant eﬀect in animal models.
CBD has a complex pharmacology, with the ability to interact with multiple neurotransmitter systems involved in depression, including the serotonergic, glutamatergic, and endocannabinoid systems. Moreover, CBD
induces cellular and molecular changes in brain regions related to depression neurobiology, such as increased
Brain Derived Neurotrophic Factor (BDNF) levels and synaptogenesis in the medial prefrontal cortex, as well as it
increases neurogenesis in the hippocampus. This review presents a comprehensive critical overview of the
current literature related to the antidepressant eﬀects of CBD, with focus at the possible mechanisms. Finally,
challenges and perspectives for future research are discussed.

1. Introduction
Major depressive Disorder (MDD) is a disabling psychiatric disorder
characterized by depressed mood or anhedonia for at least two weeks,
accompanied by sleep and eating dysregulation, psychomotor changes,
feeling of guilt, and in more severe cases, suicidal thoughts (APA,
2013). The World Health Organization (WHO) estimates that depression aﬀects 322 million people worldwide (WHO et al., 2017), with a
life-time prevalence of 20% (Hasin et al., 2018; Kessler and Bromet,
2013). It contributes to 2.5% of the global burden of disease, corresponding to more than 70 million disability-adjusted life years, emerging as a leading cause of disability worldwide (GBD, 2016, 2017).
Moreover, MDD is associated with an increased risk of all-cause mortality, and a reduced life expectancy (Chang et al., 2011; Laursen et al.,
2016). As a consequence, MDD has a considerable socioeconomic impact. According to the European Brain Council (Gustavsson et al.,
2011), the total estimated cost with brain disorders in Europe, considering direct and indirect medical expenses, was approximately US$

⁎

904.9 billion in 2010, with MDD representing the most costly (approximately US$ 128.6 million) (Gustavsson et al., 2011). An analysis
of global return of investment estimated that the global economy loses
about US$1 trillion every year in productivity due to depression and
anxiety and that the appropriate treatment of depression would result
in an economic gain of US$230 billion (Chisholm et al., 2016).
Despite the availability of many clinically eﬀective antidepressants
(Cipriani et al., 2018), we still face a lot of challenges regarding optimal
treatment of depression. For example, antidepressants take several
weeks (4 to 6 weeks) to promote signiﬁcant mood-improving eﬀects
(Cipriani et al., 2018), and around 40–45% of the patients are partial or
non-responders (Keks et al., 2007). In addition, all current clinically
available antidepressants aﬀect almost only monoaminergic neurotransmission, including many new drugs with similar pharmacology.
Therefore, patients with depression could beneﬁt from better and more
eﬀective medication with new mechanisms of action. These facts have
initiated the search for new non-monoamine-based compounds, which
potentially could overcome the limitations of antidepressants in use
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central nervous system (CNS) (Castrén and Rantamäki, 2010a). Accordingly, increased synaptogenesis and hippocampal neurogenesis are
also observed after chronic antidepressant treatment (Bambico and
Belzung, 2013; Dwyer and Duman, 2013). More importantly, antidepressants attenuate the impaired neuroplasticity found in the brains
of stressed animals and depressed individuals (Castrén and Rantamäki,
2010b). A causal link between increased neuroplasticity and antidepressant eﬀect has been suggested based on the experimental observation that blocking BDNF signaling (Adachi et al., 2008) or inhibiting neurogenesis (Tanti and Belzung, 2013) also prevents the
behavioral eﬀect of antidepressant drugs.
Evidence about new fast-acting antidepressant and their mechanism
of action has given further support to the involvement of neuroplasticity mechanisms in depression neurobiology and treatment. The
groundbreaking discovery in this ﬁeld was the observation that ketamine induces rapid and sustained antidepressant eﬀect in animal
models and in humans, including treatment-resistant patients (Autry
et al., 2012; Berman et al., 2000; Diazgranados et al., 2010; Kishimoto
et al., 2016; Li et al., 2010; Maeng et al., 2008; Zarate et al., 2006). The
mechanism of action of ketamine is not fully elucidated, but probably
involves multiple targets. It acts as a non-competitive antagonist of Nmethyl-D-aspartate (NMDA) receptors (Kohrs and Durieux, 1998; White
et al., 1982) but can facilitate the eﬀects of AMPA (Maeng et al., 2008)
and serotonergic receptors (5-HT1 A and 5-HT1B; Du Jardin et al.,
2018; Fukumoto et al., 2017), among others (Fukumoto et al., 2017;
Haj-Mirzaian et al., 2014; Martin and Smith, 1982; Moaddel et al.,
2013). The increase in BDNF-TrkB-mTOR signaling (Autry et al., 2012;
Li et al., 2010), and subsequent increased synaptic plasticity in the PFC
and hippocampus (Li et al., 2010; Park et al., 2014), has been particularly associated with ketamine rapid mood eﬀects. Thanks to ketamine´s unique eﬀects, the glutamatergic neurotransmission and modulation of synaptic plasticity have been the focus of intensive
investigation into the neurobiology of depression and the development
of new antidepressants with a faster onset of action (Gerhard and
Duman, 2018; Zanos et al., 2018).

today.
Interestingly, drugs with multimodal mechanism of action beyond
monoaminergic neurotransmission have attracted considerable interest
as putative treatment options in depression (Ceskova and Silhan, 2018).
In this context, cannabidiol (CBD) represents a new promising molecule
due to its broad-spectrum pharmacological proﬁle. CBD is the second
most abundant phytocannabinoid constituent in the plant Cannabis
sativa, after Δ9-tetrahydrocannabinol (Δ9-THC). Contrasting with Δ9THC eﬀects, it is not toxic in humans and animals (Russo and Marcu,
2017). CBD has a complex pharmacology, which may contribute to its
large-spectrum therapeutic proﬁle in diﬀerent psychiatric disorders,
including the ability to reduce psychotic, anxiety, and withdrawal
symptoms (Mandolini et al., 2018). A potential antidepressant eﬀect of
CBD was ﬁrst reported by our group in 2010 (Zanelati et al., 2010),
initiating a new area of investigation about the therapeutic potential of
this drug in depression. Although studies investigating the eﬀects of
CBD in animal models of depression are surprisingly few, the evidence
reviewed here suggests that CBD could have potential for being a new
treatment option in MDD.
2. Overview of depression neurobiology and potential treatment
targets
Environmental and genetic factors play a signiﬁcant role in the
development of depression (Kendler KS, Gardner CO, 2006; Wichers
et al., 2007). It has been long recognized that stress, including childhood adversity and adult negative life events, is a major factor predisposing individuals to depression (Kendler et al., 1999; Kendler and
Gardner, 2016; Wichers et al., 2007). Genetic factors are proposed to
inﬂuence individual sensitivity to stress, hindering them more susceptible or resilient to adverse life events (Caspi et al., 2003; Kendler KS,
Gardner CO, 2006; Wichers et al., 2009). Accordingly, animal models
involving stress exposure and genetic manipulations have been increasingly used to investigate the neurobiological mechanisms of behavioral dysfunctions associated with depression (for review, McArthur
and Borsini, 2006; Söderlund and Lindskog, 2018).
Almost all known antidepressants act by increasing monoamines
levels, primarily serotonin and noradrenaline, in the brain. This fact has
given support for the so-called monoaminergic hypothesis of depression
(Coppen et al., 1973; Pare and Sandler, 1959; Schildkraut, 1965). This
hypothesis has been further encouraged over the years by cumulative
evidence of impaired serotonergic neurotransmission in limbic brain
regions of animals exposed to unpredictable stressful situations or in
depressed patients (Albert and Benkelfat, 2013; Paul and Lowry, 2013).
Accordingly, drugs that inhibit monoamine uptake or metabolism, or
activate 5-HT1 A receptors, facilitate adaptation to stress and are effective antidepressants in humans (Cipriani et al., 2018; Hamon and
Blier, 2013). Seminal works from the 90 s conﬁrmed that the therapeutic eﬀects of antidepressant drugs are, in fact, dependent on brain
monoamine levels. Depletion of serotonin and noradrenaline abolished
the antidepressant eﬀect of selective serotonin (SSRIs) and noradrenaline (SNaRIs) reuptake inhibitors, respectively, in previously remitted
patients (Delgado et al., 1990; Heninger et al., 1996).
However, despite the evidence about the involvement of monoamines in antidepressant mood-improving eﬀects, the clinical observation that it takes 2–4 weeks of continuous treatment to achieve the
therapeutic eﬀect indicated that additional molecular mechanisms
might participate in depression resolution (Blier and El-Mansari, 2013).
It has been consistently shown that chronic antidepressant treatment,
regardless of their pharmacological class, increases brain neuroplasticity in brain regions related to stress and depression depression neurobiology (Kraus et al., 2017). For instance, chronic antidepressant
treatment increases the levels of brain-derived neurotrophic factor
(BDNF) in prefrontal cortex (PFC) and hippocampus (Castrén and
Rantamäki, 2010a). BDNF is a neurotrophin with crucial importance for
synaptogenesis, cell proliferation, and repair in developing and adult

3. Cannabidiol: potential pharmacological targets of relevance to
depression
The Cannabis sativa plant have been the focus of human interest for
thousands of years. Medicinal preparations from its ﬂowers and resin
were used in China around ˜2,700 BC. However, it was only in the 19th
century that medical cannabis was introduced into Western medicine
through the work of William O’Shaughnessy. Initially, it was indicated
for a wide range of medical conditions, until concerns about increased
violence, crime, and other socially deviant behaviors following recreational use led to its criminalization in many countries (Small,
2015). After that, research on cannabis advanced slowly due to several
factors including the lack of knowledge of its basic chemistry. The development of isolation techniques in the 40´s made it possible to successfully separate and identify the multiple chemical compounds constituting the plant preparations, initiating a new era on cannabis
research (for a comprehensive review see e.g. Di Marzo, 2006).
CBD was ﬁrst isolated in 1940 from cannabis extracts by Adam and
colleagues (Adams and Hunt, 1940), but it was not until 1963 that its
chemical structure was fully elucidated by Mechoulam and Shvo
(Mechoulam and Shvo, 1963). Shortly thereafter, another abundant
endocannabinoid, Δ9-THC, was isolated and its chemical structure
clariﬁed (Gaoni and Mechoulam, 1964). Currently, more than 100
phytocannabinoids have been identiﬁed in the cannabis plant (Small,
2015). While Δ9-THC was recognized as the primary psychoactive
compound responsible for marijuana eﬀects, namely euphoria, altered
sensory perception, and relaxation, CBD was shown to be non-psychostimulant, with the suggestion that it was an inactive substance
(Zuardi, 2008). However, later studies have conﬁrmed this assumption
to be wrong, and several studies demonstrated that CBD causes multiple
105
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Fig. 1. Main pharmacological targets for cannabidiol investigated in in vitro and in vivo
experiments. Despite having low aﬃnity for
CB1 and CB2 receptors, CBD can act as an allosteric modulator at these receptors. CBD inhibits the enzymatic degradation and uptake
of anandamide, thus increasing anandamide
levels and facilitating endocannabinoid signaling through CB1, CB2, and the vanilloid
receptor 1 (TRPV1). Evidence also indicates
that CBD can directly bind to 5-HT1 A receptors and PPARγ receptors. A complete
overview of CBD mechanisms is presented on
Table 1.

contribute to MDD and/or the behavioral/therapeutic eﬀect of antidepressant drugs (Table 1). Of particular interest is that impaired 5HT1 A signaling is observed in stressed animals and depression (reviewed by Kaufman et al., 2016). Activation of 5-HT1 A receptors, on
the other hand, is a widely proposed mechanism involved in the behavioral eﬀect of antidepressant drugs (for a complete review, see (Blier
and El-Mansari, 2013; Carr and Lucki, 2011). Moreover, increasing
anandamide levels through inhibition of its uptake or methabolism also
promote antidepressant-like eﬀects in preclinical studies (Gorzalka and
Hill, 2011; Hillard and Liu, 2014; Micale et al., 2013). These pharmacological pieces of evidence support the assumption of a strong potential antidepressant eﬀect of CBD, which will be discussed in more
detail below.

eﬀects in the CNS. Interestingly, CBD attenutes the subjective rates of
intoxication (Robson, 2011; Schoedel et al., 2011), the anxiogenic
(Zuardi et al., 1982), and the psychotomimetic eﬀects induced by Δ9THC in healthy individuals (Martin-Santos et al., 2012). Furthermore,
CBD show promising therapeutic eﬀects on several psychiatric conditions, such as, anxiety (José Alexandre S. Crippa et al., 2011; Guimarães
et al., 1990; Moreira et al., 2006; Antonio W. Zuardi et al., 2017),
psychosis (Iseger and Bossong, 2015; Moreira and Guimarães, 2005),
epilepsy (Crippa et al., 2016; Do Val-da Silva et al., 2017; Gobira et al.,
2015), and movement disorders (Peres et al., 2018). The therapeutic
potential of CBD in these conditions are reviewed elsewhere, and lies
beyond the scope of the present review (Crippa et al., 2018; Mandolini
et al., 2018).
The mechanism of action underlying the eﬀects of CBD seems to be
complex and involves multiple targets (Izzo et al., 2009) – see Fig. 1).
For example, CBD modulates the endocannabinoid system. The
endocannabinoid system consists of the cannabinoid receptors (CB1
and CB2), endogenous ligands (mainly anandamide, AEA, and 2-arachidonoyl glycerol), and processes responsible for endocannabinoid
biosynthesis, cellular uptake, and metabolism (Pertwee, 2015). In vitro
studies show that, despite having a low aﬃnity for cannabinoid receptors, CBD could act as an antagonist on CB1 (Thomas et al., 2007).
This may be related to the ability of CBD to act as a negative allosteric
modulator on both CB1 and CB2 receptors (Laprairie et al., 2015;
Martínez-Pinilla et al., 2017). On the other hand, CBD inhibits the enzymatic degradation and uptake of anandamide (Bisogno et al., 2001),
thus facilitating endocannabinoid signaling through CB1, CB2, and the
vanilloid receptor 1 (TRPV1) (Pertwee, 2008; Pertwee and Ross, 2002).
In fact, increased anandamide levels seems to mediate some of the effects of CBD (Leweke et al., 2012), and increased levels of anandamide
produces some eﬀects similar to those seen following administration of
CBD administration (Gobbi et al., 2005; Sartim et al., 2016). Moreover,
CBD has been reported to directly activate TRPV1 receptors (Bisogno
et al., 2001), and some of its action can be blocked by selective TRPV1
antagonists (Campos and Guimarães, 2009).
In addition to the endocannabinoid and endovanniloid system, CBD
also acts on the serotonergic system. Preclinical studies show that CBD
can facilitate 5-HT1 A-mediated neurotransmission (Russo et al., 2005),
and several behavioral eﬀects of CBD seems to be mediated by 5-HT1 A
receptors (Campos et al., 2012; Fogaça et al., 2014; Gomes et al., 2011;
Sartim et al., 2016; Zanelati et al., 2010). Besides the serotonergic
system, CBD can also modulate numerous other diﬀerent transmitter
systems and targets summarized in Table 1.
Interestingly, many of the pharmacological processes known to be
modulated by CBD are also dysfunctional targets described to

4. Antidepressant eﬀects of CBD
4.1. Evidence from animal models
Considering that CBD was eﬀective in animal models of anxiety by
facilitating 5-HT1 A neurotransmission (Campos and Guimarães, 2008),
our group (Resstel et al., 2009) ﬁrst explored the possibility that CBD
could also attenuate stress-induced emotional consequences by promoting behavioral adaptation. Indeed, the results showed that systemic
CBD injection before an exposure to restraint stress attenuated the
anxiogenic and cardiovascular eﬀects observed in rats submitted to the
elevated plus-maze 24 h later. As expected, CBD eﬀects were blocked by
pretreatment with the 5-HT1 A antagonist WAY100635. Since conventional antidepressant drugs and 5-HT1 A agonists can also attenuate the
delayed emotional consequences induced by restraint stress (Guimarães
et al., 1993; Kennett et al., 1985; Padovan and Guimarães, 2000), it was
hypothesized that CBD could be useful for treating psychiatric disorders
that involve impairment of stress-coping mechanisms, such as depression (Resstel et al., 2009). Stress-coping can be deﬁned as the behavioral and physiological eﬀorts developed by the animal with the aim to
reduce the deleterious eﬀects produced by stress and, thus, promote
adaptation (Commons et al., 2017; de Kloet and Molendijk, 2016).
Impaired coping strategies have been associated to the development of
psychiatric diseases, including depression (Commons et al., 2017).
Based on those initial ﬁndings, our group investigated the eﬀects
induced by acute systemic CBD administration to Swiss mice submitted
to the forced swimming test (FST), a widely used test predictive of
antidepressant eﬀects (Nestler and Hyman, 2010; Porsolt et al., 1978,
1977). The results revealed that CBD induces dose-dependent antidepressant-like eﬀects (with the eﬀective dose 30 mg.kg−1), which
were blocked by prior administration of the 5-HT1 A antagonist
106
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Table 1
Main pharmacological targets for cannabidiol with relevance for depression neurobiology and treatment.
Biological System

Target

Potential eﬀect

References

eCBD

CB1 allosteric receptor
CB2 allosteric receptor
FAAH inhibitor

Antidepressant
antidepressant
↑ AEA: antidepressant

AEA uptake inhibitor

↑ AEA: antidepressant

TRPV1 agonist
TRPA1 agonist
TRPM8 antagonist
TRPV2 agonist

Mixed (antidepressant and
depressant)
ND
ND
ND

GPR55 antagonist
5-HT1 A agonist

ND
antidepressant

5-HT2A agonist
5-HT3 agonist
Tryptophan degradation inhibitor
Mu-opioid ligand
Sigma-opioid ligand
Adenosine uptake inhibitor and
indirect A2A agonist
PPARγ agonist
GABAA positive allosteric
modulator
α7 nicotinic acetylcholine
antagonist
Regulator of intracellular calcium
iNOS inhibitor
NF-κB inhibitor
COX-1 and 2 inductor

mixed
prodepressant
Antidepressant?
antidepressant

Antidepressant?
Antidepressant?

(Parolaro et al., 2010; Thomas et al., 2007).
(Parolaro et al., 2010; Thomas et al., 2007).
(Bisogno et al., 2001; Campos et al., 2013; Leweke et al., 2012; Parolaro et al., 2010;
Petrosino et al., 2018).
(Bisogno et al., 2001; Campos et al., 2013; Leweke et al., 2012; Parolaro et al., 2010;
Petrosino et al., 2018).
(Bisogno et al., 2001; De Gregorio et al., 2018; Fonseca et al., 2018; Petrosino et al.,
2018; Poleszak et al., 2018).
(De Moura et al., 2014; De Petrocellis et al., 2008).
(De Petrocellis et al., 2008).
(Cherif et al., 2015; Eubler et al., 2018; Nabissi et al., 2015; Qin et al., 2008; Robbins
et al., 2012).
(Cherif et al., 2015; Hill et al., 2018; Hurst et al., 2017; Walsh et al., 2015).
(Campos et al., 2012; De Gregorio et al., 2018; Fogaça et al., 2014; Gomes et al., 2011;
Hind et al., 2016; Myers et al., 2018; Resstel et al., 2009; Russo et al., 2005; Sartim
et al., 2016; Zanelati et al., 2010; Żmudzka et al., 2018).
(Long et al., 2012; Pelz et al., 2017; Russo et al., 2005; Żmudzka et al., 2018).
(Xiong et al., 2012; Żmudzka et al., 2018).
(Jenny et al., 2009; Stahl and Felker, 2008).
(Callaghan et al., 2018; Rodríguez-Muñoz et al., 2012; Viudez-Martínez et al., 2018).
(Callaghan et al., 2018; Rodríguez-Muñoz et al., 2012).
(Carrier et al., 2006; Cheﬀer et al., 2018; Liou et al., 2008; Mecha et al., 2013;
Mijangos-Moreno et al., 2014; Nazario et al., 2015; Oláh et al., 2014).
(Hind et al., 2016; Vallée et al., 2017).
(Almeida et al., 2018; Long et al., 2012; Meltzer-Brody et al., 2018).

?

(Mahgoub et al., 2013; Zhao et al., 2017).

?
antidepressant
antidepressant
?

(Drysdale et al., 2006; Nanou and Catterall, 2018).
(Esposito et al., 2006; Joca et al., 2015; Montezuma et al., 2012).
(Décarie-Spain et al., 2018; Esposito et al., 2006; Fulenwider et al., 2018).
(Müller, 2013; Wheal et al., 2014).

Serotonin

Opioid
Adenosine
Other

?

in C57BL6 J mice submitted to the olfactory bulbectomy model (OBM;
50 mg.Kg−1, Linge et al., 2016). CBD also showed antidepressant and
prohedonic eﬀects in genetic rat models based on selective breeding,
such as the Flinders Sensitive Line (Sales et al., 2018b) and the WistarKyoto rats (Shoval et al., 2016). Furthermore, chronic CBD treatment
(30 mg.Kg−1,14d) promoted stress-coping behavior in C57BL6 J mice
submitted to chronic unpredictable stress, an eﬀect involving endocannabinoids and neuroplastic mechanisms, as will be further discussed ahead. Table 2 summarizes and gives a complete overview of the
preclinical CBD antidepressant-like eﬀects.
Surprisingly, CBD produced an acute antidepressant eﬀect in the
OBM and the LH, which are models usually not sensitive to acute
monoaminergic treatment (Linge et al., 2016; Sales et al., 2018b), thus
suggesting that it might be a fast-acting antidepressant compound.
Furthermore, the eﬀects induced by CBD lasted for up to one week after
a single injection, both in mice and rats (Sales et al., 2018b), indicating
a sustained eﬀect. Altogether, these results suggest that CBD has a similar pharmacological proﬁle to ketamine, with rapid and lasting effects (Li et al., 2010). However, additional studies investigating the
eﬀects of CBD across diﬀerent laboratories, experimental conditions,
and using other animal models with good face and predictive validity,
are needed to strength this possibility.
Based on the above ﬁndings, presented in full in Table 2, it is possible to conclude that CBD induce antidepresssant-like eﬀects in different preclinical models, using distinct rodent species and strains of
mice and rats. Moreover, both acute and chronic CBD treatment is effective, at the range of doses of 3–30 mg.Kg−1 in mice and
30–60 mg.Kg−1 in rats. More recently, it was also shown that subchronic, but not acute, treatment with CBD attenuates the behavioral
dysfunctions associated with depression in diabetic rats (de Morais
et al., 2018). Although all the studies mentioned above have been
conducted in male rodents, new evidence suggests that CBD eﬀects may
be inﬂuenced by the gender, being inneﬀective in female FSL rats

WAY100635 (Zanelati et al., 2010). This study, besides suggesting for
the ﬁrst time an antidepressant-like eﬀect of CBD, also showed that the
eﬀect of CBD depends on 5-HT1 A receptor activation. A subsequent
study by El-Alfy and colleagues (2010) corroborated these original
ﬁndings, showing that a single systemic administration of CBD had an
antidepressant-like eﬀect in Swiss mice submitted to both the FST and
the tail suspension test (TST, another test predictive of antidepressant
eﬀects), although at much higher doses (200 mg.kg−1).
Importantly, CBD has also been shown eﬀective after repeated
treatment, as seen in Swiss albino mice assessed with the TST, where
daily injections of CBD in 3 and 30 mg.kg−1 doses during 15 days had
an antidepressant-like eﬀect (Schiavon et al., 2016). The eﬀects do not
seem to be species speciﬁc, as similar results also were observed in male
Wistar rats submitted to the FST, where both acute and chronic (14d)
treatment with CBD (30 mg.Kg−1) were eﬀective (Réus et al., 2011).
The latter study speciﬁcally reported that CBD increased swimming in
the FST, which is the behavior in the FST believed to be related to
increased serotonergic tonus in the brain (Cryan et al., 2002), thus
supporting the possible involvement of the serotonergic neurotransmission in the behavioral eﬀects of CBD. Consistently, co-administration of CBD augmented the antidepressant-like eﬀects of ﬂuoxetine,
but not of desipramine, in the FST (Sales et al., 2018a). This study
therefore also suggests that CBD may be useful to potentiate the therapeutic eﬀects of clinically available serotonergic antidepressant drugs.
Although the FST and TST have relatively good predictive validity
as behavioral paradigms to detect antidepressant eﬀect, they were
predominantly developed and validated upon monoaminergic antidepressants, which raises important concerns regarding generalizability, face, and construct validity (Abelaira et al., 2013; Cryan et al.,
2002). Studies using other animal models of depression have conﬁrmed
the antidepressant properties of CBD, thus strengthening its potential
antidepressant eﬀect. Noteworthy, acute CBD (30 mg.Kg−1) was eﬀective in the rat learned helplessness model (LH, (Sales et al., 2018b) and
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Male C57BL6 mice
(Olfatory bulbectomy)

Wistar-Kyoto rats

Male Wistar rats

Male Swiss mice

Shoval et al., 2016

Sartim et al., 2016

Breuer et al.,
2016*.

HiB5 cells

Linge et al., 2016

Male C57BL/6 J mice
(CUS)

Campos et al., 2013

Male Swiss albino mice

Natural

–

Male Wistar rats

Réus et al., 2011

Schiavon et al.,
2016

Natural

12 weeks

Male Swiss Webster mice
Male Swiss Webster mice
Male DBA/2

108
n.s.

n.s.

13 weeks

12 weeks

5-6 weeks

8 weeks

8 weeks
8 weeks
8 weeks

Natural

Natural

Natural

Natural

Natural

n.s.

Natural

Natural

El-Alfy et al., 2010

n.s.

Male Swiss mice

Origin

Zanelati et, 2010

Age

Animal

Reference

10, 30 and 60 nmol/0.2
ul/side
45 and 60 nmol/0.2 ul/
side
30 nmol/0.2 ul/side
HUF101: 3 mg/kg
HUF101: 1 and 10 mg/kg
HUF103: 3 and 10 mg/kg
HUF103: 1 mg/kg

15 and 45 mg/kg

Antidepressant eﬀect
Antidepressant eﬀect

FST
FST
FST
FST
FST
FST

intra-IL mPFC
i.p.
i.p.
i.p.
i.p.

No eﬀect
Antidepressant eﬀect
No eﬀect
Antidepressant eﬀect
No eﬀect

No eﬀect

Prohedonic eﬀect

Antidepressant eﬀect
Prohedonic eﬀect

FST

SPT

SPT

OFT
SPT

OFT

Antidepressant eﬀect

Increase neural progenitor cell
in S phase cells
Antidepressant eﬀect
No eﬀect
Antidepressant eﬀect

Flow citometry
TST
TST
TST

Neural progenitor proliferation

Immunoﬂuorescence
microscopy

Anti-stress eﬀect

No eﬀect

Antidepressant eﬀect
No eﬀect
Antidepressant eﬀect

Antidepressant eﬀect
No eﬀect
Antidepressant eﬀect
No eﬀect
No eﬀect

Eﬀect

oral (food
pellet)
oral (food
pellet)
intra-PL
mPFC
intra-IL mPFC

i.p.

50 mg/kg (Repeated- 7
days)
30 mg/kg

i.p.

i.p.
i.p.
i.p.

culture
medium

EPM and NSF

FST

i.p.
i.p.

FST
FST
FST

FST
FST
FST
FST
TST

Test

i.p.
i.p.
i.p.

i.p.
i.p.
i.p.
i.p.
i.p.

Route

50 mg/kg (Acute)

3 and 10 mg/kg (Acute)
30 mg/kg (Acute)
3 and 30 mg/kg
(Repeated - 15 days)

100 nM

30 mg/kg
3, 10 and 100 mg/kg
200 mg/kg i.p.
20 and 100 mg/kg i.p.
20, 100 and 200 mg/kg
i.p.
30 mg/kg (Acute)
15 and 60 mg/kg (Acute)
30 mg/kg (Chronic - 14
days)
15 and 60 mg/kg (Chronic
- 14 days)
30 mg/kg (Chronic - 14
days)

Dose

Table 2
Evidence about CBD Eﬀects in mordels predictive of antidepressant eﬀects.

n.s.
n.s.
n.s.
n.s.
n.s.

(continued on next page)

Blocked by 5-HT1 A (WAY100635) and CB1
antagonist (AM251)
Blocked by 5-HT1 A antagonist (WAY100635)

n.s.

Increase number cells immunoreactive BrdU,
NeuN and DCX in HPC
Blocked by CB1 antagonist (AM251)
Increase AEA level in HPC
No change in 2 A G and PEA in HPC
Blocked by CB1 (SR141716) and CB2 antagonists
(SR144528)
Independent of 5-HT1 A receptor antagonism
Dependent of FAAH and MAGL inhibition
Blocked by overexpression of FAAH
Blocked by CB1 (SR141716) and CB2 antagonists
(SR144528)
n.s.
n.s.
Increase number cells immunoractive Ki-67, BrdU
and DCX in SGZ and SVZ (3 mg/Kg).
Decrease number cells immunoractive Ki-67,
BrdU and DCX in SGZ and SVZ (30 mg/kg).
Increase 5-HT and glutamate in vmPFC dependent
of 5-HT1 A receptor
Attenuated by 5-HT1 A antagonist (WAY100635)
Independent of CB1 receptor antagonism
(AM251)
Increase 5-HT and glutamate in vmPFC
Restored of functionally 5-HT1 A receptor (CA1
and CA2 hippocampus, DRN, amygdala)
n.s.

No change in BDNF levels in neither PFC, HPC
and amygdala
Increase BDNF in amygdala (15 mg/Kg)

Activation of 5-HT1 A receptor
Unaltered hippocampal BDNF levels
n.s.
n.s.
n.s.

Suggested mechanism of Action

G.P. Silote, et al.

Journal of Chemical Neuroanatomy 98 (2019) 104–116

109

Male Wistar rats
Male Wistar rats (diabetic)

De Morais et al.,
2018

n.s.

Natural
Natural

Natural

Natural

Natural

Natural

Origin

FST
FST
FST
FST
FST

i.p.
i.p.
i.p.
i.p.
i.p.

3 and 7 mg/kg
30 mg/kg (Acute)
0.3, 3, 10, 30 and 60 mg/
Kg (Acute)
30 mg/Kg (Subchronic)
0.3, 3, 10 and 60 mg/Kg
(Subchronic)

FST
FST
FST
FST
LH
LH
FST
FST

i.p.
i.p.
i.c.v.
i.c.v.
i.p.
i.p.
i.p.
i.p.

10 mg/kg
7 and 30 mg/kg
300 nmol/ul
50 and 150 nmol/ul
30 mg/kg
10 mg/kg
10 and 30 mg/Kg
10 mg/kg

FST

i.p.

FST

i.p.

10 mg/kg

FST

intra-dHPC

30 and 60 nmol/0.2 ul/
side
10 mg/kg

FST

EPM and NSF

Test

intra-dHPC

i.p.

Route

10 nmol/0.2 ul/side

30 mg/kg (Chronic - 14
days)

Dose

Antidepressant eﬀect
No eﬀect

No eﬀect
Antidepressant eﬀect
No eﬀect

Sustained antidepressant eﬀect
No eﬀect
Antidepressant eﬀect
No eﬀect
Rapid antidepressant eﬀect
No eﬀect
Rapid antidepressant eﬀect
Antidepressant eﬀect

Rapid antidepressant eﬀect

Antidepressant eﬀect

No eﬀect

Antidepressant eﬀect

Anti-stress eﬀect

Eﬀect

n.s.
n.s.

Blocked by mTOR antagonism (rapamycin) or
TrkB antagonism (k252a)
Increase release BDNF HPC.
Blocked by mTOR antagonism (rapamycin) or
TrkB antagonism (k252a)
Increase BDNF levels in PFC and HPC.
Increase PSD95 and Synaptophysin PFC, not
inHPC
Increase number of dendritic spine in PL and IL
mPFC.
No alteration on BDNF in PFC and HPC.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
Blocked by 5-HT depletion (PCPA), but not NA
depletion
n.s.
n.s.
n.s.

Activation of CB1 and CB2 receptors
Increase number cells immunoractive DCX and
BrudU/NeuN in SGZ of DG
Decrease FAAH expression in HPC
Increase GSK-3β expression in HPC
No change in p-Akt in HPC
Increase number of dendritic spine and branchs in
HPC
Increase PSD-95, Synapsin Ia/b and GluR1 in HPC
Blocked by mTOR antagonism (rapamycin) or
TrkB antagonism (k252a)

Suggested mechanism of Action

Abbreviations: 2 A G- Arachidonoylglycerol; 5-HT- Serotonin; 5-HT1 A - Serotonin receptor type 1 A; AEA - Anandamide; BDNF- Brain-derived nurotrophic factor; BrdU - 5- bromo-2′-deoxyuridine; CB1 - Cannabinoid
receptor type 1; CB2- Cannabinoid receptor type 2; DCX - Doublecortin; EPM- Elevated plus maze; FAAH - Fatty acid amide hydrolase; FRL rats - Flinders Resistant Line; FSL rats - Flinders Sensitive Line; FST- Forced
swimming test; GSK-3β- Glycogen synthase kinase 3β; HPC - Hippocampus; i.c.v - intracerebroventrcular; i.p. - intraperiatoneal; intra-dHPC- Intra-dorsal hippocampus; intra-IL mPFC- infralimbic medial prefrontal cortex:
intra-PL mPFC- prelimbic medial prefrontal cortex; LH - Learned helplessness; MAGL - Monoacylglycerol lipase; mTOR - Mammalian target of Rapamycin; n.s. - not speciﬁed; NSF - Novelty supressed feeding; OFT - Open
ﬁeld test; p-Akt- Phospho protein kinase B; PEA - Palmitoylethanolamide; PFC - Prefronal cortex; PSD-95- Post-synaptic density 95; SPT - Sucrose preference test; SGZ - Subgranular zone; TST - Tail suspension test; TrkB Tropomyosin receptor kinase B. * Fluorinate cannabidiol.

n.s.
n.s.

n.s.
8 weeks

8 weeks

Male FSL and FRL rats
Male Swiss mice

Male Swiss mice

Sales et al., 2018a

7-8 weeks

Sales et al., 2018b

Male Swiss mice

Sartim et al., 2018

8-9 weeks

n.s.

Male C57BL6 mice (CUS)

Fogaça et al., 2018

Age

Male Wistar rats

Animal

Reference
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(Sartim et al., 2016). Importantly, this study supports the hypothesis
that CBD could increase the levels of AEA in the vmPFC, with subsequent local CB1 activation. This mechanism would disinhibit the
serotonergic neurotransmission, favorouring 5-HT1 A receptor-mediated eﬀects. Corroborating this proposal, intra-vmPFC administration of
the anandamide hydrolysis inhibitor, URB597, induced active coping
behavior in the FST associated to an increased ﬁring rate of serotonergic neurons within the dorsal raphe nucleus, suggesting that CB1
signaling in the vmPFC promotes antidepressant-like eﬀects through
regulation of serotonergic neurotransmission (McLaughlin et al., 2012).
In line with this evidence, depletion of brain serotonin, but not noradrenalin, abolished CBD eﬀects in the FST (Sales et al., 2018a).
Further supporting this proposal, Linge and colleagues reported that
the behavioral dysfunction induced by chronic olfactory bulbectomy
was reversed by CBD, an eﬀect which was associated with an increase
in extracellular serotonin and glutamate levels in the vmPFC. In the
same study, chronic CBD treatment reversed the detrimental eﬀects of
olfactory bulbectomy on 5-HT1 A signaling in the DRN, hippocampus,
amygdala, and vmPFC (Linge et al., 2016). The eﬀect of CBD was
counteracted by prior blockade of 5-HT1 A receptors, but not by a CB1
antagonist. It was hypothesized that increased serotonergic drive into
the vmPFC could result from activation of 5-HT1 A onto GABAergic
interneurons, subsequently favoring glutamate release and stimulation
of the DRN (Linge et al., 2016). This hypothesis, however, warrants
further investigation.
Evidence indicates that, depending on the behavioral test and
treatment duration, 5-HT1 A or CB1 signaling would prevail to mediate
CBD eﬀects. For instance, in the CMS, the stress-coping eﬀects of
chronic CBD treatment are associated with increased anandamide levels
in the hippocampus and are sensitive to CB1 antagonists (Campos et al.,
2013). More recently, in a similar protocol, the same group showed that
chronic CBD injections (14d, 30 mg/kg) promoted stress-coping behavior that was blocked by CB1 or CB2antagonist but not by a 5HT1A
antagonist.
Despite its promiscuous pharmacology, the involvement of additional targets in CBD antidepressant eﬀects, other than 5-HT1 A and
CB1-CB2 receptors, have not been consistently explored to date.
Notably, CBD has anti-inﬂammatory and immunomodulatory activity,
reducing the production of inﬂammatory cytokines in response to a
great variety of stimulus (Fernández-Ruiz et al., 2013; Ruiz-Valdepeñas
et al., 2011). In this context, studies have shown that CBD decreases
glial reactivity facing challenging situations (Kozela et al., 2011; Mecha
et al., 2013) and part of the CBD eﬀects seems to be mediated by activation of PPARγ receptors (Esposito et al., 2011; Gomes et al., 2015).
However, the participation of immunomodulatory mechanisms in CBDinduced antidepressant eﬀects remains to be investigated.

(Shbiro et al., 2019). However, this study tested only one dose of CBD
(30 mg/kg), thus requiring additional investigation to raise further
conclusions on that topic.
4.2. Human evidence
The eﬀects of cannabinoids on depressive disorders have been a
matter of debate for very long, and the evidence is still inconclusive,
with reports of both beneﬁcial and detrimental eﬀects (National
Academy of Sciences, 2017). However, it has been argued that some of
the mood-improving eﬀects related to cannabis use could be associated
to the CBD content (Ashton et al., 2005), although THC has also shown
antidepressant eﬀects in sub-euphoric doses in humans (Ashton et al.,
2005; Gruber et al., 1996) and laboratory animal (El-Alfy et al., 2010;
Häring et al., 2013). Nevertheless, valid randomized data about CBD
eﬀects on depressed humans are scarce, and no clinical trial in depression has been published so far. However, a recently published study
assessed 1483 individuals who have used CBD for treating several
medical conditions (Corroon and Phillips, 2018). Of those, around 400
patients reported the use of CBD to achieve mood-improving eﬀects,
with 250 patients reporting CBD worked “very well by itself”. In the
same study, the most common side-eﬀects reported were dry mouth,
hunger, and euphoria, which most likely could be related to TCH. Since
the study did not discriminate the diﬀerent sources of CBD (natural vs.
synthetic), it is not possible to exclude a possible role of THC in these
observations. Moreover, another limitation is the study sample, which
could potentially bias the results due to the involvement of patients
which have improved after CBD use. Therefore, controlled clinical trials
assessing CBD eﬀects in depressed patients are clearly needed. Currently, two ongoing randomized placebo-controlled trials of adjunctive
CBD in bipolar depression are being carried out in Brazil and Germany.
They are expected to end by 2020 (EUCTR, 2018; NCT, 2017). Whether
any potential ﬁndings in these studies may be relevant also to unipolar
depression would be of signiﬁcant interest.
5. Potential mechanisms involved in CBD antidepressant eﬀects
5.1. Neurochemical mechanisms
Although CBD modulates several targets involved in the neurobiology of depression, as outlined in Table 1, only a few of these mechanisms have so far been explored in vivo.
The involvement of the serotonergic neurotransmission in the antidepressant-like eﬀect of CBD comprise the best investigated neurochemical mechanism to date. Initially, as mentioned above, Zanelati
and co-workers showed that CBD-induced stress-coping behavior in the
forced swimming, a ﬁnding depending on activation of 5HT1 A receptors (Zanelati et al., 2010). Interestingly, CBD induced antidepressant-like eﬀects upon direct administration into the ventromedial
prefrontal cortex (vmPFC), an eﬀect which is in line with ﬁndings from
systemic administration, since it could also be blocked by pretreatment
with the 5-HT1 A receptor antagonist WAY100635 (Sartim et al., 2016).
This ﬁnding further substantiates the importance of 5-HT1 A mediated
signaling in the antidepressant eﬀects of CBD, in addition to be the ﬁrst
study to indicate a possible site of action of this drug. This is consistent
with previous studies which have shown that 5-HT1 A activation into
the PFC promotes stress-coping and persistent antidepressant eﬀects
(Fukumoto et al., 2017). Interestingly, in the study by Sartim and colleagues, pretreatment with a CB1 antagonist also blocked CBD eﬀects in
the FST (Sartim et al., 2016). Since, as discussed above, this drug has
low aﬃnity for CB1 receptors, but may increase AEA levels by inhibiting its reuptake (Bisogno et al., 2001), the eﬀects of CBD could be
related to increased levels of AEA in the vmPFC. Accordingly, challenging the vmPFC with an injection of exogenous AEA induced antidepressant eﬀect similar to that observed following CBD administration, an eﬀect also was blocked by the 5-HT1 A antagonist WAY100635

5.2. Neuroplastic mechanisms
A complete overview of CBD eﬀects on neuroplasticity has been
discussed elsewhere (Campos et al., 2017) and is beyond the scope of
the present review. Brieﬂy, there are convincing evidence that CBD
modulates neuroplasticity processes, especially neurogenesis and synaptogenesis, which are often disrupted in chronically stressed animals
and MDD. Early studies indicated that chronic CBD treatment increases
hippocampal neurogenesis in a CB1-dependent mechanism, as the
neurogenesis was absent in CB1−/− animals (Wolf et al., 2010). In
support of that ﬁnding, Campos and colleagues (2013) reported the
ability of chronic CBD treatment (14d) to attenuate the anxiogenic effects induced by CMS, which furthermore depended on adult hippocampal neurogenesis. In the same study, CBD treatment increased AEA
levels in the hippocampus, and the proneurogenic eﬀect of CBD was
blocked by concomitant treatment with a CB1 or CB2 antagonist, suggesting involvement of cannabinoid receptors in CBD-induced neuroplasticity eﬀects. Interestingly, CBD eﬀect on neurogenesis was further
conﬁrmed in an in vitro experiment, where CBD increased proliferation
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Fig. 2. Potential neurochemical and neuroplasticity mechanisms involved in CBD antidepressant eﬀect. Stress and depression are often associated with neurochemical imbalance and impaired neuroplasticity (reduced synaptogenesis and/or neurogenesis) in limbic brain regions, primarily PFC and hippocampus. In this
scenario, the acute antidepressant eﬀect of CBD would be associated with rapid changes in neurotransmitter levels, including serotonin and endocannabinoids, in
these brain regions. These could trigger rapid increase in BDNF and promote synaptogenesis. Upon repeated treatment, additional neurochemical and neuroplasticity
mechanisms would take place promoting stress coping behavior and resilience to chronic stress. AEA: anandamide. References: Campos et al., 2013; Linge et al.,
2016; Fogaça et al., 2018; Sales et al., 2018a, 2018b.

in CBD-induced antidepressant eﬀects, particularly in its rapid eﬀects,
has been obtained (Sales et al., 2018b). Acute CBD administration increased BDNF levels in the PFC and hippocampus of mice 30 min after
the administration of the drug. Moreover, increased expression of the
synaptic proteins synaptophysin and PSD95, as well as increased dendritic spines density, was observed in the mPFC at this moment, but not
7 days later (Sales et al., 2018a). Since intracerebroventricular administration of the Trk receptor blocker K252a prevented CBD-induced
behavioral eﬀects, the rapid increase in BDNF signaling, particularly in
the PFC, could trigger the synaptic changes mediating the eﬀects of CBD
(Sales et al., 2018b). Furthermore, inhibition of TrkB and mTOR signaling in the hippocampus also blocked the behavioral eﬀects of CBD in
the FST (Sartim et al., 2018). Together, these studies suggest that rapid
synaptic changes in these brain regions, which are associated with
depression, could contribute to the behavioral eﬀects of CBD. However,
none of these studies investigated if the plasticity changes induced by
CBD were absent following inhibition of Trk-mTOR signaling. Moreover, the mechanisms underlying the increased BDNF signaling in CBD
treated animals also warrants further investigation. As both 5-HT1 A
(Jiang et al., 2016; Zhou et al., 2014) and endocannabinoid (Bambico
et al., 2016) signaling can modulate BDNF levels in limbic brain regions, it can be hypothesized that both systems participate in the acute
eﬀects of CBD. Possible mechanisms involved in CBD antidepressant
eﬀects can be seen in Fig. 2. This proposal, however, needs to be further
investigated. Similarly, other molecular targets of CBD should also be
investigated as potential modulators of the neuroplasticity events observed following administration of CBD, either acutely or after repeated
treatment.

of HiB5 cells (Campos et al., 2013; Fogaça et al., 2018). This proliferative eﬀect was abolished by CB1 and CB2, but not by 5-HT1 A
antagonists. Therefore, it can be hypothesized that chronic CBD treatment increases AEA signaling in the hippocampus, which in turn, via
CB1 and CB2 receptors, could promote synaptogenesis and neurogenesis to facilitate behavioral adaptation to chronic stress. In a subsequent
in vivo study, the authors showed that chronic CBD treatment decreased FAAH expression in the hippocampus (Fogaça et al., 2018),
which may contribute to the understanding of the increased AEA levels
previously reported in the hippocampus of CBD treated animals
(Campos et al., 2013). In this study CBD not only increased neurogenesis, but also augmented the expression of synaptic proteins, and
prevented the stress-induced dendritic remodeling in mice hippocampus. All these eﬀects were abrogated by co-treatment with CB1 and
CB2 antagonists (Fogaça et al., 2018). These results ﬁts well with reports showing that sustained increased in endocannabinoid signaling
promotes hippocampal neurogenesis in preclinical models through CB1
and CB2 receptors and induces antidepressant-like eﬀects (Bambico
et al., 2016; Bambico and Gobbi, 2008; Fogaca et al., 2013; Zhang et al.,
2015).
However, the participation of neurogenesis on the behavioral eﬀects
of CBD seems to be rather complicated and might depend on treatment
duration and the behavioral paradigm used. For example, Schiavon and
colleagues (2016) conﬁrmed that acute (single ip injection, 3 and
30 mg.Kg−1) and chronic (15d, 3, 30 mg.Kg−1) treatment with CBD
causes antidepressant-like eﬀect in the tail suspension test. However,
chronic treatment produced paradoxical eﬀects. It increased neurogenesis at 3 mg.Kg−1, but decreased it at 30 mg.Kg−1 dose. These results suggest that CBD might be able to induce antidepressant-like effects even under conditions of decreased hippocampal neurogenesis.
Testing the neurogenesis involvement on CBD eﬀects in diﬀerent behavioral paradigms would help to clarify these results.
Recently, new information on the molecular mechanisms involved

6. Conclusion
The knowledge acquired during the past decades provides evidence
that CBD has antidepressant-like proﬁle in diﬀerent animal models.
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Given the very substantial large unmet clinical needs, the characterization of CBD as a possible therapeutic agent for aﬀective disorders is
of signiﬁcant interest. It may be a useful and tolerable intervention
strategy, alone or in combination with already established antidepressant strategies. In addition, identiﬁcation of the mechanisms
underlying the eﬀects of CBD may pave the way for identiﬁcation of
novel targets and drug classes for the treatment of MDD.
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7. Perspectives
CBD is now been approved in several countries for the treatment of
severe forms of epilepsy in children and multiple sclerosis (together
with THC). A signiﬁcant number of clinical and preclinical studies indicates that it may also be useful for the treatment of several psychiatric
and non-psychiatric disorders (Crippa et al., 2018; Pisanti et al., 2017),
major depression being one of them. The side-eﬀects described for CBD
include tiredness, diarrhea, and changes in appetite/weight (Iﬄand and
Grotenhermen, 2017), which compare favorably with other antidepressants available. However, the eﬀects induced by chronic CBD
treatment are not yet fully known, and more studies are needed to
evaluate its tolerability and safety after long term use. How a single
compound can show such a wide-range of therapeutic potential with a
favorable safety proﬁle (Bergamaschi et al., 2011) remains a mystery
that is far from being solved. Hopefully, the recent increased scientiﬁc
interest on CBD will enable additional research and shed new light into
this problem. Meanwhile, it is urgent to carry out clinical trials to assess
the position of CBD among our therapeutic options for major depression.
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although it is difficult in many reports to be certain that marijuana played a causal role in alleviating
depression.”

Confidential: Data provided by Releaf
Confidential data provided by Releaf suggests medical marijuana is an effective treatment for
depression.
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Methods: Between 5/03/2016 and 12/16/2017, 2,830 Releaf AppTM users completed
13,638 individual sessions self-administering medical cannabis and indicated their
primary health symptom severity rating on an 11-point (0–10) visual analog scale in
real-time prior to and following cannabis consumption, along with experienced side
effects.
Results: Releaf AppTM responders used cannabis to treat myriad health symptoms, the
most frequent relating to pain, anxiety, and depressive conditions. Significant symptom
severity reductions were reported for all the symptom categories, with mean reductions
between 2.8 and 4.6 points (ds ranged from 1.29–2.39, ps < 0.001). On average, higher
pre-dosing symptom levels were associated with greater reported symptom relief, and
users treating anxiety or depression-related symptoms reported significantly more relief
(ps < 0.001) than users with pain symptoms. Of the 42 possible side effects, users
were more likely to indicate and showed a stronger correlation between symptom relief
and experiences of positive (94% of sessions) or a context-specific side effects (76%),
whereas negative side effects (60%) were associated with lessened, yet still significant
symptom relief and were more common among patients treating a depressive symptom
relative to patients treating anxiety and pain-related conditions.
Conclusion: Patient-managed cannabis use is associated with clinically significant
improvements in self-reported symptom relief for treating a wide range of health
conditions, along with frequent positive and negative side effects.
Keywords: pain, anxiety, depression, cannabis, marijuana, quality of life, symptom management, side effects

Frontiers in Pharmacology | www.frontiersin.org

1

August 2018 | Volume 9 | Article 916

Stith et al.

Medical Cannabis Effects

users and 23,373 user interactions, we included only cannabis
consumption sessions with reported starting symptom levels
greater than 0 (on a 0–10, 11-point scale) and ending symptom
levels reported within 90 min of the start of the session, resulting
in a final sample of 2,830 users and 13,638 individual sessions
for analysis. The Releaf AppTM measures 27 possible negative
symptom categories and 42 possible side effects. Symptoms were
ultimately derived from qualifying conditions across medical
cannabis programs in the United States, along with a few
suggested by dispensaries and patients. The side effects (called
“feelings” within the app) were crowd-sourced among Releaf
AppTM developers, beta testers, dispensaries, and patients, and
included 19 positive, 12 negative, and 11 context-specific side
effects available for selection. Supplementary Tables S1, S2 in
the Supplemental Appendix provide descriptive statistics for all
symptoms and side effects.
User sessions consist of a series of electronic instructions
for recording characteristics of the cannabis medication (e.g.,
strain, potency, formulation), pre-dosing symptom severity
rating along an 11-point visual analog facial pain scale from 0 (no
detectable symptom level) to10 (severe), the timing of cannabis
consumption, a post-dosing symptom severity rating, and the
option to indicate any of the 42 listed side effects at any time
during the session. Among our primary sample of users, 2,332
users reported side effects during 10,535 sessions.

INTRODUCTION
Medicinal cannabis use is expanding rapidly in the United States,
with thousands of new users daily, particularly older patients
and people with significant health concerns, treating many
different symptoms (Centers for Disease Control and Prevention,
2016; Han et al., 2016). Most patients have a wide variety
of medicinal cannabis products available to them, ranging
from traditional flower to edibles and tinctures. Naturalistic
observational studies are generally well-suited for capturing
how patients manage their treatment decisions in real-life, and
how patient-managed cannabis therapies may contribute to
symptom relief and potential side effects from use. Observational
research designs allow patients to use the myriad Cannabis strains
and cannabis-derived formulations (e.g., concentrates, tinctures,
edibles, topicals, suppositories, toothpaste) made at home and/or
commercially available and widely used in society, and can
incorporate the breadth of health conditions for which medical
cannabis has been sanctioned for use at the state-level. Lastly,
observational studies also circumvent research barriers associated
with cannabis’ Schedule I status under United States federal law,
which makes randomized controlled trials (RCTs) challenging to
conduct (Stith and Vigil, 2016; National Academies of Sciences,
Engineering, and Medicine, 2017).
Since its release in 2016, the commercially developed Releaf
AppTM application (app; Releaf App, 2018) has been the only
publically available, incentive-free patient educational software
program designed for recording how individual cannabis usage
sessions may correspond to immediate changes in primary
symptom intensity levels and experienced side effects. This
electronic assessment tool enables patients to monitor and
manage their cannabis consumption decisions under naturalistic
conditions while avoiding the limitations of retrospective survey
collection methods (e.g., memory bias, social desirability effects).
We used the Releaf AppTM repository of over 2,830 patients
and 13,368 individual cannabis administration sessions to
examine two research questions: How does cannabis used
under naturalistic conditions affect user-experienced symptom
relief and side effects? Does the magnitude of experienced
symptom relief and the prevalence of side effects vary across
symptom categories? The results have clinical relevance for
understanding how patient-managed medical cannabis therapies
may correspond to changes in symptom intensity and potential
side effects among people using cannabis for treating distinct
health conditions (Hill and Weiss, 2016; Rubin, 2017).

Study Outcomes
Our goal was to calculate changes in patient-perceived symptom
severity, the prevalence of positive and negative side effects
associated with cannabis consumption, and whether the
reported-effects differs depending on the symptom for which
users were seeking treatment. We measured changes in
symptom relief by subtracting the ending symptom level from
the beginning symptom (possible range from −10 to 10).
(Supplementary Figure S1 in the Supplemental Appendix
provides a frequency table for each level of symptom relief.)
Side effects were recorded as {0,1} variables for whether the
user selected that side effect from the menu. We categorize the
side effects as positive, negative, or context-specific and then
convert these categories of side effects into {0,1} outcomes, count
outcomes and outcomes measuring the portion of total available
side effects in that category a user selected.

Statistical Analysis
We use means comparisons and least squares regression models
to estimate the absolute and relative symptom changes and side
effect profiles resulting from the cannabis user sessions. We also
created an adjusted symptom relief profile score, the mean change
in symptom levels plus the absolute number of listed negative
side effects, to provide a relative metric of cost-benefit tradeoffs
associated with cannabis use. Due to the small user counts for
some of the reported symptoms, the large number of possible
symptoms, and to facilitate interpretation in our regression
analysis, we aggregate the most commonly reported symptoms
across three broad symptom categories that included: Anxiety
Symptoms (agitation/irritability, anxiety, insomnia, stress, and
muscle spasms), Pain Symptoms (ten pain categories), and

MATERIALS AND METHODS
Study Design
A naturalistic observational research design, approved by the
Institutional Review Board at the University of New Mexico,
was used to analyze the Releaf AppTM user-submitted data
recorded between 5/03/2016 and 12/16/2017. Releaf AppTM is
a cross-platform (iOS and Android) mobile and tablet app
backed by a secure cloud programming interface for capturing,
processing, and storing anonymized user data. Out of 4,369 total
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the prevalence of positive, negative, and context-specific side
effects by the aggregated symptom categories (anxiety, pain,
and depression symptoms). For completeness, we include a fifth
column including the remaining discrete symptom categories
which did not fall under the three aggregated symptom
categories. Little variation exists in starting and ending symptom
levels and the symptom relief experienced, with the average user
reporting a symptom decrease of 3.7. With regards to side effects,
those with depression have a higher probability of reporting
negative or context-specific side effects. The most common
positive side effects are “relaxed” (64%), “peaceful” (54%), and
“comfy” (38%), the most common negative side effects are “dry
mouth” (23%), “foggy” (22%), and “forgetful” (13%) and the most
common context-specific side effects are “high” (32%), “sleepy”
(27%), and “thirsty” (27%).
Table 2 examines how symptom relief varies across the
broader symptom categories, with the constant representing
the mean adjusted symptom change for the omitted category,
(patients with pain-related symptoms). The first two regressions
shown in Table 2 indicate that people with anxiety and depression
report greater relief from using cannabis than people with chronic
pain, and users with higher starting symptom levels report
greater symptom relief. (The effects of cannabis on anxiety and
depression symptoms are not statistically different from each
other, although they are both greater than the effect of cannabis
on pain-related symptoms). Negative responses or increases in
symptom severity do occur, but the intercept in combination with
the starting symptom level predicts that increases in symptom
severity levels predominantly occur among users with starting
symptoms equal to one. The third column in Table 2 shows that
cannabis is more effective for anxiety and depression symptoms
than for pain-related symptoms among patients reporting higher

Depression Symptoms (depression). The remaining types of
symptoms are less frequently reported or not clearly categorized.
We also report the full regression results for the three
categories of side effects (positive, negative, and context-specific)
and the sign for regressions of symptom relief on the full
range of 42 side effects. Standard errors are clustered at
the user level to control for heteroskedasticity and arbitrary
correlation.

RESULTS
Figure 1 shows the starting and ending symptom severity levels,
the change in levels, the Cohen’s d of the difference, and the
adjusted symptom relief profile score for each of the 27 discrete
symptom categories. For all symptoms, the null hypothesis that
the starting symptom severity level is less than or equal to the
ending symptom severity can be rejected at the p < 0.001 level.
Using the adjusted symptom relief measure (symptom relief plus
negative side effects), all but users with convulsions, dizziness,
excessive appetite, or tremors experienced a net improvement
in their symptom severity levels. Even for these symptoms, the
adjusted mean symptom relief score still indicates a net benefit
from use and the lack of a statistically significant change likely
relates more to the small number of observations rather than the
lack of an effect, given that these symptoms together constituted
less than 3% of users and less than 1% of our sample. For all other
symptoms, the null hypothesis of an increase or no change in the
adjusted symptom relief score can be rejected at the p < 0.001
level.
Table 1 provides additional information on starting and
ending symptom severity levels, mean symptom relief, and

FIGURE 1 | Patient-reported symptom relief following medical cannabis consumption. Values in parantheses are the symptom category sample size, Cohen’s d, and
adjusted symptom relief score (symptom relief + number of negative side effects), respectively.
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TABLE 1 | Descriptive statistics – symptom levels and experienced side effects.
Overall

Anxiety symptoms

Pain symptoms

Depression symptoms

Other

N Sessions

13638

5343

4267

1440

2588

N Users

2830

1679

1223

577

1026

6.2 ± 2.2

6.2 ± 2.3

6.3 ± 2.0

6.5 ± 2.2

5.8 ± 2.4

Starting symptom level
Ending symptom level

2.5 ± 2.2

2.2 ± 2.2

3.0 ± 2.1

2.5 ± 2.2

2.4 ± 2.3

−3.7 ± 2.6

−4.0 ± 2.8

−3.3 ± 2.3

−4.0 ± 2.7

−3.4 ± 2.8

Better

94.2%

94.8%

94.7%

95.4%

91.6%

Same

2.7%

2.4%

2.8%

2.4%

3.2%

Worse

3.1%

2.8%

2.5%

2.2%

5.2%

Any positive side effect

94.4%

94.7%

94.5%

93.9%

94.2%

Any negative side effect

60.0%

60.0%

58.9%

65.5%

58.8%

Any context-specific side effect

76.2%

75.2%

75.9%

80.1%

76.6%

# of positive side effects

4.6 ± 3.2

4.6 ± 3.2

4.4 ± 3.1

4.8 ± 3.4

4.8 ± 3.4

# of negative side effects

1.4 ± 1.7

1.4 ± 1.7

1.3 ± 1.6

1.6 ± 1.9

1.3 ± 1.7

# of context-specific side effects

2.0 ± 1.9

2.0 ± 1.9

1.9 ± 1.9

2.1 ± 1.9

2.0 ± 1.9

% of positive side effects

24%

24%

23%

26%

25%

% of negative side effects

11%

11%

10%

13%

10%

% of context-specific side effects

20%

20%

19%

21%

20%

Symptom relief

Symptoms designated as treatable with benzodiazepines (Anxiety Symptoms) include agitation/irritability, anxiety, insomnia, muscle spasms, and stress. Symptoms
associated with Opioid treatment (Pain Symptoms) include all ten pain conditions. Depression is the only symptom designated as treatable with antidepressants.
TABLE 2 | Reported symptom relief for users treating anxiety, pain, and depression.
Outcome = symptom relief
(1)
Constant (opioid mean)
Anxiety symptoms
Depression symptoms

(2)

(3)

−3.309∗∗∗

1.120∗∗∗

0.355∗∗

(−3.459 to −3.160)

(0.804 to 1.436)

(0.034 to 0.675)

−0.704∗∗∗

−0.763∗∗∗

0.365∗

(−0.944 to −0.465)

(−0.953 to −0.574)

(−0.062 to 0.792)

−0.723∗∗∗

−0.563∗∗∗

0.643∗

(−1.060 to −0.385)

(−0.817 to −0.310)

(−0.021 to 1.308)

Starting symptom level (1–10)

−0.706∗∗∗

−0.582∗∗∗

(−0.757 to −0.656)

(−0.639 to −0.525)

Anxiety∗ start

−0.181∗∗∗
(−0.259 to −0.102)

Depression∗ start

−0.189∗∗∗
(−0.305 to −0.074)

Observations

11,050

11,050

11,050

R2

0.018

0.372

0.377

Each column represents a separate regression. The omitted category is symptoms treatable with an opioid medication. Robust standard errors are clustered at the
user level. The coefficients are reported in line with the variable names with confidence intervals below. Coefficients are reported with 95% Confidence Intervals below.
∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10.

appetite, insomnia, loss of appetite, nausea, gastrointestinal pain,
stress, and tremors than they do for treating back pain. Patients
reported less symptom relief for treating impulsivity, headache,
and nerve pain as compared to relief for treating back pain. The
symptom relief for the other discrete symptom categories was
indistinguishable from the reported symptom relief associated
with back pain.
Table 3 explores whether patients using cannabis to treat pain,
anxiety, or depressive symptoms differ in their experiences of
positive, negative, or context-specific side effects. Chows tests
(Chow, 1960) showed that users with anxiety-related symptoms

symptom severity levels (A graphical representation of this
relationship is presented in Supplementary Figure S2 in the
Supplemental Appendix).
In order to take advantage of the full range of symptom
categories available to Releaf AppTM users, we also ran
regressions including dummy variables for each of the symptoms,
using back pain as the omitted category. After controlling for
starting symptom level, clustering the standard errors at the user
level, and using a statistical significance threshold of p < 0.05,
our results indicate that patients report greater symptom relief
for treating agitation/irritability, anxiety, depression, excessive
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TABLE 3 | Differences in side effect profiles across symptom categories.
Outcome = side effect type
Positive

Negative

Context-specific

Any
Constant (opioid mean)
Anxiety symptoms
Depression symptoms
Starting symptom level

0.966∗∗∗

0.496∗∗∗

0.695∗∗∗

(0.942 to 0.989)

(0.428 to 0.565)

(0.637 to 0.753)

0.001

0.013

−0.006

(−0.012 to 0.015)

(−0.033 to 0.059)

(−0.049 to 0.037)

−0.006

0.066∗∗

0.042∗

(−0.029 to 0.017)

(0.002 to 0.131)

(−0.005 to 0.090)

−0.003∗

0.015∗∗∗

0.010∗∗

(−0.007 to 0.000)

(0.007 to 0.024)

(0.002 to 0.019)

Number
Constant (opioid mean)
Anxiety symptoms
Depression symptoms
Starting symptom level

4.583∗∗∗

1.081∗∗∗

1.652∗∗∗

(4.013 to 5.154)

(0.768 to 1.395)

(1.356 to 1.947)

0.182

0.077

0.077

(−0.100 to 0.465)

(−0.104 to 0.257)

(−0.113 to 0.268)

0.476∗

0.324∗∗

0.134

(−0.010 to 0.962)

(0.053 to 0.596)

(−0.187 to 0.454)

−0.035

0.036∗∗

0.044∗∗

(−0.142 to 0.072)

(0.000 to 0.072)

(0.003 to 0.085)

Percent of possible
Constant (opioid mean)
Anxiety symptoms
Depression symptoms
Starting symptom level

0.241∗∗∗

0.083∗∗∗

0.165∗∗∗

(0.211 to 0.271)

(0.059 to 0.107)

(0.136 to 0.195)

0.01

0.006

0.008

(−0.005 to 0.024)

(−0.008 to 0.020)

(−0.011 to 0.027)

0.025∗

0.025∗∗

0.013

(−0.001 to 0.051)

(0.004 to 0.046)

(−0.019 to 0.045)

−0.002

0.003∗∗

0.004∗∗

(−0.007 to 0.004)

(0.000 to 0.006)

(0.000 to 0.009)

The first panel uses {0,1} outcomes for the presence of side effects in each category, the second uses the count of side effects reported by category, and the third uses
the number of reported side effects for each category divided by the total number of possible side effects a user could select in that category. Robust standard errors are
clustered at the user level. Coefficients are reported with 95% Confidence Intervals below. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10.

relief, highlighting the importance of adjusting for starting
symptom severity level and side effect profiles when evaluating
the overall effectiveness of cannabis as a treatment modality.

are no more or less likely than those with pain symptoms to
report any of the three categories of side effects. Individuals
with depression, however, are more likely to report negative
and context-specific side effects than positive side effects. Higher
starting symptom levels are also associated with more negative or
context-specific side effect reporting and this relationship persists
whether the side effect profile is defined as any of the side effects
from that category of side effects, the number of side effects by
category, or the percent of possible side effects in a category.
Table 4 tests whether different types of side effects are
associated with differences in symptom relief. The results are
robust across specifications; reporting positive or context-specific
side effects is associated with greater symptom relief, while
reporting negative side effects is associated with less symptom
relief. For example, based on Column (4), a person with a starting
symptom level of 5 who reports 100% of negative side effects
would experience a 0.5 point increase in symptom severity on
a 1–10 scale, whereas a similar user who does not report any
negative side effects would experience 2.2 points of symptom

Frontiers in Pharmacology | www.frontiersin.org

DISCUSSION
This is the largest observational study to measure immediate
changes in patient-reported symptom severity ratings and
experienced side effects in real-time from using cannabis under
naturalistic conditions. Building on previous research showing
that cannabis may be an effective substitute for opioids (Hurd,
2016; Vigil et al., 2017) and other classes of prescription
medications (e.g., sedatives; Piper et al., 2017; Stith et al.,
2017), we provide evidence that cannabis is used to treat
many different types of symptoms for which conventional
pharmaceutical medications are typically prescribed, and that the
magnitude of reported symptom relief and side effect profiles
from using cannabis varies for people with different symptoms.
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TABLE 4 | Association of positive, negative, and context-specific side effects with symptom relief.
Outcome = symptom relief
(1)

(2)
Any {0,1}

Positive
Negative
Context-specific

(4)

Percent of possible in category

−1.100∗∗∗

−1.344∗∗∗

−2.345∗∗∗

−2.899∗∗∗

(−1.360 to −0.841)

(−1.578 to −1.111)

(−3.046 to −1.643)

(−3.653 to −2.145)

0.174∗∗

0.336∗∗∗

2.311∗∗∗

2.772∗∗∗

(0.015 to 0.334)

(0.192 to 0.480)

(1.461 to 3.161)

(2.045 to 3.498)

−0.339∗∗∗

−0.239∗∗∗

−0.781∗∗

−0.417

(−0.540 to −0.138)

(−0.413 to −0.065)

(−1.495 to −0.068)

(−0.931 to 0.096)

Starting symptom level
Constant

(3)

−0.660∗∗∗

−0.666∗∗∗

(−0.710 to −0.610)

(−0.724 to −0.608)

−2.307∗∗∗

1.894∗∗∗

−3.098∗∗∗

1.100∗∗∗

(−2.625 to −1.989)

(1.441 to 2.348)

(−3.372 to −2.824)

(0.818 to 1.382)

Observations

10,535

10,535

10,535

10,535

R2

0.015

0.349

0.036

0.376

The first two columns measure use the existence of each category of side effect as independent variables, while the second two columns use the percent of possible in
each category of side effects. The second and fourth columns include the starting symptom level. In all four regressions, the outcome is the change in symptom severity.
Robust standard errors are clustered at the user level. Coefficients are reported with 95% Confidence Intervals below. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10.

The Releaf AppTM users consumed cannabis to treat a wide
range of health symptoms, the most frequent relating to pain,
anxiety, or depression. Clinically and statistically significant
reductions in patient-reported symptom severity levels existed
in every single symptom category, suggesting that cannabis
may be an effective substitute for several classes of medications
with potentially dangerous and uncomfortable side effects
and risky polypharmaceutical interactions, including opioids,
benzodiazepines, and antidepressants (Weich et al., 2014;
Centers for Disease Control and Prevention, 2016; Fontanella
et al., 2016; Rudd et al., 2016; Sharma et al., 2016). Higher
pre-dosing symptom levels were generally associated with greater
post-dosing symptom relief and users treating an anxiety-related
symptom or depression showed stronger symptom relief than
users treating a pain symptom, even though depression is not a
condition approved for medical cannabis use in most states.
Similar to clinical reviews showing that cannabis is associated
with numerous, yet generally non-serious side effects (Wang
et al., 2008; Whiting et al., 2016), positive and context-specific
side effects were more commonly reported than negative side
effects by the Releaf AppTM users, with the most frequent
reported side effects being positive (relaxed, peaceful, comfy) and
the least frequent side effects being negative (paranoid, confused,
headache). Positive side effect reporting was associated with the
greatest reported symptom relief, followed by context-specific
side effects, while negative side effects were associated with lower
reported symptom relief. In general, patients treating depression
were more likely to indicate a negative side effect than patients
treating anxiety- or pain-related symptoms, though even users
who reported only negative side effects reported significant
decreases in moderate to severe symptom intensity levels after
using cannabis.
One of the most striking patterns in the current results was
the breadth of symptoms that appeared to improve following
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cannabis consumption. This pattern of responses could have been
a function of characteristics of the software user interface (e.g.,
symptom intensity scale range), manner in which responders
interacted with their mobile device (e.g., visual attention to
common symptom severity levels), or with the systemic nature
by which phytocannabinoids may affect the human mind and
body. According to the endocannabinoid deficiency theory,
many mental and physical health disturbances result from the
dysregulation of the body’s innate endocannabinoid system (ECS;
Smith and Wagner, 2014; Di Marzo et al., 2015; Karhson
et al., 2016; Russo, 2018), often described as a master network
of chemical signals that promote somatic and psychological
homeostasis, or psychobiological state-efficiency (BermudezSilva et al., 2010; Silvestri and Di Marzo, 2013; Acharya et al.,
2017). The ECS consists of natural ligands (e.g., anandamide and
2-AG) and receptors (CB1 and CB2) that appear to play a major
role in efficient regulation of a wide range of systems that include
sleep, feeding (e.g., gut permeability and adipogenesis), libido and
fertility, pain perception, motivation, happiness, anxiety, learning
and memory, social functioning, autoimmune responses, cellular
redox, and cancer pathophysiology (Valvassori et al., 2009;
Muccioli et al., 2010; Abdel-Salam et al., 2012; Cani, 2012;
Burstein, 2015; Du Plessis et al., 2015; McPartland et al., 2015;
Karhson et al., 2016; Pava et al., 2016; Tegeder, 2016; Turcotte
et al., 2016; Androvicova et al., 2017; Sierra et al., 2018). In other
words, unlike conventional pharmaceutical approaches, which
largely target specific neurotransmitter sites (e.g., monoamine
neurotransmitter hypothesis; Delgado, 2000; Ng et al., 2015),
cannabis may act to improve a broad spectrum of symptoms
by regulating homeostatic functioning, perhaps best described as
a system-modulating rather than symptom-modulating form of
therapy.
Notwithstanding the strengths of the naturalistic research
design and the potential implications of the study’s findings,
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the study was limited primarily by the lack of a control
group, e.g., non-cannabis users with the same symptom using
a mobile device to indicate their immediate symptom intensity
levels. There is also the potential confound of user-selection
bias and exclusion of users that failed to complete sessions
or even use the Releaf AppTM due to a lack of symptom
relief or negative side effects. (It is possible that selection bias
could have worked in the opposite way, excluding patients
that are already satisfied with their cannabis choices and
therefore choose not to use the software app). This study
chose to focus on the existence of symptom relief and side
effects rather than offer clinical guidance as to which cannabis
products offer preferential symptom relief and side effects
profiles. As such we did not include product characteristics,
e.g., routes of administration, quantity and method of ingestion,
and cannabinoid content, all of which are likely crucial for
understanding how cannabis affects symptom relief and side
effect manifestation. We only show that, on average, most
cannabis users experience symptom relief. Future research
will benefit by incorporating these contextual factors into
measurements of patient decisions and by dissecting how
fundamental characteristics of the cannabis products themselves
affect immediate and longer term changes in symptom relief and
potential adverse consequences.
Patients with certain health conditions such as neurological
disorders (e.g., multiple sclerosis, seizures, epilepsy, headache)
may face differential risks for experiencing adverse effects or
exacerbating their symptoms, for instance, depending on the
amount of delta-9-tetrahydrocannabinol they consume, and
caution should be used for patients considering using highly
potent cannabis products (Solimini et al., 2017). Complicating
matters are the allogamous (variable) and unstable nature of the
Cannabis plant and the inherent inconsistencies in the chemical
contents across plant batches and derived formulations, which
are affected by genetic characteristics, but also environmental,
cultivation, and storage conditions (Thomas and Pollard, 2016;
Pacifici et al., 2017, 2018). These factors present challenges for
both medical cannabis consumers and researchers as patients
never have continuous access to cannabis products with precisely
consistent chemotypes. Cannabis-based products (e.g., dried

flower vs. oils) can differ in their dose reliability, and researchers
have offered guidelines for dosing titration and experimental
usage (Kahan et al., 2014; Pichini et al., 2018). However, until
federal laws currently restricting pharmacodynamics research
in the United States are reformed (Stith and Vigil, 2016)
investigators still have tremendous opportunities to develop and
incorporate innovative assessment tools, like the Releaf AppTM ,
into observational research designs for measuring how patients
experience self-directed cannabis treatment in their normal
everyday lives outside of clinical settings.
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Abstract
Despite the major benefits of antiretroviral therapy on survival during HIV infection, there
is an increasing need to manage symptoms and side effects during long-term drug therapy.
Cannabis has been reported anecdotally as being beneficial for a number of common
symptoms and complications in HIV infections, for example, poor appetite and neuropathy.
This study aimed to investigate symptom management with cannabis. Following Ethics
Committee approval, HIV-positive individuals attending a large clinic were recruited into
an anonymous cross-sectional questionnaire study. Up to one-third (27%, 143/523)
reported using cannabis for treating symptoms. Patients reported improved appetite (97%),
muscle pain (94%), nausea (93%), anxiety (93%), nerve pain (90%), depression
(86%), and paresthesia (85%). Many cannabis users (47%) reported associated memory
deterioration. Symptom control using cannabis is widespread in HIV outpatients. A large
number of patients reported that cannabis improved symptom control. J Pain Symptom
Manage 2005;29:358–367. 쑖 2005 U.S. Cancer Pain Relief Committee. Published by
Elsevier Inc. All rights reserved.
Key Words
Cannabis, HIV, pain, symptoms

Introduction
HIV or AIDS affects over 40 million people
in the world1 and more than 49,500 in the UK.2
Although there is still no cure available for
this disease, remarkable improvements in the
survival of HIV-infected individuals have been
achieved.3 This survival has lead to an increasing prevalence of individuals with HIV infection,
many on long-term treatment with combinations
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of antiretroviral therapies. This has increased the
clinical focus on the management of chronic
symptoms associated with both HIV and the side
effects of antiretroviral medication. Recently, in
small sample studies of HIV patients, the medicinal use of cannabis has been documented as a
treatment for varied symptoms.4–7
Symptoms associated with HIV occur as both
direct and indirect consequences of the disease
process and as a side effect of the antiretroviral
drugs used in the treatment of the disease.
These symptoms include nausea and vomiting,
pain (e.g., in a nerve distribution), reduced appetite, weight loss, headaches, diarrhea,
constipation, anxiety, and depression. Flu-like
symptoms and severe myalgia can result directly
0885-3924/05/$–see front matter
doi:10.1016/j.jpainsymman.2004.07.011
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from seroconversion early in the disease. Central pain and peripheral neuropathy can occur
as a result of viral-mediated neurotoxicity, secondary to either mitochondrial damage, demyelination, or low B12 levels, all of which have
been observed in patients with HIV. The inflammation that occurs as a result of the mitochondrial damage can result in HIV-related
encephalopathy or HIV-related colitis. Symptoms may also occur secondary to infections or
tumors, which have resulted from HIV-related
immunosuppression. Examples of this include
nausea and dysphagia from esophageal candida, or pain from a gastrointestinal lymphoma.
Symptoms commonly occurring as a side effect
of HIV treatment include renal colic from
nephrolithiasis associated with the protease
inhibitor, indinavir; painful peripheral neuropathy from use of stavudine, a nucleoside
analogue; or sleep disturbances from the nonnucleoside inhibitor, efavirenz. Thus, a wide
range of symptoms can significantly affect the
quality of life of individuals living with HIV as
a long-term chronic infection.8,9
It has been recognized that cannabinoids
such as delta-9-tetrahydrocannabinol (THC),
which is now available as a licensed pharmaceutical preparation, can improve appetite and relieve nausea and vomiting.10 Cannabis plant
material not only contains THC but also other
cannabinoids, such as cannabidiol (CBD), that
may mitigate psychotic mood effects of THC.11
The aim of this study was to measure the
patterns and prevalence of cannabis use in patients presenting at a large HIV clinic and to
evaluate its beneficial or detrimental effect on
symptom control.

Methods
Subjects
Following Ethics Committee approval, HIVpositive patients were recruited into an anonymous cross-sectional questionnaire survey using
a single center. The outpatient clinic provided
a walk-in service as well as pre-arranged appointments, including pharmacy and phlebotomy sections. All patients entering the clinic
were asked to verbally consent to participate in
the study. Written consent was not obtained
in order to protect patient anonymity. The
number of patients who refused to take part
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was recorded. Many patients were regular clinic
users, had discussed their symptoms with HIV
and pain specialists, and were able to distinguish between the various types of pain described on the questionnaire. A researcher was
available to answer questions (e.g., on the interpretation of words). Patients completed the
questionnaire while waiting and confidentiality
was maintained by enumerating the papers
without patient identification.

Questionnaire
The questionnaire was piloted to refine its
content, word use, and format and then issued
to patients attending the clinic. The questionnaire (see Appendix) was designed to contain
close-ended questions with defined yes/no or
categorical responses. It was divided into sections. The first included demographics (age,
sex, number of years with HIV) and a validated scale to measure degree of disability described by Sharrack and Hughes.12 The second
had specific questions concerning the patient’s
use of cannabis medically to treat symptoms of
HIV. These symptoms included those directly
related to HIV plus those resulting from their
medication. Those who did not use cannabis
for medicinal purposes, including those who
used it solely for recreation, were not required
to continue completing the questionnaire, although their demographic details were recorded. The next section included questions
relating to frequency, patterns, and reasons for
cannabis use. Then in tabular form, a range of
symptoms were listed (Table 1), and against
Table 1
Order of Symptom List in Questionnaire as
Scored by Patients for Benefit or Detriment
Lack of appetite
Feeling sick (i.e., nausea)
Tremor
Depression
Anxiety
Weight loss
Weakness
Tiredness
Vision dimness
Slurred speech
Memory loss
Constipation
Headaches
Diarrhea
Pain in muscles
Nerve pain
Tingling
Numbness
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each one, the patient was invited to score benefit or detriment as ‘much better,’ ‘little better,’
‘unchanged,’ ‘a little worse,’ and ‘much worse’.
For the symptoms of pain and sensory changes,
the questionnaire also contained ‘body diagrams’, that is, pain maps, so that the patients
could mark where they identified their nerve
or muscle pain, tingling and numbness.

Analysis
Data from the questionnaires were entered
into an Access database (Windows 98 version)
and analyzed using the Statistical Package for
Social Sciences (SPSS 11.5, SPSS Inc., Chicago).
Categorical data comparing the sex differences
between the two groups and symptom severity
were analyzed using the Fisher’s exact test. Because the distribution of age and the number
of years with HIV were not normal and had
some outliers, the differences in these variables
between the two groups were analyzed using the
Mann-Whitney U test. Both simple frequency
analysis and the sign test were used in assessing
the percentage improvement or deterioration
in symptoms.

Results
A total of 523 questionnaires were completed
from 565 patients approached. This was a 93%
response rate. Of those who completed the
study, 143 (27%) used cannabis to treat symptoms associated with HIV.

Physical Data
The sex, age, years with HIV, disability, and
cannabis user status are shown in Tables 2 and 3.
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About 1 in 10 patients were female and few
were severely disabled in this outpatient setting.
Compared with females, males were statistically
significantly likely to be cannabis users (P ⬍
0.01) and those who had the disease for longer
and were more disabled were also more likely
to be users (P ⬍ 0.01).
When nerve pain was reported on the pain
map, it was experienced mainly in the legs, and
less in the feet and hands (27, 19, and 15 patients, respectively). Muscle pain was predominantly localized to the legs, but also to the lower
back, shoulders and neck (46, 19, and 19 patients, respectively). Tingling and numbness
was experienced in the periphery, with the
hands and feet being affected (34 and 26
patients, respectively).

Patient Choice of Route and Timing
for Symptom Control
Of the 143 patients who had used cannabis
to treat HIV symptoms, 107 (75%) were current
users. Within the whole group, smoking was the
single route of administration in 101 (71%),
and was combined with eating and drinking
the plant in 39 (27%); ingestion was the only
route in 3 (2%). On a day that cannabis was
used, 50 patients (36%) would take it once, 33
(23%) twice, 23 (16%) three times, and 35
(24%) four or more times. Most patients (79/
143 [55%]) were daily users and 15 (11%) used
it weekly. Others reported intermittent administration during the week. Thus, all patients reported using cannabis at least once a week to
relieve symptoms.
Throughout the day, the majority of patients
(91/143 [64%]) took cannabis after 6 p.m. and

Table 2
Demographic Data, Disability Scores, and the Number of Patients Using Cannabis to Treat Symptoms
Age (years)a
Years with HIVa
Disabilityb
0
1
2
3
4
5
Number that used
cannabis to treat
symptoms
a

Females n ⫽ 43 (8%)

Males n ⫽ 480 (92%)

All Subjects n ⫽ 523

38 [32–43] (20–65)
6 [2–9] (0–18)

39 [35–44] (20–69)
9 [4–13] (0–25)

39 [35–44] (20–69)
8 [4–13] (0–25)

12 (28%)
14 (33%)
10 (23%)
4 (9%)
3 (7%)
0
4/43 (9%)

164
136
100
74
5
1
139/480

(34%)
(28%)
(21%)
(15%)
(1%)
(0.2%)
(29%)

176
150
110
78
8
1
143/523

(34%)
(29%)
(21%)
(15%)
(2%)
(0.2%)
(27%)

Median [IQR] (range).
0 ⫽ none; 1 ⫽ mild; 2 ⫽ moderate not requiring help from others; 3 ⫽ moderate requiring help from others; 4 ⫽ severe with almost total loss
of function; and 5 ⫽ total loss of function.
b
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Table 3
Demographic Differences Between Users and Non-Users of Cannabis for Symptom Control

Males:Females
Agea
Years with HIVa
No disability:Disability

Users n ⫽ 143

Non-Users n ⫽ 380

Statistical Significance

139:4
40 [36–44] (26–61)
10 [6–15] (0–25)
17:126

341:39
38 [34–44] (20–69)
7 [3–12] (0–20)
159:221

P ⬍ 0.01
P ⫽ 0.046
P ⬍ 0.01
P ⬍ 0.01

a

Median [IQR] (range).

before midnight. However, an overlapping
group (66/143 [46%]) also reported use at any
time if necessary. The reasons for taking the
cannabis at these times were reported in a structured format, as detailed in Table 4. A number
of reasons related to the time of administration,
not least of which was recreational use together
with medicinal use. Relief of symptoms of anxiety and depression was common, as was general
symptom relief. The reported use for relaxation
may reflect the time at which it was taken,
namely, during the evening.

Effect on Symptoms
A lack of appetite was the most frequent
symptom reported (Table 5) and 97% experienced improvement with cannabis use. Pain was
the next most frequent, being present in 45%
of patients and improved in 94% of them. The
collective results demonstrated statistically significant improvement in half or more patients
in symptoms of nausea, anxiety, nerve pain, depression, tingling, numbness, weight loss, headaches, tremor, constipation, and tiredness.
Symptoms that were not improved included
weakness and slurred speech, and statistically
significant memory deterioration was recorded
in 47% of users.

Discussion
The demographic characteristics of our
cohort of patients (male:female, 11.2:1) is comparable with the UK population of HIV-positive
Table 4
Reasons for Using Cannabis
Purpose
Treat symptoms
Aid relaxation
Reduce anxiety
Relieve depression
Reduce symptom frequency
Increase energy levels
For a ‘high’

n

%

77
121
94
75
29
15
62

54
85
66
52
20
11
43

patients, which has a male:female ratio of
11.5:1. In addition, their ages and duration
of HIV disease were comparable with the
general UK data for such patients.13 Our
sample of 523 patients has the highest response
rate and is the largest study of its kind. It compares with previous studies, which have had
samples ranging from 72 subjects7 to 442.6 This
detailed report of cannabis use for symptom
control in a clinically significantly large group
of patients can form the basis for more extensive investigations using purified and standardized cannabis extracts.
Despite the fact that cannabis is still illegal,
its use for medical purposes appears to be quite
widespread. A report from the British Medical
Association14 stated “many normally law abiding
citizens—probably many thousands in the developed world” use cannabis illegally for therapy. Wesner15 reported from an anonymous
mail survey of 123 HIV-positive patients in
Honolulu that 36.9% of them used cannabis
for therapeutic reasons. Approximately onequarter of 228 HIV-positive men in the Sydney
Men and Sexual Health study reported therapeutic use of cannabis.16 Thirty-two percent
(32%) of 72 patients at a clinic in Alabama
reported the medical use of marijuana.7 These
results are comparable to a more recent study
carried out in Northern California, in which
33.3% of HIV-positive patients who responded
to an anonymous mailed questionnaire used
cannabis to treat symptoms associated with their
disease.6 Our study expanded these findings in
a large city clinic population by focusing on the
patient’s perceived improvement or worsening
of symptoms for which cannabis was considered
the origin.
The large number of patients using cannabis
as medicinal therapy for symptoms related to
HIV raises a number of issues. First, patients
are being left with no alternative but to use a
non-medical source of supply, which has the
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Table 5
Effect of Cannabis on Complaint of Symptoms in 143 HIV Patients
% Responding
Symptom
Lack of appetite
Pain in muscles
Nausea
Anxiety
Nerve pain
Depression
Tingling
Numbness
Weight loss
Headaches
Tremor
Constipation
Tiredness
Diarrhea
Vision dimness
Weakness
Memory loss
Slurred speech

Number of Complaints

Much Better

Little Better

No Change

Little Worse

Much Worse

P-value

111
65
62
98
53
94
46
42
62
46
24
24
60
48
22
48
38
9

79
63
56
64
51
56
37
36
45
35
37
21
17
13
9
10
13
11

18
31
37
29
40
30
48
36
24
30
29
29
33
23
27
21
5
0

2
6
3
3
9
9
9
24
31
33
21
46
33
56
55
54
34
78

0
0
2
2
0
4
7
5
0
2
13
4
15
6
9
15
34
11

1
0
2
2
0
1
0
0
0
0
0
0
2
2
0
0
13
0

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.004
0.003
0.002
0.007
0.109
0.134
0.043
1.00

Note: In ranked order of those demonstrating improvement (recorded as % much better, little better) in comparison to those recorded with no
change, little worse, or much worse. The P-value in the last column is the exact 2-sided P-value for the sign test of no change.

potential for heterogeneity of active cannabinoids, toxic contaminants, inappropriate dose,
and drug misuse. Second, if part of the plant
material has therapeutic efficacy, the source of
this material should be standardized and subjected to clinical trials so that safe and effective
use is advocated. Third, the patient is unlikely
to divulge cannabis use to their medical team,
so that potential drug interactions with prescribed antiretroviral medications may be occurring. In addition, in this study, the number
of purely recreational users was not determined
so that the overall incidence of drug interactions may be far greater. The type of drug interactions to be considered include loss of
cognitive function because it is well-recognized
that this is an effect of both cannabis17 and antiretroviral drugs such as efavirenz.18 Certainly,
the loss of memory reported by these patients
is of clinical significance, particularly in the
methodological design of clinical trials, and if
it is the result of combining preparations, this
may be investigated using known standardized
cannabinoid therapies. This approach may be
one way to reduce additive effects and prevent
patients being subject to the effects of unpredictable concentrations of illicit drugs.
The positive responses to symptom control recorded in this study, as exemplified in Table 5,
suggest that it is highly probable that cannabinoid medications have a medicinal role in this
condition for a number of reasons. First, they

are reported by patients to improve appetite,
reduce weight loss, and alleviate nausea.19–23
These effects have been recognized and
synthetic THC (dronabinol) is licensed for use
in the U.S. for this indication. However, no
direct comparison has been attempted with a
cannabis plant extract that will contain not only
THC but also other cannabinoids, of which
CBD is reputed to reduce the adverse effects
of THC.24 Secondly, pain relief appears to be
significant in cannabis users, thereby suggesting
a potential target for investigation in the use of
cannabinoids as analgesics in HIV patients.
Patients have reported various forms of pain
with HIV, such as muscular and neuropathic
pain, and these were characterized in the pain
maps drawn by the patients. Currently available
analgesic drugs have limited efficacy, particularly for neuropathic pain.25 Clearly, there is a
need to develop alternative analgesic agents,
such as cannabinoids, to improve the choice of
therapies. There is animal evidence that cannabinoids have analgesic effects that operate in
models of hyperalgesia and allodynia, both indicators of neuropathic pain states,26,27 and the
discovery of the endogenous cannabinoid system has led scientists to explore the role of
endocannabinoids in chronic pain models.28,29
However, in clinical practice the choice of natural or synthetic phyto- or endo-cannabinoids for
clinical trials is very limited. There have been
several anecdotal and clinical trial reports that
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cannabis plant extract and synthetic THC and
related analogues produce pain relief in
humans.30–33 For this present select group of
HIV patients, given the reported symptoms experienced using cannabis plant material, there
is a strong concern from the medical community managing these patients to limit adverse
side effects from self-administered drugs and
to provide cannabinoids in a formulation and
dosing schedule that avoids harm to the patient.
For example, there is strong evidence that the
smoking route of administration of cannabis is
not safe long-term because of the carcinogenic
properties of a cannabis cigarette.34
A pattern of cannabis use emerges from
this study that is regular, ongoing, and treats the
symptoms of HIV patients to their satisfaction.
Given the sedative properties of cannabis, it is
important to assess whether evening dosing for
cannabinoid therapies is more useful or appropriate. Its sedative effects may be helpful at this
time but none were reported as predominant.
Presumably there is tolerance to these types of
effects.29 More importantly, reduction of pain,
anxiety, and gastrointestinal upset appears to
be the constellation of symptom control sought
by these HIV patients, as shown in Tables 4
and 5.
In relation to HIV, there have been anecdotal
reports35 of patients who were already recreational users of cannabis reporting that it improved certain symptoms, such as loss of
appetite and nausea, as well as pain and general
well being. A small, uncontrolled study of 10
symptomatic AIDS patients reported that dronabinol might be effective in reducing nausea
and increasing appetite.10 Where patients are
also medicating with antiretroviral agents, the
combination of cannabis and protease inhibitors may be detrimental by altering viral loads.
Thus, the effect of smoking on the viral load
of HIV-infected patients was investigated by a
short-term randomized placebo controlled
trial.36 No adverse effects of either therapy were
measured with respect to RNA levels, CD4⫹ and
CD8⫹ cell counts, or protease inhibitor levels.
This brief trial suggests that there are no obvious harmful effects, but these need to be determined using an appropriate route of drug
administration and a longer-term study.
There is accumulating evidence that suggests
that cannabinoids have therapeutic applications in a variety of neurodegenerative diseases,
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such as multiple sclerosis,37,38 Huntington’s
disease,39 and brain injury.40 So far, in terms of
HIV, the evidence for therapeutic efficacy of
cannabinoids is still mainly anecdotal. We have
sought to establish if an improvement from cannabis use, albeit self-administered and not
standardized, is seen in symptoms such as pain,
appetite, and nausea in a large sample of HIV
patients. To do this, we expanded on previous
research by determining specifically the variety
and groups of symptoms that patients select to
modify by their use of cannabis. We also secured
a therapeutic timetable in order to predict the
frequency of drug administration for the
patient’s selected symptoms. These results will
be important in the design of a randomized,
placebo-controlled clinical trial comparing
conventional treatments to cannabis for symptoms of HIV.
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Appendix
Questionnaire
HIV Symptoms and the Use of Cannabis
This questionnaire is designed to establish the current use of cannabis for the management of
symptoms from HIV in our patients. We would be grateful for some personal details (but not details
of identification) and your past and present experiences (if any) with cannabis.

Please complete the following:

General Details:
Sex: MALE/FEMALE (encircle as necessary)
Age: ………years
Number of years with HIV: ………….
Degree of Disability
Please choose ONE of the following statements which best describes how severely you are affected
by the HIV disease, and how it affects your activities of daily living:
None
Mild symptoms
Moderate symptoms—not requiring help from others
Moderate symptoms—requiring help from others
Severe symptoms—almost total loss of function
Total loss of function
Cannabis use
Have you ever used cannabis to relieve your symptoms (as listed below) of HIV? Y/N
If “NO” we thank you for answering this questionnaire and you are not required to complete any
more of the questionnaire.
----------------------------------------------------------------------------------------------------If “YES” please complete the following details:

How do you take the cannabis?
Smoke Y/N
Drink
Y/N
Eat
Y/N
Other (state)…………………….
How many years have you used cannabis relieve some of your symptoms?………..years
How many times a day do you use cannabis?……………
How many days a week do you take cannabis?………….
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When do you take cannabis: [Please choose only ONE]
After 6 pm and before midnight
Between 6 am and midday
Midday to 6 pm
At any time when necessary
Just before going to bed
At regular intervals during the day

Y/N
Y/N
Y/N
Y/N
Y/N
Y/N

Do you take cannabis to: [You may choose MORE THAN ONE]
Relieve symptoms
Aid relaxation
Relieve anxiety
Relieve depression
Reduce symptom frequency
Obtain energy
To get a ‘high’ / Recreational

Y/N
Y/N
Y/N
Y/N
Y/N
Y/N
Y/N

For each symptom in the left-hand column state if the symptom is now present. Then mark for each
symptom, whether past or present, its response to cannabis use, i.e., better or worse.
Diagrams are provided below for the question relating to sites of pain, etc.
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Response to cannabis
[Please tick ONE box]

Present
Symptom (past or present)

Y/N

367

Much
better

Little
better

Not
changed

Little
worse

Much
worse

Lack of appetite
Feeling sick, i.e., Nausea
Anxiety
Depression
Tremor
Headaches
Weight loss
Weakness
Tiredness
Vision dimness
Slurred speech
Tremor
Memory loss
Constipation
Diarrhea
Muscle pain
(please mark on Diagram 1
where you are affected by
this)
Nerve pain
(please mark on Diagram 2
where in your body this is)
Tingling
(draw on Diagram 3
where this is)
Numbness
(draw on Diagram 4
where this is)
Others
(please state)
N.B. Please do not forget to fill in the body diagrams on the next page if you suffer from
MUSCLE PAIN, NERVE PAIN, TINGLING OR NUMBNESS.
Once completed please hand over this questionnaire to the reception desk.
THANK YOU.
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Abstract — Marijuana is a currently iilegal psychoactive drug that many physicians believe has substantial therapeutic uses. The medical literature contains a growing number of studies on cannabinoids
as well as case studies and anecdotal reports suggesting therapeutic potential. Fifteen states have passed
medical marijuana laws, but little is known about the growing population of patients who use marijuana medicinally. This article reports on a sample of 1,746 patients from a network of nine medical
marijuana evaluation clinics in Califomia. Patienu completed a standardized medical history form;
evaluating physicians completed standardized evaluation forms. From this data we describe patient
characteristics, self-reported presenting symptoms, physician evaluations, other treatments tried, other
drug use, and medical marijuana use practices. Pain, insomnia, and anxiety were the most common
conditions for which evaluating physicians recommended medical marijuana. Shifts in the medical
marijuana patient population over time, the need for further research, and the issue of diversion are
discussed.
Keywords — anxiety, cannabis therapeutics, insomnia, medical marijuana, pain

prescribed for therapeutic use in American medical practice for a variety of conditions from the mid-nineteenth
century into the twentieth. Marijuana was admitted to
the United States Pharmacopoeia in 1850 and listed in
the National Formulary and the US Dispensatory. Major
pharmaceutical companies including Lilly, BurroughsWellcome, and Parke-Davis produced cannabis-based
therapeutic agents (Brecher et al. 1972).
In 1936, the Federal Bureau of Narcotics advocated a
law prohibiting its use, which Congress passed in 1937,
against the advice of the American Medical Association
(Grinspoon & Bakalar 1993:9-11). This law, along with
increased prescribing of aspirin and barbiturates, pushed
cannabis out of the United States Pharmacopoeia and
common medical practice by 1942.
After nonmedical cannabis use spread in the 1960s,
the number of Americans reporting lifetime prevalence
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(cannabis) were widely used in many societies for
centuries. Dr. William O'Shaughnessy introduced it as
a modern medicine in Europe in 1839, Marijuana was
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increased sharply. Recent estimates from the National
Survey on Drug Use and Health show that 102,404,000
Americans have used this drug, 41 % of the population aged
12 and over, or about half the adult population (SAMHSA
2010). This widespread use led to a gradual rediscovery
of the therapeutic uses of cannabis, albeit largely without
physician involvement.
Alongside the spread of nonmedical use, in 1964 scientists determined the precise chemical structure of delta-9
tetrahydrocannabinol (THC), thought to be the most significant psychoactive ingredient in cannabis (Gaoni &
Mechoulam 1964), This stimulated research in the clinical pharmacology of cannabinoids. Many physicians in
clinical practice also recognized the therapeutic potential
of cannabis (Irvine 2006; Charuvastra, Freidmann & Stein
2005), specifically, for example, for pain (Woolridge et al.
2005), as an antiemetic for chemotherapy patients (Doblin
& Kleiman 1991), or for symptoms of AIDS (Abrams
et al. 2003). More recently a broader medical literature documenting the therapeutic properties of endogenous
cannabinoids has developed (e.g., NicoU & Alger 2004;
Lehmann et al, 2002; Hall, Degenhart & Currow 2001),
Numerous case reports in the medical literature also have
suggested that cannabis has therapeutic potential for a variety of conditions. But rigorous experimental research that
might determine more precisely the therapeutic efficacy
of cannabis for specific conditions has been blocked by
the Drug Enforcement Administration (see Zeese 1999;
Alliance for Cannabis Therapeutics v. Drug Enforcement
Administration 1994).
This combination of increasing therapeutic use and
federal government opposition ultimately led to passage of
new state laws providing for the medical use of cannabis
upon physician recommendation. Since 1996, 15 U,S.
states and the District of Columbia have passed such
laws: California, Alaska, Oregon, Washington, Nevada,
Colorado, Maine, Montana, Michigan, and Washington,
DC by ballot initiative; Rhode Island, New Mexico,
Vermont, Hawaii, and New Jersey by state legislation.
The first of these laws was California's Proposition
215, the Compassionate Use Act, passed in 1996 {San
Francisco Chronicle 1996). This act made it legal under
state law for patients to possess and use cannabis if recommended by their physicians. Numerous medical and scientific associations endorsed medical use of cannabis and/or
supported further research into its therapeutic potential. These included the American College of Physicians
(2008), the American Public Health Association (1995), the
British Medical Association (1997), the Canadian Medical
Association (2005), and the Institute of Medicine of the
National Academy of Sciences (1999).
Such elections and endorsements notwithstanding, the
Bush Administration's Office of National Drug Control
Policy threatened to revoke the licenses of physicians
who recommended cannabis to patients. One physician
Journal of Psychoactive Drugs

challenged this policy and the U.S, Court of Appeals ruled
(in Conant v, Walters) in 2002 that it unconstitutionally
infringed physicians' First Amendment rights to freedom
of speech with their patients (McCarthy 2004), Subsequent
legislation and case law have left medical marijuana (MM)
patients and their physicians in legal limbo:
• In 2003, the California legislature passed SB 420
to provide specific implementation guidelines for
Proposition 215, including how counties should handle MM patient ID cards,
• Most drug law enforcement is done by local
police who enforce state, not federal, drug laws.
In 2005, The California Attorney General ruled
that Proposition 215 is the legitimate will of the
voters and is therefore valid under the California
Constitution for purposes of state law enforcement.
He advised the Highway Patrol and other state law
enforcement agencies that under California law MM
patients were legally entitled to possess and use
cannabis for therapeutic purposes (Hoge 2005),
• In 2006, Bush administration Attorney General
Gonzales sought to invalidate state MM laws, and
the U,S, Supreme Court ruled {Gonzales v. Raich
2006) that the Compassionate Use Act—its legitimate electoral provenance notwithstanding—neither
supersedes nor invalidates federal laws that prohibit
marijuana use (see Mikos 2009 for a legal analysis of
the states' neglected power to legalize behavior that
is criminalized under federal law),
• In 2008 the Supreme Court denied without comment
an appeal by two California counties that had refused
to implement Proposition 215 {County of San Diego
V, San Diego NORML 2008), thereby letting stand a
lower court ruling that upheld SB 42O's provisions
regarding counties issuing MM identification cards.
• In 2009, Attorney General Eric Holder issued a policy stating that federal drug control agencies would
no longer raid MM dispensaries if they operated
within state and local laws (Moore 2009).
• That policy notwithstanding, the DEA has continued
to raid MM dispensaries in California into 2011 (e,g,,
Blankstein 2009).
Within this grey area between conflicting state and
federal laws, the number of patients who have received recommendations for medical marijuana from physicians has
continued to grow, albeit by how much remains unknown.
Over 1,000 MM dispensaries, delivery services, and cooperatives are said to be operating in California to meet
the demand (NORML 2007), A rough estimate of the
number of MM patients in California can be extrapolated
from Oregon figures. Unlike California's Compassionate
Use Act, Oregon's MM law set up an Oregon Medical
Marijuana Program that requires centralized record keeping. As of July, 2009, some 2,983 Oregon-licensed physicians had approved 20,307 applications for MM (Oregon
i 29
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Department of Human Services 2008). The population of
California is 9.7 times that of Oregon (U.S. Census 2007),
which yields a crude estimate of 196,978 MM patients
in California. This is likely an underestimate because the
California statute affords greater latitude to physicians
regarding the conditions for which they can recommend
MM (", . . any other illness for which marijuana provides
relief"). Americans for Safe Access (2008), a MM patient
advocacy group, has estimated that there are well over
200,000 physician-sanctioned MM patients in California.
Despite their growing numbers, however, the ambiguous legal status of MM patients renders them a half-hidden
population whose characteristics are not well documented,
with the partial exception of the San Francisco Bay Area
(O'Connell & Bou-Matar 2007; Reiman 2007a). Medical
marijuana will likely continue to be a contentious issue,
but across fifteen states and the District of Columbia several
hundred thousand people are using marijuana as a medicine
recommended by physicians, and yet little is known about
them as a patient population.
We intend this study as a modest contribution toward
filling this gap. It presents data on the demographic characteristics, presenting symptoms, physician evaluations,
conventional treatments tried, and MM use practices of
patients from a network of MM assessment clinics in
California,

conventional and alternative medical treatments tried, drug
use history, and MM use practices; and (2) a physician evaluation form using International Classification of Diseases
codes (ICD-9), Each patient received and signed an extensive informed consent form noting confidentiality, which
was approved by the clinics' IRB.
Most prior studies of MM patients are based on small,
symptom-specific samples. Initially, the population of MM
patients in the San Francisco Bay Area were people with
HIV/AIDS and cancer (e.g., Harris, Mendelson & Jones
1998), Later, physicians began to recommend cannabis to
patients with chronic pain, mood disorders and other psychiatric conditions (Gieringer 2002). The data reported
here describe what is among the largest and most symptomatically and demographically diverse samples of medical cannabis patients to date (cf., O'Connell & Bou-Matar
2007).
RESULTS
As Table 1 indicates, the MM patients are three-fourths
male and three-fifths White. Compared to the US Census
of California, the patients in this sample are on average
somewhat younger, report slightly more years of formal
education, and are more often employed. The comparison
also indicates that women. Latinos, and Asian Americans
are underrepresented. Given the limitations of our data, we
can offer only informed speculation as to why.
The underrepresentation of women may be in part
an epidemiological artifact of the gender distribution of
certain kinds of injuries (e.g., workplace, sports, and motorcycle accidents). It may also have to do with the double
stigma women face in seeking MM—for using an illicit
drug and for violating gender-specific norms against illegal behavior in general. Moreover, as with alcohol use,
pregnant women and women considering pregnancy are
likely to have health concerns and many may fear that MM
could put them in jeopardy if discovered by child protection
agencies.
Given the high poverty rate among Latinos and their
concentration in the manual labor end of the occupational
structure. Latinos are exposed to equal or greater risks
of work-related injuries and to no less epidemiologic risk
of other conditions for which MM is sometimes used. It
seems likely that their under-representation has to do with
the undocumented status of many Latinos in California.
The undocumented often avoid contact with government
agencies for fear of apprehension by law enforcement,
for beyond arrest and incarceration this carries the risk of
deportation. Such fears reduce the likelihood of Latinos
accessing health care in general and MM in particular.
Asian Americans are also underrepresented, but this may
be because they have lower prevalence of marijuana use
than other racial/ethnic groups and/or because they have
their own venerable traditions of herbal medicine.

METHODS
These data were drawn from 1,746 consecutive
admissions to nine MM assessment clinics operating in
California in July, August, and September 2006. These
assessment clinics are not dispensaries and are not connected to dispensaries. They were located throughout the
state—in the north and south, coast and central valley,
and large and small cities: Modesto, Oakland, Sacramento,
Hollywood, San Diego, Santa Cruz, Ukiah, San Francisco,
and Santa Rosa. They charged $100 to $125 for an assessment. At the time our sample was drawn, these assessment
clinics had evaluated over 54,000 MM patients. Without
a comprehensive patient database or representative household surveys, there is no way to determine precisely how
representative this sample is of the overall population of
MM patients. Moreover, there is a large albeit unknown
number of people who use marijuana medicinally but who
have not sought physician recommendations or official
patient ID cards, perhaps because of the expense of the
assessment. '
Evaluating physicians interviewed potential patients
and evaluated their patient medical histories for purposes of
recommending MM and issuing patient identification cards
under the Compassionate Use Act and SB 420, The evaluation instruments were (1) a basic patient-administered
medical history questionnaire covering demographics, presenting symptoms or conditions, brief medical history.
Journal of Psychoactive Drugs.
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TABLE 1

TABLE 2

Demographic Characteristics of California Medical
Marijuana Patients Compared to California
Census 2000, Age 18 and Over {n = 1746}

Patient Self-Reports of Therapeutic Benefits from
Medicinal Marijuana*
Percent

Female
Male
White
Latino
African American
Native American
Asian/Pacific Islander
Other
18-24 Years Old
25-34 "
35-44"
45-54 "
55>"
<High School
High School Graduate
Some College
College Graduate>
Employed
Health Insurance

MM
Patients
27.1%
72.9%
61.5%
14.4%
11.8%
4.5%
4.2%
4.3%
17.9%
27.5%
21.3%
20.4%
12.6%
8.8%
42.2%
27.1%
23.8%
64.8%
73.4%

To Relieve:
Pain
Muscle Spasms
Headaches
Anxiety
Nausea/Vomiting
Depression
Cramps
Panic Attacks
Diarrhea
Itching
To Improve:
Sleep
Relaxation
Appetite
Concentration/Focus
Energy
To Prevent:
Medication Side Effects
Anger
Involuntary Movements
Seizures
As Substitute for:
Prescription Medication
Alcohol

U.S. Census
2000-California
50.7%
49.3%
59.5%
32.4%
6.7%
1.0%
11.2%

~17.1%
15.4%
16.2%
12.8%
18.4%

*
*
*
57.5%
*

'Data not available in California Census.

African-Americans, conversely, are over-represented
in this sample. This does not appear to stem from their
prevalence of marijuana use, for representative national
surveys show that Blacks generally do not have significantly higher prevalence of marijuana use than Whites
(SAMHSA 2005). African-Americans may be more likely
to seek MM for any of several reasons: because they
are disproportionately poor, more often lack health insurance, are significantly less likely to be prescribed other
medication for pain (Pletcher et al. 2008) or to receive
treatment for cancer (Gross et al. 2008), and because
African-Americans are a growing proportion of HIV/AIDS
cases. Some of these same reasons may help to explain why
Native Americans are also ovcrrcpresented, although their
proportion of both this sample and the general population
is too small to judge representativeness accurately.
In their medical history questionnaires, patients were
asked "Which of the following best describe the therapeutic benefit you receive from medicinal cannabis? (Check
the most important)." Patients typically reported more than
one therapeutic benefit (mean — 3). Early studies showed
most patients used MM to relieve symptoms of HIV/AIDS
(Woolridge et al. 2005) or cancer, and it is likely that the
majority of patients in our sample who reported "nausea"
were cancer patients receiving chemotherapy. However,
Table 2 suggests that cancer and AIDS patients are now a
Journal of Psychoactive Drugs

82.6
41.1
40.7
.•^7.8

27.7
26.1
19.0
16.9
5.0
2.8

70.7
55.1
37.7
22.9
15.9
22.5
22.4
6.2
3.2
50.9
13.0

*N = 1,745; patients could report more than one benefit in more than
one category.

significantly smaller proportion of the total (e.g., "to relieve
nausea/vomiting" 27.7%, "to improve appetite" 37.7%)
and that the MM patient population has become more
diverse since the Compassionate Use Act was passed in
1996 (cf. Ware, Adams & Guy 2005, on MM use in the
UK, and Grotenherman 2002 on MM use in Germany).
Instead, relief of pain, muscle spasms, headache, and
anxiety, as well as to improve sleep and relaxation were
the most comtnon reasons patients cited for using MM.
Chronic pain also topped the list of maladies for which MM
was used in another California clinical sample (Reiman
2007b).
Table 3 shows the ICD-9 diagnostic codes most frequently recorded by evaluating physicians. Pain from back
and neck injuries was the most frequently coded. This
appears consistent with a nationally representative Medical
Expenditure Panel Survey, which found a 19.3% increase
in the prevalence of spine problems between 1997 and
2005 (Martin et al. 2008). Back and neck pain was followed in frequency by sleep disorders (also increasing),
anxiety/depression, muscle spasms, and arthritis. Fully
half of this sample reported using MM as a substitute
131
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TABLE 3

TABLE 5

Conditions Most Frequentlyr Recorded by
Physicians As Reasons for Approving Medical
Marijuana Patient identification Cards*

Medical Marijuana Patients' Self-Reported
Current Nonmedical Drug Use, Compared to 2006
National Survey on Drug Use And Health
(SAMHSA 2007)

Back/Spine/Neck Pain
Sleep Disorders
Anxiety/Depression
Muscle Spasms
Arthritis
Injuries (Knee, Ankle, Foot)
Joint Disease/Disorders
Narcolepsy
Nausea
Inflamtnation (Spine, Nerve)
Headaches/Migraines
Eating Disorders

Percent
30.6%
15.7%
13.0%
9.5%
8.5%
4.5%
4.4%
3.7%
3.4%
2.9%
2.7%
1.1%

ICD-9 Codes
[722.1-724.2]
[307.42, 327.0]
[300.0,311.0]
[728.85]
[715.0,721.2,721.2]
[959.7]
[716.1-719.49]
[347.0]
[787.02]
[724.4]
[784.0, 346.0, 346.2]
[783.0]

Tobacco
Alcohol
Cocaine
Methamphetatnine
Heroin
Other Opiates

TABLE 4

N
1383
850
633
389
366
338
269
209
208

•N = 1746; patients could report multiple other treatments.

1.9
0.5
0.3
**

Table 6 presents data on patients' medical marijuana
use practices. Amoutits used per week varied from three
grams or less (40.1%) to seven or more grams (23.3%).
Two-thirds (67%) reported using MM daily while onefourth (26%) reported using less than once a week. Half
(52.9%) reported using one or two times per day while one
in ten (10%) reported using three or more times per day.
Patients consumed MM primarily in the evenings (52.3%)
or prior to sleep (56.1%). More than two in five (42.3%)
reported that when they used depended on their medical symptoms. Patients ingested MM predominantly by
smoking (86.1%), although one-fourth (24.4%) reported
ingesting orally and nearly a fourth (21.8%) reported using
a vaporizer. These latter figures suggest that at least some of
the time, many MM patients are choosing modes of ingestion that reduce the perceived risk of harms from smoking
(Tan et al. 2009; Hashibe et al. 2006).

for prescription drugs, consistent with other studies (e.g.,
Reiman 2007a).
Table 4 indicates that the MM patients in the sample
had tried a variety of other treatments, conventional and
alternative, for the conditions for which they were seeking a MM identification card. Four in five (79.3%) reported
having tried other medications prescribed by their physicians (almost half were opiates); about half (48.7%) had
tried physical therapy; over a third (36.3%) had tried chiropractic; nearly one-fourth (22.3%) reported having had
surgery for their condition.
Table 5 compares patient responses to the drug use
questions to those in the 2006 National Survey on Drug
Use and Health (SAMHSA 2007). Prevalence of tobacco
Journal of Psychoactive Drugs

0.3
0.4
0.1
1.2

use was somewhat higher than in the general population, but prevalence of alcohol use was significantly lower.
Many patients reported that they valued MM because it
allowed them to reduce their alcohol use. It is possible that
self-reports on a self-administered instrument will underestimate illicit drug use, particularly if patients felt that
admitting illicit drug use could reduce their chances of
obtaining a MM identification card. Rigorous assessments
of the reliability of such data must await further research,
but limitations aside, these data suggest low prevalence of
other illicit drug use among MM patients. While it is true
that the great majority of our respondents had used marijuana recreationally, in response to a separate question over
two-fifths (41.2%) reported that they had not been using it
recreationally prior to trying it for medicinal purposes.

Other TVeatment Modalities Tried for the Medical
Condition(s) for Which Patients Seek Medical
Marijuana*
%
79.3%
48.7
36.3
22.3
21.0
19.4
15.4
12.0
11.9

NSDUH'
25.0%
61.9

Note: Participants were asked "Do you currently use . . ."; answers
are percent responding "yes." N = 1745; patients could report more
than one drug. Of smokers, 65.5% used ten or less cigarettes/day; of
drinkers, 58.7% used</= one or less drinks/day.
•NSDUH figures for "past month" prevalence used as a proxy for
"current use".
**Data not available in comparable form.

*N = 1746; some patients reported multiple symptoms and/or
conditions.

Prescription Medication
Physical Therapy
Chiropractic
Surgery
Counseling
Acupuncture
Therapeutic Injection
Homeopathy
Other Types of Treatment

M M Patients
29.4%
47.5
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Further Research
Like other medicines, marijuana's therapeutic efficacy
varies across conditions and patient groups. This variation
seems more likely when supplies remain illicit because
standardized dosages or other quality controls are more difficult to achieve. To gain maximum therapeutic potential
across the growing range of conditions for which MM is
being recommended, more systematic research is needed.
Longitudinal, case control, and double-blind studies are
required to rigorously assess marijuana's therapeutic efficacy for specific patient groups, conditions, and diseases.
With regard to shifts in the patient population, it also would
be very useful to have follow-up studies of patients accessing the assessment clinics in our sample and others drawn
from similar assessment clinics.

TABLE 6
Medical Marijuana Use Practices
Frequency of Medical Marijuana Use (N = 1583)^
Daily
67.0%
<Once A Week
26.0%
<Once A Month
7.0%
On Days Used, Frequency per Day (N = 1574)
1 To 2 Times Per Day
52.9%
2 To 3 Times Per Day
29.0%
>3 Times Per Day
10.0%
Time Of Day Typically Used (N = 1745)
Prior To Sleep
56.1%
Evenings
52.3%
Depends on Symptoms
42.3%
Mornings
25.7%
Afternoons
20.1%
After Work
12.4%
6.5%
Middle of the Night
All Day
5.3%
Mode of Ingestion (N = 1745)
Smoke
86.1%
Oral Ingestion
24.4%
Vapor
21.8%
Topical
2.8%
Amount Used per Week (N = 1431)
40.1%
0-3 Grams
4—7 Grams
36.5%
>7 Grams
23.3%

(1065)
(409)
(109)
(833)
(457)
(284)
(979)
(913)
(739)
(448)
(350)
(217)
(114)
(93)

Diversion
Critics have argued that some MM patients are "gaming the system" to get marijuana for nonmedical use.
Neither our data nor any other data we are aware of allow
any clear-cut, empirical estimate of the scale of such diversion. Given the widespread nonmedical use marijuana in
Ihe general population (102,404,000 Americans report lifetime prevalence; see SAMHSA 2010) and the risk of arrest
(847,864 Americans were arrested for marijuana offenses
in 2008, 754,224 or 88.96% of them for possession alone;
EBI 2009), it seems likely that at least some MM patients
use MM dispensaries as sources of supply for nonmedical
use.
Defining and measuring such diversion, however, is
complicated at best. Given the high prevalence of nonmedical use, it is not surprising that most MM patients in our
sample reported having used it recreationally before using
it therapeutically. But as noted above, two-fifths had not
been using marijuana recreationally prior to trying it for
medicinal purposes. Their self-reported rales of other illicit
drug use are slightly lower than those found among the general population, and their levels of educational attainment
and rate of employment are comparable to the California
population. Our data have clear limitations, but they contain no obvious signs that MM patients differ from the
general population.
Nor is drug diversion unique to medical marijuana.
A significant albeit unknown proportion of other patients
obtain prescriptions for numerous drugs through legal
medical channels that they then use for nonmedical purposes, for example, Valium and other benzodiazepines
(Haafkens 1997), Ritalin and other stimulants prescribed
for ADHD, and Oxycontin and other opiates prescribed
for pain.
The diversion issue will likely become more important as the line between medical and nonmedical drug
use is increasingly blurred (Murray, Gaylin & Macklin
1984). Beyond the spread of MM, Prozac and other SSRItype antidepressants, for example, are often prescribed

(1503)
(426)
(380)
(49)
(574)
(523)
(334)

•Total n = 1745, but N's vary across questions because patients could
choose more than one response and because not all responded to each
question.

DISCUSSION
Rediscovery of Medicinal Utility and Diversifying
Patient Population
Compared to earlier studies of MM patients, these data
suggest that the patient population has evolved from mostly
HIV/AIDS and cancer patients to a significantly more
diverse array. The diffusion of marijuana as a medicine
may have been slower than that of other medicines in conventional clinical practice because the flow of information
from physician to patient is impeded by MM's ambiguous
legal status. Thus, information about the potential therapeutic utility of cannabis is spread mostly via word of
mouth and other informal means. This suggests that the
patient population is likely to continue evolving as new
patients and physicians discover the therapeutic uses of
cannabis. Ironically, this trend toward increasing therapeutic uses is bringing marijuana back to the position it
held in the U.S. Pharmacopeia prior to its prohibition in
1937,
Journal of Psychoactive Drugs
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for patients who do not meet DSM criteria for clinical
depression but who simply feel better when taking it. Such
"cosmetic psychopharmacology" (Kramer 1993) is likely
to grow as new psychiatric medications come to market.
The line between medical and nonmedical drug use has
also been blurred by performance enhancing drugs such
as steroids, so-called "smart drugs" that combine vitamins
with psychoactive ingredients, and herbal remedies like ma
huang (ephedra) available in health food stores (Burros &
Jay 1996).
These examples suggest that despite the best intentions
of physicians and law makers, much drug use does not fit
into two neat boxes, medical and nonmedical, but rather
exists on a continuum where one shades into the other as

patients' purposes shift to suit situational exigencies in
their health and their daily lives. It is not clear where a
border line between medical and nonmedical marijuana or
other drug use might be drawn nor how it might be effectively policed (see Reinarman & Levine 1997: 334^4),
NOTE
1, We are grateful to one anonymous reviewer for
pointing out that the cost of these assessments may well
have prevented some potential MM patients—including
many impoverished HIV/AIDS patients—from obtaining
ID cards, which may have affected the demographics of this
sample.

REFERENCES
Abrams, D.; Hilton, J.; Leiser, R.; Shade, S. & Elbeik, T. 2003. Shortterm effects of cannabinoids in patients with HIV-infection. Annals
of Internal Medicine 139 (4): 258-66.
Aiiiancefor Cannabis Therapeutics v. Drug Enforcement Admin. 1994. Í5
F.3d 1131 D.C. Circuit.
American College of Physicians. 2008. Supporting Research into the
Therapeutic Roie of Marijuana: A Position Paper. Available at
http://www.acponline.org/ad vocacy/where_we_stand/other_issues/
medmarijuana.pdf
American Public Heaith Association. 1995. Access to Therapeutic
Marijuana/Cannabis. Available at http.7/www.apha.org/advocacy/
policy/policysearch/default.htm?id=108.
Americans for Safe Access. 2008. Attorney General Guidelines
Signal Victory for California Campaign. http://www.safeaccessnow.
org/articie.php?id=5562.
Blankstein, A. 2009. DEA, FBi, IRS raid two westside pot dispensaries:
Officers shoot a pit bull. Los Angeles Times, Aug. i2. Avaiiable
at http://latimesblogs.latimes.com/lanow/2009/08/dea-fbi-irs-raidstwo-westside-pot-dispensaries-shoots-a-dog.html
Brecher, E.M. and the Editors of Consumer Reports. 1972. Licit and Illicit
Drugs. Boston: Little Brown.
British Medical Association. 1997. Therapeutic Uses of Cannabis,
London: Harwood.
Canadian Medical Association. 2005. Medical Uses of Marijuana,
Available at http://www.cma.ca/index.cfm/ci_id/3396/la_id.htm.
Burros, M. & Jay, S. 1996. Concem is growing over an herb that promises
a legal high. New York Times Apr. 10: Bi.
Charuvastra, A.; Freidmann, PD. & Stein, M.D. 2005. Physician attitudes regarding the prescription of medicai marijuana. Journal of
Addictive Diseases 24 (3): 87-94.
Conant v. Walters. 2002. 309 F. 3d. 629 (Ninth Circuit 2002, cert, denied
Oct. 14,2003).
County of San Diego v. San Diego NORML. 2008. 165 Cai. App. 4th 798,
cert, denied, 556 U.S. _ _ (2009).
Doblin, R. & Kleiman, M. 1991. Marijuana as antiemetic medicine: A
survey of oncologists' experiences and attitudes. Journai of Ciinicai

Gieringer, D. 2002. Medicai use of cannabis: Experience in California, in:
F. Grotenhermen & E. Russo (Eds.) Cannabis and Cannabinoids:
Pharmacology, Toxicology, and Therapeutic Potential. Binghamton,
NY: Haworth.
Grinspoon, L. & Bakalar, J.B. 1993. Marijuana: The Forbidden Medicine.
New Haven, CT: Yale University Press.
Gonzales v. Raich. 2006. 352 F. 3d 1222 (Supreme Court 03-1454,
2006).
Gross, C.R; Smith, B.D.; Wolf, E. & Andersen M. 2008. Racial disparities
in cancer therapy. Cancer 112 (4): 900-08.
Grotenherman, F. 2002. The medical use of cannabis in Germany. Joumal
of Drug Issues 32: 607-34.
Grotenhermen & E. Russo (Eds.) Cannabis and Cannabinoids:
Pharmacology, Toxicology, and Therapeutic Potential. Binghamton,
NY: The Haworth Press.
Haafkens, J. 1997. Rituais of Silence: Long-term Tranquilizer Use by
Women in the Netherlands. Amsterdam: Het Spinhuis: Studies in
Medicai Anthropology and Sociology.
Hall, W.D.; Degenhardt, L.J. & Currow, D. 2001. Allowing the medical
use of cannabis. Medical Journal of Australia Í75(i): 39-40.
Harris, D.; Mendelson, J. E. & Jones, R.T. Í998. A survey of 100 medical
marijuana club members [Abstract]. In: L.S. Harris (Ed.) Problems
of Drug Dependence, 1998: Proceedings of the 60th Annual
Scientific Meeting, the College on Problems of Drug Dependence,
Inc. NiDA Research Monograph Series, #Í79. Rockville, MD: U.S.
Dept of Health and Human Services.
Hashibe, M.; Morgenstern, H.; Cui, Y; Tashicin, D.R; Zhang, Z; Cozen,
W.; Mack, T.M. & Greenland, S. 2006. Marijuana use and the risk of
iung and upper aerodigestive tract cancers: Results of a populationbased case-control study. Cancer Epidemiology, Biomarkers, and
Prevention Í5 (10): i829-34.
Hoge, P 2005. CHP won't confiscate medicai marijuana; Lxjckyer reiterates that Prop. 215 permits usage. San Francisco Chronicie
Aug. 3O:B1.
Institute of Medicine (iOM). i 999. Marijuana as Medicine: Assessing the
Science Base. Washington, DC: National Academy Press.
irvine, G. 2006. Rural doctors' attitudes toward and knowledge of medicinal cannabis. Journal of Law and Medicine 14 (1): 135-42.
Kramer, RD. 1993. Listening to Prozac: A Psychiatrist Explores
Antidepressant Drugs and the Re-making of the Self. New York:
Viking.
L^ehmann, A.; Biackshaw L.A.; Branden, L.; Carisson, A.; Jensen J.;
Nygren, E. & Smid, S.D. 2002. Cannabinoid receptor agonism

Oncology 9(1): Í3Í4-Í9.
Federal Bureau of investigation (FBi). 2009. Crime in America: FBI
Utiiform Crime Reports 2008. Washington, DC: U.S. Department of
Justice. Available at http://www2.fbi.gov/ucr/cius2009/index.html.
Gaoni, Y. & Mechoulam, R. 1964. isolation, structure, and partial synthesis of the active constituent of hashish. Joumal of the American
Chemical Society 86 (8): 1646-1647.

Journal of Psychoactive Drugs

134

Volume 43 (2), April - June 201 i

Reinarman et al.

Who Are Medical Marijuana Patients?

inhibits transient lower esophageal sphincter relaxations and reñux
in dogs. Ga.itroenterology 123 (6): 1129-34.
Martin, B.I.; Deyo, R.A.; Mirza, S.K.; Tumer, J.A.; Comstock, B.A.;
Hollingworth, W. & Sullivan, S.D. 2008. Expendituœs and health
status among adults with back and neck problems. Journal of the
American Medical Association 299 (6): 656-64.
McCarthy, K.T. 2004. Conversations about medical marijuana between
physicians and their patients. Journal of Legal Medicine 25 (3):
333-49.
Mikos, R.A. 2009. On the limits of supremacy: Medical marijuana and the
states' overiooked power to legalize federal crime. Vanderbilt Law
Review 62 (5): 1421-82.
Moore, S. 2009. Dispensers of marijuana find relief in policy shift. New
York Times Mm. 20: A\5.
Murray, T.H.; Gaylin, W. & Macklin, R. 1984. Feeling Good and Doing
Belter: Ethics and Non-therapeutic Drug Use. Clifton, NJ: Humana
Press.
National Organization for the Reform of Marijuana Laws, Califomia
Chapter (NORML). 2007. California Dispensary Locator. Available
at http://www.canorml.org/prop/cbclist.htm).
Nicoll, R. & Alger, B.E. 2004. The brain's own marijuana. Scientific
American December: 60-75.
O'Connell, T.J. & Bou-Matar, C.B. 2007. Long term marijuana
users seeking medical cannabis in California (2001-2007):
Demographics, social characteristics, patterns of cannabis and other
drug use of 4117 applicants. Harm Reduction Journal 4: 16.
Oregon Department of Human Services. 2008. Oregon Medical
Marijuana Program Statistics. Available at http://oregon.gov/
DHS/ph/ommp/data.shtml.
Pletcher, M.J.; Kertesz, S.G.; Kohn, M.A. & Gonzales, R. 2008. Trends
in opioid prescribing by race/ethnicity for patients seeking care
in U.S. emergency departments. Journal of the American Medical
Association 299 (1): 70-78.
Reiman, A. 2007a. Medical cannabis patients: Patient profiles and health
care utilization pattems. Complementary Health Practice Review 12
(I): 31-50.
Reiman, A. 2007b. Self-efficacy, social support and service integration
at medical cannabis facilities in the San Francisco Bay Area of
Califomia. Health andSocial

Journal of P.iychoactive Drugs

Reinarman, C. & Levine, H.G. (Eds.) 1997. Crack In America: Demon
Drugs and Social Justice. Berkeley: University of Califomia
Press.
Samuels, D. 2008. Dr. Kush: How medical marijuana is transforming the
pot industry. New Yorker July 28: 49-62.
San Francisco Chronicle. 1996. State propositions. San Francisco
Chronicle Nov. 7. A9.
Substance Abuse and Mental Health Services Administration
(SAMHSA), Office of Applied Studies. 2010. Results from the
2008 National Survey on Drug Use and Health: National Findings,
Table 1.24A. Rockville, MD: SAMHSA. Available at: http://
www.oas.samhsa.gov/nsduh/2k6nsduh/tabs/Sect 1 peTabs24to28.pdf
Substance Abuse and Mental Health Services Administration, Office
of Applied Statistics (SAMHSA). 2007. Results from the 2006
National Survey on Drug Use and Health: National Findings.
Washington, DC: U.S. Dept. of Health and Human Services.
Substance Abuse and Mental Health Services Administration, Office of
Applied Statistics (SAMHSA). 2005. Table I.80B, Marijuana use
in lifetime, past year, and past month among persons aged 18-25
by racial/ethnic subgroup. In: National Survey on Drug Use and
Health: Detailed Tables. Washington, DC: U.S. Department of
Health and Human Services.
Tan, W.C; Lo, C ; Jong, A.; Xing, L.; Fitzgerald, M.J.; Vollmer, W.M.;
Buist, S.A. & Sin, D.D. 2009. Marijuana and chronic obstructive lung disease: A population-based study. Canadian Medical
Association Journal 180 (8): 814-20.
U.S. Œnsus Bureau. 2007. Population estimates. Available at
http://www.census.gov/popest/states/NST-ann-est2007.html
Ware, M.A.; Adams, H. & Guy, G.W. 2005. The medicinal use of cannabis
in the UK: Results of a nationwide survey. Journal of Clinical
Practice 59 0): 291-95.
Woolrldge, E.; Barton, S.; Samuel, J.; Osorio, J.; Dougherty A. &
Holdcroft A. 2005. Cannabis use in HIV for pain and other medical symptoms. Journal of Pain and Symptom Management 29 (4):
358-67.
Zeese, K.B. 1999. History of medical marijuana policy in US.
International Journal of Drug Policy 10: 319-28.

Care in the Community 16 (I): 31-41.

135

Volutne 43 (2), April - June 2011

Copyright of Journal of Psychoactive Drugs is the property of Haight Ashbury Publications and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.

BJP

British Journal of
Pharmacology

DOI:10.1111/j.1476-5381.2011.01238.x
www.brjpharmacol.org

Themed Issue: Cannabinoids in Biology and Medicine, Part I

REVIEW

bph_1238

Correspondence
Ethan Russo, MD, 20402 81st
Avenue SW, Vashon, WA 98070,
USA. E-mail:
ethanrusso@comcast.net

1344..1364

Taming THC: potential
cannabis synergy and
phytocannabinoid-terpenoid
entourage effects

----------------------------------------------------------------

Keywords
cannabinoids; terpenoids;
essential oils; THC; CBD;
limonene; pinene; linalool;
caryophyllene; phytotherapy
----------------------------------------------------------------

Received
19 November 2010

Revised
29 December 2010

Accepted
12 January 2011

Ethan B Russo
GW Pharmaceuticals, Salisbury, Wiltshire, UK

Tetrahydrocannabinol (THC) has been the primary focus of cannabis research since 1964, when Raphael Mechoulam isolated
and synthesized it. More recently, the synergistic contributions of cannabidiol to cannabis pharmacology and analgesia
have been scientifically demonstrated. Other phytocannabinoids, including tetrahydrocannabivarin, cannabigerol and
cannabichromene, exert additional effects of therapeutic interest. Innovative conventional plant breeding has yielded cannabis
chemotypes expressing high titres of each component for future study. This review will explore another echelon of
phytotherapeutic agents, the cannabis terpenoids: limonene, myrcene, a-pinene, linalool, b-caryophyllene, caryophyllene
oxide, nerolidol and phytol. Terpenoids share a precursor with phytocannabinoids, and are all flavour and fragrance
components common to human diets that have been designated Generally Recognized as Safe by the US Food and Drug
Administration and other regulatory agencies. Terpenoids are quite potent, and affect animal and even human behaviour
when inhaled from ambient air at serum levels in the single digits ng·mL-1. They display unique therapeutic effects that may
contribute meaningfully to the entourage effects of cannabis-based medicinal extracts. Particular focus will be placed on
phytocannabinoid-terpenoid interactions that could produce synergy with respect to treatment of pain, inflammation,
depression, anxiety, addiction, epilepsy, cancer, fungal and bacterial infections (including methicillin-resistant Staphylococcus
aureus). Scientific evidence is presented for non-cannabinoid plant components as putative antidotes to intoxicating effects of
THC that could increase its therapeutic index. Methods for investigating entourage effects in future experiments will be
proposed. Phytocannabinoid-terpenoid synergy, if proven, increases the likelihood that an extensive pipeline of new
therapeutic products is possible from this venerable plant.
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Phytocannabinoid-terpenoid entourage effects

The roots of cannabis synergy
Cannabis has been a medicinal plant of unparalleled versatility for millennia (Mechoulam, 1986; Russo, 2007; 2008),
but whose mechanisms of action were an unsolved mystery
until the discovery of tetrahydrocannabinol (THC) (Gaoni
and Mechoulam, 1964a), the first cannabinoid receptor, CB1
(Devane et al., 1988), and the endocannabinoids, anandamide (arachidonoylethanolamide, AEA) (Devane et al., 1992)
and 2-arachidonoylglycerol (2-AG) (Mechoulam et al., 1995;
Sugiura et al., 1995). While a host of phytocannabinoids were
discovered in the 1960s: cannabidiol (CBD) (Mechoulam and
Shvo, 1963), cannabigerol (CBG) (Gaoni and Mechoulam,
1964b), cannabichromene (CBC) (Gaoni and Mechoulam,
1966), cannabidivarin (CBDV) (Vollner et al., 1969) and
tetrahydrocannabivarin (THCV) (Gill et al., 1970), the
overwhelming preponderance of research focused on psychoactive THC. Only recently has renewed interest been manifest
in THC analogues, while other key components of the activity of cannabis and its extracts, the cannabis terpenoids,
remain understudied (McPartland and Russo, 2001b;
Russo and McPartland, 2003). The current review will reconsider essential oil (EO) agents, their peculiar pharmacology
and possible therapeutic interactions with phytocannabinoids. Nomenclature follows conventions in Alexander et al.
(2009).
Phytocannabinoids and terpenoids are synthesized in
cannabis, in secretory cells inside glandular trichomes
(Figure 1) that are most highly concentrated in unfertilized
female flowers prior to senescence (Potter, 2004; Potter,
2009). Geranyl pyrophosphate is formed as a precursor via
the deoxyxylulose pathway in cannabis (Fellermeier et al.,
2001), and is a parent compound to both phytocannabinoids
and terpenoids (Figure 2). After coupling with either olivetolic acid or divarinic acid, pentyl or propyl cannabinoid
acids are produced, respectively, via enzymes that accept
either substrate (de Meijer et al., 2003), a manifestation
of Mechoulam’s postulated ‘Nature’s Law of Stinginess’.
Although having important biochemical properties in their
own right, acid forms of phytocannabinoids are most commonly decarboxylated via heat to produce the more familiar
neutral phytocannabinoids (Table 1). Alternatively, geranyl

Figure 1
Cannabis capitate glandular (EBR by permission of Bedrocan BV,
Netherlands).
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pyrophosphate may form limonene and other monoterpenoids in secretory cell plastids, or couple with isopentenyl
pyrophosphate in the cytoplasm to form farnesyl pyrophosphate, parent compound to the sesquiterpenoids, that
co-localizes with transient receptor potential vanilloid receptor (TRPV) 1 in human dorsal root ganglion, suggesting a role
in sensory processing of noxious stimuli (Bradshaw et al.,
2009), and which is the most potent endogenous ligand to
date on the G-protein coupled receptor (GPR) 92 (Oh et al.,
2008).
An obvious question pertains to the chemical ecology of
such syntheses that require obvious metabolic demands on
the plant (Gershenzon, 1994), and these will be considered.
Is cannabis merely a crude vehicle for delivery of THC?
Might it rather display herbal synergy (Williamson, 2001)
encompassing potentiation of activity by active or inactive
components, antagonism (evidenced by the ability of CBD to
reduce side effects of THC; Russo and Guy, 2006), summation,
pharmacokinetic and metabolic interactions? Recently, four
basic mechanisms of synergy have been proposed (Wagner
and Ulrich-Merzenich, 2009): (i) multi-target effects; (ii) pharmacokinetic effects such as improved solubility or bioavailability; (iii) agent interactions affecting bacterial resistance;
and (iv) modulation of adverse events. Cannabis was cited as
an illustration.
Could phytocannabinoids function analogously to the
endocannabinoid system (ECS) with its combination of
active and ‘inactive’ synergists, first described as an entourage
(Ben-Shabat et al., 1998), with subsequent refinement
(Mechoulam and Ben-Shabat, 1999) and qualification
(p. 136): ‘This type of synergism may play a role in the widely
held (but not experimentally based) view that in some cases
plants are better drugs than the natural products isolated
from them’. Support derives from studies in which cannabis
extracts demonstrated effects two to four times greater than
THC (Carlini et al., 1974); unidentified THC antagonists and
synergists were claimed (Fairbairn and Pickens, 1981), anticonvulsant activity was observed beyond the cannabinoid
fraction (Wilkinson et al., 2003), and extracts of THC and
CBD modulated effects in hippocampal neurones distinctly
from pure compounds (Ryan et al., 2006). Older literature
also presented refutations: no observed differences were
noted by humans ingesting or smoking pure THC versus
herbal cannabis (Wachtel et al., 2002); pure THC seemed to
account for all tetrad-type effects in mice (Varvel et al., 2005);
and smoked cannabis with varying CBD or CBC content
failed to yield subjective differences combined with THC (Ilan
et al., 2005). Explanations include that the cannabis
employed by Wachtel yielded 2.11% THC, but with only
0.3% cannabinol (CBN) and 0.05% CBD (Russo and McPartland, 2003), and Ilan’s admission that CBN and CBD content
might be too low to modulate THC. Another factor is apparent in that terpenoid yields from vaporization of street cannabis were 4.3–8.5 times of those from US National Institute
on Drug Abuse cannabis (Bloor et al., 2008). It is undisputed
that the black market cannabis in the UK (Potter et al., 2008),
Continental Europe (King et al., 2005) and the USA (Mehmedic et al., 2010) has become almost exclusively a high-THC
preparation to the almost total exclusion of other phytocannabinoids. If – as many consumers and experts maintain
(Clarke, 2010) – there are biochemical, pharmacological and
British Journal of Pharmacology (2011) 163 1344–1364
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Figure 2
Phytocannabinoid and cannabis terpenoid biosynthesis.

phenomenological distinctions between available cannabis
‘strains’, such phenomena are most likely related to relative
terpenoid contents and ratios. This treatise will assess additional evidence for putative synergistic phytocannabinoidterpenoid effects exclusive of THC, to ascertain whether this
botanical may fulfil its promise as, ‘a neglected pharmacological treasure trove’ (Mechoulam, 2005).

Phytocannabinoids, beyond THC:
a brief survey
Phytocannabinoids are exclusively produced in cannabis
(vide infra for exception), but their evolutionary and ecological raisons d’être were obscure until recently. THC production is maximized with increased light energy (Potter,
2009). It has been known for some time that CBG and CBC
are mildly antifungal (ElSohly et al., 1982), as are THC and
CBD against a cannabis pathogen (McPartland, 1984). More
pertinent, however, is the mechanical stickiness of the
trichomes, capable of trapping insects with all six legs
1346 British Journal of Pharmacology (2011) 163 1344–1364

(Potter, 2009). Tetrahydrocannabinolic acid (THCA) and
cannabichromenic acid (Morimoto et al., 2007), as well as
cannabidiolic acid and cannabigerolic acid (CBGA; Shoyama
et al., 2008) produce necrosis in plant cells. Normally, the
cannabinoid acids are sequestered in trichomes away from
the flower tissues. Any trichome breakage at senescence may
contribute to natural pruning of lower fan leaves that otherwise utilize energy that the plant preferentially diverts to
the flower, in continued efforts to affect fertilization, generally in vain when subject to human horticulture for pharmaceutical production. THCA and CBGA have also proven
to be insecticidal in their own right (Sirikantaramas et al.,
2005).
Over 100 phytocannabinoids have been identified (Brenneisen, 2007; Mehmedic et al., 2010), but many are artefacts
of analysis or are produced in trace quantities that have not
permitted thorough investigation. The pharmacology of the
more accessible phytocannabinoids has received excellent
recent reviews (Pertwee et al., 2007; Izzo et al., 2009; De Petrocellis and Di Marzo, 2010; De Petrocellis et al., 2011), and
will be summarized here, with emphasis on activities with
particular synergistic potential.

Phytocannabinoid-terpenoid entourage effects
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Table 1
Phytocannabinoid activity table

Phytocannabinoid structure

OH

O

delta-9-tetrahydrocannabinol (THC)

OH

OH

cannabidiol
OH

Selected pharmacology (reference)

Synergistic terpenoids

Analgesic via CB1 and CB2 (Rahn and Hohmann, 2009)

Various

AI/antioxidant (Hampson et al., 1998)

Limonene et al.

Bronchodilatory (Williams et al., 1976)

Pinene

↓ Sx. Alzheimer disease (Volicer et al., 1997; Eubanks et al., 2006)

Limonene, pinene, linalool

Benefit on duodenal ulcers (Douthwaite, 1947)

Caryophyllene, limonene

Muscle relaxant (Kavia et al., 2010)

Linalool?

Antipruritic, cholestatic jaundice (Neff et al., 2002)

Caryophyllene?

AI/antioxidant (Hampson et al., 1998)

Limonene et al.

Anti-anxiety via 5-HT1A (Russo et al., 2005)

Linalool, limonene

Anticonvulsant (Jones et al., 2010)

Linalool

Cytotoxic versus breast cancer (Ligresti et al., 2006)

Limonene

↑ adenosine A2A signalling (Carrier et al., 2006)

Linalool

Effective versus MRSA (Appendino et al., 2008)

Pinene

Decreases sebum/sebocytes (Biro et al., 2009)

Pinene, limonene, linalool

Treatment of addiction (see text)

Caryophyllene

Anti-inflammatory/analgesic (Davis and Hatoum, 1983)

Various

Antifungal (ElSohly et al., 1982)

Caryophyllene oxide

AEA uptake inhibitor (De Petrocellis et al., 2011)

–

Antidepressant in rodent model (Deyo and Musty, 2003)

Limonene

TRPM8 antagonist prostate cancer (De Petrocellis et al., 2011)

Cannabis terpenoids

GABA uptake inhibitor (Banerjee et al., 1975)

Phytol, linalool

O

cannabichromene
OH

HO

cannabigerol

Anti-fungal (ElSohly et al., 1982)

Caryophyllene oxide

Antidepressant rodent model (Musty and Deyo, 2006); and via
5-HT1A antagonism (Cascio et al., 2010)

Limonene

Analgesic, a-2 adrenergic blockade (Cascio et al., 2010)

Various

↓ keratinocytes in psoriasis (Wilkinson and Williamson, 2007)

adjunctive role?

Effective versus MRSA (Appendino et al., 2008)

Pinene

AI/anti-hyperalgesic (Bolognini et al., 2010)

Caryophyllene et al. . . .

Treatment of metabolic syndrome (Cawthorne et al., 2007)

–

Anticonvulsant (Hill et al., 2010)

Linalool

Inhibits diacylglycerol lipase (De Petrocellis et al., 2011)

–

Anticonvulsant in hippocampus (Hill et al., 2010)

Linalool

Sedative (Musty et al., 1976)

Nerolidol, myrcene

Effective versus MRSA (Appendino et al., 2008)

Pinene

TRPV2 agonist for burns (Qin et al., 2008)

Linalool

↓ keratinocytes in psoriasis (Wilkinson and Williamson, 2007)

adjunctive role?

↓ breast cancer resistance protein (Holland et al., 2008)

Limonene

OH

O

tetrahydrocannabivarin

OH

OH

cannabidivarin

OH

O

cannabinol (CBN)

5-HT, 5-hydroxytryptamine (serotonin); AEA, arachidonoylethanolamide (anandamide); AI, anti-inflammatory; CB1/CB2, cannabinoid receptor 1 or 2; GABA, gamma
aminobutyric acid; TRPV, transient receptor potential vanilloid receptor; MRSA, methicillin-resistant Staphylococcus aureus; Sx, symptoms.
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THC (Table 1) is the most common phytocannabinoid in
cannabis drug chemotypes, and is produced in the plant via
an allele co-dominant with CBD (de Meijer et al., 2003). THC
is a partial agonist at CB1 and cannabinoid receptor 2 (CB2)
analogous to AEA, and underlying many of its activities as a
psychoactive agent, analgesic, muscle relaxant and antispasmodic (Pacher et al., 2006). Additionally, it is a bronchodilator (Williams et al., 1976), neuroprotective antioxidant
(Hampson et al., 1998), antipruritic agent in cholestatic jaundice (Neff et al., 2002) and has 20 times the antiinflammatory power of aspirin and twice that of
hydrocortisone (Evans, 1991). THC is likely to avoid potential
pitfalls of either COX-1 or COX-2 inhibition, as such activity
is only noted at concentrations far above those attained
therapeutically (Stott et al., 2005).
CBD is the most common phytocannabinoid in fibre
(hemp) plants, and second most prevalent in some drug
chemotypes. It has proven extremely versatile pharmacologically (Table 1) (Pertwee, 2004; Mechoulam et al., 2007), displaying the unusual ability to antagonize CB1 at a low nM
level in the presence of THC, despite having little binding
affinity (Thomas et al., 2007), and supporting its modulatory
effect on THC-associated adverse events such as anxiety,
tachycardia, hunger and sedation in rats and humans
(Nicholson et al., 2004; Murillo-Rodriguez et al., 2006; Russo
and Guy, 2006). CBD is an analgesic (Costa et al., 2007), is a
neuroprotective antioxidant more potent than ascorbate or
tocopherol (Hampson et al., 1998), without COX inhibition
(Stott et al., 2005), acts as a TRPV1 agonist analogous to
capsaicin but without noxious effect (Bisogno et al., 2001),
while also inhibiting uptake of AEA and weakly inhibiting its
hydrolysis. CBD is an antagonist on GPR55, and also on
GPR18, possibly supporting a therapeutic role in disorders of
cell migration, notably endometriosis (McHugh et al., 2010).
CBD is anticonvulsant (Carlini and Cunha, 1981; Jones et al.,
2010), anti-nausea (Parker et al., 2002), cytotoxic in breast
cancer (Ligresti et al., 2006) and many other cell lines while
being cyto-preservative for normal cells (Parolaro and Massi,
2008), antagonizes tumour necrosis factor-alpha (TNF-a) in a
rodent model of rheumatoid arthritis (Malfait et al., 2000),
enhances adenosine receptor A2A signalling via inhibition of
an adenosine transporter (Carrier et al., 2006), and prevents
prion accumulation and neuronal toxicity (Dirikoc et al.,
2007). A CBD extract showed greater anti-hyperalgesia over
pure compound in a rat model with decreased allodynia,
improved thermal perception and nerve growth factor levels
and decreased oxidative damage (Comelli et al., 2009). CBD
also displayed powerful activity against methicillin-resistant
Staphylococcus aureus (MRSA), with a minimum inhibitory
concentration (MIC) of 0.5–2 mg·mL-1 (Appendino et al.,
2008). In 2005, it was demonstrated that CBD has agonistic
activity at 5-hydroxytryptamine (5-HT)1A at 16 mM (Russo
et al., 2005), and that despite the high concentration, may
underlie its anti-anxiety activity (Resstel et al., 2009; Soares
Vde et al., 2010), reduction of stroke risk (Mishima et al.,
2005), anti-nausea effects (Rock et al., 2009) and ability to
affect improvement in cognition in a mouse model of hepatic
encephalopathy (Magen et al., 2009). A recent study has demonstrated that CBD 30 mg·kg-1 i.p. reduced immobility time
in the forced swim test compared to imipramine (P < 0.01), an
effect blocked by pre-treatment with the 5-HT1A antagonist
1348 British Journal of Pharmacology (2011) 163 1344–1364

WAY100635 (Zanelati et al., 2010), supporting a prospective
role for CBD as an antidepressant. CBD also inhibits synthesis
of lipids in sebocytes, and produces apoptosis at higher doses
in a model of acne (vide infra). One example of CBD antagonism to THC would be the recent observation of lymphopenia in rats (CBD 5 mg·kg-1) mediated by possible CB2 inverse
agonism (Ignatowska-Jankowska et al., 2009), an effect not
reported in humans even at doses of pure CBD up to 800 mg
(Crippa et al., 2010), possibly due to marked interspecies
differences in CB2 sequences and signal transduction. CBD
proved to be a critical factor in the ability of nabiximols
oromucosal extract in successfully treating intractable cancer
pain patients unresponsive to opioids (30% reduction in pain
from baseline), as a high-THC extract devoid of CBD failed to
distinguish from placebo (Johnson et al., 2010). This may
represent true synergy if the THC–CBD combination were
shown to provide a larger effect than a summation of those
from the compounds separately (Berenbaum, 1989).
CBC (Table 1) was inactive on adenylate cyclase inhibition (Howlett, 1987), but showed activity in the mouse cannabinoid tetrad, but only at 100 mg·kg-1, and at a fraction of
THC activity, via a non-CB1, non-CB2 mechanism (Delong
et al., 2010). More pertinent are anti-inflammatory (Wirth
et al., 1980) and analgesic activity (Davis and Hatoum, 1983),
its ability to reduce THC intoxication in mice (Hatoum et al.,
1981), antibiotic and antifungal effects (ElSohly et al., 1982),
and observed cytotoxicity in cancer cell lines (Ligresti et al.,
2006). A CBC-extract displayed pronounced antidepressant
effect in rodent models (Deyo and Musty, 2003). Additionally,
CBC was comparable to mustard oil in stimulating TRPA1mediated Ca++ in human embryonic kidney 293 cells (50–
60 nM) (De Petrocellis et al., 2008). CBC recently proved to be
a strong AEA uptake inhibitor (De Petrocellis et al., 2011).
CBC production is normally maximal, earlier in the plant’s
life cycle (de Meijer et al., 2009a). An innovative technique
employing cold water extraction of immature leaf matter
from selectively bred cannabis chemotypes yields a high-CBC
‘enriched trichome preparation’ (Potter, 2009).
CBG (Table 1), the parent phytocannabinoid compound,
has a relatively weak partial agonistic effect at CB1 (Ki
440 nM) and CB2 (Ki 337 nM) (Gauson et al., 2007). Older
work supports gamma aminobutyric acid (GABA) uptake
inhibition greater than THC or CBD (Banerjee et al., 1975)
that could suggest muscle relaxant properties. Analgesic and
anti-erythemic effects and the ability to block lipooxygenase
were said to surpass those of THC (Evans, 1991). CBG demonstrated modest antifungal effects (ElSohly et al., 1982).
More recently, it proved to be an effective cytotoxic in high
dosage on human epithelioid carcinoma (Baek et al., 1998), is
the next most effective phytocannabinoid against breast
cancer after CBD (Ligresti et al., 2006), is an antidepressant in
the rodent tail suspension model (Musty and Deyo, 2006)
and is a mildly anti-hypertensive agent (Maor et al., 2006).
Additionally, CBG inhibits keratinocyte proliferation suggesting utility in psoriasis (Wilkinson and Williamson, 2007), it is
a relatively potent TRPM8 antagonist for possible application
in prostate cancer (De Petrocellis and Di Marzo, 2010) and
detrusor over-activity and bladder pain (Mukerji et al., 2006).
It is a strong AEA uptake inhibitor (De Petrocellis et al., 2011)
and a powerful agent against MRSA (Appendino et al., 2008;
vide infra). Finally, CBG behaves as a potent a-2 adrenorecep-
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tor agonist, supporting analgesic effects previously noted
(Formukong et al., 1988), and moderate 5-HT1A antagonist
suggesting antidepressant properties (Cascio et al., 2010).
Normally, CBG appears as a relatively low concentration
intermediate in the plant, but recent breeding work has
yielded cannabis chemotypes lacking in downstream
enzymes that express 100% of their phytocannabinoid
content as CBG (de Meijer and Hammond, 2005; de Meijer
et al., 2009a).
THCV (Table 1) is a propyl analogue of THC, and can
modulate intoxication of the latter, displaying 25% of its
potency in early testing (Gill et al., 1970; Hollister, 1974). A
recrudescence of interest accrues to this compound, which is
a CB1 antagonist at lower doses (Thomas et al., 2005), but is a
CB1 agonist at higher doses (Pertwee, 2008). THCV produces
weight loss, decreased body fat and serum leptin concentrations with increased energy expenditure in obese mice
(Cawthorne et al., 2007; Riedel et al., 2009). THCV also demonstrates prominent anticonvulsant properties in rodent cerebellum and pyriform cortex (Hill et al., 2010). THCV appears
as a fractional component of many southern African cannabis chemotypes, although plants highly predominant in
this agent have been produced (de Meijer, 2004). THCV
recently demonstrated a CB2-based ability to suppress
carageenan-induced hyperalgesia and inflammation, and
both phases of formalin-induced pain behaviour via CB1 and
CB2 in mice (Bolognini et al., 2010).
CBDV (Table 1), the propyl analogue of CBD, was first
isolated in 1969 (Vollner et al., 1969), but formerly received
little investigation. Pure CBDV inhibits diacylglycerol lipase
[50% inhibitory concentration (IC50) 16.6 mM] and might
decrease activity of its product, the endocannabinoid, 2-AG
(De Petrocellis et al., 2011). It is also anticonvulsant in rodent
hippocampal brain slices, comparable to phenobarbitone and
felbamate (Jones et al., 2010).
Finally, CBN is a non-enzymatic oxidative by-product of
THC, more prominent in aged cannabis samples (Merzouki
and Mesa, 2002). It has a lower affinity for CB1 (Ki 211.2 nM)
and CB2 (Ki 126.4 nM) (Rhee et al., 1997); and was judged
inactive when tested alone in human volunteers, but produced greater sedation combined with THC (Musty et al.,
1976). CBN demonstrated anticonvulsant (Turner et al.,
1980), anti-inflammatory (Evans, 1991) and potent effects
against MRSA (MIC 1 mg·mL-1). CBN is a TRPV2 (highthreshold thermosensor) agonist (EC 77.7 mM) of possible
interest in treatment of burns (Qin et al., 2008). Like CBG, it
inhibits keratinocyte proliferation (Wilkinson and Williamson, 2007), independently of cannabinoid receptor effects.
CBN stimulates the recruitment of quiescent mesenchymal
stem cells in marrow (10 mM), suggesting promotion of bone
formation (Scutt and Williamson, 2007) and inhibits breast
cancer resistance protein, albeit at a very high concentration
(IC50 145 mM) (Holland et al., 2008).

Cannabis terpenoids: neglected
entourage compounds?
Terpenoids are EO components, previously conceived as the
quintessential fifth element, ‘life force’ or spirit (Schmidt,
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2010), and form the largest group of plant chemicals, with
15–20 000 fully characterized (Langenheim, 1994). Terpenoids, not cannabinoids, are responsible for the aroma of
cannabis. Over 200 have been reported in the plant (Hendriks
et al., 1975; 1977; Malingre et al., 1975; Davalos et al., 1977;
Ross and ElSohly, 1996; Mediavilla and Steinemann, 1997;
Rothschild et al., 2005; Brenneisen, 2007), but only a few
studies have concentrated on their pharmacology (McPartland and Pruitt, 1999; McPartland and Mediavilla, 2001a;
McPartland and Russo, 2001b). Their yield is less than 1% in
most cannabis assays, but they may represent 10% of trichome content (Potter, 2009). Monoterpenes usually predominate (limonene, myrcene, pinene), but these headspace
volatiles (Hood et al., 1973), while only lost at a rate of about
5% before processing (Gershenzon, 1994), do suffer diminished yields with drying and storage (Turner et al., 1980; Ross
and ElSohly, 1996), resulting in a higher relative proportion
of sesquiterpenoids (especially caryophyllene), as also often
occurs in extracts. A ‘phytochemical polymorphism’ seems
operative in the plant (Franz and Novak, 2010), as production
favours agents such as limonene and pinene in flowers that
are repellent to insects (Nerio et al., 2010), while lower fan
leaves express higher concentrations of bitter sesquiterpenoids that act as anti-feedants for grazing animals (Potter,
2009). Evolutionarily, terpenoids seem to occur in complex
and variable mixtures with marked structural diversity to
serve various ecological roles. Terpenoid composition is
under genetic control (Langenheim, 1994), and some
enzymes produce multiple products, again supporting
Mechoulam’s ‘Law of Stinginess’. The particular mixture of
mono- and sesquiterpenoids will determine viscosity, and in
cannabis, this certainly is leveraged to practical advantage as
the notable stickiness of cannabis exudations traps insects
(McPartland et al., 2000), and thus, combined with the insecticidal phytocannabinoid acids (Sirikantaramas et al., 2005),
provides a synergistic mechano-chemical defensive strategy
versus predators.
As observed for cannabinoids, terpenoid production
increases with light exposure, but decreases with soil fertility
(Langenheim, 1994), and this is supported by the glasshouse
experience that demonstrates higher yields if plants experience relative nitrogen lack just prior to harvest (Potter, 2004),
favouring floral over foliar growth. EO composition is much
more genetically than environmentally determined, however
(Franz and Novak, 2010), and while cannabis is allogamous
and normally requires repeat selective breeding for maintenance of quality, this problem may be practically circumvented by vegetative propagation of high-performance plants
under controlled environmental conditions (light, heat and
humidity) (Potter, 2009), and such techniques have proven to
provide notable consistency to tight tolerances as Good
Manufacturing Practice for any pharmaceutical would require
(Fischedick et al., 2010).
The European Pharmacopoeia, Sixth Edition (2007), lists 28
EOs (Pauli and Schilcher, 2010). Terpenoids are pharmacologically versatile: they are lipophilic, interact with cell membranes, neuronal and muscle ion channels, neurotransmitter
receptors, G-protein coupled (odorant) receptors, second
messenger systems and enzymes (Bowles, 2003; Buchbauer,
2010). All the terpenoids discussed herein are Generally Recognized as Safe, as attested by the US Food and Drug AdminBritish Journal of Pharmacology (2011) 163 1344–1364
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istration as food additives, or by the Food and Extract
Manufacturers Association and other world regulatory
bodies. Germane is the observation (Adams and Taylor, 2010)
(p. 193), ‘With a high degree of confidence one may presume
that EOs derived from food are likely to be safe’. Additionally,
all the current entries are non-sensitizing to skin when fresh
(Tisserand and Balacs, 1995; Adams and Taylor, 2010), but
may cause allergic reactions at very low rates when oxidized
(Matura et al., 2005). For additional pharmacological data on
other common cannabis terpenoids not discussed herein
(1,8-cineole, also known as eucalyptol, pulegone, a-terpineol,
terpineol-4-ol, r-cymene, borneol and D-3-carene), please see
McPartland and Russo (2001b).
Are cannabis terpenoids actually relevant to the effects of
cannabis? Terpenoid components in concentrations above
0.05% are considered of pharmacological interest (Adams and
Taylor, 2010). Animal studies are certainly supportive (Buchbauer et al., 1993). Mice exposed to terpenoid odours inhaled
from ambient air for 1 h demonstrated profound effects on
activity levels, suggesting a direct pharmacological effect on
the brain, even at extremely low serum concentrations
(examples: linalool with 73% reduction in motility at
4.22 ng·mL-1, pinene 13.77% increase at trace concentration,
terpineol 45% reduction at 4.7 ng·mL-1). These levels are
comparable to those of THC measured in humans receiving
cannabis extracts yielding therapeutic effects in pain, or
symptoms of multiple sclerosis in various randomized controlled trials (RCTs) (Russo, 2006; Huestis, 2007). Positive
effects at undetectable serum concentrations with orange terpenes (primarily limonene, 35.25% increase in mouse activity), could be explainable on the basis of rapid redistribution
and concentration in lipophilic cerebral structures. A similar
rationale pertains to human studies (Komori et al., 1995),
subsequently discussed. Limonene is highly bioavailable with
70% human pulmonary uptake (Falk-Filipsson et al., 1993),
and a figure of 60% for pinene with rapid metabolism or
redistribution (Falk et al., 1990). Ingestion and percutaneous
absorption is also well documented in humans (Jäger et al.,
1992): 1500 mg of lavender EO with 24.7% linalool (total
372 mg) was massaged into the skin of a 60 kg man for
10 min, resulting in a peak plasma concentration of
100 ng·mL-1 at 19 min, and a half-life of 13.76 min in serum
(Jäger et al., 1992). EO mixtures (including limonene and
pinene) also increase permeation of estradiol through mouse
skin (Monti et al., 2002).
Government-approved cannabis supplied to patients in
national programmes in the Netherlands and Canada is
gamma-irradiated to sterilize coliform bacteria, but the safety
of this technique for a smoked and inhaled product has never
been specifically tested. Gamma-radiation significantly
reduced linalool titres in fresh cilantro (Fan and Sokorai,
2002), and myrcene and linalool in orange juice (Fan and
Gates, 2001).
D-limonene, common to the lemon and other citrus EOs
(Table 2), is the second most widely distributed terpenoid in
nature (Noma and Asakawa, 2010), and is the precursor to
other monoterpenoids (Figure 2) through species-specific
synthetic schemes. Unfortunately, these pathways have not
yet been investigated in cannabis. The ubiquity of limonene
serves, perhaps, as a demonstration of convergent evolution
that supports an important ecological role for this monoter1350 British Journal of Pharmacology (2011) 163 1344–1364

pene. Studies with varying methodology and dosing in citrus
oils in mice suggest it to be a powerful anxiolytic agent
(Carvalho-Freitas and Costa, 2002; Pultrini Ade et al., 2006),
with one EO increasing serotonin in the prefrontal cortex,
and dopamine (DA) in hippocampus mediated via 5-HT1A
(Komiya et al., 2006). Compelling confirmatory evidence in
humans was provided in a clinical study (Komori et al., 1995),
in which hospitalized depressed patients were exposed to
citrus fragrance in ambient air, with subsequent normalization of Hamilton Depression Scores, successful discontinuation of antidepressant medication in 9/12 patients and serum
evidence of immune stimulation (CD4/8 ratio normalization). Limonene also produces apoptosis of breast cancer
cells, and was employed at high doses in Phase II RCTs
(Vigushin et al., 1998). Subsequent investigation in cancer
treatment has centred on its immediate hepatic metabolite,
perillic acid, which demonstrates anti-stress effects in rat
brain (Fukumoto et al., 2008). A patent has been submitted,
claiming that limonene effectively treats gastro-oesophageal
reflux (Harris, 2010). Citrus EOs containing limonene proved
effective against dermatophytes (Sanguinetti et al., 2007;
Singh et al., 2010), and citrus EOs with terpenoid profiles
resembling those in cannabis demonstrated strong radical
scavenging properties (Choi et al., 2000). As noted above,
limonene is highly bioavailable (Falk-Filipsson et al., 1993),
and rapidly metabolized, but with indications of accumulation and retention in adipose tissues (e.g. brain). It is highly
non-toxic (estimated human lethal dose 0.5–5 g·kg-1) and
non-sensitizing (Von Burg, 1995)
b-Myrcene is another common monoterpenoid in cannabis (Table 2) with myriad activities: diminishing inflammation via prostaglandin E-2 (PGE-2) (Lorenzetti et al.,
1991), and blocking hepatic carcinogenesis by aflatoxin (DeOliveira et al., 1997). Interestingly, myrcene is analgesic in
mice, but this action can be blocked by naloxone, perhaps
via the a-2 adrenoreceptor (Rao et al., 1990). It is nonmutagenic in the Ames test (Gomes-Carneiro et al., 2005).
Myrcene is a recognized sedative as part of hops preparations (Humulus lupulus), employed to aid sleep in Germany
(Bisset and Wichtl, 2004). Furthermore, myrcene acted as a
muscle relaxant in mice, and potentiated barbiturate sleep
time at high doses (do Vale et al., 2002). Together, these
data would support the hypothesis that myrcene is a prominent sedative terpenoid in cannabis, and combined with
THC, may produce the ‘couch-lock’ phenomenon of certain
chemotypes that is alternatively decried or appreciated by
recreational cannabis consumers.
a-Pinene is a bicyclic monoterpene (Table 2), and the
most widely encountered terpenoid in nature (Noma and
Asakawa, 2010). It appears in conifers and innumerable plant
EOs, with an insect-repellent role. It is anti-inflammatory via
PGE-1 (Gil et al., 1989), and is a bronchodilator in humans at
low exposure levels (Falk et al., 1990). Pinene is a major component of Sideritis spp. (Kose et al., 2010) and Salvia spp. EOs
(Ozek et al., 2010), both with prominent activity against
MRSA (vide infra). Beyond this, it seems to be a broadspectrum antibiotic (Nissen et al., 2010). a-Pinene forms the
biosynthetic base for CB2 ligands, such as HU-308 (Hanus
et al., 1999). Perhaps most compelling, however, is its activity
as an acetylcholinesterase inhibitor aiding memory (Perry
et al., 2000), with an observed IC50 of 0.44 mM (Miyazawa
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Table 2
Cannabis Terpenoid Activity Table

Terpenoid

Commonly
encountered in

Structure

Limonene

H

Lemon
a-Pinene

Pharmacological activity (Reference)
Potent AD/immunostimulant via inhalation
(Komori et al., 1995)
Anxiolytic (Carvalho-Freitas and Costa, 2002; Pultrini Ade et al.,
2006) via 5-HT1A (Komiya et al., 2006)
Apoptosis of breast cancer cells (Vigushin et al., 1998)
Active against acne bacteria (Kim et al., 2008)
Dermatophytes (Sanguinetti et al., 2007; Singh et al., 2010)
Gastro-oesophageal reflux (Harris, 2010)

Synergistic
cannabinoid
CBD
CBD
CBD, CBG
CBD
CBG
THC

Anti-inflammatory via PGE-1 (Gil et al., 1989)

CBD

Bronchodilatory in humans (Falk et al., 1990)

THC

Acetylcholinesterase inhibitor, aiding memory
(Perry et al., 2000)

THC?, CBD

Blocks inflammation via PGE-2 (Lorenzetti et al., 1991)

CBD

Analgesic, antagonized by naloxone (Rao et al., 1990)

CBD, THC

Sedating, muscle relaxant, hypnotic (do Vale et al., 2002)

THC

Blocks hepatic carcinogenesis by aflatoxin
(de Oliveira et al., 1997)

CBD, CBG

Pine
b-Myrcene

Hops
Linalool

HO

Lavender
b-Caryophyllene

Pepper
Caryophyllene
Oxide

O

Anti-anxiety (Russo, 2001)

CBD, CBG?

Sedative on inhalation in mice (Buchbauer et al., 1993)

THC

Local anesthetic (Re et al., 2000)

THC

Analgesic via adenosine A2A (Peana et al., 2006)

CBD

Anticonvulsant/anti-glutamate (Elisabetsky et al., 1995)

CBD, THCV,
CBDV

Potent anti-leishmanial (do Socorro et al., 2003)

?

AI via PGE-1 comparable phenylbutazone (Basile et al., 1988)

CBD

Gastric cytoprotective (Tambe et al., 1996)

THC

Anti-malarial (Campbell et al., 1997)

?

Selective CB2 agonist (100 nM) (Gertsch et al., 2008)

THC

Treatment of pruritus? (Karsak et al., 2007)

THC

Treatment of addiction? (Xi et al., 2010)

CBD

Decreases platelet aggregation (Lin et al., 2003)

THC

Antifungal in onychomycosis comparable to
ciclopiroxolamine and sulconazole (Yang et al., 1999)

CBC,CBG

Insecticidal/anti-feedant (Bettarini et al., 1993)

THCA, CBGA

Sedative (Binet et al., 1972)

THC, CBN

Lemon balm

Nerolidol

OH

Orange
Phytol

Skin penetrant (Cornwell and Barry, 1994)

–

Potent antimalarial (Lopes et al., 1999,
Rodrigues Goulart et al., 2004)

?

Anti-leishmanial activity (Arruda et al., 2005)

?

Breakdown product of chlorophyll

–

Prevents Vitamin A teratogenesis (Arnhold et al., 2002)

–

↑GABA via SSADH inhibition (Bang et al., 2002)

CBG

OH

Green tea

Representative plants containing each terpenoid are displayed as examples to promote recognition, but many species contain them in varying concentrations.
5-HT, 5-hydroxytryptamine (serotonin); AD, antidepressant; AI, anti-inflammatory; CB1/CB2, cannabinoid receptor 1 or 2; GABA, gamma aminobutyric acid;
PGE-1/PGE-2, prostaglandin E-1/prostaglandin E-2; SSADH, succinic semialdehyde dehydrogenase.
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and Yamafuji, 2005). This feature could counteract short-term
memory deficits induced by THC intoxication (vide infra).
D-Linalool is a monoterpenoid alcohol (Table 2),
common to lavender (Lavandula angustifolia), whose psychotropic anxiolytic activity has been reviewed in detail (Russo,
2001). Interestingly, linalyl acetate, the other primary terpenoid in lavender, hydrolyses to linalool in gastric secretions
(Bickers et al., 2003). Linalool proved sedating to mouse activity on inhalation (Buchbauer et al., 1991; Jirovetz et al.,
1992). In traditional aromatherapy, linalool is the likely
suspect in the remarkable therapeutic capabilities of lavender
EO to alleviate skin burns without scarring (Gattefosse, 1993).
Pertinent to this, the local anaesthetic effects of linalool (Re
et al., 2000) are equal to those of procaine and menthol
(Ghelardini et al., 1999). Another explanation would be its
ability to produce hot-plate analgesia in mice (P < 0.001) that
was reduced by administration of an adenosine A2A antagonist (Peana et al., 2006). It is also anti-nociceptive at high
doses in mice via ionotropic glutamate receptors (Batista
et al., 2008). Linalool demonstrated anticonvulsant and antiglutamatergic activity (Elisabetsky et al., 1995), and reduced
seizures as part of Ocimum basilicum EO after exposure to
pentylenetetrazole, picrotoxin and strychnine (Ismail, 2006).
Furthermore, linalool decreased K+-stimulated glutamate
release and uptake in mouse synaptosomes (Silva Brum et al.,
2001). These effects were summarized (Nunes et al., 2010,
p. 303): ‘Overall, it seems reasonable to argue that the modulation of glutamate and GABA neurotransmitter systems are
likely to be the critical mechanism responsible for the sedative, anxiolytic and anticonvulsant properties of linalool and
EOs containing linalool in significant proportions’. Linalool
also proved to be a powerful anti-leishmanial agent (do
Socorro et al., 2003), and as a presumed lavender EO component, decreased morphine opioid usage after inhalation
versus placebo (P = 0.04) in gastric banding in morbidly obese
surgical patients (Kim et al., 2007).
b-Caryophyllene (Table 2) is generally the most common
sesquiterpenoid encountered in cannabis (Mediavilla and
Steinemann, 1997), wherein its evolutionary function may be
due to its ability to attract insect predatory green lacewings,
while simultaneously inhibiting insect herbivory (Langenheim, 1994). It is frequently the predominant terpenoid
overall in cannabis extracts, particularly if they have been
processed under heat for decarboxylation (Guy and Stott,
2005). Caryophyllene is common to black pepper (Piper
nigrum) and Copaiba balsam (Copaifera officinalis) (Lawless,
1995). It is anti-inflammatory via PGE-1, comparable in
potency to the toxic phenylbutazone (Basile et al., 1988), and
an EO containing it was on par with etodolac and indomethacin (Ozturk and Ozbek, 2005). In contrast to the latter agents,
however, caryophyllene was a gastric cytoprotective (Tambe
et al., 1996), much as had been claimed in the past in treating
duodenal ulcers in the UK with cannabis extract (Douthwaite, 1947). Caryophyllene may have contributed to antimalarial effects as an EO component (Campbell et al., 1997).
Perhaps the greatest revelation regarding caryophyllene has
been its demonstration as a selective full agonist at CB2
(100 nM), the first proven phytocannabinoid beyond the
cannabis genus (Gertsch et al., 2008). Subsequent work has
demonstrated that this dietary component produced antiinflammatory analgesic activity at the lowest dose of
1352 British Journal of Pharmacology (2011) 163 1344–1364

5 mg·kg-1 in wild-type, but not CB2 knockout mice (Gertsch,
2008). Given the lack of attributed psychoactivity of CB2
agonists, caryophyllene offers great promise as a therapeutic
compound, whether systemically, or in dermatological applications such as contact dermatitis (Karsak et al., 2007). Sensitization reactions are quite rare, and probably due to
oxidized product (Skold et al., 2006).
Nerolidol is a sesquiterpene alcohol with sedative properties (Binet et al., 1972), present as a low-level component in
orange and other citrus peels (Table 2). It diminished experimentally induced formation of colon adenomas in rats (Wattenberg, 1991). It was an effective agent for enhancing skin
penetration of 5-fluorouracil (Cornwell and Barry, 1994). This
could be a helpful property in treating fungal growth, where
it is also an inhibitor (Langenheim, 1994). It seems to have
anti-protozoal parasite control benefits, as a potent antimalarial (Lopes et al., 1999; Rodrigues Goulart et al., 2004) and
anti-leishmanial agent (Arruda et al., 2005). Nerolidol is nontoxic and non-sensitizing (Lapczynski et al., 2008).
Caryophyllene oxide (Table 2) is a sesquiterpenoid oxide
common to lemon balm (Melissa officinalis), and to the eucalyptus, Melaleuca stypheloides, whose EO contains 43.8%
(Farag et al., 2004). In the plant, it serves as an insecticidal/
anti-feedant (Bettarini et al., 1993) and as broad-spectrum
antifungal in plant defence (Langenheim, 1994). Analogously, the latter properties may prove therapeutic, as caryophyllene oxide demonstrated antifungal efficacy in a model
of clinical onychomycosis comparable to ciclopiroxalamine
and sulconazole, with an 8% concentration affecting eradication in 15 days (Yang et al., 1999). Caryophyllene oxide is
non-toxic and non-sensitizing (Opdyke, 1983). This agent
also demonstrates anti-platelet aggregation properties in vitro
(Lin et al., 2003). Caryophyllene oxide has the distinction of
being the component responsible for cannabis identification
by drug-sniffing dogs (Stahl and Kunde, 1973).
Phytol (Table 2) is a diterpene (McGinty et al., 2010),
present in cannabis extracts, as a breakdown product of chlorophyll and tocopherol. Phytol prevented vitamin A-induced
teratogenesis by inhibiting conversion of retinol to a harmful
metabolite, all-trans-retinoic acid (Arnhold et al., 2002).
Phytol increased GABA expression via inhibition of succinic
semialdehyde dehydrogenase, one of its degradative enzymes
(Bang et al., 2002). Thus, the presence of phytol could
account for the alleged relaxing effect of wild lettuce (Lactuca
sativa), or green tea (Camellia sinensis), despite the latter’s
caffeine content.

Selected possibilities for
phytocannabinoid-terpenoid synergy
Cannabis and acne
AEA simulates lipid production in human sebocytes of sebaceous glands at low concentrations, but induces apoptosis at
higher levels, suggesting that this system is under ECS control
(Dobrosi et al., 2008). CBD 10–20 mM did not affect basal lipid
synthesis in SZ95 sebocytes, but did block such stimulation
by AEA and arachidonate (Biro et al., 2009). Higher doses of
CBD (30–50 mM) induced sebocyte apoptosis, which was augmented in the presence of AEA. The effect of CBD to increase

Phytocannabinoid-terpenoid entourage effects

Ca++ was blocked by ruthenium red, a TRP-inhibitor. RNAmediated silencing of TRPV1 and TRPV3 failed to attenuate
CBD effects, but experiments did support the aetiological role
of TRPV4, a putative regulator of systemic osmotic pressure
(T. Bíró, 2010, pers. comm.). Given the observed ability of
CBD to be absorbed transcutaneously, it offers great promise
to attenuate the increased sebum production at the pathological root of acne.
Cannabis terpenoids could offer complementary activity.
Two citrus EOs primarily composed of limonene inhibited
Propionibacterium acnes, the key pathogen in acne (MIC
0.31 mL·mL-1), more potently than triclosan (Kim et al.,
2008). Linalool alone demonstrated an MIC of 0.625 mL·mL-1.
Both EOs inhibited P. acnes-induced TNF-a production, suggesting an adjunctive anti-inflammatory effect. In a similar
manner, pinene was the most potent component of a tea-tree
eucalyptus EO in suppression of P. acnes and Staph spp. in
another report (Raman et al., 1995).
Considering the known minimal toxicities of CBD and
these terpenoids and the above findings, new acne therapies
utilizing whole CBD-predominant extracts, via multitargeting (Wagner and Ulrich-Merzenich, 2009), may present
a novel and promising therapeutic approach that poses
minimal risks in comparison to isotretinoin.

MRSA
MRSA accounted for 10% of cases of septicaemia and 18 650
deaths in the USA in 2005, a number greater than that attributable to human immunodeficiency virus/acquired immunodeficiency syndrome (Bancroft, 2007). Pure CBD and CBG
powerfully inhibit MRSA (MIC 0.5–2 mg·mL-1) (Appendino
et al., 2008).
Amongst terpenoids, pinene was a major component of
Sideritis erythrantha EO that was as effective against MRSA and
other antibiotic-resistant bacterial strains as vancomycin and
other agents (Kose et al., 2010). A Salvia rosifolia EO with
34.8% pinene was also effective against MRSA (MIC
125 mg·mL-1). The ability of monoterpenoids to enhance skin
permeability and entry of other drugs may further enhance
antibiotic benefits (Wagner and Ulrich-Merzenich, 2009).
Given that CBG can be produced in selected cannabis
chemotypes (de Meijer and Hammond, 2005; de Meijer et al.,
2009a), with no residual THC as a possible drug abuse liability
risk, a whole plant extract of a CBG-chemotype also expressing pinene would seem to offer an excellent, safe new antiseptic agent.

Psychopharmacological applications:
depression, anxiety, insomnia,
dementia and addiction
Scientific investigation of the therapeutic application of terpenoids in psychiatry has been hampered by methodological
concerns, subjective variability of results and a genuine
dearth of appropriate randomized controlled studies of high
quality (Russo, 2001; Bowles, 2003; Lis-Balchin, 2010). The
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same is true of phytocannabinoids (Fride and Russo, 2006).
Abundant evidence supports the key role of the ECS in mediating depression (Hill and Gorzalka, 2005a,b), as well as
anxiety, whether induced by aversive stimuli, such as posttraumatic stress disorder (Marsicano et al., 2002) or pain
(Hohmann et al., 2005), and psychosis (Giuffrida et al., 2004).
With respect to the latter risk, the presence of CBD in smoked
cannabis based on hair analysis seems to be a mitigating
factor reducing its observed incidence (Morgan and Curran,
2008). A thorough review of cannabis and psychiatry is
beyond the scope of this article, but several suggestions are
offered with respect to possible therapeutic synergies operative with phytocannabinoids-terpenoid combinations. While
the possible benefits of THC on depression remain controversial (Denson and Earleywine, 2006), much less worrisome
would be CBD- or CBG-predominant preparations. Certainly
the results obtained in human depression solely with a citrus
scent (Komori et al., 1995), strongly suggest the possibility of
synergistic benefit of a phytocannabinoid-terpenoid preparation. Enriched odour exposure in adult mice induced olfactory system neurogenesis (Rochefort et al., 2002), an
intriguing result that could hypothetically support plasticity
mechanisms in depression (Delgado and Moreno, 1999), and
similar hypotheses with respect to the ECS in addiction treatment (Gerdeman and Lovinger, 2003). Phytocannabinoidterpenoid synergy might theoretically apply.
The myriad effects of CBD on 5-HT1A activity provide a
strong rationale for this and other phytocannabinoids as base
compounds for treatment of anxiety. Newer findings, particularly imaging studies of CBD in normal individuals in anxiety
models (Fusar-Poli et al., 2009; 2010; Crippa et al., 2010)
support this hypothesis. Even more compelling is a recent
randomized control trial of pure CBD in patients with social
anxiety disorder with highly statistical improvements over
placebo in anxiety and cognitive impairment (Crippa et al.,
2011). Addition of anxiolytic limonene and linalool could
contribute to the clinical efficacy of a CBD extract.
THC was demonstrated effective in a small crossover clinical trial versus placebo in 11 agitated dementia patients with
Alzheimer’s disease (Volicer et al., 1997). THC was also
observed to be an acetylcholinesterase inhibitor in its own
right, as well as preventing amyloid b-peptide aggregation in
that disorder (Eubanks et al., 2006). Certainly, the antianxiety and anti-psychotic effects of CBD may be of additional benefit (Zuardi et al., 1991; 2006; Zuardi and
Guimaraes, 1997). A recent study supports the concept that
CBD, when present in significant proportion to THC, is
capable of eliminating induced cognitive and memory deficits in normal subjects smoking cannabis (Morgan et al.,
2010b). Furthermore, CBD may also have primary benefits on
reduction of b-amyloid in Alzheimer’s disease (Iuvone et al.,
2004; Esposito et al., 2006a,b). Psychopharmacological effects
of limonene, pinene and linalool could putatively extend
benefits in mood in such patients.
The effects of cannabis on sleep have been reviewed
(Russo et al., 2007), and highlight the benefits that can accrue
in this regard, particularly with respect to symptom reduction
permitting better sleep, as opposed to a mere hypnotic effect.
Certainly, terpenoids with pain-relieving, anti-anxiety or
sedative effects may supplement such activity, notably, caryophyllene, linalool and myrcene.
British Journal of Pharmacology (2011) 163 1344–1364
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The issue of cannabis addiction remains controversial.
Some benefit of oral THC has been noted in cannabis withdrawal (Hart et al., 2002; Haney et al., 2004). More intriguing,
perhaps, are claims of improvement on other substance
dependencies, particularly cocaine (Labigalini et al., 1999;
Dreher, 2002). The situation with CBD is yet more promising.
CBD and THC at doses of 4 mg·kg-1 i.p. potentiated extinction of cocaine- and amphetamine-induced conditioned
place preference in rats, and CBD produced no hedonic
effects of its own (Parker et al., 2004). CBD 5 mg·kg-1·d-1 in
rats attenuated heroin-seeking behaviour by conditioned
stimuli, even after a lapse of 2 weeks (Ren et al., 2009).
A suggested mechanism of CBD relates to its ability
to reverse changes in a-amino-3-hydroxyl-5-methyl-4isoxazole-propionate glutamate and CB1 receptor expression
in the nucleus accumbens induced by heroin. The authors
proposed CBD as a treatment for heroin craving and addiction relapse. A recent study demonstrated the fascinating
result that patients with damage to the insula due to cerebrovascular accident were able to quit tobacco smoking
without relapse or urges (Naqvi et al., 2007), highlighting this
structure as a critical neural centre mediating addiction to
nicotine. Further study has confirmed the role of the insula in
cocaine, alcohol and heroin addiction (Naqvi and Bechara,
2009; Naqvi and Bechara, 2010). In a provocative parallel,
CBD 600 mg p.o. was demonstrated to deactivate functional
magnetic resonance imaging (fMRI) activity in human volunteers in the left insula versus placebo (P < 0.01) without
accompanying sedation or psychoactive changes (Borgwardt
et al., 2008), suggesting the possibility that CBD could act as
a pharmaceutical surrogate for insular damage in exerting an
anti-addiction therapeutic benefit. Human studies have
recently demonstrated that human volunteers smoking cannabis with higher CBD content reduced their liking for drugrelated stimuli, including food (Morgan et al., 2010a). The
authors posited that CBD can modulate reinforcing properties of drugs of abuse, and help in training to reduce relapse
to alcoholism. A single case report of a successful withdrawal
from cannabis dependency utilizing pure CBD treatment was
recently published (Crippa et al., 2010).
Perhaps terpenoids can provide adjunctive support. In a
clinical trial, 48 cigarette smokers inhaling vapour from an
EO of black pepper (Piper nigrum), a mint-menthol mixture or
placebo (Rose and Behm, 1994). Black pepper EO reduced
nicotine craving significantly (P < 0.01), an effect attributed
to irritation of the bronchial tree, simulating the act of cigarette smoking, but without nicotine or actual burning of
material. Rather, might not the effect have been pharmacological? The terpenoid profile of black pepper suggests possible candidates: myrcene via sedation, pinene via increased
alertness, or especially caryophyllene via CB2 agonism and a
newly discovered putative mechanism of action in addiction
treatment.
CB2 is expressed in dopaminergic neurones in the ventral
tegmental area and nucleus accumbens, areas mediating
addictive phenomena (Xi et al., 2010). Activation of CB2 by
the synthetic agonist JWH144 administered systemically,
intranasally, or by microinjection into the nucleus accumbens in rats inhibited DA release and cocaine selfadministration. Caryophyllene, as a high-potency selective
CB2 agonist (Gertsch et al., 2008), would likely produce
1354 British Journal of Pharmacology (2011) 163 1344–1364

similar effects, and have the advantage of being a nontoxic dietary component. All factors considered, CBD, with
caryophyllene, and possibly other adjunctive terpenoids in
the extract, offers significant promise in future addiction
treatment.

Taming THC: cannabis entourage
compounds as antidotes
to intoxication
Various sources highlight the limited therapeutic index of
pure THC, when given intravenously (D’Souza et al., 2004) or
orally (Favrat et al., 2005), especially in people previously
naïve to its effects. Acute overdose incidents involving THC
or THC-predominant cannabis usually consist of self-limited
panic reactions or toxic psychoses, for which no pharmacological intervention is generally necessary, and supportive
counselling (reassurance or ‘talking down’) is sufficient to
allow resolution without sequelae. CBD modulates the psychoactivity of THC and reduces its adverse event profile
(Russo and Guy, 2006), highlighted by recent results above
described. Could it be, however, that other cannabis components offer additional attenuation of the less undesirable
effects of THC? History provides some clues.
In 10th century Persia, Al-Razi offered a prescription in his
Manafi al-agdhiya wa-daf madarri-ha (p. 248), rendered
(Lozano, 1993, p. 124; translation EBR) ‘ – and to avoid these
harms {from ingestion of cannabis seeds or hashish}, one
should drink fresh water and ice or eat any acid fruits’. This
concept was repeated in various forms by various authorities
through the ages, including ibn Sina (ibn Sina (Avicenna),
1294), and Ibn al-Baytar (ibn al-Baytar, 1291), until
O’Shaughnessy brought Indian hemp to Britain in 1843
(O’Shaughnessy, 1843). Robert Christison subsequently cited
lemon (Figure 3A) as an antidote to acute intoxication in
numerous cases (Christison, 1851) and this excerpt regarding
morning-after residua (Christison, 1848) (p. 973):
Next morning there was an ordinary appetite, much
torpidity, great defect and shortness of memory, extreme
apparent protraction of time, but no peculiarity of
articulation or other effect; and these symptoms lasted
until 2 P.M., when they ceased entirely in a few minutes
after taking lemonade.
Literary icons on both sides of the Atlantic espoused
similar support for the citrus cure in the 19th century,
notably Bayard Taylor after travels in Syria (Taylor, 1855), and
Fitzhugh Ludlow after his voluntary experiments with ever
higher cannabis extract doses in the USA (Ludlow, 1857). The
sentiment was repeated by Calkins (1871), who noted the
suggestion of a friend in Tunis that lemon retained the confidence of cure of overdoses by cannabis users in that region.
This is supported by the observation that lemon juice, which
normally contains small terpenoid titres, is traditionally
enhanced in North Africa by the inclusion in drinks of the
limonene-rich rind, as evidenced by the recipe for Agua Limón
from modern Morocco (Morse and Mamane, 2001). In his
comprehensive review of cannabis in the first half of the
20th century, Walton once more supported its prescription
(Walton, 1938).
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Figure 3
Ancient cannabis antidotes. (A) Lemon (Citrus limon). (B) Calamus plant roots (Acorus calamus). (C) Pine nuts (Pinus spp.). (D) Black pepper
(Piper nigrum).

Another traditional antidote to cannabis employing
Acorus calamus (Figure 3B) is evident from the Ayurvedic tradition of India (Lad, 1990, p. 131):
Calamus root is the best antidote for the ill effects of
marijuana. . . . if one smokes a pinch of calamus root
powder with the marijuana, this herb will completely
neutralize the toxic side effects of the drug.
This claim has gained credence, not only through force of
anecdotal accounts that abound on the Internet, but
with formal scientific case reports and scientific analysis
(McPartland et al., 2008) documenting clearer thinking and
improved memory with the cannabis–calamus combination,
and with provision of a scientific rationale: calamus contains
beta-asarone, an acetylcholinesterase inhibitor with 10% of
the potency of physotigmine (Mukherjee et al., 2007). Interestingly, the cannabis terpenoid, a-pinene, also has been
characterized as a potent inhibitor of that enzyme (Miyazawa
and Yamafuji, 2005), bolstering the hypothesis of a second
antidote to THC contained in cannabis itself. Historical precedents also support pinene in this pharmacological role.
In the firstt century, Pliny wrote of cannabis in his Natural
History, Book XXIV (Pliny, 1980, p. 164):
The gelotophyllis [‘leaves of laughter’ = cannabis] grows
in Bactria and along the Borysthenes. If this be taken in
myrrh and wine all kinds of phantoms beset the mind,
causing laughter which persists until the kernels of pinenuts are taken with pepper and honey in palm wine.
Of the components, palm wine is perhaps the most mysterious. Ethanol does not reduce cannabis intoxication (Mello

and Mendelson, 1978). However, ancient wines were stored in
clay pots or goatskins, and required preservation, usually with
addition of pine tar or terebinth resin (from Pistacia spp.;
McGovern et al., 2009). Pine tar is rich in pinene, as is terebinth resin (from Pistacia terebinthus; Tsokou et al., 2007),
while the latter also contains limonene (Duru et al., 2003).
Likewise, the pine nuts (Figure 3C) prescribed by Pliny the
Elder harbour pinene, along with additional limonene (Salvadeo et al., 2007). Al-Ukbari also suggested pistachio nuts as a
cannabis antidote in the 13th century (Lozano, 1993), and the
ripe fruits of Pistacia terebinthus similarly contain pinene (Couladis et al., 2003). The black pepper (Figure 3D), might offer
the mental clarity afforded by pinene, sedation via myrcene
and helpful contributions by b-caryophyllene. The historical
suggestions for cannabis antidotes are thus supported by
modern scientific rationales for the claims, and if proven
experimentally would provide additional evidence of synergy
(Berenbaum, 1989; Wagner and Ulrich-Merzenich, 2009).

Conclusions and suggestions for
future study
Considered ensemble, the preceding body of information
supports the concept that selective breeding of cannabis
chemotypes rich in ameliorative phytocannabinoid and terpenoid content offer complementary pharmacological activities that may strengthen and broaden clinical applications and
improve the therapeutic index of cannabis extracts containing
THC, or other base phytocannabinoids. Psychopharmacological and dermatological indications show the greatest promise.
British Journal of Pharmacology (2011) 163 1344–1364
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One important remaining order of business is the elucidation of mono- and sesquiterpenoid biosynthetic pathways
in cannabis, as has been achieved previously in other species
of plants (Croteau, 1987; Gershenzon and Croteau, 1993;
Bohlmann et al., 1998; Turner et al., 1999; Trapp and Croteau,
2001).
Various cannabis component combinations or cannabis
extracts should be examined via high throughput pharmacological screening where not previously accomplished. Another
goal is the investigation of the biochemical targets of the
cannabis terpenoids, along with their mechanisms of action,
particularly in the central nervous system. Possible techniques
for such research include radio-labelling of select agents in
animals with subsequent necropsy. On a molecular level,
investigation of terpenoid changes to phytocannabinoid
signal transduction and trafficking may prove illuminating.
While it is known that terpenoids bind to odorant receptors in
the nasal mucosa (Friedrich, 2004) and proximal olfactory
structures (Barnea et al., 2004), it would be essential to ascertain if direct effects in limbic or other cerebral structures are
operative. Given that farnesyl pyrophosphate is a sesquiterpenoid precursor and the most potent endogenous agonist yet
discovered for GPR92 (McHugh et al., 2010), in silico studies
attempting to match minor cannabinoids and terpenoids to
orphan GPCRs may prove fruitful. Behavioural assays of
agents in animal models may also provide clues. Simple combinations of phytocannabinoids and terpenoids may demonstrate synergy as antibiotics if MICs are appreciable lowered
(Wagner and Ulrich-Merzenich, 2009). Ultimately, fMRI and
single photon emission computed tomography studies in
humans, with simultaneous drug reaction questionnaires and
psychometric testing employing individual agents and
phytocannabinoid-terpenoid pairings via vaporization or oromucosal application, would likely offer safe and effective
methods to investigate possible interactions and synergy.
Should positive outcomes result from such studies, phytopharmaceutical development may follow. The development of zero-cannabinoid cannabis chemotypes (de Meijer
et al., 2009b) has provided extracts that will facilitate discernment of the pharmacological effects and contributions of
different fractions. Breeding work has already resulted in
chemotypes that produce 97% of monoterpenoid content as
myrcene, or 77% as limonene (E. de Meijer, pers. comm.).
Selective cross-breeding of high-terpenoid- and highphytocannabinoid-specific chemotypes has thus become a
rational target that may lead to novel approaches to such
disorders as treatment-resistant depression, anxiety, drug
dependency, dementia and a panoply of dermatological disorders, as well as industrial applications as safer pesticides
and antiseptics. A better future via cannabis phytochemistry
may be an achievable goal through further research of the
entourage effect in this versatile plant that may help it fulfil
its promise as a pharmacological treasure trove.
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Cannabinoids Elicit Antidepressant-Like Behavior and
Activate Serotonergic Neurons through the Medial
Prefrontal Cortex
Francis Rodriguez Bambico,1 Noam Katz,1,2 Guy Debonnel,1† and Gabriella Gobbi1,2
1

Neurobiological Psychiatry Unit, Department of Psychiatry, McGill University, Montréal, Quebec, Canada H3A 1A1, and 2Department of Psychiatry, Centre
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Preclinical and clinical studies show that cannabis modulates mood and possesses antidepressant-like properties, mediated by the
agonistic activity of cannabinoids on central CB1 receptors (CB1Rs). The action of CB1R agonists on the serotonin (5-HT) system, the
major transmitter system involved in mood control and implicated in the mechanism of action of antidepressants, remains however
poorly understood. In this study, we demonstrated that, at low doses, the CB1R agonist WIN55,212-2 [R(⫹)-[2,3-dihydro-5-methyl-3[(morpholinyl)]pyrrolo[1,2,3-de]-1,4-benzoxazinyl]-(1-naphthalenyl) methanone mesylate] exerts potent antidepressant-like properties in the rat forced-swim test (FST). This effect is CB1R dependent because it was blocked by the CB1R antagonist rimonabant and is 5-HT
mediated because it was abolished by pretreatment with the 5-HT-depleting agent parachlorophenylalanine. Then, using in vivo electrophysiology, we showed that low doses of WIN55,212-2 dose dependently enhanced dorsal raphe nucleus 5-HT neuronal activity through
a CB1R-dependent mechanism. Conversely, high doses of WIN55,212-2 were ineffective in the FST and decreased 5-HT neuronal activity
through a CB1R-independent mechanism. The CB1R agonist-induced enhancement of 5-HT neuronal activity was abolished by total or
medial prefrontocortical, but not by lateral prefrontocortical, transection. Furthermore, 5-HT neuronal activity was enhanced by the local
microinjection of WIN55,212-2 into the ventromedial prefrontal cortex (mPFCv) but not by the local microinjection of WIN55,212-2 into
the lateral prefrontal cortex. Similarly, the microinjection of WIN55,212-2 into the mPFCv produced a CB1R-dependent antidepressantlike effect in the FST. These results demonstrate that CB1R agonists possess antidepressant-like properties and modulate 5-HT neuronal
activity via the mPFCv.
Key words: cannabinoid; CB1 receptor; serotonin; dorsal raphe nucleus; medial prefrontal cortex; depression; forced swim test

Introduction
Cannabis is the most widely used illicit drug (World Health Organization, 2006). Its major psychoactive constituent, ⌬ 9tetrahydrocannabinol, and other cannabinoids exhibit high affinity to brain CB1 receptors (CB1Rs). CB1R activation modulates
physiological, affective, cognitive, and psychomotor functions.
Cannabis intoxication for instance engenders enhanced sociability, mood, and well-being, a condition described as “fatuous euphoria” (Iversen, 2003) whose physiological and subjective components are selectively blocked by the CB1R antagonist
rimonabant (RIM) (Huestis et al., 2001).
Increased attention has been directed toward understanding
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the role of the endocannabinoid system in mood regulation.
Clinical studies have reported benefits of cannabis on mood disorders (Ashton et al., 2005; Ware et al., 2005). Genetic (Haller et
al., 2002, 2004; Martin et al., 2002) or pharmacological (Navarro
et al., 1997; Deroche-Gamonet et al., 2001) CB1R blockade in
murine models yields enhanced expression of depression/
anxiety-like behaviors. There are conflicting reports on the
mood-related effects of CB1R agonists and antagonists/inverse
agonists with regards to direction and potency of effects. Shearman et al. (2003) for example reported instead an antidepressantlike activity of the CB1R inverse agonist AM251 [N-1-(2,4dichlorophenyl)-5-(4-iodophenyl)-4-methyl-N-1-piperidinyl1 H-pyrazole-3-carboxamide]. This apparent complexity has
been attributed to dose-dependent bidirectional modulation,
sensitivity of cannabimimetic responses to contextual conditions, and the kind of animal model and strain used (for review,
see Viveros et al., 2005). Also, the possibility of interaction among
receptor subtypes including a putative CB3R and vanilloid receptors, which has likewise been demonstrated operating in a plethora of cannabimimetic responses, may underlie ambivalent effects on mood modulation.
Despite evidence for the impact of CB1R activity on mood
regulation, information on direct effects of cannabinoids on se-
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rotonergic neurotransmission remain meager. Serotonin (5HT) is the major neurotransmitter implicated in mood pathophysiology and in the mechanism of antidepresssant action
(Blier and de Montigny, 1999). Several studies have nevertheless provided indications of functional cannabinoid–5-HT interaction. First, the dorsal raphe (DR), the principal source of
forebrain 5-HT, expresses the endocannabinoid-degrading
enzyme fatty acid amide hydrolase (FAAH) (Egertova et al.,
1998, 2003), the CB1R in rats (Moldrich and Wenger, 2000),
and CB1R mRNA in mice (Häring et al., 2007). Second, CB1Rs
are abundantly expressed in the prefrontal cortex (PFC) (Marsicano and Lutz, 1999; Moldrich and Wenger, 2000), which
sends excitatory afferents to the DR, coursing from the medial
PFC (mPFC) (Jankowski and Sesack, 2004). Furthermore, upregulation in PFC CB1R density, likely a compensatory feedback, was observed in suicidal depressives (Hungund et al.,
2004). Imaging studies revealed that cannabis alters PFC regional
cerebral blood flow and metabolic activity. The degree was correlated with subjective effects, and the pattern was consistent with
CB1R localization (Volkow et al., 1991; Matthew et al., 2002). Third,
CB1R agonism alters 5-HT1A and 5HT2A receptor-mediated behavioral responses (Hill et al., 2006) and inhibits 5-HT reuptake in vitro
(Banerjee et al., 1975; Johnson et al., 1976). In this study, we therefore aimed at determining whether the CB1R agonist WIN55,212-2
(WIN) [R(⫹)-[2,3-dihydro-5-methyl-3-[(morpholinyl)]pyrrolo
[1,2,3-de]-1,4-benzoxazinyl]-(1-naphthalenyl) methanone mesylate]
exhibits antidepressant-like effects in the forced swim test (FST),
modulates 5-HT activity through a CB1R-mediated mechanism,
and effects dose-dependent bidirectional modulations. Furthermore, using local microinfusions, we aimed to demonstrate that
the mPFC is strongly involved in mediating these effects.

Materials and Methods
Animals

Adult male Sprague Dawley rats (Charles River, Saint-Constant, Quebec,
Canada) weighing 280 –350 g at the time of experiments were housed in
pairs in standard polycarbonate cages. They were kept under standard
laboratory conditions (12 h light/dark cycle, lights on at 7:30 A.M.; temperature at 20 ⫾ 2°C; 50 – 60% relative humidity). All rats had ad libitum
access to food and water. One week before the start of experiments, rats
were exposed to the testing environment and allowed to habituate to
testing conditions. For rats that have undergone intracerebral cannulation, weights were monitored after surgery, and at least 4 d of postoperative recovery period was observed before additional tests were conducted. Drug administrations and electrophysiological and behavioral
experiments were conducted between 2:00 P.M. and 10:00 P.M. All procedures were approved by the local institutional animal care and use
committee and were in accordance to the ethical guidelines set by the
Canadian Institutes of Health Research and the Society for Neuroscience.

Drugs
The CB1R agonist WIN55,212-2 (Sigma, Oakville, Ontario, Canada) was
emulsified in Tween 80 (polyoxyethylene-sorbitan mono-oleate; Sigma) and
further dissolved in saline with 5% Tween 80 and 5% poly(ethylene) glycol
(Sigma). The WIN55,212-2 solution used for intracerebral microinfusions
was dissolved in dimethylsulfoxide (DMSO) (Sigma) and vehicle (VEH)
(1:2) because of the hydrophobic property of WIN55–212-2. The CB1R antagonist SR141716A/rimonabant [N-piperidino-5-(4-chlorophenyl)-1(2,4-dichlorophenyl)-4-methyl-pyrazolecarboxamide] (a kind gift from Dr.
D. Piomelli, University of California, Irvine, CA) and the transient receptor
potential vanilloid type 1 (TRPV1)/vanilloid receptor antagonist capsazepine (CPZ) (Tocris Bioscience, Ballwin, MO) were initially dissolved in
DMSO and further diluted (1:20) with saline containing 5% Tween 80 and
5% poly(ethylene) glycol. Desipramine hydrochloride (DMI), parachlorophenylalanine (pCPA) (Sigma), and citalopram hydrobromide (CIT)
(kindly provided by Lundbeck, Copenhagen, Denmark), were dissolved in
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0.9% physiological saline. The pH of vehicles and solutions used in the experiments was adjusted to 7.2.

Experiment 1: forced swim test
The FST examines the dynamics of transition from an active (swimming
and climbing) to a passive (immobility) mode of coping in an inescapable cylindrical water pool (20 cm diameter, 50 cm high; 30 cm water
depth, 25–27°C water temperature). During the course of the 5 min test
swim session, an enhanced transition from activity to immobility resulting from a 15 min preexposure to the pool (preswim 24 h previously) has
often been equated to learned behavioral despair (Porsolt et al., 1978).
This enhancement of immobility is prevented by antidepressant treatment. Here, rats received 0.05, 0.2, 1.0, or 2.0 mg/kg intraperitoneal
injections of the potent CB1R agonist WIN55,212-2 23, 5, and 0.75 h
before the test swim, modified after the protocol previously described by
Page et al. (1999). A second cohort of rats was used to assess the effect of
coadministering rimonabant with the dose of WIN55,212-2 that elicited
the maximal antidepressant-like effect. A third cohort of rats was used to
verify the role of 5-HT in mediating the effects of WIN55,212-2. Vehicle
or pCPA (350 mg/kg, i.p., once daily), a selective inhibitor of the 5-HT
synthesis precursory enzyme tryptophan hydroxylase that therefore depletes endogenous 5-HT, was administered 72 and 48 h before the swim
test. WIN55,212-2 (0.2 mg/kg, i.p.) or vehicle were administered 23, 5,
and 0.75 h before the swim test (modified after Page et al., 1999). Behavioral endpoints were analyzed by an automated tracking system equipped
with infrared-sensitive cameras (Videotrack; Viewpoint Life Science,
Montreal, Quebec, Canada). The predominant behaviors assessed were
subsumed to one of three categories: immobility, in which the rat was
making minimal movements to keep its head above water; swimming, in
which the rat was engaged in average movements that cause it to move
(usually horizontally) within the cylinder; and climbing (burst activity),
in which forceful thrashing limb movements against the walls of the
cylinder were observed. It has been shown that antidepressants with
5-HT-specific action selectively increase the duration of swimming,
whereas those with a predominantly noradrenergic-specific activity increase those of climbing (Page et al., 1999). In all sessions, each animal
was held on the neck and back, gently immersed in the pool hindlimbs
first. They were removed from the pool using a plastic grid, then dried
with a towel, and caged near a heat source. The FST is both sensitive and
selective for clinically effective antidepressants, has been repeatedly validated, and is currently the most popular model for detecting antidepressant activity attributable to its simplicity, reliability, and high predictive
validity (Lucki, 1997; Cryan et al., 2005). To control for false positives
(increased activity in the FST of non-antidepressants), as has been consistently observed with psychostimulants (for review, see Cryan et al.,
2005), a test for locomotor activity (5 min) in an open field (80 ⫻ 80 cm),
was also conducted, in which locomotor activity was operationalized as
movement velocity (distance traveled in centimeters per minute).

Experiment 2: electrophysiology
In vivo extracellular single-unit recordings of presumed DR 5-HT neurons were performed to determine whether the antidepressant-like properties of WIN55,212-2 in the FST corresponded to a capacity to enhance
5-HT neurotransmission. Recordings were conducted after repeated intraperitoneal administration following the FST protocol as well as after
intravenous administration. All stereotaxic coordinates used in the succeeding experiments were based on the stereotaxic atlas of Paxinos and
Watson (1986).
Preparation for electrophysiological experiments. Rats were anesthetized
with chloral hydrate (400 mg/kg, i.p.) and mounted in a stereotaxic frame
(David Kopf Instruments, Tujunga, CA) with the skull positioned horizontally (incisor bar at ⫺3.3). To maintain a full anesthetic state characterized by the absence of a nociceptive reaction to a paw/tail pinch and
eyeblink response to pressure, chloral hydrate was continuously administered intraperitoneally at a dose of 50 –70 mg 䡠 kg ⫺1 䡠 h ⫺1 using an
infusion pump (Braintree Scientific, Braintree, MA). Body temperature
was maintained at 37 ⫾ 0.5°C throughout the experiment using a rectal
probe and a heating pad (Seabrook International, Seabrook, NH). Before
electrophysiological recordings, a catheter was inserted into the lateral
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tail vein to facilitate systemic administration of drugs. Extracellular
single-unit recordings were performed using single-barreled glass micropipettes pulled from 2 mm Stoelting (Wood Dale, IL) capillary glass
on a Narashige (Tokyo, Japan) PE-21 pipette puller and preloaded with
fiberglass strands to promote capillary filling with 2% Pontamine Sky
Blue dye in sodium acetate (0.5 M, pH 7.5). The micropipette tips were
broken down to diameters of 1–3 m. Electrode impedances ranged
from 2 to 4 M⍀. At the end of each experiment, the recording site was
marked by iontophoretic ejection (5–10 A, negative current for 10 min)
of Pontamine Sky Blue for histological verification.
Single-unit extracellular recordings of DR 5-HT neurons. The dose–
response of putative 5-HT neurons was assessed after single intravenous
(0.05– 0.8 mg/kg) and repeated intraperitoneal (0.05–2 mg/kg) administrations of WIN55,212-2. A burr hole was drilled on the midline, 1.2 mm
anterior to interaural zero. Using a hydraulic micropositioner (model
650; David Kopf Instruments), the electrode was lowered into the DR.
Putative 5-HT neurons were encountered immediately below the ventral
border of the Sylvian aqueduct and abound between 5.0 and 6.5 mm
ventral to the dura mater. These neurons under normal conditions were
identified according to the following criteria: a slow (0.1– 4 Hz) and
prominently regular firing rate (coefficient of variation ranges from 0.12
to 0.87) and a broad positive action potential (0.8 –3.5 ms; 1.4 ms first
positive and negative deflections) (Baraban and Aghajanian, 1980; Allers
and Sharp, 2003). An inhibitory response to the GABAB agonist baclofen
after intravenous drug administrations also confirmed that neurons were
5-HT because GABAB receptors are almost exclusively limited to 5-HT
neurons in the DR (Wirtshafter and Sheppard, 2001).
5-HT burst activity. Burst activity pattern was analyzed based on the
criteria of Gobbi et al. (2005), such that a train of at least two spikes with
an onset defined by a maximum initial interspike interval of 20 ms within
a regular low-frequency firing pattern was categorized as a burst. The
longest interspike interval allowed within a burst was 40 ms. In intraperitoneal experiments, two to four electrode descents were made to obtain a
maximal sample of neurons across the rostrocaudal medial extent of the
DR presumed richest in 5-HT neurons (Descarries et al., 1982). Recordings were also performed after coadministration of rimonabant (1 mg/
kg) injected intraperitoneally 10 min before the last WIN55,212-2 injection. Single-unit activity was recorded as discriminated action potentials
amplified by a Tennelec (Oakridge, TN) TB3 MDA3 amplifier, postamplified and filtered by a Realistic 10 band frequency equalizer, digitalized
by a CED1401 interface system (Cambridge Electronic Design, Cambridge, UK), processed on-line, and analyzed off-line by Spike2 software
version 5.05 for Windows PC (Microsoft, Seattle, WA). Changes in neuronal firing pattern resulting from drug administrations were continuously monitored; the first 30 s immediately after drug injections were not
considered to eliminate injection artifacts. Neurons were considered
nonresponding if percentage change from baseline firing activity after
drug administrations was ⬍10%.

Experiment 3: PFC transections
To determine whether cannabinoid-induced modulation of DR 5-HT
neurons originate in the PFC and are relayed via the descending corticoraphe fibers, systematic transections of the PFC–DR pathway were
performed on anesthetized rats before electrophysiological recordings.
For a total bilateral PFC transection (tPFC), a fine needle (0.35 mm
diameter) was initially positioned at 1 mm anterior to bregma and 0.8
mm left of the midline. It was lowered 6.8 mm from the dura mater,
slowly slid leftward 5 mm from the midline (0.5 mm/min), and then
slowly retracted vertically using a micropositioner (10 m/min). To
avoid damaging the sinus, the needle was positioned 1.2 mm from the
midline on the right hemisphere, lowered 6.8 mm at a 20° angle, and then
moved 5 mm rightward (modified after Diaz-Mataix et al., 2005). Selective transection of PFC subregions were performed by positioning the
needle 2.5 mm anterior to bregma, lowered 6.8 mm from the dura mater,
and moved 1.5 mm (on both sides) from the midline for an mPFC
transection (areas transected included the dorsal peduncular, infralimbic, prelimbic Cg3, and cingulate Cg1 cortices) or from 1.5 to 5 mm for a
transection of the lateral aspect of the prefrontal cortex (latPFC): mainly
the lateral prefrontal/agranular insular, but also the frontal Fr2, Fr1, and
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Fr3; the ventrolateral and lateral orbital cortices; and some parts of parietal area 1 (modified after Hajos et al., 1999). 5-HT single-unit recordings were conducted 1.5–2 h after transection.

Experiment 4: combined intracerebral microinfusion
and electrophysiology
Experiment 4A: intracerebral microinfusion into the dorsal raphe nucleus.
Anesthetized rats were implanted with a single guide cannula (22 gauge;
Plastics One, Roanoke, VA) for intra-DR microinfusion of
WIN55,212-2. The guide cannula was angled at 25° from the vertical axis
and aimed 1 mm above the DR to allow termination of the injector tip
within the nucleus (⫹1.2 mm from interaural zero, ⫾1.4 from midline,
and ⫺6.0 mm from the dura mater). The cannula was fixed to the skull
with the use of skull screws and dental acrylic. A 1.5–2 h postoperative
interim period was allowed before the start of electrophysiological recordings (as described above in experiment 2). Once a stably firing 5-HT
neuron was found and 1–3 min of baseline activity was established, microinfusion of either vehicle (0.5 l) or WIN55,212-2 (5 g/0.5 l) was
initiated and continuously delivered for 3 min. Substances were infused
into the DR via a 28 gauge stainless steel injector attached by polyethylene
tubing to a 1 ml syringe driven by a CMA 400 microdialysis syringe pump
(CMA Microdialysis, Solma, Sweden). Changes in neuronal discharge
pattern were continually monitored for up to 45 min after the cessation
of microinfusion. The probability that results were confounded by random diffusion of solutions to neighboring structures was remote because, aside from the strictly controlled injection volume, the vehicle
used was relatively viscous and lipophilic compared with conventional
solvents. To mark the site of injection at the end of each experiment, a
small volume (50 nl/cannula) of Pontamine Sky Blue was infused via the
same injector that was used for drug injections or was iontophoretically
ejected from the recording pipette (see Fig. 5C).
Experiment 4B: intracerebral microinfusion into the prefrontal cortex,
intra-mPFCv. Simultaneous bilateral microinfusion of WIN55,212-2 (5
g/0.5 l) into the ventromedial subregions of the mPFC (mPFCv) (prelimbic–infralimbic cortices; ⫹2.2 mm from bregma, ⫾0.5 from midline,
⫺3.5 mm from the dura mater) was performed using a bilateral guide
cannula (22 gauge, 1 mm center-to-center distance; Plastics One). The
rest of the procedure was as described in the intra-DR microinfusion
experiment (see above, experiment 4A).
Experiment 4C: intracerebral microinfusion into the prefrontal cortex,
intra-latPFC. Simultaneous bilateral microinfusion of WIN55,212-2 (5
g/0.5 l) into the latPFC (agranular insular cortex; ⫹3.2 mm from
bregma, ⫾4.2 from midline, and ⫺4.2 mm from the dura mater) was
performed with two single guide cannulas (22 gauge; Plastics One). The
rest of the procedure was as described in the intra-DR microinfusion
experiment (see above, experiment 4A).
Experiment 4D: intracerebral microinfusion into the prefrontal cortex,
intra-mPFCv with PFC transection. To confirm whether the integrity of
the mPFC–DR pathway is required for the modulatory effect of
WIN55,212-2 on DR 5-HT neurons, a final negative control procedure
was performed by combined microinfusion and electrophysiological
techniques on PFC-transected rats. Anesthetized rats first underwent
transection of the PFC (1 mm anterior to bregma; see above, experiment
3) and immediately implanted with a bilateral cannula into the mPFCv,
as described previously (2.2 mm anterior to bregma; see above, experiment 4B) anterior to the transection lesion. Then, following the procedure used in experiment 4B, WIN55,212-2 was infused while performing
single-unit recording on a DR 5-HT neuron.

Experiment 5: intracerebral mPFCv microinfusion and FST
Under Equithesin anesthesia (3 ml/kg) (1.96 g of sodium pentobarbital,
8.5 g of chloral hydrate, 4.25 g of MgSO4 hexahydrate, 60 ml of propylene
glycol, 20 ml of ethanol, and 58 ml of distilled water, adjusted to 200 ml
with distilled water), rats were mounted in a stereotaxic frame as described previously. Cannulation procedure was the same as in experiment 4B. After surgery, the incisions were stitched and applied with
antiseptics. The cannulas were occluded with stainless steel wire stylets
(Plastics One) to maintain patency. A postoperative recovery period of
8 d was allowed. Thereafter, cannulated rats were submitted to the FST
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(see above, experiment 1). A 15 min preswim test was conducted. The
next day, rats were allowed to habituate to the testing room for 2 h before
microinfusion. Then, WIN55,212-2 (1 or 5 g in 0.5 l of vehicle) or
vehicle (0.5 l) was continuously delivered for 3 min. In some cases,
infusion of rimonabant [1 g (Caillé and Parsons, 2006) in 0.25 l of
vehicle for 1.5 min] was performed 1 min before infusion of
WIN55,212-2 (1 g in 0.25 l of vehicle for 1.5 min). In all groups, total
infusion volume was 0.5 l. The microinfusion connector assembly was
left in place 4 more min to allow the drug solution to diffuse into the
target structure (mPFCv). The rats were then placed in the cylindrical
pool and subjected to the FST (5 min test swim recording).

Histology
Histological verification of the extent and selectivity of lesions imprinted
by transections and cannula/microinjector trajectories were performed
at the end of each experiment. The rats were deeply anesthetized (400
mg/kg chloral hydrate, i.p.) and then perfused according to standard
procedures (fixative, 4% paraformaldehyde with 0.1% glutaraldehyde).
The brains were harvested and postfixed in 4% paraformaldehyde overnight and incubated in 30% sucrose for 2 d. Adjacent series of 20 –50 A
brain slices within the vicinity of lesions were cut using a freezing microtome and stained with thionin acetate (Sigma) for light microscopic
verification or stored in a cryoprotectant solution at ⫺20% until
inspection.

Statistical analyses
SPSS (version 13; SPSS, Chicago, IL) was used to organize and statistically analyze data. All data were expressed as mean ⫾ SEM and were
submitted to parametric tests (one-way or two-way ANOVA), followed
by Student’s t test/Dunnett’s test for post hoc comparisons. When assumptions of normality and variance homogeneity were not satisfied,
nonparametric tests (Kruskal–Wallis or Friedman’s tests for ANOVA,
Mann–Whitney U test for post hoc comparisons) were performed. Dunnett’s post hoc test was used for comparing with baseline drug-induced
changes in neuronal activity. Nonlinear curve fitting and the calculation
of ED50 were performed using Microcal Software (Northampton, MA)
Origin (version 7). Fisher’s exact test was used to assess the differential
response to CB1R blockade versus TRPV1 blockade after intravenous
administrations of rimonabant and capsazepine. Statistical values reaching p ⱕ 0.05 were considered significant.

Figure 1. Antidepressant-like activity of WIN in the rat FST. A, Behavioral effects of
intraperitoneally administered vehicle, CIT (5 mg/kg, i.p.), DMI (10 mg/kg, i.p.), and WIN
(0.05, 0.1, 0.2, 1.0, and 2.0 mg/kg, i.p.). Single injection of RIM (1 mg/kg, i.p.) 10 min
before administration of a low dose of WIN (0.2 mg/kg, i.p.) blocked the antidepressantlike effect. Single injection of RIM (1 mg/kg, i.p.) 10 min before administration of a high
dose of WIN (2 mg/kg, i.p.) did not modify the inert effect of WIN. Note that RIM by itself
did not have any significant effect. B, The antidepressant-like effect of WIN (0.2 mg/kg,
i.p.) was abrogated by pretreatment with pCPA (150 mg/kg, i.p.) 72 and 48 h before
pretest. Pretreatment of pCPA by itself did not have any significant effect. All treatments
were administered 23, 5, and 0.75 h before test swim according to the method of Page et
al. (1999). n ⫽ 8 –15 per treatment group. Bars represent mean ⫾ SEM total time of
behaviors indicated. *p ⬍ 0.05 or **p ⬍ 0.01 versus vehicle.

Results
Effect of subchronic low and high doses of WIN55,212-2 in
the FST
To examine the possible dose-dependent effect of CB1R agonists
on stress-coping behavior, we tested low and high doses of
WIN55,212-2 in the FST. A low dose of WIN55,212-2 (0.2 mg/kg,
i.p.) compared with vehicle elicited a significant decrease in total
time spent in immobility (WIN at 0.2 mg/kg, 54.05 ⫾ 11.11;
VEH, 159.9 ⫾ 10.94; ⫺66.2%, p ⬍ 0.01) (Fig. 1 A) and a significant increase in total swimming duration (WIN at 0.2 mg/kg,
220.08 ⫾ 10.39; VEH, 128.86 ⫾ 10.72; ⫹70.79%, p ⬍ 0.01) (Fig.
1 A) but did not affect total climbing duration [WIN at 0.2 mg/kg,
24.73 ⫾ 4.79; VEH, 11.21 ⫾ 15; no significant difference (NS)]
(Fig. 1 A). These effects were comparable with those produced by
the clinically used selective serotonin reuptake inhibitor (SSRI)
antidepressant citalopram (5 mg/kg, i.p.; immobility, 47.8 ⫾
15.25, ⫺72.84%, p ⬍ 0.01 vs VEH; swimming, 218.83 ⫾ 25.4,
⫹119.8%, p ⬍ 0.01 vs VEH; climbing, 33.33 ⫾ 13.78, ⫹36.37%,
NS vs VEH) (Fig. 1 A). Conversely, the selective norepinephrine
reuptake inhibitor DMI (10 mg/kg, i.p.) elicited a decrease in
total immobility duration (30 ⫾ 6.57, ⫺82.95%, p ⬍ 0.01 vs
VEH) and an increase in total climbing duration (142.01 ⫾ 19.6,
⫹481.06%, p ⬍ 0.01 vs VEH) but not an increase in total swimming duration (127.99 ⫾ 14.88, ⫹28.56%, NS vs VEH), confirming its primary action on noradrenergic transmission (Fig. 1 A).
The effects of the low dose of WIN55,212-2 on immobility and

swimming behaviors were prevented by the coadministration of
the CB1R antagonist RIM (1 mg/kg, i.p.) (WIN at 0.2 mg/kg plus
RIM at 1 mg/kg, i.p.; immobility, 122.52 ⫾ 26.49, ⫺23.38%, NS
vs VEH; swimming, 154.16 ⫾ 25.39, ⫹19.63%, NS vs VEH) (Fig.
1 A). A high dose of WIN55,212-2 (2 mg/kg, i.p.) did not shorten
total immobility duration (174.91 ⫾ 36.57, ⫺0.91%, NS vs VEH)
and prolonged neither total swim duration (106.42 ⫾ 32.1,
⫹6.89%, NS vs VEH) nor total climbing duration (17.16 ⫾ 6.5,
⫺29.79%, NS vs VEH) (Fig. 1 A). This inert activity of the high
dose of WIN55,212-2 was not changed during coapplication with
RIM (WIN at 2.0 mg/kg plus RIM at 1 mg/kg, i.p; immobility,
122.52 ⫾ 26.49; swimming, 154.16 ⫾ 25.39; or climbing, 23.4 ⫾
2.0 vs VEH, NS) (Fig. 1 A). RIM (1 mg/kg, i.p.) did not induce any
significant change in behavior (immobility, 128.32 ⫾ 23.26;
swimming, 159.34 ⫾ 22.48; or climbing, 12.46 ⫾ 2.0 vs VEH, NS)
(Fig. 1 A). The locomotor activity (movement velocity) of all
drug-treated groups were not significantly different from that of
the vehicle-treated group (CIT at 5 mg/kg, 433.24 ⫾ 19.52; DMI
at 10 mg/kg, 423.97 ⫾ 22.44; WIN at 0.05 mg/kg, 423.21 ⫾ 30.12;
WIN at 0.10 mg/kg, 445.65 ⫾ 29.45; WIN at 0.2 mg/kg, 434.71 ⫾
26.31; WIN at 2.0 mg/kg, 371.26 ⫾ 33.16; WIN at 0.2 mg/kg plus
RIM at 1 mg/kg, 476.82 ⫾ 21.46; WIN at 2.0 mg/kg plus RIM at 1
mg/kg, 382.12 ⫾ 37.26; or RIM at 1 mg/kg, 399.92 ⫾ 22.50, NS vs
VEH, 433.23 ⫾ 24.21).
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Effect of pCPA pretreatment on WIN55,212-2 antidepressantlike activity in the FST
Because the activity of the low dose of WIN55,212-2 in the FST
was similar to that of the SSRI citalopram, we tested whether this
antidepressant-like activity was via a main action on 5-HT transmission as observed with SSRIs (Page et al., 1999). When injected
with the low dose of WIN55,212-2, rats pretreated with the
5-HT-depleting agent pCPA expressed neither increased swimming behavior (pCPA plus WIN at 0.2 mg/kg, i.p., 166.35 ⫾
15.06 vs VEH plus VEH, 142.54 ⫾ 17.2, NS) (Fig. 1 B) nor decreased immobility (pCPA plus WIN at 0.2 mg/kg, i.p., 112.54 ⫾
15.35 vs VEH plus VEH, 134.34 ⫾ 18.3, NS) (Fig. 1 B). Pretreatment of pCPA alone did not induce any effect significantly different from vehicle pretreatment (pCPA plus VEH; immobility,
118.57 ⫾ 9.72; swimming, 160.6 ⫾ 9.65; or climbing, 20.93 ⫾
2.24 vs VEH plus VEH, NS) (Fig. 1 B).
Effect of subchronic intraperitoneal doses of WIN55,212-2 on
5-HT single-unit activity
To test whether antidepressant-like behavioral effects of
WIN55,212-2 in the FST were paralleled by enhanced 5-HT neuronal firing activity, we performed in vivo extracellular recordings of presumed 5-HT neurons following the same treatment
schedule as in the FST. WIN55,212-2 was administered 23, 5, and
0.75 h before electrophysiological recordings. In some animals,
RIM was injected intraperitoneally 10 min before the third administration of 0.2 mg/kg WIN55,212-2. Mean spontaneous firing rate of 5-HT neurons showed a biphasic response profile after
incremental doses of WIN55,212-2. One-way ANOVA revealed a
dose-dependent increase with lower doses of WIN55,212-2
(VEH, 1.14 ⫾ 0.04; WIN at 0.05 mg/kg, 1.35 ⫾ 0.11; WIN at 0.1
mg/kg, 1.88 ⫾ 0.15; WIN at 0.2 mg/kg, 2.58 ⫾ 0.25; F(3,203) ⫽
10.97; p ⬍ 0.01) (Fig. 2 A), and the coadministration of RIM
prevented this increase. A dose of 0.2 mg/kg WIN55,212-2
yielded a maximal 126.32% increase in neuronal activity. Conversely, a high dose of WIN55,212-2 (2.0 mg/kg) yielded a significant decrease compared with vehicle (WIN at 2.0 mg/kg, 0.41 ⫾
0.11, ⫺64%, p ⬍ 0.01 vs VEH) (Fig. 2 A). We also calculated the
mean number of neurons per electrode descent, which served as
an indirect measure of spontaneously active neurons (Gobbi et
al., 2007). Compared with vehicle injections (VEH, 3.75 ⫾ 0.16),
there were 28% more spontaneously active 5-HT neurons after
treatment with 0.1 mg/kg WIN55,212-2 (4.8 ⫾ 0.39, p ⬍ 0.05)
and 33.33% more active neurons with 0.2 mg/kg WIN55,212-2
(5.0 ⫾ 0.46, p ⬍ 0.01), whereas a high dose of WIN55,212-2 had
fewer active neurons than the control (WIN at 2.0 mg/kg, 1.92 ⫾
0.39, ⫺48.8%, p ⬍ 0.01). The number of spontaneously active
neurons in rats treated with a low dose of WIN55,212-2 (0.2
mg/kg) coapplied with RIM (1.0 mg/kg) did not significantly
differ from those treated with the vehicle (Fig. 2 B).
Effects of a single intravenous administration of low doses of
WIN55,212-2 on 5-HT firing activity
To appraise whether the CB1R agonist WIN55,212-2 rapidly influences 5-HT neurotransmission, we measured the spontaneous
single-unit firing activity of DR 5-HT neurons after cumulative
intravenous administration of WIN55,212-2. Incremental doses
of WIN55,212-2 (0.05– 0.2 mg/kg) evoked a dose-dependent increase in 5-HT unit firing activity (F(3,62) ⫽ 4.64, p ⬍ 0.01, oneway ANOVA; VEH, 1.04 ⫾ 0.10 Hz; WIN at 0.05 mg/kg, 1.17 ⫾
0.28 Hz; WIN at 0.1 mg/kg, 1.61 ⫾ 0.37; WIN at 0.2 mg/kg,
2.04 ⫾ 0.27) (Fig. 3E), which was half-maximal (ED50) at a dose
of 0.1 mg/kg and was not blocked by capsazepine (20 g/kg, i.v.)

Figure 2. Effect of intraperitoneal administration of WIN on DR 5-HT neurons. A, Effect of
WIN on 5-HT neuronal firing activity. WIN (0.05–2.0 mg/kg, i.p.) was administered 23, 5, and
0.75 h before electrophysiological recordings. Coapplication of RIM (1 mg/kg, i.p.) 10 min before WIN (0.2 mg/kg, i.p.) blocked the increase in spontaneous 5-HT single-unit firing activity.
B, Effect of WIN on the number of spontaneously active 5-HT neurons. The number of spontaneously active neurons was calculated as the number of recorded 5-HT neurons per electrode
descent in each treatment group. Values at the base of each column in A denote the number of
5-HT neurons recorded. Bars represent mean ⫾ SEM values. **p ⬍ 0.01 versus vehicle.

but was blocked by RIM (1 mg/kg, i.v.) in 100% of neurons tested
(n ⫽ 4; Fisher’s test, p ⫽ 0.01) (Fig. 3A). WIN55,212-2 treatment
also increased burst activity, a pattern of neural activity that is
associated with enhanced 5-HT release in postsynaptic regions
(Gartside et al., 2000), as well as antidepressant-like activity
(Gobbi et al., 2005). The maximal increase in burst frequency
from baseline (percentage recorded spikes contained in bursts)
was recorded at 0.2 mg/kg (VEH, 3.71 ⫾ 1.16%; WIN at 0.05
mg/kg, 8.85 ⫾ 3.59%; WIN at 0.1 mg/kg, 9.61 ⫾ 3.15%; WIN at
0.2 mg/kg, 12.51 ⫾ 4.07;  2(3) ⫽ 12.56; p ⬍ 0.01, Kruskal–Wallis
test) (Fig. 3F, top). The maximal increase in the mean number of
spikes in a burst was 324% occurring at 0.2 mg/kg (VEH, 0.63 ⫾
0.13; WIN at 0.05 mg/kg, 1.23 ⫾ 0.42; WIN at 0.1 mg/kg, 1.28 ⫾
0.32; WIN at 0.2 mg/kg, 2.67 ⫾ 1.3;  2(3) ⫽ 10.01; p ⬍ 0.01,
Kruskal–Wallis test) (data not shown). Mean burst length was
82.25, 235.35, and 175.83% greater than baseline (vehicle) after
incremental doses of 0.05, 0.1, and 0.2 mg/kg WIN55,212-2, respectively (VEH, 13.24 ⫾ 3.75 ms; WIN at 0.05 mg/kg, 24.13 ⫾
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Effects of a single intravenous administration of high doses of
WIN55,212-2 on 5-HT firing activity
Remarkably, cumulative doses higher than 0.2 mg/kg
WIN55,212-2 injected intravenously generally produced a decline in neuronal excitation significant at both 0.3 and 0.4 mg/kg
and achieved a maximal level 45% below baseline (vehicle) after
0.4 mg/kg WIN55,212-2 (VEH, 1.04 ⫾ 0.10 Hz; WIN at 0.04
mg/kg, 0.59 ⫾ 0.08 Hz; F(1,45) ⫽ 6.7; p ⬍ 0.01) (Fig. 3E). A waning
of stimulatory effects was also observed with burst activity: burst
frequency (percentage of total number of recorded spikes; WIN
at 0.3 mg/kg, 3.9 ⫾ 2.85%; WIN at 0.4 mg/kg, 2.67 ⫾ 1.82; WIN
at 0.5 mg/kg, 10.51 ⫾ 6.21%) (Fig. 3F, top), mean number of
spikes in a burst (WIN at 0.3 mg/kg, 0.64 ⫾ 0.34; WIN at 0.4
mg/kg, 1.83 ⫾ 1.11; WIN at 0.5 mg/kg, 1.5 ⫾ 0.5) (data not
shown), mean burst length (WIN at 0.3 mg/kg, 20.73 ⫾ 15.94 ms;
WIN at 0.4 mg/kg, 19.54 ⫾ 9.59 ms; WIN at 0.5 mg/kg, 15.53 ⫾
7.75 ms) (Fig. 3F, bottom). The CB1R antagonist RIM (1 mg/kg,
i.v.) partially reversed this decline only in one of four neurons
(Fig. 3B). Three neurons were nonresponsive (Fig. 3C). In two of
three neurons tested, capsazepine reversed the decrease induced
by high doses of WIN55,212-2 (Fig. 3D). This complex response
pattern suggests that the CB1R may not be involved in the 5-HT
effects induced by high doses of WIN55,212-2 (Fisher’s test, p ⫽
0.57, NS). Neither RIM (RIM at 1 mg/kg, i.v.) alone nor capsazepine (CPZ at 20 g/kg, i.v.) alone had a significant effect on
5-HT single-unit firing activity (VEH, 1.3 ⫾ 0.33; CPZ, 1.2 ⫾
0.57, n ⫽ 5; RIM, 1.48 ⫾ 0.52, n ⫽ 7).

Figure 3. Effect of intravenous administration of cumulative doses of WIN on DR 5-HT neurons. A–D, Integrated firing rate histograms of 5-HT neurons illustrating that low doses of WIN
(0.1– 0.2 mg/kg, i.v.) rapidly increased single-unit firing activity. A, This effect was reversed by
RIM (1.0 mg/kg, i.v.; n ⫽ 4) but not by CPZ (0.02 mg/kg, i.v.; n ⫽ 4). B–D, High dose of WIN
(0.30 – 0.50 mg/kg, i.v.) rapidly decreased single-unit firing activity. This effect was reversed by
CPZ (0.02 mg/kg, i.v.) in two of three neurons (D) and partially reversed (B) or unreversed (C) by
RIM (1 mg/kg, i.v.) in one and three neurons, respectively. 5-HT neuronal firing rate in each
histogram is plotted as spikes per 10 s. Calibration bar on right side of each histogram, 1 min.
The vertical lines depicted below each histogram represent the frequency of neuronal burst
activity such that each tick corresponds to a burst discharge event. E, WIN (0.05– 0.5 mg/kg,
i.v.) produced a biphasic response profile in 5-HT single-unit activity. F, Line graphs showing
that cumulative doses of WIN modulated 5-HT neuronal burst activity measured as percentage
of spikes within bursts (top) and mean burst length (bottom). *p ⬍ 0.05 or **p ⬍ 0.01 vs
baseline (vehicle).

10.79 ms; WIN at 0.1 mg/kg, 44.4 ⫾ 18.1 ms; WIN at 0.2 mg/kg,
36.52 ⫾ 14.64 ms;  2(3) ⫽ 9.03; p ⬍ 0.05, Kruskal–Wallis test)
(Fig. 3F, bottom). Among all neurons recorded, 66.67% (n ⫽ 16)
of 5-HT neurons responded to increasing dose injections of
WIN55,212-2, whereas 33.33% (n ⫽ 8) of neurons were nonresponding. All responding and nonresponding neurons showed
the same electrophysiological characteristics, were inhibited by
baclofen, and were localized in the DR.

5-HT single-unit activity after PFC transections
DR 5-HT neurons receive important excitatory inputs from pyramidal (glutamatergic) cells of the PFC (Jankowski and Sesack,
2004). To verify whether cortical CB1Rs in the PFC or its subregions are essential in the control of DR 5-HT neurons by cannabinoids, rats were subjected to a tPFC, latPFC, or mPFC deafferentation by mechanical transection before 5-HT single-unit
recordings. After tPFC transection, we observed that
WIN55,212-2 failed to increase 5-HT single-unit firing activity at
otherwise stimulatory doses in intact brains (tPFC transection:
baseline, 1.46 ⫾ 0.39 Hz, n ⫽ 7; WIN at 0.05 mg/kg, 0.78 ⫾ 0.17
Hz, n ⫽ 6; WIN at 0.1 mg/kg, 0.91 ⫾ 0.25 Hz, n ⫽ 5; WIN at 0.2
mg/kg, 0.97 ⫾ 0.29 Hz, n ⫽ 5; WIN at 0.3 mg/kg, 1.04 ⫾ 0.18 Hz,
n ⫽ 4; WIN at 0.4 mg/kg, 0.97 ⫾ 0.17 Hz, n ⫽ 4; WIN at 0.5
mg/kg, 1.10 ⫾ 0.15 Hz, n ⫽ 4; WIN at 0.6 mg/kg, 1.31 ⫾ 0.40 Hz,
n ⫽ 3; p ⬍ 0.01) (Fig. 4 A). We noted that, at doses higher than 0.6
mg/kg intravenously, a moderate increase of firing activity can be
elicited but was not sensitive to RIM (non-CB1R-selective),
which may indicate unspecific binding (data not shown). To pinpoint the specific subregion of the PFC that is critical in mediating the modulation of 5-HT single-unit activity, we compared
transection of the mPFC with that of the latPFC. The response of
5-HT single units to the latPFC did not significantly differ from
the control (baseline, 1.40 ⫾ 0.12 Hz, n ⫽ 4; WIN at 0.05 mg/kg,
1.97 ⫾ 0.57 Hz, n ⫽ 4; WIN at 0.1 mg/kg, 2.18 ⫾ 0.59 Hz, n ⫽ 4;
WIN at 0.2 mg/kg, 0.96 ⫾ 0.02 Hz, n ⫽ 4; NS vs control, betweengroups ANOVA) (Fig. 4 A). On the contrary, mPFC transection
produced an effect similar to tPFC transection and was significantly different from the control (baseline, 0.79 ⫾ 0.22 Hz, n ⫽ 4;
WIN at 0.05 mg/kg, 0.79 ⫾ 0.20 Hz, n ⫽ 4; WIN at 0.1 mg/kg,
0.81 ⫾ 0.23 Hz, n ⫽ 4; WIN at 0.2 mg/kg, 0.69 ⫾ 0.26 Hz, n ⫽ 4;
WIN at 0.3 mg/kg, ⫺0.62 ⫾ 0.30 Hz, n ⫽ 4; WIN at 0.4 mg/kg,
0.71 ⫾ 0.21 Hz, n ⫽ 4; WIN at 0.6 mg/kg, 1.03 ⫾ 0.33 Hz, n ⫽ 4;
WIN at 0.7 mg/kg, 0.87 ⫾ 0.06, n ⫽ 4; p ⬍ 0.05 vs control,
between-groups ANOVA) (Fig. 4 A), thus indicating that the me-
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Microinfusion of WIN55,212-2 into the mPFCv and DR:
electrophysiology on 5-HT neurons
To further localize the action of cannabinoids on 5-HT neurons,
local microinfusion experiments were performed. Because the
CB1R (Moldrich and Wenger, 2000) and CB1R mRNA (Häring et
al., 2007) are present in the DR, it appeared reasonable to begin
our attempt to localize the action of WIN55,212-2 within this
nucleus, with the hypothesis that cannabinoid-induced 5-HT
neuronal modulation occurs through local DR circuits. The microinfusion of WIN55,212-2 into the DR elicited a rapid increase
(63.64%) and decrease (30%) in single-unit firing activity in one
positive responder and one negative responder, respectively. The
other two of four neurons recorded were nonresponders (Fig.
5 A, B).
The mPFCv is functionally associated with stress and coping
mechanisms through the regulation of the DR (Amat et al., 2005).
Therefore, we further assessed the impact of CB1R activation in
the ventral prelimbic–infralimbic cortex (mPFCv) on 5-HT
single-unit activity. To strengthen results obtained from the selective mPFC transection, we locally microinfused WIN55,212-2
into the mPFCv of both cortical hemispheres. Corroborating the
results from the transections (experiment 3), a gradual increase
in 5-HT single-unit firing activity was elicited in four of five
(80%) neurons recorded. This increase plateaued after 10 –20
min and was rapidly nullified by the injection of RIM (1 mg/kg,
i.v.) (Fig. 6 A). Furthermore, microinfusion of WIN55,212-2 into
the same site in mPFC-transected brains (n ⫽ 2) (Fig. 6C) as well
as into the latPFC (n ⫽ 2) (Fig. 6 D) did not elicit an increase in
5-HT single-unit activity in support of the necessity of the mPFC
in cannabinoid-induced modulation of DR 5-HT neurons.

Figure4. EffectofPFCtransectionsonthemodulationofDR5-HTneuronalactivitybyintravenous
administration of WIN. A, Line graph showing the modulatory effect of cumulative doses of WIN
(0 – 0.5 mg/kg) on 5-HT single-unit firing activity after tPFC (shaded inverted triangles), ablation of
mPFC (shaded squares), or latPFC (shaded upright triangles) subregions compared with shamexposedcontrols(opencircles).tPFCandmPFCtransectionsabrogatedtheexcitatoryresponsetolow
doses of WIN (0.05– 0.2 mg/kg, i.v.), whereas latPFC transection did not significantly reduce the
excitatory response to low doses of WIN (0.05– 0.2 mg/kg, i.v.). n ⫽ 3–7 animals per group. Values
areexpressedasmean⫾SEMofincreasein5-HTunitfiringrate(percentageofbaseline).**p⬍0.01
mPFC transection versus control; ⫹⫹p ⬍ 0.01 tPFC transection versus control. B, Histological verificationofthelesionleftbyatPFCtransection.Grayrectangleencompassestheanteroposteriorrangeof
alltransections,andarrowspointtoanexampleofacorticallesiontraceonamidsagittalbrainsection
(⬃0.4 mm lateral to midline according to Paxinos and Watson, 1986). Shown is an illustrative depiction of the electrode placement and a typical action potential waveform of a putative 5-HT neuron
(top) and a closer inspection of the lesion trace (bottom).

dial, but not lateral, parts are responsible for the 5-HT firing
activity enhancement by CB1R agonism. The transection procedure did not significantly modify the basal discharge rate of DR
5-HT neurons as was also observed by Hajos et al. (1999).

Microinfusion of WIN55,212-2 into the mPFCv: behavior in
the FST
Because the results obtained from intracerebral WIN55,212-2
microinfusions with electrophysiology seemed to point to the
mPFCv as a structure that plays an important role in
cannabinoid-induced activation of DR 5-HT neurons, we therefore examined whether local bilateral microinfusion of
WIN55,212-2 into the mPFCv is sufficient to alter stress-coping
behaviors in the FST. Both microdoses of WIN55,212-2 used (1
and 5 g in 0.5 l of vehicle), compared with vehicle, produced a
reduction of 47.43 and 36.24%, respectively, in total immobility
time (VEH, 142.92 ⫾ 14.29 s; WIN at 1 g, 75.13 ⫾ 15.74 s; WIN
at 5 g, 90.12 ⫾ 20.93 s; p ⬍ 0.01 vs VEH) (Fig. 7) and an
enhancement of 38.78 and 32.31%, respectively, in total swimming time (VEH, 141.09 ⫾ 12.97 s; WIN at 1 g, 195.81 ⫾ 15.49
s; WIN at 5 g, 186.68 ⫾ 18.84 s; p ⬍ 0.01 vs VEH) (Fig. 7). There
were no significant changes observed in climbing behavior (VEH,
16.07 ⫾ 3.23 s; WIN at 1 g, 29.2 ⫾ 5.22 s; WIN at 5 g, 21.50 ⫾
7.43 s; NS vs VEH) (Fig. 7), implying that enhancement in noradrenergic transmission may not be as important as enhancement in serotonergic transmission in mediating the
antidepressant-like effects of WIN55,212-2 in the FST. A microdose of RIM (1 g) that by itself did not induce any significant
effect in the FST (immobility, 05.0 ⫾ 40; swimming, 170.5 ⫾
20.2; or climbing, 23.5 ⫾ 10 vs VEH, NS) blocked the effect of 1
g of WIN55,212-2 when microinfused 1 min before
WIN55,212-2. In the open-field test, neither WIN55,212-2, RIM,
nor RIM plus WIN55,212-2 induced a change in locomotor activity with the microdoses used, eliminating the possibility of a
false positive in the FST (VEH, 422.93 ⫾ 41.38; WIN at 1 g,
400.31 ⫾ 50.86; WIN at 5 g, 397.89 ⫾ 64.02; RIM at 1 g plus
WIN at 1 g, 431.43 ⫾ 42.12; or RIM at 1 g, 455.26 ⫾ 31.9).
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direct CB1R activation that modulates 5-HT
because it was blocked by the CB1R antagonist rimonabant and the 5-HT-depleting
agent pCPA. Highlighting the role of CB1R
in mood regulation, preclinical studies have
indeed shown that its genetic and pharmacological blockade rendered animals more
emotionally reactive and anxious (Haller et
al., 2002, 2004; Martin et al., 2002), susceptible to chronic stress-induced anhedonia
(Martin et al., 2002), and liable to impairments in hypothalamic–pituitary–adrenal
regulation (Barna et al., 2004) reminiscent of
neuroendocrine dysfunction observed in depression. Interestingly, CB1R knock-out
mice presented impaired extinction of aversive memories (Marsicano et al., 2002), invoking the pathological hallmark of posttraumatic stress disorder, a condition
possessing overlapping symptomatology
and high rate of comorbidity with major
depression (Vieweg et al., 2006).
Antidepressant-like effects in the FST
have also been reported previously with
the endocannabinoid reuptake inhibitor AM404 [N-(4-hydroxyphenyl)arachidonamide] (Hill and Gorzalka, 2005)
and the direct CB1R agonist HU-210
[3-(1,1-dimethylheptyl)-(⫺)-11-hydroxy-⌬8tetrahydro-cannabinol] (Hill and Gorzalka, 2005; Jiang et al., 2005). Chronic
HU-210 treatment was also found to drive
hippocampal cell proliferation (Jiang et
al., 2005), believed to be a downstream sequela of antidepressant treatment (Malberg et al., 2000). We recently demonstrated that the selective FAAH inhibitor
URB597 cyclohexylcarbamic acid 3⬘carbamoylbiphenyl-3yl ester possesses
antidepressant-like properties in the FST,
tail suspension test (Gobbi et al., 2005),
and chronic mild stress paradigm (BortoFigure 5. Effect of WIN microinfused into the DR. A, Integrated firing rate histogram of a 5-HT neuron before and after intra-DR lato et al., 2007), in support of the concept
microinfusion of vehicle (0.5 l) (n ⫽ 3 neurons). B, Integrated firing rate histogram of a 5-HT neuron before and after intra-DR that the endocannabinoid system may
microinfusion of WIN (5 g in 0.5 l of vehicle) showing a slight increase in single-unit firing activity immediately after infusion serve as target for depression therapy withobserved in one of four neurons. Among the other three neurons, one showed a decrease whereas the other two did not respond out the unwanted psychotropic effects of
at all. On each histogram, 5-HT neuronal firing rate is plotted as spikes per 10 s. Horizontal bar on top represents the time course
direct CB1R agonists. Moreover, perturbaof infusion, and vertical lines at the bottom represent the frequency of neuronal burst activity such that each tick corresponds to a
tions in endocannabinoid signaling may
burst event. C, Left, An illustrative depiction of the electrode descent into the DR (shaded gray area) and the trajectory of the
microcannula based on the stereotaxic atlas of Paxinos and Watson (1986). Right, Histological verification of lesions imprinted by very well be implicated in depression etiolthe electrode descent (left arrow) and of the microcannula (right arrow) on a coronal brain section (⬃1.2 anterior to interaural ogy, supported by the following. First,
chronic unpredictable stress, used to
zero) showing the DR (shaded gray area). Bottom, Closer inspection of lesion traces.
model anhedonia, a core depression
symptom, is associated with decreased enDiscussion
docannabinoid
2-arachidonoylglycerol
in the rat hippocampus (Hill
These results establish that low doses of a CB1R agonist elicit
et al., 2005). Second, in humans, upregulation of PFC CB1R in suipotent antidepressant-like behavior and enhance 5-HT neurocidal depressives may indicate an adaptive response to decreased
transmission, mediated by CB1R activation in the mPFCv. Conendocannabinoids (Hungund et al., 2004). Third, randomized trials
versely, high doses nullify antidepressant-like behavior and
of the CB1R antagonist rimonabant for obesity management inmarkedly attenuate 5-HT neurotransmission, an effect that apcreased adverse effects of depression and anxiety (Bronander and
pears to be instigated by a non-CB1R mechanism.
Bloch, 2007).
Similar to antidepressants selectively blocking 5-HT reuptake
We demonstrated that WIN55,212-2 dose dependently en(SSRIs), the CB1R agonist WIN55,212-2 potently decreased immobility and increased swim behavior in the FST. This was attributed to
hances the number, firing, and burst activity of spontaneously

11708 • J. Neurosci., October 24, 2007 • 27(43):11700 –11711

Bambico et al. • CB1 Agonism Activates 5-HT Neurons through Prefrontal Cortex

Figure 7. Behavioral effects of bilateral microinfusion of WIN and RIM into the mPFCv in the
rat FST. WIN (1 or 5 g in 0.5 l of vehicle infused for 3 min) administered 7–10 min before the
FST increased total time spent swimming and decreased total time spent immobile. Bilateral
microinfusion of RIM (1 g in 0.25 l of vehicle for 1.5 min) 1 min before microinfusion of WIN
(1 g in 0.25 l for 1.5 min) abrogated antidepressant-like effect. RIM (1 g in 0.5 l of
vehicle for 3 min) did not have any significant effect. n ⫽ 7–11 animals per treatment group.
**p ⬍ 0.01 versus vehicle.

Figure 6. Effect of bilateral microinfusion of WIN into the mPFCv and latPFC on DR 5-HT
neuronal activity. A, Integrated firing rate histogram of a 5-HT neuron showing a robust but
slow-onset increase in single-unit activity after intra-mPFCv infusion of WIN (5 g in 0.5 l of
vehicle) in four of five neurons. This effect was abrogated by RIM (1.0 mg/kg, i.v.). B, Integrated
firing rate histogram of a 5-HT neuron before and after intra-mPFCv infusion of WIN (5 g in 0.5
l of vehicle) showing an abolition of increased single-unit activity resulting from total prefrontocortical transection (n ⫽ 2 neurons). The microinfusion site was anterior to the transection lesion. C, Integrated firing rate histogram of a 5-HT neuron before and after intra-mPFCv
infusion of vehicle (0.5 l), showing no apparent effect on neuronal activity (n ⫽ 4 neurons). D,
Integrated firing rate histogram showing that intra-latPFC infusion of WIN (5 g in 0.5 l of
vehicle) did not produce an increase in 5-HT single-unit activity (n ⫽ 2 neurons). On each
histogram, 5-HT neuronal firing rate is plotted as spikes per 10 s. Horizontal bar represents the
time course of infusion, and vertical lines at the bottom represent the frequency of neuronal
burst discharge such that each tick corresponds to a burst event. E, Illustrative depiction of the
placement of cannulas directed into the mPFCv (shaded region area, bregma ⫹2.2) and the
electrode descent into the dorsal raphe nucleus (interaural 0 ⫹ 1.2), based on the stereotaxic
atlas of Paxinos and Watson (1986).

active DR 5-HT neurons, corroborating microdialysis experiments that found increased synaptic 5-HT release in subcortical
target regions (Fadda et al., 2006). We reported that elevating
intrinsic anandamide through URB597 similarly elicited increased 5-HT activity (Gobbi et al., 2005). Both URB597 and
WIN55,212-2 effects were CB1R mediated because these were
blocked by rimonabant. Noteworthy, the effects here observed
with WIN55,212-2 were markedly different from those exerted
by URB597 in at least two features. First, WIN55,212-2 elicited a
rapid response as opposed to the 2 h delay with URB597; this
difference might be ascribed to the kinetics of FAAH inhibition
preceding anandamide-induced CB1R activation. Second, higher
URB597 doses produced an enduring (plateau effect) excitation
(Gobbi et al., 2005), whereas higher doses of WIN55,212-2 resulted in a rapid decline in excitation; this difference could be
attributable to the fact that direct CB1R agonists activate wholebrain CB1Rs, whereas FAAH inhibitors indirectly activate a subpopulation of these receptors colocalized with FAAH.
We identified that a CB1R subpopulation mediating 5-HT
excitatory response to WIN55,212-2 is localized in the mPFC, the
main source of cortical afferents to the DR (Hajos et al., 1999;
Jankowski and Sesack, 2004). Convergent with results shown
here, limbic 5-HT was enhanced after electrical stimulation of the
mPFC but not of the latPFC (Juckel et al., 1999). Indeed, transecting mPFC efferents to the DR abolished the response of all recorded DR 5-HT neurons to the excitatory dose of WIN55,212-2.
This was not observed after latPFC transection because of the
absence of DR afferents from this area (Peyron et al., 1998). We
surmise that the mPFCv particularly contained this receptor subpopulation because WIN55,212-2 bilaterally infused into this
subregion markedly decreased FST immobility and increased
basal discharge activity of DR 5-HT neurons. These effects were
blocked by rimonabant.
The action of WIN55,212-2 may be explained by an enhanced
feedforward excitatory input along mPFC–DR monosynaptic
projections to 5-HT neurons possibly driven by disinhibiting pyramidal neurons (Fortin et al., 2004). Disinhibition was likely
engaged by CB1R inhibitory control of cortical interneurons
(Trettel and Levine, 2002), in agreement with the Gi/o-proteinlinked transduction mechanism known to be associated with it
and the resultant inhibition of voltage-sensitive calcium channels
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(Piomelli, 2003). This view is strengthened by the abundant perisomatic expression of CB1Rs in neocortical and PFC interneurons (Tsou et al., 1998; Marsicano and Lutz, 1999). Also, cannabinoids have been shown to increase cortical excitatory
transmission and net spiking probability of pyramidal neurons in
vivo (Pistis et al., 2001; Fortin et al., 2004), consistent with a
concurrent increment of basal glutamate levels and decrement of
basal GABA levels in prefrontocortical microdialysis experiments
observed in anesthetized (Pistis et al., 2002) and awake (Ferraro et
al., 2001) rats, as well as in prefrontocortical in vitro culture (Ferraro et al., 2001; Tomasini et al., 2002).
The degree of controllability over stressors is processed by the
mPFCv, which in turn influences brainstem monoaminergic activity, particularly the DR (Amat et al., 2005, 2006; Maier et al.,
2006). As such, it can be posited that the integrity of DR function
in normosensitive states in relation to stress-coping and moodrelated behaviors relies on the efficiency of mPFCv pyramidal
activity. The therapeutic relevance of increasing pyramidal transmission becomes explicit on consideration that simply brief exposures to uncontrollable stress already can inflict significant
dendritic retraction of infralimbic pyramidal neurons and impair
stress-coping and fear extinction in murines (Izquierdo et al.,
2006). Incidentally, hyperactivating anandamide through FAAH
knock-out, thereby enhancing intrinsic CB1R activity, has been
observed to modulate PFC plasticity, significantly increasing
dendritic spine density (Patel et al., 2007). This neuroplastic
change is as well akin to an antidepressant-like effect on the
mPFC observed after chronic antidepressant treatment (Sairanen
et al., 2007).
Finally, we presented evidence that increasing WIN55,212-2 dose
produces a bidirectional profile in the modulation of 5-HT neuronal
firing and burst activity, as well as in FST antidepressant-like behavior. This effect mirrors classical biphasic/bidirectional biochemical,
physiological, and psychopharmacological modulations by cannabinoids reported previously (for review, see Chaperon and Thiebot,
1999). Moreover, this bidirectional effect may explain the succession
of euphoria and dysphoria during cannabis intoxication (American
Psychiatric Association, 1994; Iversen, 2003), a phenomenon validated by neuropsychological measures (Ashton et al., 1981).
Although we point to mPFCv CB1R as instrumental to
WIN55,212-2-induced antidepressant-like effect and 5-HT activity enhancement, the 5-HT-decreasing effect appeared to be
independent of CB1R. The inert effect of high WIN55,212-2
doses in the FST and the decline in 5-HT excitation was generally
nonsensitive to rimonabant. The TRPV1 antagonist capsazepine
reversed the decline in 5-HT excitation induced by high
WIN55,2212-2 doses. Interestingly, TRPV1 is expressed in both
DR and PFC (Liapi and Wood, 2005) and is implicated in anxiety,
conditioned fear, and hippocampal long-term potentiation
(Marsch et al., 2007) and in schizophrenia (Chahl, 2007), whose
negative symptoms overlap with depression. Second, we consider
the possible role of the putative CB3R or a non-CB1 cannabinoid
receptor possessing a lower affinity to WIN55,212-2 proposed to
be present in glutamatergic terminals and thus in a position to
inhibit the release of excitatory amino acids (Hajos and Freund,
2002). Indeed, a reduction of evoked glutamate-mediated synaptic currents in 5-HT neurons was observed in acute DR slice
preparations (Haj-Dahmane and Shen, 2005). Third, CB1R agonists may differentially act on GABAergic and glutamatergic
pathways as observed in the ventral tegmental area (VTA) (Melis
et al., 2004; Riegel and Lupica, 2004). Interestingly, a dual receptor mechanism was also reported to occur in the amygdala (Pistis
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et al., 2004), periaqueductal gray (Maione et al., 2006), and hippocampus (Hajos and Freund, 2002).
Altogether, these data are highly suggestive of a significant role
of the mPFCv in mood control and in DR 5-HT activity through
CB1R. We cannot, however, completely rule out the contributions of other brain regions and neurotransmitter systems that
can act in concert with the mPFCv. The observed difference between systemic and intra-mPFCv WIN55,212-2 on the magnitude of FST effects may reflect extra-mPFCv contributions. CB1R
agonists also modulate neuronal activity in various subcortical
structures, e.g., the VTA (Diana et al., 1998), amygdala (Pistis et
al., 2004), and locus ceruleus (Muntoni et al., 2006), all known to
send afferents to the DR. Additional studies are underway to
evaluate the influences of these areas on the activation of DR by
cannabinoids.
Finally, this study confirms the emerging concept that the
CB1R is an important new target in the development of antidepressant drugs. However, the challenge in the discovery of novel
cannabinoid-derived agents lies in the development of agonists
with selective antidepressant properties, and that minimize the
unwanted psychotropic effects of cannabis.
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Häring M, Marsicano G, Lutz B, Monory K (2007) Identification of the
cannabinoid receptor type 1 in serotonergic cells of raphe nuclei in mice.
Neuroscience 146:1212–1219.

Bambico et al. • CB1 Agonism Activates 5-HT Neurons through Prefrontal Cortex
Hill MN, Gorzalka BB (2005) Pharmacological enhancement of cannabinoid CB1 receptor activity elicits an antidepressant-like response in the rat
forced swim test. Eur Neuropsychopharmacol 15:593–599.
Hill MN, Patel S, Carrier EJ, Rademacher DJ, Ormerod BK, Hillard CJ, Gorzalka BB (2005) Downregulation of endocannabinoid signaling in the
hippocampus following chronic unpredictable stress. Neuropsychopharmacology 30:508 –515.
Hill MN, Sun JC, Tse MT, Gorzalka BB (2006) Altered responsiveness of
serotonin receptor subtypes following long-term cannabinoid treatment.
Int J Neuropsychopharmacol 9:277–286.
Huestis MA, Gorelick DA, Heishman SJ, Preston KL, Nelson RA, Moolchan
ET, Frank RA (2001) Blockade of effects of smoked marijuana by the
CB1-selective cannabinoid receptor antagonist SR141716. Arch Gen Psychiatry 58:322–328.
Hungund BL, Vinod KY, Kassir SA, Basavarajappa BS, Yalamanchili R, Cooper TB, Mann JJ, Arango V (2004) Upregulation of CB1 receptors and
agonist-stimulated [35S]GTPgammaS binding in the prefrontal cortex of
depressed suicide victims. Mol Psychiatry 9:184 –190.
Iversen L (2003) Cannabis and the brain. Brain 126:1252–1270.
Izquierdo A, Wellman CL, Holmes A (2006) Brief uncontrollable stress
causes dendriticretraction in infralimbic cortex and resistance to fear extinction in mice. J Neurosci 26:5733–5738.
Jankowski MP, Sesack SR (2004) Prefrontal cortical projections to the rat
dorsal raphe nucleus: ultrastructural features and associations with serotonin and gamma-aminobutyric acid neurons. J Comp Neurol
468:518 –529.
Jiang W, Zhang Y, Xiao L, Van Cleemput J, Ji SP, Bai G, Zhang X (2005)
Cannabinoids promote embryonic and adult hippocampus neurogenesis
and produce anxiolytic- and antidepressant-like effects. J Clin Invest
115:3104 –3116.
Johnson KM, Ho BT, Dewey WL (1976) Effects of delta9-tetrahydrocannabinol
on neurotransmitter accumulation and release mechanisms in rat forebrain
synaptosomes. Life Sci 19:347–356.
Juckel G, Mendlin A, Jacobs BL (1999) Electrical stimulation of rat medial
prefrontal cortex enhances forebrain serotonin output: implications for
electroconvulsive therapy and transcranial magnetic stimulation in depression. Neuropsychopharmacology 21:391–398.
Liapi A, Wood JN (2005) Extensive co-localization and heteromultimer formation of the vanilloid receptor-like protein TRPV2 and the capsaicin
receptor TRPV1 in the adult rat cerebral cortex. Eur J Neurosci
22:825– 834.
Lucki I (1997) The forced swimming test as a model for core and component behavioural effects of antidepressant drugs. Behav Pharmacol
8:522–532.
Maier SF, Amat J, Baratta MV, Paul E, Watkins LR (2006) Behavioural control, the medial prefrontal cortex, and resilience. Dialogues Clin Neurosci
8:397– 406.
Maione S, Bisogno T, de Novellis V, Palazzo E, Cristino L, Valenti M,
Petrosino S, Guglielmotti V, Rossi F, Di Marzo V (2006) Elevation of
endocannabinoid levels in the ventrolateral periaqueductal grey through
inhibition of fatty acid amide hydrolase affects descending nociceptive
pathways via both cannabinoid receptor type 1 and transient receptor
potential vanilloid type-1 receptors. J Pharmacol Exp Ther 316:969 –982.
Malberg JE, Eisch AJ, Nestler EJ, Duman RS (2000) Chronic antidepressant
treatment increases neurogenesis in adult rat hippocampus. J Neurosci
20:9104 –9110.
Marsch R, Foeller E, Rammes G, Bunck M, Kossl M, Holsboer F, Zieglgansberger W, Landgraf R, Lutz B, Wotjak CT (2007) Reduced anxiety, conditioned fear, and hippocampal long-term potentiation in transient receptor potential vanilloid type 1 receptor-deficient mice. J Neurosci
27:832– 839.
Marsicano G, Lutz B (1999) Expression of the cannabinoid receptor CB1 in
distinct neuronal subpopulations in the adult mouse forebrain. Eur
J Neurosci 11:4213– 4225.
Marsicano G, Wotjak CT, Azad SC, Bisogno T, Rammes G, Cascio MG,
Hermann H, Tang J, Hofmann C, Zieglgansberger W, Di Marzo V, Lutz B
(2002) The endogenous cannabinoid system controls extinction of aversive memories. Nature 418:530 –534.
Martin M, Ledent C, Parmentier M, Maldonado R, Valverde O (2002) Involvement of CB1 cannabinoid receptors in emotional behaviour. Psychopharmacology (Berl) 159:379 –387.
Matthew RJ, Wilson WH, Turkington TG, Hawk TC, Coleman RE, DeGrado

Bambico et al. • CB1 Agonism Activates 5-HT Neurons through Prefrontal Cortex
TR, Provenzale J (2002) Time course of tetrahydrocannabinol-induced
changes in regional cerebral blood flow measured with positron emission
tomography. Psychiatry Res Neuroimaging 116:173–185.
Melis M, Pistis M, Pera S, Muntoni AL, Pillola G, Gessa GL (2004) Endocannabinoids mediate presynaptic inhibition of glutamatergic transmission in rat ventral tegmental area dopamine neurons through activation
of CB1 receptors. J Neurosci 24:53– 62.
Moldrich G, Wenger T (2000) Localization of the CB1 cannabinoid receptor
in the rat brain: an immunohistochemical study. Peptides 21:1735–1742.
Muntoni AL, Pillolla G, Melis M, Perra S, Gessa GL, Pistis M (2006) Cannabinoids modulate spontaneous neuronal activity and evoked inhibition of
locus coeruleus noradrenergic neurons. Eur J Neurosci 23:2385–2394.
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Abstract. Depression and pain co‑exist in almost 80% of
patients and are associated with impaired health‑related
quality of life, often contributing to high mortality. However,
the majority of patients who suffer from the comorbid
depression and pain are not responsive to pharmacological
treatments that address either pain or depression, making this
comorbidity disorder a heavy burden on patients and society.
In ancient times, this depression‑pain comorbidity was treated
using extracts of the Cannabis sativa plant, known now as
marijuana and the mode of action of Δ9‑tetrahydrocannabinol,
the active cannabinoid ingredient of marijuana, has only
recently become known, with the identification of cannabinoid
receptor type 1 (CB1) and CB2. Subsequent investigations
led to the identification of endocannabinoids, anandamide
and 2‑arachidonoylglycerol, which exert cannabinomimetic
effects through the CB1 and CB2 receptors, which are located
on presynaptic membranes in the central nervous system and
in peripheral tissues, respectively. These endocannabinoids are
produced from membrane lipids and are lipohilic molecules
that are synthesized on demand and are eliminated rapidly
after their usage by hydrolyzing enzymes. Clinical studies
revealed altered endocannabinoid signaling in patients with
chronic pain. Considerable evidence suggested the involvement
of the endocannabinoid system in eliciting potent effects
on neurotransmission, neuroendocrine, and inflammatory
processes, which are known to be deranged in depression
and chronic pain. Several synthetic cannabinomimetic drugs
are being developed to treat pain and depression. However,
the precise mode of action of endocannabinoids on different
targets in the body and whether their effects on pain and
depression follow the same or different pathways, remains to
be determined.
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1. Introduction
The most common debilitating disorders affecting society at
large are pain and depression, which are the most prevalent
among neurological and psychiatric disorders. Depression and
pain co‑exist in almost 80% of patients (1) and are associated
with impaired health‑related quality of life, often contributing
to high mortality (2,3). It has been observed that patients
suffering from inflammatory and neuropathic pain are almost
5 times more prone to develop depression or anxiety disorder as
compared to the general population (4‑6). However, the majority
of patients who suffer from comorbid depression and pain are
not responsive to pharmacological treatments that address the
pain or depression, making this comorbidity disorder a heavy
burden on patients and society (7). These clinical observations
on the association of pain and depression have been confirmed
in several animal models of depression and chronic pain based
on genetics, stress, lesion, and pharmacological manipulation
that show altered nociceptive response (8,9). Considering the
significance of the complex interaction between pain and
depression and its societal impact, a better understanding of
the molecular basis for this association is needed for developing more effective therapeutics.
In ancient times, this depression‑pain comorbidity was
treated through the use of extracts of the Cannabis sativa plant,
commonly known now as marijuana. Use of marijuana for
addressing pain due to various reasons has become a hot topic
in terms of possible addiction, drug abuse as well as regulatory
issues. Although historically, the use of marijuana dates back
to over 2000 BC, the biological action of the main psychoactive
ingredient of marijuana, Δ9‑tetrahydrocannabinol (Δ9‑THC)
has only recently been identified. The biological receptor
of Δ9‑THC on the cell surface has recently been identified
and described (10,11). Characterization of this receptor
led to understanding of the mode of action of Δ9‑THC that
underlies its wide spectrum of pharmacological effects, which
encompass euphoria, calmness, appetite stimulation, sensory
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alterations and analgesia (10,11). Identification of the first
endogenous cannabinoid‑like substance, anandamide, in pig
brain reiterated the significance of the so‑called cannabinoid
receptor and its endogenous ligands in the control of a wide
variety of biological activities (12). The name ‘anandamide’,
derived from Sanskrit (‘ananda’ meaning bliss) is given to
N‑arachidonoylethanolamine, for its cannabinomimetic effects.
Another endogenous cannabinomimetic compound known as
2‑arachidonoylglycerol (2‑AG) was identified (13,14). Of note,
the two endocannabinoids were derivatives of arachidonic
acid. Considering that these compounds are cannabinomimetic
and endogenous, acting on the cannabinoid receptors, they are
known as endocannabinoids.
2. The endocannabinoid system
Besides anandamide and 2‑AG, there are other endogenously
produced molecules that also likely influence the function
of CB receptors. These molecules include oleamide (15),
O‑arachidonoyl ethanolamine, also termed virodhamine (16),
2‑AG ether or noladin ether (17), and N‑arachidonoyl‑
dopamine (18). However, their physiological role is not clear
and thus whether they are true endocannabinoids has yet
to be ascertained. In addition to Δ9‑THC, almost 80 other
phytocannabinoids are found in the cannabis extracts, with a
structure similar to that of THC. Of these, THC is the most
studied and was shown to activate cannabinoid receptor type 1
(CB1) and CB2 and affect many pathophysiological processes,
including anti‑nociception (19). However, because of its
CB1‑mediated unwanted CNS effects, the clinical utility of
THC is limited (19). Subsequent studies revealed that another
phytocannabinoid, cannabidiol, with very low affinity to bind
to CB1 and CB2 receptors, exerts positive pharmacological
effects, such as anti‑anxiety, anti‑epileptic, anti‑bacterial,
anti‑inflammatory, anticancer and also anti‑diabetic properties
without any psychoactivity (20). Nabiximols, a cannabis extract
containing THC and cannabidiol at a 1:1 ratio, has been approved
for the treatment of neuropathic pain, spasticity associated with
multiple sclerosis and intractable cancer pain (21). In addition
to the natural cannabinoids, synthetic cannabinoids, such as
dronabinol, and its analogue nabilone, have been developed
to address various types of pain. For instance, dronabinol
and nabilone are currently used for chemotherapy‑associated
emesis in Canada and USA and nabilone is indicated for
anorexia associated with AIDS‑related weight loss (22). In
addition, findings of a clinical trial showed the efficacy of
nabilone in diabetic neuropathy (23). Another synthetic drug,
an antagonist/inverse agonist of CB1 receptor, rimonabant,
initially approved for obesity and smoking cessation, was found
to have depressive effects and was subsequently withdrawn.
Biosynthesis of endocannabinoids. Endocannabinoids
are lipophilic molecules synthesized ‘on demand’ from
membrane phospholipids, and released immediately, without
storage in vesicles. Anandamide and 2‑AG are produced
at post‑synaptic neurons. Anandamide is produced in a
two‑step process involving N‑arachidonoylation of the
membrane phospholipid, phosphatidylethanolamine, to form
N‑arachidonoyl phosphatidylethanolamine (NAPE) by a
calcium‑dependent N‑acyltransferase, followed by hydrolysis

Figure 1. Endocannabinoid biosynthesis and signalling at synapse. In the
perisynaptic zone of the dendritic spine, the three main proteins involved
in 2‑arachidonoylglycerol (2‑AG) production are located in the postsynaptic
neurons (28,29). Activation of mGluR5 metabotropic glutamate receptors,
leads to the hydrolysis of membrane phosphatidylinositols (PL) by phospholipase C (PLC)‑β to form sn1,2‑diacylglycerol (sn1,2‑DAG), which contains
arachidonic acid at position‑2. The sn1,2‑DAG is then hydrolyzed by plasma
membrane bound to DAG lipase‑α (DAGL), to generate 2‑AG. The concerted
action of these protein components located proximal to each other on the
postsynaptic membrane, allows for the rapid accumulation of 2‑AG. 2‑AG
then enters the the synaptic cleft to activate cannabinoid receptor type 1
(CB1), present on the presynaptic axon terminals. 2‑AG that reaches into
presynaptic terminals, is hydrolyzed by monoacylglycerol lipase (MAGL).
Excess 2‑AG in the postsynaptic terminals is degraded by α /β hydrolase
domain containing 6 (ABHD6), which is a MAG hydrolase. By contrast,
arachidonoylethanolamine or anandamide (AEA) is also produced in the
postsynaptic terminals by the action of N‑acyltransferase, which synthesizes
N‑arachidonoyl phosphatidylethanolamine (NAPE). NAPE is further hydrolyzed by a specific PLD (NAPE‑PLD) to generate AEA. AEA also traverses
the postsynaptic membrane and reaches the CB1 receptors at the presynaptic
axon terminals. Most of the excess and unused AEA is rapidly eliminated in
postsynaptic terminals by fatty acid amide hydrolase (FAAH).

by a NAPE‑selective phospholipase D (NAPE‑PLD) to
form N‑arachidonoylethanolamine (anandamide) (24,25).
Anandamide levels are regulated by its breakdown through
the action of fatty acid amide hydrolase (FAAH) (26). 2‑AG
is synthesized in a two‑step process, in which diacylglycerol
(DAG) is first produced by the PLC from inositol phospholipids, followed by the hydrolysis of DAG to 2‑AG by plasma
membrane‑associated sn1‑DAG lipase (DAGL) (14). Once
formed, 2‑AG levels are regulated by monoacylglycerol
lipase (MAGL), which accounts for ~85% of the hydrolysis
and by α/β hydrolase domain containing 6 (ABHD6) and
ABHD12, which also hydrolyze 2‑AG to arachidonic acid
and glycerol (27). In addition to hydrolysis, 2‑AG is acted
on by cyclooxygenase‑2 (28) and lipoxygenase (29), to form
prostaglandin glyceryl esters and other related bioactive
compounds (Fig. 1).
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Table I. Cannabinoid-based therapies to treat pain and depression.
			
Condition
Cannabinoid-based drug
Outcomes for pain

Outcomes for
depression and anxiety

HIV
Marijuana
↓Muscle, nerve pain
Cancer
Nabilone
↓Pain score
Fibromyalgia
Nabilone
↓Pain
Offenders with
Nabilone
↓Pain
psychiatric disorders			
Chronic central neuropathic pain
Δ9-THC
↓Pain and pain intensity
9
Diabetic peripheral neuropathy
Sativex (Δ -THC, cannabidiol)
↓Pain

↓Anxiety
↓Overall stress
↓Anxiety
↓Post-traumatic stress
disorder symptoms
↓Anxiety
↑Quality of life

Δ9-THC, Δ9‑tetrahydrocannabinol.

Cannabinoid receptors. Two subtypes of cannabinoid receptors,
CB1 and CB2, have been cloned and characterized (11,30).
CB1 receptors are most abundant in the central nervous
system (CNS), whereas CB2 receptors are present mostly in
peripheral tissues with immune functions, and most densely
in the spleen (31). In the CNS, CB1 receptors are distributed
densely in motor and limbic regions, in areas involved in
pain transmission and modulation (e.g., periaqueductal grey,
rostral ventromedial medulla, and spinal cord dorsal horn), as
well as in the periphery (32). In the synapses, CB1 receptors
show pre‑synaptic localization on axons and terminals of
neurons. The CB1 and CB2 receptors are G‑protein coupled
receptors of Gi/Go subtype, and mediate the inhibition of
neurotransmitter release. Once released, endocannabinoids
bind to CB1 receptors located in the presynaptic membrane.
These CB receptors inhibit adenylate cyclase. Only CB1
receptor activation, but not that of CB2 receptors, causes
blockage of voltage‑dependent N‑ and P/Q‑type calcium
channels through the activation of potassium channels and
mitogen‑activated protein kinase. Although CB2 receptors
are mostly localized in immune cells and peripheral tissues,
their presence has been observed in some subsets of neurons
in brain and thus these receptors likely participate in the
modulation of neurotransmission (33). Endocannabinoids also
bind to other receptors including transient receptor potential
vanilloid 1, peroxisome proliferator‑activated receptors,
GPR55, and GPR119 (34‑36) and this non‑CB1/2 receptor
activity of endocannabinoids accounts for the differential
effects of certain cannabinoid agonists and pharmacological
modulators of endocannabinoid tone.
Following activation of their receptors, endocannabinoids
are removed from the synaptic junction/extracellular space by a
process of cellular uptake and then their hydrolysis. It has been
suggested that the uptake of anandamide is probably mediated
via a specific ‘endocannabinoid membrane transporter’, which
is yet to be identified (37,38). It is not clear how 2‑AG uptake
is mediated. Anandamide is hydrolyzed in post‑synaptic
neurons by FAAH, thus terminating the anandamide action
at the time of its synthesis, whereas 2‑AG is hydrolyzed in
pre‑synaptic neurons by MAGL, following CB1 receptor
activation. Metabolism of anandamide by lipoxygenase and
cycloxygenase enzymes yields oxygenated products with
activity on non‑cannabinoid targets (39).

3. Endocannabinoids in pain and depression
Pain is an integrative experience that involves physiological,
emotional and cognitive aspects and this experience varies
among individuals. Laboratory animals, on which most of basic
pain research is conducted, cannot report pain and in animals,
pain is generally monitored by differentiating between the
subjective experience and nociception, the measurable neuronal
events underlying the pain (?). Nociceptive pathways are
triggered by the transduction of noxious stimuli, such as heat and
mechanical injury, into neuronal action potentials by sensory
afferent neurons, such as mechanoreceptors in the peripheral
nervous system. These action potentials travel through the axon
of the primary afferent neuron, and the cell body, to a synapse
in the superficial dorsal horn of the spinal cord (41). Inputs,
from several cells types within the spinal cord, are integrated
and passed onto ascending pathways to the brainstem, and
subsequently to the thalamus. The thalamus then transmits
the signal to higher brain regions involved in the sensory (e.g.,
the somatosensory cortex) and emotional/affective (e.g., the
amygdala and cingulate cortex) aspects of pain. Due to the
cross‑talk between supra‑spinal nociceptive regions, incoming
nociceptive signals can be either enhanced or dampened by
descending modulatory pathways projecting from the brain
to the spinal cord (40,41). The endocannabinoid system is
distributed throughout the spinal and supraspinal regions, and
thus is able to effectively regulate neurophysiological activities,
including affective and nociceptive processing (42).
Clinical studies have shown altered endocannabinoid
signaling in patients with chronic pain (43,44) as well as in
psychiatric patients (45,46). Certain genetic polymorphisms in
CB1 and CB2 receptors have been found to be associated with
major depression and bipolar disorder (47,48) and resistance to
treatment was observed in depression patients having a single
nucleotide polymorphism in the CB1 receptor (49). Elevated
components of the endocannabinoid system, including plasma
2‑AG levels and CB1 and CB2 mRNA levels were observed in
the lymphocytes in osteoarthritic patients, who also exhibited
a positive correlation between 2‑AG levels, pain and depression (50). However, whether these changes are compensatory
to tackle the pain in osteoarthritis patients, is not known.
Additional studies are necessary to better understand the association of endocannabinoid system and pain and depression.
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Although, to the best of our knowledge, relatively few
clinical studies have directly addressed the importance of
endocannabinoids in pain‑depression interactions, improved
muscle and nerve pain by the intake of cannabis has been
reported in HIV patients, who exhibited improved symptoms of
depression and anxiety (51). In cancer patients, daily adjunctive
administration of Cesamet (nabilone, a Δ9‑THC analogue) for
30 days was found to improve overall anxiety and pain (52).
The therapeutic efficacy of nabilone for pain management
and quality of life improvement was demonstrated in a
randomized, double‑blind, placebo‑controlled trial in patients
with fibromyalgia (53) (Table I). Similar results were obtained
in studies using Δ9‑THC (dronabinol) in patients with chronic
central neuropathic pain or fibromyalgia (54). The above and
other studies (55-57) together indicate that depression/anxiety
and pain, when present together in a variety of patients,
respond to exogenously administered cannabinoids, although
the underlying mechanism remains to be elucidated. It has
been demonstrated that Δ 9 ‑THC‑mediated reductions in
pain are associated with enhanced amygdala activity and
reduced functional connectivity between the amygdala and
somatosensory cortex (58). Thus, the amygdala likely forms the
common neural circuit and connecting link between emotional
responding and pain. The precise mechanism(s) by which
the endocannabinoids influence behavioral/emotional and
nociceptive processing remains to be determined. At present,
there is considerable evidence involving the endocannabinoid
system in eliciting potent effects on neurotransmission,
neuroendocrine, and inflammatory processes, which are all
known to be deranged in depression and chronic pain.
4. Conclusions
Depression and pain co‑exist in the majority of patients and
often contribute to high mortality. Most patients who suffer
from the comorbid depression and pain are not responsive
to pharmacological treatments that address either the pain
or depression, exacerbating this comorbidity disorder.
Cannabinoids present in marijuana are well‑known to contain
pain and depression, and Δ9‑THC, the active ingredient of
marijuana, exerts its activity by activating CB1 and CB2
receptors. These receptors are activated by naturally present
endocannabinoids, anandamide and 2‑AG, which exert cannabinomimetic effects. The endocannabinoid system is involved
in eliciting potent effects on neurotransmission, neuroendocrine, and inflammatory processes, which are known to be
deranged in depression and chronic pain. Several synthetic
cannabinomimetic drugs are being developed to treat pain and
depression. However, the precise mode of action of endocannabinoids on different targets in the body and whether their
effects on pain and depression follow the same or different
pathways, remains to be determined in future studies.
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Various psychiatric disorders such as major depression are associated with abnormalities in
emotional processing. Evidence indicating involvement of the endocannabinoid system in
emotional processing, and thus potentially in related abnormalities, is increasing. In the
present study, we examined the role of the endocannabinoid system in processing of stimuli
with a positive and negative emotional content in healthy volunteers. A pharmacological
functional magnetic resonance imaging (fMRI) study was conducted with a placebo-controlled,
cross-over design, investigating effects of the endocannabinoid agonist Δ9-tetrahydrocannabinol (THC) on brain function related to emotional processing in 11 healthy subjects. Performance
and brain activity during matching of stimuli with a negative (‘fearful faces’) or a positive
content (‘happy faces’) were assessed after placebo and THC administration. After THC
administration, performance accuracy was decreased for stimuli with a negative but not for
stimuli with a positive emotional content. Our task activated a network of brain regions
including amygdala, orbital frontal gyrus, hippocampus, parietal gyrus, prefrontal cortex, and
regions in the occipital cortex. THC interacted with emotional content, as activity in this
network was reduced for negative content, while activity for positive content was increased.
These results indicate that THC administration reduces the negative bias in emotional
processing. This adds human evidence to support the hypothesis that the endocannabinoid
system is involved in modulation of emotional processing. Our ﬁndings also suggest a possible
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role for the endocannabinoid system in abnormal emotional processing, and may thus be
relevant for psychiatric disorders such as major depression.
& 2013 Elsevier B.V. and ECNP. All rights reserved.

1.

Introduction

Accurate processing of emotional information is an essential
aspect of appropriate social interactions and interpersonal
relationships. Abnormalities in emotional processing are
among the most important characteristics of psychiatric
disorders such as major depression, bipolar disorder and
schizophrenia, with signiﬁcant consequences for social
functioning and subjective well-being of patients
(Leppanen, 2006; Phillips et al., 2008). Evidence is accumulating for involvement of the endocannabinoid (eCB)
system in emotional processing (Lafenetre et al., 2007).
Additionally, a possible role for the eCB system in abnormalities in emotional processing related to psychiatric disorders has been suggested (Ashton and Moore, 2011; Hill
et al., 2009).
The eCB system is a retrograde messenger system that
regulates both excitatory and inhibitory neurotransmission,
and consists of cannabinoid receptors and accompanying
endogenous ligands (Heifets and Castillo, 2009). Modulation
of the eCB system changes emotional responses and processing of emotional information. In humans, for example,
smoking cannabis can produce a euphoriant effect, with
feelings of intoxication and decreased anxiety, alertness and
tension (Ashton, 2001). Administration of Δ9-tetrahydrocannabinol (THC), the main psychoactive component in cannabis
and partial agonist of the cannabinoid CB1 receptor, has been
shown to reduce perception of fearful facial emotions in
healthy volunteers (Ballard et al., 2012), whereas both acute
and long-term administration of the eCB antagonist rimonabant appear to induce a bias away from positive emotions on
a memory recognition task (Horder et al., 2009, 2012). In
animals, low doses of cannabinoid agonists or drugs that
enhance levels of endogenous cannabinoids reduce anxietylike behavior (Kathuria et al., 2003; Marco et al., 2004;
Valjent et al., 2002; see for a review Hill et al. (2009)), while
disruption of eCB-mediated synaptic regulation produces
anxiety- or depressive-like states (Griebel et al., 2005;
Martin et al., 2002; see for a review Lafenetre et al. (2007)).
Cannabinoid receptors are highly expressed in many of
the key regions for emotional processing (Herkenham et al.,
1991; Katona et al., 2001), such as the occipital and
temporal lobes, which are involved in perceptual emotional
processing, the amygdala and orbital frontal cortex, which
are involved in emotion recognition and generation of
emotional reactions (LeDoux, 2003), and the anterior
cingulate and prefrontal cortex, which are involved in
regulation of emotional reactions (Adolphs, 2002; Phillips
et al., 2008). Based on this widespread involvement, the
purpose of the present study was to examine network-wide
interaction effects of the eCB system with emotional
content of stimuli. For this purpose, we conducted a
pharmacological functional MRI (fMRI) study with healthy
volunteers, measuring the effects of THC administration on

brain function related to stimuli with either a negative
(‘fearful faces’) or positive (‘happy faces’) emotional
content.
So far, the role of the eCB system in human emotional
processing has been investigated in a limited number of
functional neuroimaging studies with administration of THC
(Fusar-Poli et al., 2009; Phan et al., 2008). Speciﬁcally
examining the effects of THC in the amygdala region with an
identical task as used in the present study, Phan et al.
(2008) found reduced amygdala reactivity for processing of
stimuli with a negative emotional content. Fusar-Poli et al.
(2009) reported less consistent effects, as THC increased activity in precuneus and primary motor cortex, and
reduced activity in bilateral middle frontal gyrus and
posterior cingulate cortex during a gender discrimination
task with stimuli with a negative emotional content.
On the basis of recent neural models, we expected that
processing of emotional stimuli would activate a wide
network of brain regions, including amygdala, orbital frontal gyrus, prefrontal cortex, anterior cingulate cortex, and
temporal and occipital lobes (Adolphs, 2002; Phillips et al.,
2008). Based on both the study of Phan et al. (2008), in
which a similar design was used as in the present study, as
well as on the reported alterations in processing of emotional information after administration of cannabinoids
(Ballard et al., 2012; Horder et al., 2009; Horder et al.,
2012), it was hypothesized that THC would reduce the
negative bias in emotional processing, and shift it towards
a positive bias. We expected this to be reﬂected in reduced
brain activity after THC administration when stimuli with a
negative emotional content are processed, and increased
activity after THC administration when stimuli with a
positive emotional content are processed.

2.

Experimental procedures

This study is part of the Pharmacological Imaging of the Cannabinoid
System (PhICS) project, the design and objectives of which are
provided in a methodological paper (van Hell et al., 2011).

2.1.

Subjects

Fourteen healthy male right-handed subjects were recruited
through ﬂyers, posters and internet advertisements. All subjects
used cannabis on an incidental basis, deﬁned as having used
cannabis at least four times but at most once a week in the year
before inclusion in the study. All subjects were in good physical
health as assessed by medical history and physical examination, and
were screened for axis I psychiatric disorders using the Dutch
version of the Mini International Neuropsychiatric Interview for
DSM-IV clinical disorders. Subjects were asked to refrain from
cannabis for at least two weeks before the ﬁrst study day until
study completion. Illicit drug use other than cannabis was not
allowed within six months prior to inclusion. Compliance was tested
by means of a urine sample at the beginning of each test day. For
further details on inclusion and exclusion criteria we refer to van
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Table 1

Subject characteristics (n =11).

Characteristic

Mean7SD

Range

Age (years)
IQ
Height (cm)
Weight (kg)
BMI (kg/m2)

21.572.5
105.275.5
183.476.5
74.177.6
22.071.2
20.079.4
0.370.7

18–26
98–113
175–195
65–87
20.1–
23.6
4–30
0–2

12.075.9

5–20

Cannabis use (Occasions/year)
Tobacco smoking (Cigarettes/
week)
Alcohol consumption (Units/
week)
Coffee consumption (Units/week)
Illicit drug use (Occasions
lifetime)

12.7711.6 0–35
1.071.8 0–5

Use of cannabis, tobacco, alcohol and coffee was given for
the year before inclusion in the study. Subjects refrained
from cannabis for at least two weeks before the ﬁrst study
day until study completion and from alcohol for 48 h before
each study day. Caffeine intake and smoking were not
allowed from the moment of arrival until the end of a study
day. Illicit drug use other than cannabis was at least more
than 6 months before the ﬁrst study day. All subjects showed
negative urine screening at both study days.

Hell et al. (2011). All volunteers gave written informed consent
before entry into the study. The study was approved by the
Independent Ethics Committee of the University Medical Center
Utrecht, the Netherlands, in accordance to the Declaration of
Helsinki 2008.
Results are reported on 11 out of the 14 included subjects. One
subject did not complete the study procedure due to a strong
disruptive response to inhalation of medication during one of the
scanning sessions. Two other subjects were excluded because of an
absence of elevated THC plasma levels and movement-related
errors during scanning, respectively. Subject characteristics are
summarized in Table 1.

2.2.

Design and procedure

In a double-blind, randomized, placebo-controlled, crossover
pharmacological fMRI study, subjects underwent two scanning
sessions after administration of placebo and of THC. Study days
were scheduled at least 2 weeks apart to allow for complete
clearance of drugs. Two weeks before the ﬁrst study day,
participants were familiarized with the scanner environment
using a mock scanner.
On the beginning of each study day, a catheter was placed
intravenously in the left arm for the withdrawal of blood samples.
Subsequently, subjects performed three cognitive paradigms, during which functional MRI scans were obtained. One of these
paradigms was the emotional processing task. Paradigm sequence
was randomized between subjects, but remained unchanged within
subjects across sessions. Results of other assessments are reported
elsewhere (Bossong et al., 2012a; Bossong et al., 2012b; van Hell
et al., 2011). Although there is some overlap in subjects participating in our current and previous studies, none of the published
studies have identical experimental groups.
On study days, subjects received subsequent doses of THC or
placebo with 30 min intervals. Drugs were administered before each
fMRI task using a Volcanos vaporizer (Storz–Bickel GmbH, Tuttlingen,
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Germany) according to a method described earlier (Bossong et al.,
2009; Zuurman et al., 2008). The ﬁrst THC dose was 6 mg, followed
by three doses of 1 mg each to maintain stable levels of CNS effects.
See van Hell et al. (2011) for detailed study procedures.

2.3.

Drug levels and behavioral measurements

Venous blood samples were collected to determine plasma concentrations of THC and its two most important metabolites, 11-OHTHC and 11-nor-9-carboxy-THC, and were processed according to
Zuurman et al. (2008). Subjective effects were determined with
two sets of visual analog scales (Bond and Lader, 1974; Bowdle
et al., 1998), which were performed consecutively at baseline
and before and after task performance, and analyzed as described
previously (Bossong et al., 2009). Heart rate was monitored
continuously during scanning (van Buuren et al., 2009). VAS data
and heart rate were corrected for baseline values, and analyzed
with repeated measures MANOVA (factors drug and time) and a
paired t test, respectively.

2.4.

Task paradigm

Emotional processing was assessed with an emotional faces task
consisting of two conditions involving processing of facial expressions of emotion (fearful (‘FF’) and happy faces (‘HF’), respectively) and a sensorimotor control condition (‘CT’) (Figure 1) (Hariri
et al., 2002; Phan et al., 2008). During FF and HF, subjects viewed a
trio of unfamiliar faces and selected one of the two bottom faces
that expressed the same facial emotion as the target face on top.
The target and congruent probe face displayed either a fearful or
happy expression, while the incongruent probe face displayed a
neutral expression. The identity of all three faces was always
different. FF and HF were interspersed with a sensorimotor control
condition in which subjects viewed a trio of simple geometric
shapes (circles, vertical and horizontal ellipses) and selected one of
the two bottom shapes identical to the target shape on top.
Subjects responded by pressing one of two buttons with their
right thumb.
The emotional faces task consisted of 17 experimental blocks of
24 s: four each for FF and HF, interleaved with nine control blocks,
for a total task length of 7 min. The order of blocks was counterbalanced. All blocks were preceded by a 4 s instruction (in Dutch):
“Match Faces” or “Match Shapes”, followed by four different trios
of images presented sequentially for 5 s each, randomized for all
conditions. Trios of faces were balanced for gender. All facial
images were derived from a standard set of pictures of facial affect
(Ekman and Friesen, 1976).
Outcome measures included reaction time for correct responses
and the mean percentage of correctly identiﬁed targets. Group
differences in reaction time and performance accuracy between
placebo and THC were analyzed using repeated measures MANOVA
with drug (two levels: placebo and THC) and condition (two levels:
FF and HF) as factors. Post hoc paired t tests were performed to
further investigate effects of THC on individual task conditions.

2.5.

Image acquisition

Image acquisition was performed on a Philips Achieva 3.0 T scanner
(Philips Medical Systems, Best, the Netherlands). Functional images
were obtained using a 3D PRESTO-SENSE pulse sequence (Neggers
et al., 2008) (parameters: scan time 0.6075 s; TR 22.5 ms (in
contrast to EPI, for PRESTO the TR is much shorter than the time
to scan one volume, see Neggers et al., 2008); TE 33.2 ms; ﬂip
angle=101; FOV 224  256  160; matrix 56  64  40; voxel size
4 mm isotropic; 40 slices (sagittal orientation); 700 volumes). A
high-contrast volume with a ﬂip angle 271 was scanned for
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fearful faces

happy faces

control

Figure 1 Schematic outline of the task used to assess effects of THC on processing of facial expressions of emotion. The task
consists of two experimental conditions (fearful faces (left) and happy faces (middle), respectively), during which subjects viewed a
trio of unfamiliar faces and selected one of the two bottom faces that expressed the same facial emotion as the target face on top.
Experimental conditions were interspersed with a sensorimotor control condition (right), during which subjects viewed a trio of
simple geometric shapes (circles, vertical and horizontal ellipses) and selected one of the two bottom shapes identical to the target
shape on top. Each block consisted of four different trios of images presented sequentially for 5 s each. See for detailed information
the experimental procedures section.

Table 2

Subjective effects of Δ9-tetrahydrocannabinol (THC) (n =11).

Assessment

Drug effect (F(1,10))

VAS
VAS
VAS
VAS
VAS
VAS
VAS

11.06, p=0.008n
6.21, p=0.032n
11.97, p=0.006n
8.19, p=0.017n
6.96, p=0.025n
7.72, p=0.020n
3.60, p=0.087nn

feeling high
internal perception
external perception
alertness
contentedness
calmness
anxiety

Mean placebo score (7SD)
1.1474.79
0.3271.06
0.6872.25
5.6373.80
2.3676.19
5.11710.90
1.5973.92

Mean THC score (7SD)
34.77732.76
5.1476.86
10.2377.93
18.86714.30
9.73710.38
11.25720.23
7.50713.69

Statistical analysis was performed with baseline corrected values using repeated measures ANOVA with drug and time as factors. VAS,
Visual Analogue Scale.
n
Signiﬁcant difference (po0.05).
nn
Trend towards signiﬁcant difference (po0.10) between placebo and THC.

registration purposes. A T1-weighted structural image was obtained
for anatomical registration (parameters: TR 9.5 ms; TE 4.7 ms; ﬂip
angle=81; FOV 220.8  240  159.6; matrix 368  400  266; voxel
size 0.6 mm isotropic, 266 slices (sagittal orientation)).

2.6.

Functional MRI analysis

Functional MRI data were preprocessed and analyzed using SPM5
(Wellcome Trust Centre for Neuroimaging, London, UK). Preprocessing included realignment of functional images, co-registration with
the anatomical volume using the ﬂip angle of 271 volume, spatial
normalization into standard MNI space, and smoothing (FWHM=8
mm), as described previously (van Hell et al., 2011; Bossong et al.,
2012a; Bossong et al., 2012b). There were no signiﬁcant differences
between sessions in scan quality in terms of the average standard
deviation of time series.
First level single subject analysis included a general linear model
regression analysis using a factor matrix with factors for the FF and
HF condition, as well as the instructions that were presented during
the task and factors to correct for slow drifts in the signal up to
0.006 Hz. Group activity maps were created for both the placebo
and THC condition for the contrasts FF–CT and HF–CT.
We chose to perform ROI analyses, because we expected regions
involved in emotional processing to act as a connected network. In
addition, this analysis (unlike voxel-wise whole brain analysis)
allows for both calculation and presentation of effect sizes and

follow-up analysis, and has sufﬁcient power for smaller samples
(Friston et al., 2006; Zandbelt et al., 2008). We preselected ‘task’
voxels that showed a signiﬁcant signal increase associated with the
experimental paradigm (thresholded at t44.1, po0.001). To prevent session bias in voxel selection, voxels were included if they
exceeded threshold in at least one of the four group activity
maps. Regions of interest (ROIs) were identiﬁed by clustering
groups of at least 10 neighboring active voxels (640 mm3). We
chose a lenient threshold for voxel selection to ensure that we
included most regions showing signal changes related to the task.
Notably, the threshold for voxel selection is not related to the
tested experimental hypotheses (Friston et al., 2006). Mean signal
change for each ROI, each subject, and each session (placebo and
THC) was based on regression coefﬁcients (b values) averaged over
voxels in each ROI, extracted using the Marsbar SPM tool (Brett
et al., 2002).
It is at this stage that statistical hypothesis testing was conducted, using SPSS 17. Effects of THC on brain activity were
determined using a repeated measures MANOVA over all 12 ROIs
with drug (two levels: placebo and THC), condition (two levels:
FF–CT and HF–CT) and ROI (12 levels: all regions included) as withinsubjects factors. Follow up analyses were performed for separate
ROIs with factors drug (two levels: placebo and THC) and condition
(two levels: FF–CT and HF–CT). Post hoc paired t tests were
performed to further investigate effects of THC on individual task
conditions. ROI analyses are presented as a further descriptive
exploration of the main hypothesis test, and are, as such, not
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Drug * Condition p= 0.024
Placebo

95

Reaction time (ms)

% correctly identified targets

THC

2000
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Condition p = 0.002

1500

1000

500

80

0

Fearful Faces

Happy Faces

Fearful Faces

Happy Faces

Figure 2 Task performance. (a) Performance accuracy as mean percentage of correctly identiﬁed targets after placebo and THC
administration. (b) Reaction times of correct responses after placebo and THC administration (n =11; mean7SEM). * Signiﬁcant
difference between placebo and THC (po0.05). ms, milliseconds.
corrected for multiple comparisons if the omnibus network test
proves to be signiﬁcant.

2.7.

Correlations

To assess relationships between effects of THC on anxiety levels,
performance accuracy (FF and HF condition) and network activity
(FF and HF condition), correlation analyses were performed using
Pearson's correlation coefﬁcient (THC vs. placebo, two-sided).

3.
3.1.

3.2.

Task performance

The effect of THC administration on performance accuracy
was signiﬁcantly different between the two experimental
conditions (drug  condition, F(1,10) = 7.11; p= 0.024), with
a THC-induced decrease in the mean percentage of correctly identiﬁed emotions for FF only (from 99.471.9% to
93.877.4%, p= 0.024). Reaction times differed signiﬁcantly
between conditions (condition, F(1,10) = 17.53; p= 0.002),
with the longest response time for FF, but showed no effects
of THC administration (drug, F(1,10) = 2.59; p= 0.139)
(Figure 2).

Results
Drug levels and behavioral measurements

Plasma concentrations of THC and its main metabolites
were 82.3745.9 ng/ml (THC), 4.475.5 ng/ml (11-nor-9carboxy-THC) and 2.671.3 ng/ml (11-OH-THC), 5 min after
inhalation of 6 mg THC.
Analysis of subjective effects before and after performance of the emotional faces task revealed a signiﬁcant
THC-induced increase in VAS score of ‘feeling high’ (F(1,10)
= 11.06, p= 0.008), ‘internal perception’ (reﬂecting inner
feelings that do not correspond with reality) (F(1,10) = 6.21,
p= 0.032), and ‘external perception’ (reﬂecting misperception of external stimuli or changes in the awareness of the
environment) (F(1,10) = 11.97, p= 0.006) compared to placebo. In addition, THC signiﬁcantly reduced ‘alertness’
(F(1,10) = 8.19, p= 0.017), ‘contentedness’ (F(1,10) = 6.96,
p= 0.025), and ‘calmness’ (F(1,10) = 7.72, p= 0.020). THC
caused a trend towards a signiﬁcant increase in VAS score of
‘anxiety’ (F(1,10) = 3.60, p= 0.087). Subjective effects are
summarized in Table 2.
Heart rate increased signiﬁcantly after THC compared
with placebo (16.0713.9 and 1.579.9 bpm increase compared to baseline, respectively; po0.001). For a more
detailed description of drug levels and behavioral measurements following THC see van Hell et al. (2011).

3.3.

Selection of regions of interest

Processing of facial expressions of emotion (pooled FF–CT
and HF–CT group activity maps) yielded a network of 12
brain regions, comprising vermis, bilateral prefrontal cortex, hippocampus and occipital cortex, and right amygdala/
parahippocampal gyrus, inferior orbital frontal gyrus, supplementary motor area, superior parietal gyrus and middle
frontal gyrus (Table 3 and Figure 3).

3.4.

Brain activity

Brain activity in the network of ROIs showed a signiﬁcant
interaction effect between drug and condition (F(1,10)
= 6.66; p= 0.027), indicating that THC administration had
a different effect on the processing of FF and HF. There was
no signiﬁcant effect of drug (F(1,10) = 0.14, p= 0.718) or
condition (F(1,10) = 2.71, p= 0.131), and no difference in
the effect of THC between ROIs (drug  condition  ROI
interaction, F(6,64) = 1.69, p= 0.133). Post hoc analysis
revealed a signiﬁcant THC-induced decrease in FF activity
(from 0.7070.05 to 0.5170.06, p= 0.017). This suggests
that the signiﬁcant interaction effect between drug and
condition is mainly reﬂected in decreased processing of FF
(Table 3 and Figure 4).
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Table 3
(n =11).
ROI

M.G. Bossong et al.
Effects of Δ9-tetrahydrocannabinol (THC) on brain activity related to matching of facial expressions of emotion

Activated brain region

Cluster size
(mm3)

Network

MANOVA effects (F(1,10))

155,704

1

Vermis

832

2

Occipital cortex L

59,064

3

Occipital cortex R

74,496

4
5

Amygdala / Parahippocampal
gyrus R
Inferior orbital frontal gyrus R

2944

6

Hippocampus L

1728

7

Hippocampus R

2176

8

Prefrontal cortex L

1536

9

Prefrontal cortex R

8384

10

Superior parietal gyrus R

1408

11

Middle frontal gyrus R

12

Supplementary motor area R

896

960
1280

Condition effects

Drug

Condition

Drugncondition Fearful
faces

0.14,
p =0.718
0.40,
p =0.544
0.56,
p =0.472
1.14,
p =0.312
0.84,
p =0.382
2.93,
p =0.118
0.16,
p =0.698
3.46,
p =0.092
0.55,
p =0.477
0.01,
p =0.932
2.47,
p =0.147
2.56,
p =0.141
4.09,
p =0.071

2.71,
p=0.131
1.92,
p=0.196
1.91,
p=0.197
1.72,
p=0.218
0.01,
p=0.910
0.49,
p=0.500
1.41,
p=0.263
1.16,
p=0.307
6.05,
p= 0.034n
2.92,
p=0.118
1.33,
p=0.276
2.87,
p=0.121
0.63 p =0.447

6.66,
p = 0.027n
13.70,
p = 0.004n
10.12,
p = 0.010n
5.79,
p = 0.037n
0.14, p= 0.716

Happy
faces

p = 0.017n p=0.285
p =0.066

p=0.454

p = 0.015n p=0.179
p = 0.026n p=0.540
p =0.716

3.18, p= 0.105 p =0.636

p=0.133
p = 0.024n

8.06,
p =0.128 p=0.280
p = 0.018n
2.87, p= 0.121 p = 0.022n p=0.946
4.64, p= 0.057 p = 0.032n p=0.349
p =0.281 p=0.195
5.26,
p = 0.045n
p = 0.012n p=0.413
7.94,
p = 0.018n
2.69, p= 0.132 p =0.110 p=0.544
p =0.522

6.52,
p = 0.029n

p = 0.001n

Group activity maps for placebo and THC were thresholded at t44.1, po0.001, cluster size Z10 voxels (640 mm3). Overall effects
were determined with repeated measures MANOVA, with drug and condition as factors. Condition effects were assessed with
paired t tests. ROI numbers correspond to those shown in Figure 3. ROI, region of interest; L, left; R, right.
n
Signiﬁcant effect (po0.05).

L

-31

-8

-16

R

36

5
4

1

2

56

6

7

8

9

3

60

11

69

12

10

Figure 3 Regions of interest (ROIs) used to assess effects of THC administration on brain activity. ROIs are deﬁned in group activity
maps that were pooled for the placebo and THC condition of both the contrasts FF–CT and HF–CT (n =11; t44.1, po0.001,
uncorrected for multiple comparisons, clusters Z10 voxels). Numbers above slices indicate MNI z coordinates. ROI numbers
correspond to those shown in Table 3. L, left; R, right.
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Analysis of individual ROIs showed a signiﬁcant interaction effect between drug and condition in the vermis
(F(1,10) = 13.70; p= 0.004), left occipital cortex (F(1,10)
= 10.12; p= 0.010), right occipital cortex (F(1,10) = 5.79;
p= 0.037), left hippocampus (F(1,10) = 8.06; p= 0.018), right
prefrontal cortex (F(1,10) = 5.26; p=0.045), right superior
parietal gyrus (F(1,10) = 7.94; p= 0.018), and right supplementary motor area (F(1,10) = 6.52; p= 0.029), while there
was a trend in left prefrontal cortex (F(1,10) = 4.64,
p= 0.057) (not corrected for multiple comparisons). A
signiﬁcant effect of condition was demonstrated in the left
prefrontal cortex (F(1,10) =6.05; p= 0.034), but no signiﬁcant drug effects were shown in individual ROIs. ROI results
are summarized in Table 3 and Figure 5.

3.5.

Correlations

Anxiety levels showed a signiﬁcant negative correlation with
both FF and HF performance accuracy (r= 0.79, p =0.004
and r= 0.74, p= 0.009, respectively), but not network
activity (r= 0.44, p=0.179 and r=0.14, p=0.677). Task performance was not signiﬁcantly correlated with network

activity (r=0.24, p=0.482 and r= 0.25, p=0.461 for FF
and HF, respectively), suggesting that effects of THC on
performance accuracy do not fully account for differences
in brain activity patterns.

4.

Discussion

A pharmacological fMRI study with a THC challenge was
performed in healthy volunteers to examine involvement of
the eCB system in emotional processing. After THC administration, performance accuracy was decreased for matching stimuli with a negative, but not for matching stimuli
with a positive emotional content. Our task activated a
network of brain regions including the amygdala, orbital
frontal gyrus, hippocampus, prefrontal cortex, parietal
gyrus and occipital cortex. We found an interaction between
THC and emotional content of processed stimuli, in that activity
associated with processing of positive stimuli was reduced and
activity associated with processing of negative stimuli was
increased after THC administration. Network-wide, this effect
was mainly driven by a signiﬁcant reduction in activity
while processing stimuli with a negative emotional content.

Placebo
0.8

THC
Drug * Condition p= 0.027

0.7

Brain activity (a.u.)

0.6
0.5
0.4
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0.2
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Brain activity (a.u.)

1.2
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Figure 4 Activity in the network of ROIs during matching of ‘fearful faces’ or ‘happy faces’ stimuli (n =11). (a) Mean network
activity after placebo and THC administration (mean7SEM). (b) Network activity after placebo and THC administration presented
for individual subjects. * Signiﬁcant difference between placebo and THC (po0.05). a.u., arbitrary units.
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Figure 5 Brain activity during matching of ‘fearful faces’ or ‘happy faces’ stimuli in ROIs that demonstrated a signiﬁcant
interaction effect between drug and condition (n =11; mean7SEM). * Signiﬁcant difference between placebo and THC (po0.05). a.
u., arbitrary units; L, left; R, right.

The interaction effect was also present in many regions that
showed task-related activity. For the occipital and parietal
regions this effect was predominantly a result of reduced
activity for negative stimuli, while for the supplementary
motor area the effect was mainly reﬂected in higher activity
for positive stimuli. For the right prefrontal cortex, left
hippocampus, and vermis, the effect was only present as an
interaction.
These results suggest that administration of THC shifts the
brain's bias for stimuli that have a negative impact towards a
bias for stimuli that have a positive impact. Our ﬁndings
support the hypothesis of involvement of the eCB system in
modulation of emotional processing. It adds important human
neuroimaging evidence to a large body of literature that
implicates the eCB system in modulation of emotional
responses, as it is the ﬁrst neuroimaging study that shows
network-wide opposite effects of THC for processing stimuli
with a negative and positive emotional content.
Two previous neuroimaging studies are closely related to
the present study. First, this study is in part a reproduction
of that of Phan et al. (2008), with the important notion that
we examined effects of THC in a network of brain regions,
while Phan and colleagues limited their results to the
amygdala. Phan et al. reported reduced amygdala reactivity
for processing of stimuli with a negative emotional content.
Although we did not reproduce this signiﬁcant effect in the
amygdala, we did ﬁnd similar effects in many other regions
involved in processing of emotions. In addition, we detected

a decrease in task performance for matching negative
stimuli, which was consistent with the neuroimaging results.
A second study that is directly relevant to ours is that of
Fusar-Poli et al. (2009). After THC administration, they
demonstrated increased activity in precuneus and primary
motor cortex, and reduced activity in bilateral middle
frontal gyrus and posterior cingulate cortex, together with
subjective anxiogenic effects. Effects of THC on task
performance were not detected. Possibly, differences in
results between our study and Fusar-Poli et al. (2009) are
related to the nature of the fMRI task. In contrast to the
task used in both the present study and that of Phan et al.
(2008), Fusar-Poli and colleagues used a gender discrimination task, which did not require explicit processing of the
emotional content of the stimuli.
Our results are in line with accumulating evidence for
involvement of the eCB system in modulation of emotional
processing. Animal studies have previously shown reduced
anxiety-like behavior after administration of either low
doses of exogenous cannabinoid agonists including THC or
drugs that enhance levels of endogenous cannabinoids
(Kathuria et al., 2003; Marco et al., 2004; Valjent et al.,
2002; see for a review Hill et al. (2009)). Elimination of
eCB-mediated synaptic transmission through genetic deletion or pharmacological blockade of cannabinoid receptors
produces anxiety- or depressive-like states in animals
(Griebel et al., 2005; Martin et al., 2002; see for a review
Lafenetre et al. (2007)). Human neuropsychological studies
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have indicated that THC administration reduces perception
of fearful facial emotions in healthy volunteers (Ballard
et al., 2012), while both acute and long-term administration
of the eCB antagonist rimonabant have been shown to
induce a bias away from positive emotions on a memory
recognition task (Horder et al., 2009, 2012). A recent
neuroimaging study demonstrated that people with a
genetic proﬁle associated with increased eCB signaling
(carriers of FAAH385A) have decreased fear-related amygdala reactivity (Hariri et al., 2009). Clinical trials testing
rimonabant and the inverse agonist taranabant for treatment of obesity have shown depressed mood and anxiety as
the most common adverse events (Addy et al., 2008;
Christensen et al., 2007). Also in humans, the administration of cannabidiol has been reported to reduce activity in
amygdala, anterior and posterior cingulate cortex during
processing of intensely fearful faces, while the level of
suppression in these regions was correlated with physiological markers of anxiety (Fusar-Poli et al., 2009).
The current study also adds arguments for a possible role
of the eCB system in abnormal emotional processing related
to psychiatric disorders, as has been suggested previously
(Ashton and Moore, 2011; Hill et al., 2009). For example,
individuals diagnosed with major depressive disorder exhibit
an attentional bias towards negative cues and a bias away
from positive cues (Surguladze et al., 2004), together with
an increased reactivity towards negative and reduced
reactivity towards positive emotions (Fu et al., 2007;
Surguladze et al., 2005). Administration of antidepressant
medication reduces this bias in patients (Fu et al., 2007;
Harmer et al., 2009), and appears to induce a shift in
emotional bias in healthy volunteers similar to the one
related to THC in the current study (Harmer et al., 2006;
Murphy et al., 2009). Thus, a defect in endocannabinoid
neurotransmission could contribute to the abnormal emotional reactions as seen in patients with a major depression.
This also suggests potential for eCB-mediated medication in
the treatment of psychiatric symptoms related to abnormal
emotional responses.
A potential mechanism underlying the effects of THC
administration on brain activity may be found in the
regulatory role of the eCB system in neurotransmitter
release. The eCB system is a retrograde messenger system
that regulates both excitatory glutamate and inhibitory
GABA neurotransmission according to an ‘on-demand’ principle: endocannabinoids are released when and where they
are needed (Heifets and Castillo, 2009). This eCB-mediated
regulation of synaptic transmission is a widespread phenomenon in the brain, and is thought to play an important role
in higher brain functions, including emotional processing
(Heifets and Castillo, 2009; Hill et al., 2009). As emotional
responses such as anxiety and fear are associated with
increased glutamate and diminished GABA neurotransmission (Millan, 2003), the reduced negative emotional bias as
demonstrated in the current study may be the result of a
THC-induced reinstatement of the balance between both
neurotransmitter systems (Ruehle et al., 2012).
THC plasma concentrations and reported subjective
effects in our study indicate that a moderate high dose of
THC was used (Huestis et al., 1992; Ramaekers et al., 2006).
In line with behavioral animal studies that used high doses
of THC (Marco et al., 2004; Valjent et al., 2002), subjective
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ratings in the present study are more in the direction of
anxiety-like effects, with a trend towards a signiﬁcant THCinduced increase in the VAS score of ‘anxiety’, and signiﬁcantly reduced measures of ‘contentedness’ and ‘calmness’. These behavioral ﬁndings seem to contradict the
effects of THC on brain activity. The circumstances of the
experiment, particularly the unfamiliar environment and
the fact that subjects were aware that they had to perform
a task while possibly under the inﬂuence of THC, are likely
to have caused an increase in self-reported feelings of
anxiety. Another possibility may be that self-reported subjective states related to THC may not always be reﬂected in
brain activity related to emotional processing.
Some limitations have to be taken into account in
interpreting the results of this study. First, the sample size
of the current study was small. We therefore cannot
exclude the possibility that subtle effects of THC on brain
activity have been missed. However, the sample is large
enough to detect effects on brain activity with an ROI
approach (Zandbelt et al., 2008). Second, inclusion of
incidental cannabis users, as opposed to non-users, may
affect interpretation of results as previous cannabis use may
inﬂuence the eCB system. The choice for incidental cannabis users was based on ethical grounds (van Hell et al.,
2011). Third, although the study was designed to be doubleblind, THC induced behavioral effects that were identiﬁed
by most subjects, possibly causing expectancy effects across
sessions. The inﬂuence of expectancy was minimized by
using a randomized crossover design, thus balancing the
effects of expectancy across study days. Still, it cannot be
excluded that expectancy effects may have affected our
results to some extent. Finally, nonspeciﬁc THC-induced
changes on cerebral blood ﬂow may have confounded our
results (Iannetti and Wise, 2007). However, we have
designed our study to minimize the inﬂuence of this
effect by comparing brain activity between task-speciﬁc
conditions and a control condition, as the nonspeciﬁc
effects of THC on blood ﬂow can be expected to be
present in all conditions. Furthermore, as we found
signiﬁcant differences in THC effects between task conditions, it is unlikely that our ﬁndings are associated with
nonspeciﬁc effects.
We did not ﬁnd signiﬁcant effects of THC on amygdala
activity. Possibly, the subjective anxiety-like effects of THC
administration may have speciﬁcally masked THC-induced
effects on the response of the amygdala, as it has been
shown that particularly amygdala activity may be involved
in the subjective response to pharmacologically induced
anxiety (Eser et al., 2009). This view is supported by results
of Fusar-Poli et al. (2009), who showed strong subjective
anxiety-like effects of THC, but no signiﬁcant effects of THC
administration on the amygdala response.
In conclusion, our study shows that THC administration
induced a network-wide shift from a bias for negative emotional content towards a bias for positive emotional content.
This was accompanied by a reduced ability to recognize
stimuli with a negative emotional content. These ﬁndings
add to existing evidence that implicate the endocannabinoid
system in modulation of emotional reactions, and support a
previously suggested role for the endocannabinoid system in
abnormal emotional processing associated with various
psychiatric disorders.
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Abstract
The present review synthetically describes the currently advanced hypotheses for a neurobiological
basis of depression, ranging from the classical monoaminergic to the more recent neurotrophic
hypothesis. Moreover, the Authors review the available preclinical and clinical evidence suggesting
a possible role for the endocannabinoid system in the physiopathology of depression. Indeed, in
spite of the reporting of conflicting results, the pharmacological enhancement of endocannabinoid
activity at the CB1 cannabinoid receptor level appears to exert an antidepressant-like effect in
some animal models of depression. On the contrary, a reduced activity of the endogenous
cannabinoid system seems to be associated with the animal model of depression, namely the
chronic mild stress model. Moreover, a few studies have reported an interaction of antidepressants
with the endocannabinoid system. With regard to clinical studies, several authors have reported an
alteration of endocannabinoid serum levels in depression, while post mortem studies have
demonstrated increased levels of endocannabinoids associated to a concomitant hyperactivity of
CB1 receptor in the prefrontal cortex of suicide victims. No clinical trials carried out using
cannabinoids in the treatment of affective disorders have been published to date, although
anecdotal reports have described both antidepressant and antimanic properties of cannabis as well
as the ability of cannabis to induce mania that has also been documented. These findings are
discussed, leading us to conclude that, although data available are sufficient to suggest a possible
involvement of the endogenous cannabinoid system in the neurobiology of depression, additional
studies should be performed in order to better elucidate the role of this system in the
physiopathology of depression.

Introduction
The present paper provides a synthetic review of the current neurobiological hypotheses of depression, taking
into account preclinical and clinical evidence suggesting a
possible involvement of the endogenous cannabinoid
system in the physiopathology of depression.

Indeed, pharmacological manipulations of the endocannabinoid system have elicited antidepressant-like effects
in animal models of depression. Moreover, some animal
models of depression seem to be associated to alterations
in the endocannabinod system.

Page 1 of 11
(page number not for citation purposes)

Clinical Practice and Epidemiology in Mental Health 2007, 3:25

Although no clinical trials performed using cannabinoids
in the treatment of affective disorders have been published to date, anecdotal reports have described both antidepressant and antimanic properties of cannabis.
However, cannabis abuse has been associated with the
induction of psychosis and with the worsening of the
course of manic-depressive disorders.
Finally, several studies have reported an interaction
between antidepressants and the endocannabinoid system. Other studies have suggested that depression might
be associated with alterations of endocannabinoid serum
levels.

Current hypotheses on the neurobiology of
depression
The neurobiological hypotheses of depression are essentially based on the mechanism of action of antidepressant
drugs.
The first hypothesis was proposed more than 40 years ago,
following the serendipitous discovery of the antidepressant effect of monoaminoxidase inhibitor (MAOI) and
imipramine. This hypothesis (the monoamine hypothesis
of depression) postulates that depression is associated
with a reduced monoaminergic transmission, in particular noradrenaline (NA) and serotonin (5HT) in the CNS
[1].
The monoamine hypothesis of depression has led to the
development of the more recent antidepressant drugs,
namely the selective serotonin reuptake inhibitors (SSRI)
and the selective noradrenaline reuptake inhibitors
(SNRI). According to the monoamine theory of depression, these drugs are capable of increasing serotonin or
noradrenaline levels in the synaptic cleft by inhibiting
their presynaptic reuptake [2].
Although the numerous investigations aimed at demonstrating a monoaminergic deficiency in depressed patients
have reported conflicting and inconclusive results[3], in
our opinion the updated monoamine hypothesis [4-7]
still constitutes a fundamental basis for the development
of new antidepressants.
However, the above theory is not able to provide any
explanation for the clinical observation that the therapeutic action of these drugs is manifested only following several weeks of treatment, while an increased
monoaminergic transmission is induced immediately.
This discrepancy has generated the concept that the
increase in monoaminergic transmission is manifested
initially, but is not sufficient to exert an antidepressant
effect. The therapeutic action of these drugs is likely asso-
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ciated to the neurobiological effects induced following
chronic administration [8].
This consideration has led researchers to investigate the
effects induced by long-term treatment with antidepressants.
Long-term administration of antidepressants is capable of
modifying both the number and sensitivity of different
monoaminergic receptors [8]. A detailed description of
these results is beyond the scope of the present review.
It has moreover been demonstrated, by both our group
and other authors [9] that chronic treatment with various
antidepressants, including electroconvulsive therapy
(ECT) and SSRI, produces an increase in the activity of the
mesolimbic dopaminergic system, which plays an essential role in the rewarding mechanism shown to be
impaired in depression [10]. These observations suggest
that depression, and in particular several symptoms of
depression such as anhedonia and lack of motivation,
may be caused by a deficiency in mesolimbic dopaminergic transmission [10], the reinstatement of which is elicited by chronic antidepressant treatment.
However, it has been postulated that psychotic depression
might be associated with an increased dopaminergic
transmission, since patients may be treated successfully
with the combination of antidepressants and antipsychotics [11].
More recently, clinical evidence has been reported indicating that hippocampal volume is reduced in depression
[12,13].
Neuroimaging studies have reported that reduction in
hippocampal volume is correlated with multiple episodes
of depression in untreated patients [12,13], whereas
patients treated with antidepressants do not display any
loss in hippocampal volume [14,15]. These data suggest
that depression might be associated with hippocampal
cellular loss and/or atrophy that can be counteracted by
adequate antidepressant treatments.
This hypothesis seems to be supported by recent preclinical studies, demonstrating that chronic antidepressants
promote neurogenesis, while animal models of depression show decreased cell proliferation and neurogenesis.
Indeed, it has been reported that chronic antidepressants,
including ECT, increase cell proliferation and neurogenesis [15], the latter being essential in producing an antidepressant like effect in animal models of depression [16].
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On the contrary, acute and chronic stress decrease cell proliferation and neurogenesis [17], an effect reversed by
antidepressants[17].

noid receptors (which represent the receptors of Tetrahydrocannabinol (THC), the major active component of
cannabis) and their endogenous ligands.

With regard to the mechanism by means of which antidepressants produce neurogenesis, the most convincing
hypothesis suggests that antidepressants elicit such an
effect by increasing the levels of neurotrophic factors such
as Brain-Derived Neurotrophic Factor (BDNF)[15,18,19].
Accordingly, long-term antidepressant treatment has been
shown to increase BDNF protein and mRNA levels [1921] and reverse the stress-induced decrease in BDNF
[21,22]. Exogenous administration of BDNF displays antidepressant-like effects in several animal models of depression [23]. It may be suggested that [18] long-term
antidepressant treatment up-regulates cAMP pathway
[24], in turn activating the transcription factor cAMP
response element binding protein (CREB)[25], increasing
BDNF gene expression [15,26,27].

To date, two types of cannabinoid receptors have been
identified: CB1 and CB2 receptors [35-38]. These receptors belong to the superfamily of G protein coupled receptors [35,36], the CB1 receptor is widely distributed in the
terminals of neurons[39], while the CB2 receptor is extensively expressed throughout the immune system[40].
However, it has recently been reported that these receptors
are present also in the brain [41,42].

Stress plays a key role in precipitating depression; indeed,
it has been postulated that the disorder may be induced
by means of a mechanism possibly related to an increased
corticosterone secretion subsequently leading to a
decrease in neurogenesis.

The main endogenous ligands (endocannabinoids) of
cannabinoid receptors are anandamide [44] and 2-AG (2arachidonoylglycerol) [45,46]. 2-AG is a full agonist at
both CB1 and CB2 receptors but shows less affinity than
anandamide for both receptors [47]. Anandamide is a partial agonist at both CB1 and CB2 receptors, displaying a
higher affinity for the CB1 receptor [38]. Endocannabinoids are arachidonic acid derivatives conjugated with
ethanolamine or glicerol. Anandamide is formed by a
phospholipid precursor, the N arachidonylohosphatidyl
ethanolamide (NAPE), and its release from NAPE is catalyzed by a specific phospholipase D (PLD) [48]. The 2-AG
is a monogliceride synthesized by a phosphatidyl inositol
specific phospholipase C(PLC) [40,47].

This same mechanism may also be implicated in depression associated to hyperactivity of the Hypothalamic-pituitary-adrenal (HPA) axis due to an impaired feed-back
mechanism[28,29]. Indeed, the majority of depressed
patients obtain abnormal results on the dexamethasone
suppression test. This up-regulation produces an increase
of glucocorticoid secretion which may be responsible for
the decrease in cell proliferation [30-32]. Accordingly,
animals lacking glucocorticoid receptors (GR) display an
impaired feed back mechanism and are more susceptible
to the stress-induced depressive behaviour [33].
Moreover, the exogenous administration of glucocorticoids produces a decrease in cell proliferation and neurogenesis [30-32]. Finally, hippocampal volume loss, a
phenomenon that can be partially reversed once cortisol
levels decrease [34], has been observed in Cushing's syndrome.

The endocannabinoid system
A detailed description of the endocannabinoid system is
beyond the scope of this paper. Thus, in this section we
briefly describe those components of the endocannabinoid system that act as targets for the pharmacological
interventions aimed at determining the activity of the
endocannabinoid system.
The term "endocannabinoid system" refers to the recently
discovered neuromodulator system comprising cannabi-

The activation of cannabinod receptors inhibits cAMP
production via its coupling to Gi protein [35,36].
However numerous other signal transduction mechanisms associated with cannabinoid receptors have been
described [43].

Following the release of endocannabinoids, these compounds exert an action on cannabinoid receptors and are
rapidly inactivated by uptake and degradation [49]. Endocannabinoid uptake is mediated by a transporter facilitating the uptake of both anandamide and 2-AG [50].
The degradation of endocannabinoid is achieved by
means of two specific enzymes: the fatty acid amide
hydrolase (FAAH) [51] and the monoacylglyceride lipase
(MAGL) enzymes [52]. FAAH degrades anandamide,
whereas the MAGL degrades 2-AG.
Various compounds interacting at different phases of
endocannabinoid transmission are available to better
study the role of endocannabinoids in numerous pathological and physiological conditions. Accordingly, processes can be carried out by substances acting as agonists or
antagonists at CB receptors, by drugs inhibiting endocannabinoid transporters and by others inhibiting FAAH
activity. Moreover, very useful tools to study the physio-
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logical and physiopathological role of the endocannabinoid system are the CB1 receptor and FAAH Knockout
(KO) mice.

swimming but no affect on struggling) but at variance
with that displayed following DMI (increased struggling
but not swimming).

Among the numerous of functions modulated by the
endocannabinoid system [53], the control of emotions
and the regulation of motivational behaviour appear to be
of particular importance for the possible implication of
this system in the pathogenesis of mental disorders such
as drug addiction, depression, anxiety, and psychoses [5458].

The behavioural effects elicited by URB597 appear to be
manifested following the stimulation of CB1 receptors
(attenuated by the CB1 receptor blocker SR141716A) by
anandamide.

Effect of different pharmacological
manipulations of the endocannabinoid system in
animal models of depression
Studies aimed at investigating the role of the endocannabinoid system in the physiopathology of depression have
demonstrated how both pharmacological activation of
the endocannabinoid transmission [59] and blockade of
CB1 receptors [60,61] produce an antidepressant-like
effect in animal models of depression, that are predictive
of antidepressant activity in humans.
Possible explanation for this discrepancy will be discussed.
Hill and Gorzalka [62] have demonstrated that direct or
indirect stimulation of CB1 receptor activity exerts antidepressant-like activity in the rat forced swimming test.
Indeed, they observed that the administration of the
uptake inhibitor AM404, the CB1receptor agonist HU210
and oleamide (which seems to be a competitive inhibitor
of FAAH [62]), display an antidepressant-like effect in the
rat forced swimming test similar to that observed following the administration of the classical antidepressant desimipramine (DMI). These behavioural effects are
antagonized by the administration of AM251, a CB1
receptor blocker, suggesting that the stimulation of the
latter receptor leads to onset of the antidepressant-like
effect.
According to this hypothesis, it has been reported that
URB597, a potent FAAH inhibitor [63], elicits an antidepressant-like response in the mouse tail suspension test
and in the rat forced swimming test. These effects are
antagonized by the administration of SR141716A, a CB1
receptor blocker, further suggesting that the activation of
these receptors results in an antidepressant-like effect.
Moreover, the antidepressant-like effect produced by
URB597 was also observed after 4 days of sub-chronic
treatment with the drug.
The administration of URB597 in the rat forced swimming test induced a behavioural pattern similar to that
observed with fluoxetine (decreased floating, increased

Indeed, URB597 increases anandamide levels in the hippocampus, prefrontal cortex (PFC) and midbrain, but
does not affect 2-AG levels. Moreover URB597 increases
the firing rate of 5HT neurons in the Dorsal raphe nucleus
(DRN), an effect becoming increasingly evident after
repeated administration and which is antagonized by
SR141716A. Repeated administration of URB597 also
increases 5HT release in the hippocampus. On the other
hand, URB597 produces a slow increase in the activity of
noradrenergic neurons in the locus coeruleus, but does
not affect noradrenaline release. These observations have
led the authors to suggest that the antidepressant-like
activity of URB597 may be mediated by the increase of
5HT and NA transmission.
However, this interpretation contrasts with the behavioural observation made in the forced swimming test, in
which URB597 behaves in a similar fashion to fluoxetine,
a SSRI.
The chronic administration of URB597 exerts an antidepressant-like effect also in the chronic mild stress model
of depression with a concomitant increase of anandamide
levels in the midbrain, striatum, and thalamus [64].
However, recent reports refer to how URB597 failed to
elicit an antidepressant-like effect in the mice tail suspension test and in the forced swimming test. Likewise, no
antidepressant-like effect was manifested in FAAH-KO
mice [65]. However, this discrepancy may be explained by
the different experimental conditions used. In fact when
Lichtman's group performed experiments with altered
experimental conditions such as altered ambient light and
increased sample size they observed an antidepressantlike effect in the mice tail suspension test of URB597 and
FAAH KO-mice[65].
Antidepressant-like properties have also been observed
following administration of ACEA (arachidonyl 2 chloroethylamide) [66], a selective CB1 receptor agonist capable of eliciting an antidepressant-like effect in the mice
forced swimming test and in the head twitch response to
L5HTP.
Long term treatment with the CB1 agonist HU210 promotes neurogenesis in the hippocampus of adult rats and
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elicits antidepressant-like behaviour in the forced swimming test [67]. These effects are blocked by the CB1 receptor antagonist AM281 and by hippocampal irradiation
which blocks neurogenesis.

Finally, recent reports have disclosed that AVE1625, a
novel cannabiniod CB1 receptor antagonist [71], produces an antidepressant-like response in the mice forced
swimming test [71].

These observations suggest that the antidepressant-like
effect displayed by the CB1 receptor agonist is related to
the promotion of hippocampal neurogenesis.

In an attempt to provide an explanation for these conflicting results, further investigations aimed at evaluating the
effect of the increase of CB 1 activation and CB1 receptor
blockade under identical experimental conditions and
assessing the activation and blockade of CB1 receptors in
different animal models of depression should be performed.

Interestingly, a similar effect has been reported after long
term administration of different classes of antidepressants
[15,16].
Taken together, the above observations suggest that the
activation of CB1 receptors through direct administration
of agonists or subsequent to increased endocannabinoid
levels at CB1 receptors may produce a potential antidepressant effect.
However, this hypothesis is in contrast with the findings
that also the blockade of CB1 receptors produces an antidepressant-like effect in animal models of depression.
The administration of AM251 has been reported to
decrease immobility in the mice tail suspension test in a
dose-dependent manner [68], an effect similar to that
observed after DMI.
On the contrary, the administration of the CB1 receptor
agonist CP55940 increases immobility in the mice tail
suspension test and counteracts the effect of AM251[68].
The latter compound also elicits an antidepressant like
effect in the rat forced swimming test [68] whilst producing no effect in CB1 receptor KO mice.

It has been suggested that the antidepressant-like effect
elicited by SR141716A may be produced following activity at the level of an as yet uncharacterised central cannabinoid receptor[59].
Accordingly it has been reported that SR141716A stimulates neurogenesis also in CB1 KO mice [72], indicating
the involvement of a non CB1receptor. In fact,
SR141716A administered to Vanilloid receptor (VRI)-KO
mice failed to induce neurogenesis [72], suggesting that
rather than the neurogenic effect of SR141716A being
mediated by a non CB1 receptor, it is more likely regulated by the stimulation of VRI receptors.
In addition, the possibility cannot be ruled out that the
efficacy of SR141716A in the forced swimming test could
be due to its ability to stimulate locomotor activity [73].
On the contrary, CB1 receptor agonists have been
reported to reduce locomotor activity, suggesting that
their effect in the forced swimming test cannot be considered a false positive secondary to the increased motor
activity [74].

This previous observation led the authors to hypothesize
that the antidepressant-like behavioural effect elicited by
the CB1 receptors antagonists is strictly associated to the
presence of the CB1 receptors.

On the other hand, CB1 KO mice have been reported to
display depressive-like behaviour [55].

In accordance with the findings of Shearman et al [68], an
additional study reported how SR141716A increases
monoamine release in the prefrontal cortex and reduces
immobility in the mice forced swimming test when
administered at the relatively high dose of 3 mg/Kg but
not at the low doses of 0,3 mg/Kg and 1 mg/Kg [69].

The majority of studies aimed at investigating the role of
endocannabinoid system in animal models of depression
report data suggesting that these models are associated
with a decrease in activity of the endocannabinoid system.

A similar effect has been observed by Griebel et al [70].
Indeed, the administration of SR141716A at the dose of 3
and 10 mg/Kg does elicit an antidepressant-like effect in
the rat forced swimming test similar to that observed after
the administration of 30 mg/Kg of fluoxetine.

Endocannabinoid system in animal models of
depression

CB1 KO mice have been shown to be more susceptible to
developing depressive-like behaviour according to the
chronic mild stress model of depression [55]. This animal
model of depression measures the preference for a sucrose
solution following chronic exposure to mild stress. A
reduction in this preference is considered a symptom of
animal anhedonia. Thus, the decrease in sucrose intake by
CB1 KO mice suggests that the animals may posses a
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higher sensitivity towards developing anhedonia, a core
symtom of depression.
Accordingly, blockade of the endocannabinoid system
activity reduces the reinforcing properties of natural and
artificial stimuli [55,75], an effect that should result in
anhedonia.
The CB1 receptor KO mice are more susceptible to the
neurotoxic effect of kainic acid and display a marked
decrease in adult neurogenesis [72].
Furthermore, exposure to chronic stress is capable of
down-regulating the endocannabinoid system by reducing CB1 receptor density and 2-AG levels in the hippocampus [76].
However it has been reported that blockade of CB1 receptors with SR141716A reduces the depressive-like behaviour observed after chronic exposure to mild stress [70].
Contrary to observations made as to the effect of different
pharmacological treatments in animal models of depression, only one report [70] has demonstrated a decrease in
depressive behaviour produced by the administration of
SR141716A following chronic exposure to mild stress.
Nevertheless the dose of SR141716A used in this experiment was relatively high (10 mg/Kg per os).
Furthermore, CB2 receptors appear to be involved in the
physiopathology of depression. Indeed, it has been
reported that the expression of CB2 receptors is increased
in the mouse brain after 5 weeks of chronic mild stress
[42].

Effects of antidepressant drugs on the
endocannabinoid system
To date very few studies have been published with regard
to the effect produced by the currently available antidepressant drugs on the endocannabinoid system.
Repeated administration of fluoxetine causes a decrease of
cannabinoid CB1 gene expression in the caudate-putamen [77]. The authors suggest that fluoxetine may inhibit
anandamide uptake [77], thus increasing the availability
of the endocannabinoid at the level of the CB1 receptor;
increased activation of the receptor would likely result in
down-regulation of cannabinoid CB1 receptors gene
expression [77].
On the contrary, it has been reported that chronic fluoxetine causes an up-regulation of CB1 receptors in the Prefrontal cortex (PFC), [78,79], chronic DMI up-regulates
CB1 receptors in the hypothalamus and hippocampus
[78,79], tranylcypromine (a MAOI) decreases the levels of
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anandamide in the PFC, hippocampus and hypothalamus, and increases CB1 receptor binding in PFC and the
hippocampus, but not in the hypothalamus [78,79].
The results suggest that tranylcypromine induces hypoactivity of the endocannabinoid system in the hypothalamus, but, similar to fluoxetine and DMI, produces an upregulation of CB1 receptors in other brain areas.
Moreover, the observation that chronic fluoxetine activates G protein signal transduction coupled to CB1 receptors at different levels [80] adds further support to the
hypothesis that fluoxetine activates the endocannabinoid
system.
A recent study published by Hill et al [81] demonstrated
that chronic administration of DMI does not modify
endocannabinoid levels in the PFC, hippocampus,
hypothalamus, or amygdala, but increases CB1 receptor
density in the hippocampus and hypothalamus.
Moreover, rats subjected to a 5 minutes swimming test
displayed an increase in corticosterone levels and the
induction of c-fos in the Paraventricular nucleus(PVN) of
the hypothalamus.
Chronic DMI counteracts these stress-induced effects on
the HPA-axis. The effect of DMI is mediated by the activation of CB1 receptors being blocked by the administration
of the CB1 receptor antagonist AM251.
This finding suggests that antidepressant drugs may
restore the HPA-axis by stimulating CB1 receptors, thus
stimulating the endocannabinoid system.
However, Gobshtis et al [82] have demonstrated that the
antidepressant -like effect produced by DMI and fluoxetine in the mice forced swimming test was not antagonized
by SR141716A.
This finding is in line with the observation of Sherman et
al [68] who demonstrated that the antidepressant-like
effect of DMI was also displayed in CB1 KO mice.
The above observation suggests the impossibility of generalising the involvement of CB1 receptor in the action of
DMI, tending rather to be limited to producing an effect
on the regulation of the HPA-axis.
Recently, a very complex action of electroconvulsive shock
(ECS), the most powerful antidepressant treatment, on
the endocannabinoid system has been reported [83]. A
single administration of ECS produces a reduction in the
affinity of CB1 receptors in the PFC, hippocampus,
hypothalamus and amigdala, reduces anandamide levels
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in the PFC and hippocampus, and FAAH activity in the
PFC. On the contrary, it increases the density of CB1
receptors in the amigdala. After chronic administration of
10 days ECS further reduces the anandamide levels in the
PFC as well as the density of CB1 receptors, but enhances
the sensitivity of CB1 receptors in the amigdala.

The previously mentioned anecdotal reports describe
both antimanic [89] and antidepressive effects[90] of cannabis. Conversely, other reports have disclosed how cannabis may induce mania [91,92] and psychosis [93],
while substance abuse increases the severity of mood disorders [94]and even the risk of suicide[95].

Clinical studies

Interestingly, Hungund et al [96] found an up-regulation
of CB1 receptors associated to a concomitant increase in
the CB1 receptor mediated GTP binding in the PFC of
depressed suicides, suggesting an important role for
enhanced endocannabinoid activity in the pathogenesis
of suicide. Accordingly, Vinod et al [97] reported elevated
levels of endocannabinois, CB1 receptors and CB1 receptors mediated GTP binding in the PFC of alcoholic suicides, adding further support to an involvement of
hyperactivity of the endocannabinoid system in suicides
[98].

To date, the only clinical trials present in the literature performed using synthetic compounds capable of influencing the endocannabinoid system are those aimed at
evaluating the efficacy of rimonabant in obesity [84,85].
The rationale underlying these studies was based on the
observation that the blockade of CB1 receptors is associated to a reduction of reinforcing properties elicited by
both natural and artificial stimuli [55,75].
A clinical study carried out by Despress et al [84] includes
depression among the side effects resulting in discontinuation of treatment. This observation leads us to hypothesize that blockade of CB1 receptors may be capable of
inducing depression in humans. This is more than a mere
speculation if we consider that the Food and Drug Administration (FDA)'s Endocrinologic and Metabolic Drugs
Advisory Committee meeting on June 13, 2007, rewieving
numerous studies and post-marketing report did not recommended approval of Rimonabant mainly because of
their concerns about the ability of the drug to increase the
risk of depression and "suicidality"[86] This effect appears
to be present not only in people with a history of depression but also in patients without history of depression,
since some clinical trials with rimonabant do not include
patients with history of depressive disorders, with a
depressive episode or those in therapy with antidepressant drugs.
Moreover, the European Medicines Agency(EMEA)'s
Committee for Medicinal Products for Human
use(CHMP) on July 19, 2007 decided to include " ongoing major depression illness and/or ongoing antidepressant treatment " among the contraindications to the use of
rimonabant; moreover, the administration of the drug
must be stopped if depression develops[87].
To the best of our knowledge, however, no clinical studies
have been performed to study mood disorders using synthetic drugs capable of interacting with the endogenous
cannabinoid system. Although several anecdotal reports
have been published with regard to the effects produced
by cannabinoids on depression and or mania, to date, no
clinical trials have been performed to investigate the therapeutic use of cannabinoids in depression and or mania
[88].

Very recently, Hill et al [99] found that serum 2-AG is
reduced in patients suffering from major depression, a
reduction strictly correlated with the duration of the
depressive episode. On the contrary, serum anandamide
levels in these patients remain unchanged, whereas
patients with high anxiety scores are characterised by
lower levels of anandamide.
Significantly elevated serum anandamide levels were
revealed in patients with minor depression. However, it
must be pointed out that the same authors found (" in a
second experiment ") a decrease of both anandamide and
2-AG in women affected by major depression.
Exposure of these patients to psychological stress produced an initial increase in 2AG and anandamide levels
followed by a subsequent decrease.
Finally, Miller et al [100] found that 2-AG serum levels
were decreased in women with major depression, this
decrease being correlated with the duration of the depressive episode. On the contrary women suffering from
minor depression displayed significantly high serum levels of anandamide.
On the basis of these observations, the authors suggest
that modifications to the central endocannabinoid system
vary in the presence of minor or major depression, the system becoming hypoactive in major depression and displaying an increased activity in minor depression.
Accordingly, Koethe et al[101] found a decrease of CB1
receptor density in the glial cells of the grey matter in the
brain of post-mortem patients suffering from major
depression.
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Conclusion
The preclinical and clinical data presented in the present
review may suggest involvement of the endocannabinoid
system in the pathogenesis of depression.
Preclinical data were derived exclusively from studies performed in animal models of depression, the majority of
which used the rat forced swimming test model of depression, reporting largely conflicting results.
Indeed, both the activation and the blockade of the endocannabinoid system have been reported to produce antidepressant-like behaviour. Thus, on the mere basis of the
findings reported, it is difficult to hypothesise more specifically as to the role played by endocannabiniods in the
pathogenesis of depression.
Additional studies should be performed in different animal models of depression to elucidate whether an
increased or decreased activity of the endocannabinoid
system might exert a potential antidepressant effect and
whether, in turn, depression may be associated with an
enhanced or a deficient functioning of this system.
However, studies performed on the endocannabinoid system in animal models of depression, suggest an association between a reduced activity of the endocannabinoid
system and depressive behaviour induced by chronic mild
stress model.
However, to better support this hypothesis, also in this
case, similar studies should be performed using different
animal models of depression.
Studies published to date on the effect of classical antidepressants on the endocannabinoid system seem to suggest
an increased transmission induced by antidepressants at
CB1 receptor level although negative findings have also
been reported.
Of particular interest is the finding that the stimulation of
cannabinoid CB1 receptors promotes neurogenesis while
CB1 KO mice show impaired adult neurogenesis.
These findings are in line with the more recently proposed
theories on the neurobiology o f depression.
Clinical data available to date suggest that the endocannabinoid system might be implicated in the pathogenesis
of suicide, apparently associated with a hyperactivity of
the endocannabinoid system. Indeed, this observation
also suggests that enhanced endocannabinoid activity
might be associated with impulsive behaviour, a characteristic of suicide, rather than with depression.
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Moreover, lower levels of 2-AG have been found in major
depression while minor depression appears to be associated with high levels of serum anandamide.
With regard to the effect of pharmacological manipulation of the endocannabinoid system in the treatment of
depression, the literature reports mainly anecdotal observations proposing both antidepressive and antimanic
effects for marijuana. Habitual marijuana users tend to
manifest mania, worsening of mood disorder course or
psychosis, suggesting that cannabinoids may produce a
stimulant effect manifested not only in the presence of
euphoria but also in the presence of mania and psychosis.
In line with this hypothesis is the report that blockade of
cannabinoid CB1 receptors might induce depression.
Indeed, it is tempting to speculate that depression might
be associated with a decrease of the endocannabinoid system while mania is manifested subsequent to a hyperactive functioning of the system. According to this
hypothesis it has been recently reported that SR141716A
antagonizes amphetamine-induced arousal in the Cebus
monkey [102]. To further investigate this hypothesis,
detailed studies are currently in progress in our laboratory
with the aim of evaluating the effect of CB1 receptor
blockers in animal models of mania.
To conclude, although some preclinical and clinical evidence may seem to suggest an involvement of the endocannabinoid system in the physiopathology of
depression, it is undeniable that additional studies aimed
at better elucidating the role of the endocannabinoid system in the neurobiology of depression are mandatory.
The latter studies should focus particularly on clarifying
the role of the different pharmacological manipulation of
the endocannabinoid system in different animal models
of depression and mania. Furthermore, studies performed
to investigate the effect of different classes of currently
used antidepressants and mood stabilizers on the various
stages of endocannabinoid transmission should prove to
be of great interest.
Lastly, the relevance of serum levels of endocannabinoids
throughout the different phases of manic depressive disorders should be ascertained in order to better clarify the
role of these neuromodulatory compounds in the neurobiology of depression. Moreover, we are confident that
neuroimagine studies should provide very interesting
results to elucidate the role of the endocannabinoid system in the different phases of mood disorders.

Competing interests
The author(s) declare that they have no competing interests.

Page 8 of 11
(page number not for citation purposes)

Clinical Practice and Epidemiology in Mental Health 2007, 3:25

Authors' contributions

http://www.cpementalhealth.com/content/3/1/25

24.

The authors contributed equally to this work

References
1.
2.

3.
4.

5.
6.
7.
8.
9.
10.
11.
12.

13.
14.
15.
16.

17.
18.
19.
20.

21.

22.

23.

Schildkraut JJ: The catecholamine hypothesis of affective disorders: a review of supporting evidence. Am J Psychiatry 1965,
122:509-522.
Baldessarini RJ: Drug therapy of depression and anxiety disorders. In Goodmanand Gilman's The Pharmacological Basis of Therapeutics 11th edition. Edited by: Laurence LB, John SL, Keith LP.
McGRAW-Hill; 2006:429-459.
Delgado PI: Depression: The case for a monoamine deficiency.
J Clin Psychiatry 2000, 61(Suppl 6):7-11.
Heninger GR, Delgado PI, Charney DS: The revised monoamine
theory of depression: a modulatory role for monoamines,
based on new findings from monoamine depletion experiments in humans. Pharmacopsychiatry 1996, 29(1):2-11.
Hirschfeld RM: History and evolution of the monoamine
hypothesis of depression. J Clin Psychiatry 2000, 61(Suppl 6):4-6.
Charney DS: Monoamine dysfunction and the pathophysiology
and treatment of depression. J Clin Psychiatry 1988, 59(Suppl
14):11-14.
Garver DL, Davis JM: Biogenic amine hypothesis of affective
disorders. Life Sci 1979, 24:383-394.
Sugrue MF: Chronic antidepressant therapy and associated
changes in central monoaminergic receptor functioning.
Pharmacol Ther 1983, 21:1-33.
D'Aquila PS, Collu M, Gessa GL, Serra G: The role of dopamine in
the mechanism of action of antidepressant drugs. Eur J Phamacol 2000, 29,405(1–3):365-373.
Nestler EJ, Carlezon W: The mesolimbic dopamine reward circuit in depression. Biol Psychiatry 2006, 59(12):1151-1159.
Schatzberg AF, Rothscild AJ, Langlais PJ, Bird ED, Cole JO: A corticosteroid/dopamine hypothesis for psychotic depression and
related states. J Psychiatr Res 1985, 19(1):57-64.
Macqueen GM, Campbell S, Mcewen BS, Macdonald K, Amano S, Joffe
RT, Nahmias C, Young LT: Course of illness, hippocampal function, and hippocampal volume in major depression. PNAS
2003, 100(3):1387-1392.
Videbech P, Ravnkilde B: Hippocampal volume and depression.
A meta-analysis of MRI studies.
Am J Psychiatry 2004,
161(11):1957-1966.
Sheline YI, Gado Mokhtar H, Kroemer HC: Untreated depression
and hippocampal volume loss.
Am J Psychiatry 2003,
160:1516-1518.
Malberg JE: Implication of adult hippocampal neurogenesis in
antidepressant action. J Psychiatry Neurosci 2004, 29(3):196-205.
Santarelli L, Saxe M, Gross C, Surget A, Battaglia F, Dulawa S, Weisstaub N, Lee J, Duman RS, Arancio O, Belzung C, Hen R: Requirement of hippocampal neurogenesis for the behavioral effects
of antidepressants. Science 2003, 8:301(5634):805-809.
Warner-Schmidt JL, Duman RS: Hippocampal neurogenesis:opposing effects of stress and antidepressant treatment.
Hippocampus 2006, 16(3):239-249.
Vaida VA, Duman RS: Depression:emerging insights from neurobiology. Br Med Bull 2001, 57:61-79.
Russo-Neustadt AA, Chen MJ: Brain-derived neurotrophic factor and antidepressant activity.
Curr Pharm Des 2005,
11(12):1495-1510.
Rogoz Z, Legutko B: Combined treatment with imipramine
and metyrapone induces hippocampal and cortical Brainderived neurotrophic factor gene expression in rats. Pharmacological Reports 2005, 57:840-844.
Nibuya M, Morinobu S, Duman RS: Regulation of BDNF and Trkb
mRNA in rat brain by chronic electroconvulsive seizure and
antidepressant drug treatment.
J Neurosci 1995,
15(11):7539-7547.
Rasmusson AM, Shi L, Duman RS: Down-regulation of BDNF
mRNA in the hippocampal dentate gyrus after re-exposure
to cues previously associated with foot shock. Neuropsychopharmacology 2002, 27:133-142.
Shirayama Y, Chen AC, Nakagawa S, Russell DS, Duman RS: Brainderived neurotrophic factor produces antidepressant effects
in behavioural models of depression.
J Neurosci 2002,
22(8):3251-3261.

25.
26.
27.
28.
29.
30.
31.

32.
33.

34.

35.
36.

37.
38.

39.

40.
41.
42.

43.
44.

45.

D'sa C, Eisch AJ, Bolger GB, Duman RS: Differential expression
and regulation of the cAMP selective phosphodiesterase
type 4a splice variants in rat brain by chronic antidepressant
administration. Eur J Neurosci 2005, 22(6):1463-1475.
Blendy JA: The role of CREB in depression and antidepressant
treatment. Biol Psychiatry 2006, 59(12):1144-1150.
Duman RS, Heninger GR, Nestler J: A molecular and cellular theory of depression. Arch Gen Psychiatry 1997, 54:597-606.
Young T, Bakish D, Beaulieu S: The neurobiology of treatment
response to antidepressants and mood stabilizing medications. J Psychiatry Neurosci 2002, 27(4):260-265.
Holboer F: The corticosteroid hypothesis of depression. Neuropsychopharmacology 2000, 23(5):477-501.
Tichomirova MA, Keck ME, Schneider HJ, Paez-Pereda M, Renner U,
Holsboer F, Stalla GK: Endocrine disturbances in depression. J
Endocrinol Invest 2005, 28(1):89-99.
Sapolsky RM: Glucocorticioids and hippocampal atrophy in
neuropsychiatric disorders. Arch Gen Psychiatry 2000, 57:925-935.
Haynes LE, Barber D, Mitchel IJ: Chronic antidepressants medication attenuates dexamethasone-induced neuronal death
and sublethal neuronal demage in the hippocampus and
striatum. Brain Res 2004, 12,1026(2):157-167.
Wong EY, Hrrbert J: Raised circulating corticosterone inhibits
neuronal differentiation of progenitor cells in the adult hippocampus. Neuroscience 2006, 137(1):83-92.
Ridder S, Chourbaji S, Hellweg R, Urani AI, Zacher C, Schmid W,
Zink M, Hornagl H, Flor H, Henn FA, Schutz G, Gass P: Mice with
genetically altered glucocorticoid receptor expression show
altered sensitivity for stress-induced depressive reactions.
The Journal of Neuroscience 2005, 25(26):6243-6250.
Starkman MN, Giordani B, Gebarski SS, Berent S, Schork MA,
Schteingart DE: Decrease in cortisol reverses human hippocampal atrophy following treatment of Cushing's disease. Biol
Psychiatry 1999, 15,46(12):1595-1602.
Devane WA, Dysarz FA, Johnson M, Melvin LS, Howlett AC: Determination and characterization of a cannabinoid receptor in
rat brain. Molecular Pharmacology 1988, 34:605-613.
Howlett AC, Bidaut-Russel M, Devane WA, Melvin LS, Johnsonand
MR, Herkenham M: The cannabinoid receptor:biochemical,
anatomical and behavioural characterization. Trends In Neurosci 1990, 13:420-423.
Munro S, Thomas KL, Au-Shaar M: Molecular characterization of
a peripheral receptor for cannabinoids.
Nature 1993,
365:61-65.
Howlett AC, Barth F, Bonner TI, Cabral G, Casellas P, Devane WA,
Felder CC, Herkenham M, Mackie K, Martin BR, Mechoulam R, Pertwee RG: International Union of Pharmachology XXVII Classification of Cannabinoid Receptors. Pharmacol Rev 2002,
54(29):161-202.
Herkenham M, Lynnm AB, Johnson R, Melvin LS, Decosta BR, Rice
KC: Characterization and localization of cannabinoid receptors in rat brain: a quantitative invitro autoradiographic
study. J of Neurosci 1991, 33:263-583.
Piomelli D: The molecular logic of endocannabinoid signalling.
Nature Reviews Neuroscience 2003, 4:873-884.
Gong JP, Onaivi ES, Ishiguro H, Liu QR, Tagliaferro PA, Brusco A, Uhi
GR: Cannabinoid CB2 receptors:immunoistochemical localization in rat brain. Brain Res 2006, 1071(1):10-23.
Onaivi ES, Ishiguro H, Sejal P, Meozzi PA, Myers L, Tagliaferro PA,
Hope B, Leonard CM, Uhi GR, Brusco A, Gardner E: Methods to
study the behavioural effects and expression of CB2 cannabinoid receptor and its gene transcripts in the in the chronic
mild stress model of depression. Methods Mol Med 2006,
123:291-298.
Demuth DG, Molleman A: Cannabinoid signalling. Life Sci 2006,
78(6):549-563.
Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin
G, Gibson D, Mandelbaum A, Etinger A, Mechoulam R: Isolation and
structure of a brain constituent that binds to the cannabinoid receptors. Science 1992, 258:1946-1949.
Mechoulam R, Ben-Shabat S, Hanus L, Ligumsky M, Kaminski NE,
Shatz AR, Gopher A, Almog S, Martin BR, Compton DR: Identification of an endogenous 2Monoglyceride, present in canine
gut, that binds to cannabinoid receptors. Biochemical Pharmacology 1995, 50:83-90.

Page 9 of 11
(page number not for citation purposes)

Clinical Practice and Epidemiology in Mental Health 2007, 3:25

46.

47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

61.
62.

63.

64.

65.
66.
67.

Sugiura T, Kondo S, Sukagawa A, Nakane S, Shinoda A, Itoh K, Yamashitaand A, Waku K: 2Arachidonoylglycerol, a possible endogenous cannabinoid receptor ligand in brain. Biochemistry
Biophisics Research Communications 1995, 215:89-97.
Stella N, Schweitzer P, Piomelli D: A second endogenous cannabinoid that modulates long-term potentiation. Nature 1997,
388:773-778.
Okamoto Y, Morishita J, Tsuboi K, Tonai T, Ueda N: Molecular
characterization of a phospholipase D generating anandamide and its congeners. Journal of Biological Chemistry 2004,
279:5298-5305.
Giuffrida A, Beltramo M, Piomelli D: Mechanisms of endocannabinoid inactivation:biochemistry and pharmacology. J of Pharmacol and Exp Therap 2001, 298:7-14.
Beltramo M, Stella N, Calignano A, Lin SY, Makriyannis A, Piomelli D:
Functional role of high-affinity anandamide transport, as
revealed by selective inhibition. Science 1997, 277:1094-1097.
Cravatt BF, Giang DK, Mayfield SP, Borger DL, Lerner RA, Gilula NB:
Molecular characterization of an enzyme that degrades neuromodulatory fatty-acid amides. Nature 1996, 384:83-87.
Dinh TP, Carpenter D, Leslie FM, Freund TF, Katona I, Sensi SL,
Kathuria S, Piomelli D: Brain monoglyceride lipase participating
in endocannabinoid inactivation. PNAS 2002, 99:10819-10824.
Rodriguez De Fonseca F, Del Arco I, Bermudez-Silva FJ, Bilbao A, Cippitell A, Navarro M: The endocannabinoid system:physiology
and pharmacology. Alcohol and Alcoholism 2005, 40(1):2-14.
Fattore L, Deiana S, Spano SM, Cossu G, Fadda P, Scherma M, Fratta
W: Endocannabinoid system and opioid addiction:behavioural aspects. Pharmacol Biochem and Behavior 2005, 81:343-359.
Martin M, Ledent C, Parmentier M, Maldonado R, Valverde O:
Involvement of CB1 cannabinoid receptors In emotional
behaviour. Psychopharmacology 2002, 159:379-387.
Maldonado R, Valverde O, Berrendero F: Involvement of the
endocannabinoid system in drug addiction. Trends Neurosci
2006, 29(4):225-232.
Valverde O: Participation of the cannabinoid system in the
regulation of emotional-like behaviour. Curr Pharm Des 2005,
11(26):3421-3429.
Viveros MP, Marco EM, File SE: Endocannabinoid system and
stress and anxiety responses. Pharmacology Biochemistry and
Behavior 2005, 81(2):331-342.
Hill MN, Gorzalka BB: Is there a role for the endocannabinoid
system in the etiology and treatment of melancholic depression? Behavioral Pharmacology 2005, 16:333-352.
Witkin JM, Tzavara ET, Davis RJ, Lia X, Nomikos GG: A therapeutic
role for cannabinoid CB1 receptor antagonists in major
depressive disorders. Trends In Pharmacological Sciences 2005,
26(12):609-617.
Witkin JM, Tzavara ET, Nomikos GG: A role for cannabinoid CB1
receptors in mood and anxiety disorders. Behavioral Pharmacology 2005, 16:315-331.
Hill MN, Gorzalka BB: Pharmacological enhancement of cannabinoid CB1 receptor activity elicits an antidepressant-like
response in the rat forced swim test. European Neuropsychopharmacology 2005, 15:593-599.
Gobbi G, Bambico FR, Mangieri R, Bortolato M, Campolongo P, Solinas M, Cassano T, Morgese MG, Debonnel G, Duranti A, Tontini A,
Tarzia G, Mor M, Trezza V, Goldberg SR, Cuomo V, Piomelli D: Antidepressant-like activity and modulation of brain monoaminergic transmission by blockade of anandamide hydrolysis.
PNAS 2005, 102(51):18620-18625.
Bortolato M, Mangieri RA, Fu J, Kim JH, Arguello O, Duranti A, Tontini A, Mor M, Tarzia G, Piomelli D: Antidepressant-like activity
of the fatty acid amide hydrolase inhibitor URB597 in a rat
model of chronic mild stress. Biol Psychiatry 2007 in press.
Naidu PS, Varvel SA, Ahn K, Cravatt BF, Martin BR, Lichtman AH:
Evaluation of fatty acid amide hydrolase inhibition in murine
models of emotionality. Psychopharmacology 2007, 192(1):65-70.
Rutkowska M, Jachimezuk O: Antidepressant-like properties of
ACEA(Arachidonyl-2-Chloroethylamide), the selective agonist of CB1 receptors. Acta Pol Pharm 2004, 61(2):165-167.
Jiang W, Zhang Y, Xiao L, Van Cleemput J, Ji SP, Bai G, Zhang X: Cannabinoids promote embryonic and adult hippocampus neurogenesis and produce anxiolytic and antidepressant-like
effects. J Clin Invest 2005, 115:3104-3116.

http://www.cpementalhealth.com/content/3/1/25

68.

69.

70.
71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Shearman LP, Rosko KM, Fleischer R, Wang J, Xu S, Tong XS, Rocha
BA: Antidepressant-like and anoretic effects of the cannabinoid CB1 receptor inverse agonist AM251 in mice. Behavioral
Pharmacology 2003, 14:573-582.
Tzavara ET, Davis RJ, Perry RW, Li X, Salhoff C, Bymaster FP, Witkinand JM, Nomikos GG: The CB1 receptor antagonist SR141716
selectively increases monoaminergic neurotransmission in
the medial prefrontal cortex:implications for therapeutic
actions. British Journal of Pharmacol 2003, 138:544-553.
Griebel G, Stemmelin J, Scatton B: Effects of the cannabinod CB1
receptor antagonist Rimonabant in models of emotional
reactivity in rodents. Biol Psychiatry 2005, 57:261-267.
Pratt J, Roux M, Stutzmann JM, Piot-Grosjean O, Benavides J: Effect
of AVE1625, a novel cannabinoid CB1 receptor antagonist,
in models of aggression and depression. Program No 653.16
2005 (Abstract) Viewer/Itinerary Planner. Washington Dc.
Society For Neuroscience.
Jin K, Xie L, Kim SH, Parmentier-Batteur S, Sun Y, Mao X, Childs J,
Greenberg DA: Defective adult neurogenesis in CB1 cannabinoid receptor Knockout mice.
Mol Pharmacol 2004,
66(2):204-208.
Bass CE, Griffin G, Grier M, Mahadevan A, Razdan RK, Martin BR:
SR141716A-induced stimulation of locomotor activity. A
structure-activity relationship study. Pharmacol Biochem Behav
2002, 74(1):31-40.
Rodriguez de Fonseca F, Del Arco I, Martin-Calderon JL, Gorriti MA,
Navarro M: Role of endogenous cannabinoid system in the
regulation of motor activity. Neurobiol Dis 1998, 5(6):483-501.
Carai MA, Colombo G, Maccioni P, Gessa GL: Efficacy of Rimonabant and other cannabinoid CB1 receptor antagonists in
reducing food intake and body weight:preclinical and clinical
data. CNS Drug Rev 2006, 12(2):91-99.
Hill MN, Patel S, Carrier EJ, Rademaker DJ, Ormerod BK, Hillard CJ,
Gorzalka BB: Downregulation of endocannabinoid signalling in
the hippocampus following chronic unpredictable stress.
Neuropsychopharmacology 2005, 30(3):508-515.
Oliva JM, Uriguen L, Perz-Rial S, Manzanares J: Time course of opioid and cannabinoid gene transcription:alterations induced
by repeated administration with fluoxetine in the rat brain.
Neuropharmacology 2005, 49(5):618-626.
Hill MN, Carrier EJ, Ho WV, Meier S, Hillard CJ, Gorzalka BB:
Phamacologically distinct antidepressants differentially regulate the endocannabinoid system. 15th Annual Symposium on
the cannabinoids, (Abstract), Clearwater Beach, Florida, USA June, 24–27,
2005 .
Hill MH, Ho WV, Carrier EJ, Hillard CJ, Gorzalka BB: Differential
regulation of the endocannabinoid system following treatment with pharmacologically distinct antidepressants. Program No 447,4 2005 (Abstract) Viewer/Itinerary Planner.
Washington Dc:Society For Neuroscience.
Pazos A, Valdizanand E, Mato S: The antidepressant fluoxetine
increases both the costitutive and the agonist-dependent
functionality of brain CB1 receptors. Program No 447.7
2005 (Abstract) Viewer/Itinerary Planner.
Washington
Dc:Society For Neuroscience.
Hill MN, Ho WS, Sinopoli KJ, Viau V, Hillard CJ, Gorzalka BB:
Involvement of endocannabinoid system in the ability of
long-term tricyclic antidepressant treatment to suppress
stress-induced activation of the hypotalamic-pituitary-adrenal axis. Neuropsychopharmacology 2006, 31(12):2591-2599.
Gobshtis N, Ben-Shabat S, Fride E: Antidepressant-induced undesiderable weight gain: prevention with rimonabant without
interference with behavioral effectiveness. Eur J Pharmacol
2007, 554(2–3):155-163.
Hill MN, Barr AM, Ho WS, Carrier EJ, Gorzalka BB, Hillard CJ: Electroconvulsive shock treatment differentially modulates cortical and subcortical endocannabinoid activity.
J
Neurochemistry 2007, 103(1):47-56.
Despres JP, Golay A, Sjostrom L: Rimonabant in Obesity-Lipids
Study Group:effects of Rimonabant on metabolic risk factors
in overweight patients with dyslipidemia. N Engl J Med 2005,
353(20):2121-2134.
Gelfand , Cannon CP: Rimonabant:a cannabinoid receptor type
1 blocker for management of multiple cardiometabolic risk
factors. J Am Coll Cardiol 2006, 16,47(10):1919-1926.

Page 10 of 11
(page number not for citation purposes)

Clinical Practice and Epidemiology in Mental Health 2007, 3:25

http://www.cpementalhealth.com/content/3/1/25

86.

Food and Drug Administration (FDA)'s Endocrinologic and Metabolic Drugs
Advisory Committee: June 13, 2007 .
87. European Medicines Agency (EMEA)'s Committee for Medicinal Products
for Human use (CHMP):July 19, 2007 .
88. Ashton CH, Moore P, Gallangher P, Young AH: Cannabinoids in
bipolar affective disorder:a review and discussion of their
therapeutic potential.
Journal of Psychopharmacology 2005,
19(3):293-300.
89. Grinspoon L, Balkar JB: The use of cannabis as a mood stabilizer
in bipolar disorder:anecdotal evidence and the need for clinical research. J Psychoactive Drugs 1998, 30:171-177.
90. Gruber AJ, Pope HG, Brown ME: Do patients use marijuana as
an antidepressant? Depression 1996, 4:77-80.
91. Henquet C, Krabbendam L, Degraaf R, Ten Have M, Van Os J: Cannabis use and expression of mania in the general population.
J Affect Disord 2006, 95(1–3):103-110.
92. Nunez Dominguez LA: Cannabis use and bipolar disorder. Bipolar Disord 2006, 5(2):60-62.
93. Johns A: The psychiatric effects of cannabis. Br J Psychiatry 2001,
178:116-122.
94. Cassidy F, Ahearn EP, Carrol BJ: Substance abuse in bipolar disorders. Bipolar Disord 2001, 3:181-188.
95. Dalton EJ, Cate-Carter TD, Mundo E, Parikh SV, Kennedy JL: Suicide
risk in bipolar patients:the role of co-morbid substance use
disorders. Bipolar Disord 2003, 3:58-61.
96. Hungund BL, Vinod KY, Kassir SA, Basavarajappa BS, Yalamanchili R,
Cooper TB, Mann JJ, Arango V: Up-regulation of CB1 receptors
and agonist-stimulated (35s)GTPgs binding in the prefrontal
cortex of depressed suicide victims. Molecular Psychiatry 2004,
9:184-190.
97. Vinod KI, Arango V, Xie S, Kassir SA, Mann JJ, Cooper TB, Hungund
BL: Elevated levels of endocannabinoids and CB1 receptormediated G-protein signalling in the prefrontal cortex of
alcoholic suicide victims. Biol Psychiatry 2005, 57:480-486.
98. Vinod KY, Hungund BL: Role of endocannabinoid system in
depression and suicide.
Trends Pharmacol Sci 2006,
27(10):539-545.
99. Hill MN, Miller GE, Carrier EJ, Ho WS, Gorzalka BB, Hillard CJ:
Dynamic regulation of serum endocannabinoid content in
affective disease and following social stress in humans
(Abstract)16th Annual Symposium On The Endocannabinoids Tihany, Hungary June 24–28, 2006. .
100. Miller GE, Hill MN, Ho WS, Gorzalka BB, Hillard CJ: Bidirectional
alterations in serum endocannabinoids in minor and major
depression. Program No 107.3 2005 (Abstract) Viewer/Itinerary Planner. Washington, D C:Society For Neuroscience.
101. Koethe D, Lienos IC, Dulay JR, Hoyer C, Torrey EF, Leweke FM,
Weis S: Expression of CB1 cannabinoid receptor in the anterior cingulate cortex in schizophrenia, bipolar disorder, and
major depression. J Neural Transm 2007, 114(8):1055-1068.
102. Madsen MV, Peacock L, Werge T, Andersen MB: Effects of the cannabinoid CB1 receptor agonist CP55,940 and antagonist
SR141716A on d-amphetamine-induced behaviours in Cebus
monkeys. J Psychopharmacol 2006, 20(5):622-628.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 11 of 11
(page number not for citation purposes)

Journal of Psychoactive Drugs, 47 (4), 259–266, 2015
Copyright © Taylor & Francis Group, LLC
ISSN: 0279-1072 print / 2159-9777 online
DOI: 10.1080/02791072.2015.1074766
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Abstract — Many advances have been made toward understanding the benefits of medical cannabis.
However, less is known about medical cannabis patients themselves. Prior research has uncovered
many important patient characteristics, but most of that work has been conducted with participants in California, who may not represent medical cannabis patients throughout the United States.
Furthermore, it is unknown if medical cannabis legalization, which typically imposes strict regulations on cannabis cultivation and sale, impacts patients’ experiences acquiring and using cannabis. The
goal of this study was to address these limitations by (1) examining the characteristics, perceptions,
and behaviors of medical cannabis patients in Arizona; and (2) questioning participants with a history
of cannabis use regarding their experiences with cannabis before and after legalization. Patients in
Arizona share many characteristics with those in California, but also key differences, such as average
age and degree of cannabis consumption. Participants also had positive perceptions of the effect of
medical cannabis legalization, reporting that feelings of safety and awareness were higher after legalization compared to before. The results are discussed in relation to evidence from patients in other
states and in terms of their potential policy implications.
Keywords — Arizona, medical cannabis, medical cannabis legalization, patient characteristics,
perceptions

Support for the use of cannabis for medical purposes
is growing throughout the United States. To date, 23 states
and the District of Columbia have enacted laws legalizing medical cannabis, and 16 states have similar legislation
under consideration. Recent polls also show that the majority of Americans believe that cannabis should be legalized for medical purposes (Anderson Robbins Research
& Shaw & Company Research 2013; Associated PressCNBC 2010), and the popularity of this sentiment has

increased over time (Anderson Robbins Research & Shaw
& Company Research 2013).
Support may be on the rise, in part, due to research that
shows the potential therapeutic effects of medical cannabis.
Animal studies, for example, show that cannabis-derived
extracts mitigate cancer cell proliferation and tumor growth
(Aviello et al. 2012) and have antidepressant-like effects
(Jiang et al. 2005). Studies also show that cannabis may
be beneficial for humans. Bar-Sela and colleagues (2013)
found that nausea, vomiting, weight loss, sleep disorders,
and pain were reduced in cancer patients after 6–8 weeks of
cannabis use. Studies also show that cannabis significantly
reduces chronic pain (see Lynch and Campbell 2011),
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inflammatory bowel disease (Allegretti et al. 2013), posttraumatic stress disorder (Greer, Grob, and Halberstadt
2014), and seizure disorders (Lorenz 2004).
Although many advances have been made in understanding the benefits of medical cannabis, less is
known about US medical cannabis patients themselves.
Demographically, most patients are White, male, and
approximately 35 to 45 years of age (Bonn-Miller et al.
2014; Grella, Rodriguez, and Kim 2014; Ryan-Ibarra,
Induni, and Ewing 2015; Aggarwal et al. 2013; Ilgen
et al. 2013; Nunberg et al. 2011; Reinarman et al. 2011;
Aggarwal et al. 2009; Reiman 2009; O’Connell and BouMatar 2007; Harris et al. 2000). Most patients report
medicating with cannabis daily (Bonn-Miller et al. 2014;
Ilgen et al. 2013; Reinarman et al. 2011; O’Connell and
Bou-Matar 2007), consuming six to nine grams of cannabis
per week (Bonn-Miller et al. 2014; Reinarman et al. 2011;
O’Connell and Bou-Matar 2007), and prefer inhalation as
the method of consumption (O’Connell and Bou-Matar
2007).
Studies also show that the majority of patients use
medical cannabis to relieve pain. However, patients also
report using cannabis to treat a variety of other conditions,
including anxiety, sleep apnea, hypertension, incontinence,
and depression (Aggarwal et al. 2013; Nunberg et al. 2011;
Reinarman et al. 2011). Generally, patients report that medical cannabis is effective for helping them manage their
condition(s) (Bonn-Miller et al. 2014; Ryan-Ibarra, Induni,
and Ewing 2015; Aggarwal et al. 2013; Harris et al. 2000).
For example, Aggarwal and colleagues (2013) found that,
on a scale from 1 to 10, where 10 indicated absolute
symptom control, patients reported that cannabis provided
symptom control in the range of 7 to 10 across a variety of conditions. Patients also often reduce their use of
other medications (i.e., prescription and over-the-counter
drugs) when using medical cannabis (Nunberg et al. 2011;
Aggarwal et al. 2009; Reiman 2009, 2007).
Though these studies are informative, one limitation is
that most were conducted with samples of patients living
in California. California patients may not represent those
living in other areas of the country because the regulations that govern patients in California are different from
those in other states. For example, residents of California
may legally obtain medical cannabis to treat a number
of ailments, including any chronic or persistent condition
that considerably limits major life activities or that, if not
alleviated, may compromise the patient’s safety or health
(California Senate Bill 420 2003). Because the list of conditions for which the legal medical use of cannabis is
granted in other states is often less inclusive, patients from
these states may differ from those in California.
Considering that medical cannabis has been legalized
in many states, there is an opportunity to paint a more comprehensive picture of American medical cannabis patients
by conducting similar studies in other geographic locations.
Journal of Psychoactive Drugs

Scientists have begun to conduct such research through
the examination of patients living in Washington State
(Aggarwal et al. 2013, 2009) and Michigan (Ilgen et al.
2013). Our first goal was to continue this line of research
by studying medical cannabis patients in Arizona. To aid
comparisons with previous research, we assessed patient
characteristics, behaviors, and perceptions that have been
examined in prior studies. These included patterns of use
(e.g., frequency of consumption, amount of consumption,
preferred method of consumption), degree of relief experienced when using medical cannabis, and use of other
medications.
In addition to the limited research on medical cannabis
patients outside of California, to our knowledge there has
been no systematic examination of patients’ perceptions of
the outcomes of medical cannabis legalization. One objective of legalizing cannabis for medical use is to safeguard
its acquisition and production, which often involves strict
regulation of its cultivation and sale. For instance, the
rules and regulations of the Arizona Medical Marijuana
Program require that those authorized to operate medical
cannabis dispensaries and cultivation facilities enact strict
security policies and procedures (Arizona Department of
Health Services Medical Marijuana Rules 2012). In addition, many dispensaries and facilities employ third-party
laboratories to test cannabis products for possible contaminants. However, it is unknown if such regulations translate
to changes in patient safety or product quality.
Because individuals who use cannabis medicinally are
those most affected by these regulations, surveying patients
regarding their experiences purchasing and using medical cannabis may uncover the changes legalization has
had on patient safety and product quality. In particular,
patients with a history of using cannabis medicinally prior
to legalization can provide their perspective on the changes
that legalization has generated. The second goal of the
present study was to determine the effectiveness of measures invoked to regulate and secure the cultivation and
sale of medical cannabis by examining the perceptions
of patients that used cannabis medicinally prior to legalization. Patients were asked to compare their perceptions
of safety, product knowledge, and the effectiveness of
cannabis for treating their condition(s) before and after
legalization. Because of the regulations imposed with the
legalization of medical cannabis, we hypothesized that
patients would feel greater safety, have better knowledge,
and that cannabis effectiveness would be greater after
legalization.
METHOD
Participants and Procedures
Participants were 367 patients recruited from four
medical cannabis dispensaries located throughout Arizona.
The majority of the patients were male (63.8%), and
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ranged from 18 to 83 years of age (M = 45.78 years;
SD = 13.76 years). Most of the patients were White
(86.4%), whereas the rest were Hispanic (6.3%), Black
(2.5%), Native American (1.9%), Asian (0.8%), or Other
(2.1%). These figures are similar to those reported by the
Arizona Department of Health Services (2014) for this
patient population.
To protect patient confidentiality, the authors did not
directly contact patients, but approached dispensary owners
to request assistance in recruiting participants. Dispensary
owners informed their patients of the study, and interested
patients were directed to a website that provided information about the research, including a description of the
study, an explanation of patients’ rights as participants,
and information regarding the collection and storage of
participant responses (i.e., responses were anonymous and
would be stored on a password-protected server and/or
computer only accessible to the researchers). If the patient
agreed to participate, he or she checked a box indicating his or her agreement and the survey questions
appeared.

characteristics (“Compared to when you did not have a
medical marijuana card, your knowledge of what strain
you are acquiring and its characteristics is”: 1 = Much
worse; 5 = Much better), confidence in a safe product
(“Compared to when you did not have a medical marijuana
card, your confidence that you are receiving a safe, uncontaminated product is”: 1 = Much lower; 5 = Much higher),
and product effectiveness for treating their condition(s)
(“Compared to when you did not have a medical marijuana
card, the effectiveness of the cannabis you receive to
treat your condition is”: 1 = Much worse; 5 = Much
better).
RESULTS
The conditions for which patients reported using medical cannabis are displayed in Table 1. Consistent with previous research, the majority of patients reported suffering
from chronic pain. Other commonly reported conditions
included anxiety, depression, headaches, insomnia, muscle
spasms, nausea, and stress.
Figure 1 shows the distributions of patients for frequency of cannabis use (Figure 1A), amount of cannabis
consumed per month (Figure 1B), and preferred method of
cannabis consumption (Figure 1C). The large majority of
patients (83.7%) reported using medical cannabis several
times per week or more, with most using medical cannabis
daily (61%). Most patients consumed one-half of an ounce
of cannabis or less per month (78.1%), and the most popular method of consumption was inhalation (i.e., smoking or
vaporizing; 67.2%).

Measures
Patient conditions. Participants were asked to select
from an extensive list of conditions for which they use
medical cannabis to control or treat. For each condition
selected, participants completed subsequent questions and
rated them on five-point Likert-type scales regarding the
degree of relief experienced overall (1 = No relief at all;
5 = Almost complete relief), the degree of relief compared
to other medications (1 = Much less relief; 5 = Much
more relief), and the use of other medications since using
medical cannabis (1 = I use other medications much less
frequently; 5 = I use other medications much more frequently). Higher scores indicated greater relief or more
frequent use of other medications.
Patterns and methods of cannabis use. Patients
reported on the frequency (“On average, how frequently
do you medicate with medical cannabis?”: “Less than
once per month” to “Several times per day”) and amount
(“On average, how much medical cannabis do you consume in a month?”: “Less than one gram” to “More than
one ounce”) of consumption. Patients also completed a
single-item measure regarding their preferred method of
consumption (smoking, edibles, tinctures, vaporizing, raw
consumption, or oils).
Perceptions of prior medical cannabis users.
Participants were asked if they had used cannabis to
treat their condition(s) before its legalization in Arizona.
Those who replied “yes” were asked to complete four
additional items. These items included the perceived
safety of acquiring cannabis (“Compared to when you did
not have a medical marijuana card, acquiring cannabis
as a medical marijuana card holder feels”: 1 = Much
more dangerous; 5 = Much safer), knowledge of strain
Journal of Psychoactive Drugs

Perceived Effectiveness of Medical Cannabis
Patients’ perceptions of the effectiveness of medical
cannabis for treating their condition(s) are presented in
Table 1. The values reflect the percent of patients who
reported experiencing, overall, a lot of relief or almost
complete relief from their symptoms and conditions when
using medical cannabis (second column), a little more relief
or much more relief from medical cannabis compared to
other medications (third column), and using other medications a little less frequently or much less frequently when
medicating with cannabis (fourth column).
For many of the conditions, patients reported that
cannabis was effective for helping them manage their ailments. For example, at least 70% of patients reported
experiencing a lot of relief or almost complete relief for
24 of the 42 conditions. Similarly, for 27 of the 42 conditions, at least 70% of patients reported experiencing
a little more relief or much more relief from medical
cannabis compared to other medications. Finally, at least
70% of patients reported using other medications a little
less frequently or much less frequently for 24 of the 42
conditions.
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TABLE 1
Percent of Patients Who Experience Relief and Less Frequently Use other Medications Due
to Medical Cannabis Use, by Condition

Condition
Alcohol Dependency
Anxiety
Arthritis
Asthma
ADHD
Bipolar Disorder
Bowel Distress
Cancer
Carpal Tunnel
Chronic Pain
Diabetes
Crohn’s Disease
Depression
Fibromyalgia
Glaucoma
Headaches
Hepatitis C
HIV
Huntington’s Disease
Hypertension
Insomnia
Loss of Appetite
Multiple Sclerosis
Muscle Spasms
Muscular Dystrophy
Nausea
Neuropathy
OCD
Opioid Dependency
Osteoarthritis
PTSD
Schizophrenia
Seizures
Skin Conditions
Sleep Apnea
Stress
Tourette’s Syndrome
Tremors
Vomiting
Wasting
Weight Loss
a The

Number of
patients (%)
23 (6.3%)
181 (49.3%)
90 (24.5%)
13 (3.5%)
32 (8.7%)
23 (6.3%)
38 (10.4%)
17 (4.6%)
15 (4.1%)
318 (86.6%)
26 (7.1%)
14 (3.8%)
106 (28.9%)
26 (7.1%)
9 (2.5%)
106 (28.9%)
11 (3.0%)
1 (0.3%)
1 (0.3%)
26 (7.1%)
145 (39.5%)
67 (18.3%)
5 (1.4%)
130 (35.4%)
1 (0.3%)
105 (28.6%)
45 (12.3%)
17 (4.6%)
8 (2.2%)
39 (10.6%)
28 (7.6%)
2 (0.5%)
15 (4.1%)
5 (1.4%)
31 (8.5%)
164 (44.7%)
4 (1.1%)
6 (1.6%)
31 (8.4%)
6 (1.6%)
24 (6.5%)

General
reliefa
91.30%
82.90%
63.30%
61.50%
81.20%
60.90%
78.90%
88.30%
40.00%
76.70%
38.40%
85.70%
82.10%
76.90%
55.50%
68.90%
45.50%
100%
100%
65.40%
82.70%
79.10%
100%
76.20%
100%
85.70%
51.10%
64.70%
75%
61.50%
67.90%
100%
80.00%
60.00%
58.10%
87.20%
100%
50.00%
71.00%
50.00%
62.50%

Relief compared to
other medicationsb
100%
79.30%
68.30%
50%
65%
90.00%
88.40%
54.60%
80.00%
73.50%
37.50%
75%
86.90%
76.20%
50.00%
73.70%
85.80%
100%
—
60.00%
77.40%
92.30%
75.00%
82.10%
100%
87.30%
69.70%
62.50%
60.00%
66.60%
92.90%
100%
61.60%
50.00%
85.00%
91.60%
100%
100%
87.50%
66.70%
80.00%

Less frequent use of
other medicationsc
100%
85.90%
81.20%
80.00%
84.60%
56.30%
95.40%
78.60%
100%
90.20%
54.10%
81.80%
65.10%
93.80%
60%
93.80%
28.60%
—
—
46.60%
81.90%
88.90%
33.30%
91.40%
—
94.80%
60.70%
33.40%
50.00%
84%
44.40%
—
84.70%
50.00%
66.60%
79.10%
—
100%
82.40%
100%
70.00%

percent of patients with this condition who reported that they experienced a lot or almost complete overall relief.

b The percent of patients with this condition who reported that they experienced a lot or almost complete overall relief.
c The percent of patients with this condition who reported that they use other medications a little or much less frequently.

Perceived Effects of Medical Cannabis Legalization
Nearly two-thirds of participants (n = 239) reported
using cannabis medicinally prior to legalization. These
patients were asked to compare their current experiences
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acquiring, their knowledge of, and their experiences using
medical cannabis to their experiences and knowledge
before legalization. Distributions of the patient’s responses
are shown in Figure 2. Compared to their experiences
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DISCUSSION

FIGURE 1
Distributions of patient responses, by percentage,
for cannabis-related behaviors and perceptions:
(A) the frequency of patient’s cannabis use; (B) the
amount of cannabis consumed by patients per
month; (C) patient’s preferred mode of cannabis
consumption.

Percent of Patients

A.

The goals of this study were to (1) examine the characteristics, perceptions, and behaviors of medical cannabis
patients in Arizona; and (2) question participants with a history of cannabis use regarding their perceptions of safety
acquiring cannabis, the quality of the cannabis they have
obtained, their knowledge of the cannabis, and its perceived
effectiveness, before and after legalization.

Frequency of Cannabis Use

Patient Characteristics, Perceptions, and Behaviors
Consistent with research in other states (Bonn-Miller
et al. 2014; Aggarwal et al. 2013; Ilgen et al. 2013;
Nunberg et al. 2011; Reinarman et al. 2011; Aggarwal
et al. 2009; Reiman 2009; O’Connell and Bou-Matar 2007;
Harris et al. 2000), participants in the present study were
mostly White men. Average patient age, approximately
46 years, differed from that in other states. For example, average ages reported in studies of patients from
California range from 28 to 41 years (Bonn-Miller et al.
2014; Grella, Rodriguez, and Kim 2014; Reiman 2009,
2007; Harris et al. 2000). Average patient age is somewhat
higher in Colorado (42 years of age; Colorado Department
of Public Health and Environment 2014) and Washington
State (41 to 47 years of age; Aggarwal et al. 2013, 2009).
In Michigan (46 years of age; Murphy 2013) and Montana
(47 years of age; Montana Department of Public Health and
Human Services 2014), average patient age more closely
approximates that of Arizona.
State-level variation in the average age of medical
cannabis patients may in part be explained by the conditions that qualify a person to use medical cannabis in each
state. For example, the qualifying conditions in Arizona,
Colorado, Montana, Michigan, and Washington State are
less inclusive than those in California, and are generally
limited to more debilitating diseases. Individuals who suffer from more serious conditions may also be older, which
may account for higher average patient ages in states other
than California. The variability in these statistics underscores the risk of generalizing findings from patients living
in California to those residing in other states and highlights
the importance of studying patients throughout the United
States. State-level differences in regulations also present an
opportunity to explore how such regulations shape patient
characteristics. A potential avenue for future work may be
to study and compare patients in all states that have legalized the medical use of cannabis, ideally using a national
sample to aid state-level comparisons.
Participants in the present study reported that, on
average, they consumed cannabis on a daily basis and
that inhalation was the preferred method of consumption, patterns of use that reflect those found in prior work
(Bonn-Miller et al. 2014; Ilgen et al. 2013; Reinarman
et al. 2011; O’Connell and Bou-Matar 2007). However,
previous research shows that patients consume between

35%
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before legalization, 89.1% of patients reported that acquiring cannabis after legalization felt somewhat safer or much
safer, 80.3% reported that their knowledge of the cannabis
strains they acquired was somewhat better or much better,
85.4% reported that they had somewhat more confidence or
much more confidence that they were purchasing a safe and
uncontaminated product, and 79.5% reported that the medical cannabis was somewhat more effective or much more
effective for treating their condition(s).
Journal of Psychoactive Drugs
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FIGURE 2

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

A.

Perceived Safety

Knowledge

60%
50%
40%
30%
20%
10%

C.

About the Somewhat Much Safer
Same
Safer

0%
Much Worse Somewhat
Worse

70%

Confidence in a Safe Product

D.

About the Somewhat Much Better
Same
Better

Effectiveness

60%
Percent of Patients

Percent of Patients

B.

70%

Much More Somewhat
Dangerous
More
Dangerous
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

80%
Percent of Patients

Percent of Patients

Distributions of patient responses, by percentage, of their current experiences acquiring and knowledge of
medical cannabis compared to their experiences before legalization: (A) the perceived safety of acquiring
cannabis; (B) knowledge of medical cannabis characteristics; (C) perceived confidence in a safe product; and (D)
perceived effectiveness of cannabis for treating their condition(s).
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six and nine grams of cannabis per week or, equivalently,
0.85 to 1.25 ounces per month (Bonn-Miller et al. 2014;
Reinarman et al. 2011; O’Connell and Bou-Matar 2007).
This is in contrast to the findings of the present study, which
show that 78% of patients consumed 0.5 ounces of cannabis
per month or less.
State-level differences in average patient age, in particular, may affect variation in consumption. Patients in
Arizona are, on average, older than those in California, and
older patients may consume less cannabis than younger
patients. Evidence from the present study supports this
hypothesis, as there is a small, but significant, negative correlation between age and the amount of cannabis
consumed per month (r = −.11, p < .05). Relatedly,
Grella and colleagues (2014) found that younger patients
visited dispensaries more frequently than older patients.
Although there are likely other factors that contribute to
consumption disparities, these findings also highlight the
importance of studying medical cannabis patients across
the US.

Journal of Psychoactive Drugs

About the Somewhat Much Better
Same
Better

Patients reported using medical cannabis to treat a
variety of conditions. The most commonly reported conditions included chronic pain, muscle spasms, nausea, anxiety, arthritis, depression, headaches, insomnia, and stress.
Patients also reported that cannabis was effective for treating the symptoms of many of these conditions, findings that
are consistent with previous research (Bonn-Miller et al.
2014; Ryan-Ibarra, Induni, and Ewing 2015; Aggarwal
et al. 2013; Harris et al. 2000). This effectiveness included
feelings of general relief and relief compared to other medications. The conditions for which the highest proportions of
patients reported relief included alcohol dependency, anxiety, bowel distress, depression, insomnia, muscle spasms,
and stress. Furthermore, patients reported using other medications less frequently when using cannabis. This is consistent with findings from other studies of patient perceptions
(Reiman 2007, 2009; Nunberg et al. 2011; Reinarman et al.
2011), as well as a study of opiate overdose mortality,
which showed that states with legalized medical cannabis
had significantly lower opiate overdose mortality compared
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to those without legalized medical cannabis (Bachhuber
et al. 2014).
Medical cannabis may benefit Arizona patients suffering from a variety of conditions. This conclusion has
potential policy implications, as patients report deriving benefit not only for conditions that fall under the
list of conditions that qualify a person to use medical
cannabis (e.g., cancer, chronic pain, muscle spasms), but
also for conditions that are not listed (e.g., anxiety, depression, insomnia). Officials in Arizona previously considered
research on post-traumatic stress disorder (PTSD; Greer,
Grob, and Halberstadt 2014) in their decision to include
PTSD among Arizona’s qualifying conditions. Thus, officials may consider the findings from the present study,
in conjunction with other research, to determine the suitability of expanding the list of qualifying conditions in
Arizona.

issues related to medical cannabis use, may also have
negative consequences for some segments of the patient
population.
The results of this study should be considered in light
of some limitations. First, participant recruitment was conducted through medical cannabis dispensaries. Although
this is a common method of recruitment (e.g., Bonn-Miller
et al. 2014; Grella, Rodriguez, and Kim 2014; Aggarwal
et al. 2013; Reiman 2009, 2007; Harris et al. 2000), such
samples may have a positive bias for medical cannabis, as
individuals who medicate with cannabis but for whom it
was not effective are unlikely to be available to participate.
However, at least one study using a large, representative
sample of current and former medical cannabis users
reported similar findings (Ryan-Ibarra, Induni, and Ewing
2015), lending validity to the results of the present study
and those of previous research. Second, relatively few
patients reported using medical cannabis for some of the
conditions. Although this is not surprising, given the low
incidence of some conditions, conclusions should be tempered for these conditions with respect to the effectiveness
of medical cannabis for providing relief and/or for use as
a substitute for other medications. Finally, patients’ experiences acquiring and their knowledge of medical cannabis
before and after legalization were assessed retrospectively,
using a single measurement time-point.
Despite these limitations, this study has significance for understanding the characteristics, behaviors,
and perceptions of Arizona medical cannabis patients.
Additionally, it highlights the importance of studying
patients throughout the US and understanding the potential effects of state-level regulatory differences on patient
populations. The findings regarding the effectiveness of
cannabis for treating various conditions have potential
policy implications for the state of Arizona, as patients
reported that cannabis was effective for treating conditions that currently do not qualify individuals for medical cannabis use. Furthermore, the results showed that
the majority of patients report positive experiences as a
result of legalization, although more work is needed to
fully understand the consequences of Arizona’s medical
cannabis program.

Legalization and Patient Experiences
The present study was, to our knowledge, the first
to examine the effect of legalization on patient’s experiences with medical cannabis. Regarding safety, the majority of patients reported feeling safer acquiring medical cannabis after legalization, and their confidence that
they were acquiring a safe, uncontaminated product was
higher. Patients also reported that their knowledge of the
strains they acquired was better and that the cannabis they
acquired after legalization was more effective for treating
their condition(s) than the cannabis they acquired before
legalization.
These findings show that the Arizona medical cannabis
program has had some success, as regulations have provided a safe environment for patients to acquire a safe
and high-quality product. However, the potential negative
effects of medical cannabis legalization were not assessed
in the present study. For example, participants in other
studies have reported difficulties affording legal medical cannabis (Aggarwal et al. 2009), a factor which may
preclude some individuals from taking advantage of the
program, leaving them seeking other, potentially illegal
means of cannabis acquisition. Other factors, such as limits
on the amount of cannabis that can be purchased or legal
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Therapeutical use of the cannabinoids in psychiatry
Uso terapêutico dos canabinoides em psiquiatria
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Abstract
Objective: To review the main advances related to the potential therapeutic
use of cannabinoid compounds in psychiatry. Method: A search was performed
in the online databases PubMed, ScieELO, and Lilacs for studies and literature
reviews concerning therapeutic applications of cannabinoids in psychiatry,
especially cannabidiol, rimonabant, ∆9-tetrahydrocannabinol, and their
analogues. Results: Cannabidiol was found to have therapeutic potential
with antipsychotic, anxiolytic, and antidepressant properties, in addition to
being effective in other conditions. ∆9-tetrahydrocannabinol and its analogues
were shown to have anxiolytic effects in the treatment of cannabis dependence
and to function as an adjuvant in the treatment of schizophrenia, although
additional studies are necessary to support this finding. Rimonabant was
effective in the treatment of the subjective and physiological symptoms of
cannabis intoxication and functioned as an adjuvant in the treatment of
tobacco addiction. The potential to induce adverse reactions such as depression
and anxiety restrained the clinical use of this CB1 antagonist. Conclusion:
Cannabinoids may be of great therapeutic interest to psychiatry; however,
further controlled trials are necessary to confirm the existing findings and to
establish the safety of such compounds.

Resumo
Objetivo: Revisar os principais avanços no potencial uso terapêutico de
alguns compostos canabinoides em psiquiatria. Método: Foi realizada
busca nos bancos de dado PubMed, SciELO e Lilacs e identificados
estudos e revisões da literatura sobre o uso terapêutico dos canabinoides em
psiquiatria, em particular canabidiol, rimonabanto, ∆9-tetraidrocanabinol
e seus análogos. Resultados: O canabidiol demonstrou apresentar
potencial terapêutico como antipsicótico, ansiolítico, antidepressivo e
em diversas outras condições. O ∆9-tetraidrocanabinol e seus análogos
demonstraram efeitos ansiolíticos, na dependência de cannabis, bem como
adjuvantes no tratamento de esquizofrenia, apesar de ainda carecerem
de mais estudos. O rimonabanto demonstrou eficácia no tratamento de
sintomas subjetivos e fisiológicos da intoxicação pela cannabis e como
adjuvante no tratamento do tabagismo. Os potenciais efeitos colaterais,
de induzir depressão e ansiedade limitaram o uso clínico deste antagonista
CB1. Conclusão: Os canabinoides têm demonstrado que podem ter amplo
interesse terapêutico em psiquiatria, porém mais estudos controlados
são necessários para confirmar estes achados e determinar a segurança
destes compostos.

Descriptors: Cannabidiol; Tetrahydrocannabinol; Cannabinoids;
Therapeutic uses; Psychiatry

Descritores: Canabidiol; Tetraidrocanabinol; Canabinoides; Usos
terapêuticos; Psiquiatria

Introduction
The Cannabis sativa plant has been used for medicinal purposes
for thousands of years by different peoples and distinct cultures,1
although today the plant is known to have adverse effects. There
is indication that cannabis was used in China before the Christian
era to treat conditions such as constipation, pain, malaria,
expectoration, epilepsy, and tuberculosis, among others.2 Similarly,
it is known that marijuana has long been used to relieve psychiatric
symptoms. In India, over 1000 years before Christ, cannabis

was described as a hypnotic and tranquilizer in the treatment of
anxiety, mania, and hysteria.3 Also, the Assyrians inhaled cannabis
to alleviate symptoms of depression.4
Later, in the beginning of the 20th Century, cannabis extracts
were sold for the treatment of mental disorders, primarily as
sedatives and hypnotics (to treat insomnia, “melancholy”, mania,
and delirium tremens, among others).4 However, after the 1930s,
the medical use of cannabis declined, particularly in psychiatry.1

Correspondence
José Alexandre S. Crippa
Hospital das Clínicas - Terceiro Andar
Av. Bandeirantes, 3900
14048-900 Ribeirão Preto, SP, Brazil
Phone.: (+55 16) 3602-2201 Fax: (+55 16) 3602-2544
E-mail: jcrippa@fmrp.usp.br

Revista Brasileira de Psiquiatria • vol 32• Suppl I • may2010 • S56

Crippa JAS et al.

This decline was due to several reasons related to the fact that, by
then, the active principles of cannabis had not yet been isolated
and the extracts varied in potency and composition, resulting in
inconsistent and undesirable effects. In addition, new hypnotic
and sedative substances were developed, such as chloral hydrate,
barbiturates and paraldehyde.5 Eventually, cannabis was considered
an illegal substance, which further limited its use in psychiatry.
However, in the 1960s, the group of Professor Raphael
Mechoulam,6 from Israel, identified the chemical structures of
the main components of cannabis. Its psychotropic component,
∆9-tetrahydrocannabinol (∆9-THC) initially received more
attention. Later, it was discovered that this component binds
to cannabinoid receptors (CB1 and CB2) in the central nervous
system. Following this discovery, the endogenous ligands
2-arachidonoylglycerol and anandamide were isolated. The
knowledge that the endocannabinoid system is able to modulate
several physiological and possibly pathophysiological processes
in psychiatric disorders7 led to renewed interest in the uses of
cannabinoids.
This update reviews the main advances in the potential
therapeutic use of some cannabinoid compounds in psychiatry.
We concentrate particularly on recent findings – both ours and
others’ – related to the possible applications of cannabidiol (CBD),
a non-psychotropic cannabinoid.
Method
The articles selected for this review were identified through
a search performed in the PubMed, Scielo, and Lilacs online
databases for studies and reviews concerning therapeutic
applications of cannabinoids in psychiatry, particularly CBD,
rimonabant, ∆9-THC, and their analogues. In addition, the
reference lists of the selected articles and book chapters consulted
were also checked for additional material. The review of studies
related to CBD included experimental trials and animal testing.
Studies that used smoked cannabis were excluded, because it is
impossible to establish the dose, composition, and ratio of the
different cannabinoids thus ingested and because of the wide
individual variation within the samples studied. In respect to
rimonabant, ∆9-THC, and their analogues, we included primarily
clinical trials and laboratory surveys in humans, as well as case
reports. Studies on extracts containing ∆9-THC and CBD
(Cannador®, for oral use, and Sativex®, an oromucosal spray)
were not included because it is difficult to establish the effects of
each of these cannabinoids separately.
Results
1. Cannabidiol (CBD)
Since the early 1970s, other cannabinoids have been reported
to interfere with the effects of ∆9-THC; particularly CBD, which
is present in large amounts in Cannabis sativa but is devoid of the
typical effects of the plant.8
In healthy volunteers, oral CBD (1mg/kg) administered together
with a high dose of ∆9-THC (0.5mg/kg) significantly attenuated
the anxiety and psychotic symptoms induced by the latter.9 It is
S57 • Revista Brasileira de Psiquiatria • vol 32• Suppl I •may2010

known that the concomitant administration of CBD at this dose
does not alter, through pharmacokinetic interaction, the plasma
levels of ∆9-THC, and thus these results suggest that CBD might
have anxiolytic and/or antipsychotic properties.
1) Anxiolytic effects
a) Animal studies
The two initial studies that investigated a possible anxiolytic
effect of CBD in rats arrived at conflicting results. Silveira Filho
and Tufik, using the conflict test and suppressed food intake by
neophobia, found no anxiolytic effects of CBD in doses above
100mg/kg.10 Moreover, Zuardi and Karniol demonstrated that
CBD (10mg/kg) decreased conditioned emotional responses,
increased by ∆9-THC (2mg/kg).11
Later, other studies lent support to the hypothesis that CBD
has anxiolytic effects in several animal models: i) conflict tests
(drinking behavior punished by electrical shocks) in rats deprived
of water;12,13 ii) behavioral and cardiovascular responses in the
conditioned fear paradigm (paw shocks) in rats;14 iii) acute restraint
stress test;15 iv) contextual fear memory extinction;16 and v)
elevated plus maze in mice17 and rats.18-20 In these last studies,19,20
the effect of CBD had an inverted U-shaped curve. Low doses
of CBD increased the exploratory activity in the open arms of
the maze, a typical effect of anxiolytic drugs, while higher doses
resulted in the return to baseline patterns. This result shed light
on the absence of response to CBD in the study by Silveira Filho
and Tufik, which used doses of over 100mg/kg.10
CBD (20mg/kg) also reverted the reduced social interaction
induced by low doses of ∆9-THC in rats.21 Recently, the chronic
use of CBD was shown to produce anxiolytic-like activity in
mice.22
The anxiolytic properties of CBD do not seem to be mediated
by benzodiazepine receptors;13 however, this cannabinoid interacts
with 5HT1A receptors and this interaction seems to be involved
in its anxiolytic-like effects.15,23
Taken together, the results from animal studies suggest that low
doses of CBD might have anxiolytic effects.
b) Human studies
The acute (oral, inhaled or intravenous) and chronic (oral)
administration of CBD to healthy subjects and patients with
different conditions produced no significant adverse effects.9,24,25
Therefore, consonant with results from animal studies, CBD was
shown to be a safe compound that can be used in humans in a
broad dose range.
A possible anxiolytic effect of CBD was initially studied in
healthy subjects submitted to simulated public speaking (SPS). In
this test, the subject is asked to speak in front of a video camera
for several minutes. During the test, the volunteer’s subjective
anxiety is measured using self-evaluation scales and anxietyrelated physiological responses (heart rate, blood pressure, skin
conductance) are measured. SPS has the capacity to induce anxiety
that is sensitive to anxiogenic and anxiolytic compounds.26 The
effects of CBD (300mg) on the SPS test were compared to those
produced by placebo and by the anxiolytic drugs diazepam (10mg)
and ipsapirone (5mg) in a double-blind trial. The results showed
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that both CBD and the other two anxiolytic substances attenuated
the anxiety induced by SPS.27
The SPS test has face validity for social anxiety disorder
(SAD), since the fear of speaking in public and its physiological
concomitants are considered to be essential aspects of this
condition. Given the inexistence of earlier research on the
anxiolytic effects of CBD on pathological anxiety, we investigated
these effects in patients with SAD (n = 24) compared with healthy
individuals submitted to the SPS test. Twelve subjects with SAD
received CBD (600mg) and another 12 received placebo, whereas
an equal number of healthy participants performed the test
without receiving any medication. The SAD group that received
CBD presented lower levels of anxiety in the anticipatory and
performance phases of the test, fewer somatic symptoms, and
less negative self-evaluation as compared with the SAD group
that received placebo. The SAD group that received CBD did
not differ significantly from the healthy control group, contrary
to what happened in the SAD group that received placebo.
In a previous trial, we evaluated the effects of CBD on the
regional cerebral blood flow (rCBF) in healthy subjects using
single-photon emission computed tomography (SPECT).28 In this
double-blind, cross-over trial, subjects received CBD (400mg)
or placebo in two experimental sessions one week apart. In each
experimental session one hour after receiving CBD or placebo,
subjects were injected with the radioactive tracer technetium-99
for the SPECT scan through intravenous catheters on their arms.
Subjective anxiety was measured by means of self-evaluation scales
applied before the drugs were administered and immediately
before the catheter was introduced and the scan was conducted.
The whole procedure proved to be anxiogenic, allowing the
anxiolytic effects of CBD to appear if existent. The SPECT
analysis showed increased activity in the left parahippocampal
gyrus and decreased activity in the left amygdala-hippocampus
complex, extending to the hypothalamus, and in the left posterior
cingulate cortex. This pattern of brain activity induced by CBD
is compatible with anxiolytic-like activity.
Later, Fusar-Poli et al. used functional magnetic resonance
imaging (fMRI), which allows the acquisition of a greater
number of images with better temporal and spatial resolution, to
investigate the neural correlates of the anxiolytic-like properties
of CBD in 15 healthy subjects.29 CBD (600mg) was found to
modulate patterns of brain activity during the viewing of fearful
facial stimuli, attenuating responses in the amygdala and in the
anterior and posterior cingulate cortex. This attenuation pattern
was directly correlated with a simultaneous effect of CBD in the
modulation of electrodermal responses to fearful stimuli. The same
authors also demonstrated that CBD exerts its anxiolytic effects
by acting on prefrontal subcortical pathways via the amygdala and
anterior cingulate cortex.30
Recently, we conducted the first study to investigate the neural
correlates of the anxiolytic effects of CBD in a clinical trial,31
using the same dose, protocol, and design of the SPECT study
conducted in healthy subjects described above.28 Compared
to placebo, a single oral dose of CBD was capable to decrease

subjectively reported anxiety without increasing sedation in
untreated patients with SAD. This finding was associated with
decreased activity in the parahippocampal gyrus, hippocampus,
and left temporal gyrus; and with increased activity in the left
posterior cingulate cortex.
These results show that the modulatory properties of CBD
on the activation patterns of limbic and paralimbic areas are
consistent with the properties of anxiolytic drugs in patients
with psychiatric disorders and in healthy subjects.32,33 Likewise,
these findings suggest that CBD may have anxiolytic properties
in pathological anxiety.
2) Antipsychotic effects
a) Animal studies
As a first step in the investigation of a possible antipsychotic
action of CBD, the effects of the substance were compared with
those of haloperidol, a typical antipsychotic, in animal models
generally used to investigate the antipsychotic properties of
new compounds.34 Both CBD (15-60mg/kg) and haloperidol
(0.25-0.5mg/kg) had a dose-dependent effect of reducing the
occurrence of stereotyped behaviors induced by apomorphine,
such as repetitive sniffing and biting. Haloperidol had an effect
in the catalepsy test (time elapsed with the front paws resting on
an elevated bar), which did not occur with CBD, even when high
doses were used (480mg/kg). The induction of catalepsy in rodents
by the use of antipsychotics is closely related to the tendency of
these drugs to provoke Parkinson-like symptoms in patients. A new
generation of antipsychotics, the so-called atypical antipsychotics,
have a low tendency to provoke Parkinson-like symptoms. In these
tests, CBD presented an effect profile that was very similar to that
of the standard atypical antipsychotic clozapine.
In another experiment, the effects of CBD on amphetamineand ketamine-induced hyperactivity in mice were investigated.35
The effects of CBD were compared to those of haloperidol
and clozapine. CBD (15-60mg/kg) inhibited amphetamineinduced hyperactivity in mice in a dose-dependent manner, in
agreement with the results obtained with apomorphine, 34 an
agonist of dopamine receptors. It was also observed that CBD
inhibited ketamine-induced hyperlocomotion, which extends the
observation of a typical antipsychotic-like effect of CBD into a
model based on glutamate. Both haloperidol and clozapine were
capable of inhibiting hyperlocomotion in the two models, as
expected. However, CBD and clozapine did not induce catalepsy,
but haloperidol did. This strengthens the view that CBD exhibits
a profile similar to that of atypical antipsychotic drugs. These
results were later supported by a trial that indicated that CBD
and clozapine are associated with similar brain activation patterns,
inducing Fos immunoreactivity in the prefrontal cortex but not
in the dorsal striatum, whereas haloperidol was associated with
an opposite result in these two brain areas.36
b) Human studies
The use of experimental psychopathology models in humans
can provide important insights on the therapeutical properties of
drugs, preceding clinical trials with patients. One of the models
used to evaluate a possible antipsychotic effect of CBD was that
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of binocular depth inversion (BDI). In this model, CBD reduced
the impairment in the description of illusory images produced
by nabilone, a synthetic cannabinoid analogous to ∆9-THC,
suggesting an effect similar to that of antipsychotics in patients
with schizophrenia.37
Currently, subanesthetic doses of ketamine have been suggested
as one of the best experimental models to reproduce psychotic
symptoms in healthy individuals, because it acts as an antagonist
of NMDA receptors and, at low doses, increases the release of
glutamate that can act on non-NMDA receptors. In this model,
the drug causes dissociative, positive, negative, and cognitive
symptoms similar to those characteristic of schizophrenia.38
This model of psychotic symptoms induced by ketamine was
used to compare the effects of CBD (600mg) and placebo in
10 healthy subjects in a double-blind procedure.39 Subjects were
submitted to two experimental sessions, less than one week apart.
Subjects randomly received CBD or placebo in each session.
We observed that CBD attenuated the elevations provoked by
ketamine in the total scores and factors of a scale used to evaluate
dissociative symptoms (Clinician-Administered Dissociative
States Scale − CADSS), and that this effect was significant for
the depersonalization factor, which reinforces the hypothesis that
CBD has an antipsychotic effect. Likewise, this possible effect on
dissociative symptoms also raises the hypothesis that CBD may
have a therapeutic potential in the treatment of post-traumatic
stress disorder, cannabis intoxication, and some personality
disorders (Table 1).
A recent fMRI trial conducted together with a pharmacological
challenge with CBD and ∆9-THC supported the idea that
CBD may have antipsychotic properties.40 The authors of this
study observed that ∆9-THC and CBD had opposite effects in
terms of the activation of brain areas using different tasks. In a
second experiment, the pre-treatment with CBD was capable
of preventing the acute induction of psychotic symptoms by
∆9-THC.40 This result is consistent with the finding that subjects
smoking strains of cannabis containing CBD in addition to
∆9-THC are less prone to present psychotic symptoms than
subjects smoking strains of cannabis without CBD.41
Based on these previous studies and considering the evidence
related to a possible dysfunction of the cannabinoid system in
schizophrenia42 and its relationship with the typical features of
this disorder, we investigated the effects of CDB on selective
attention and on the pattern of electrodermal responsiveness
to auditory stimuli in patients with schizophrenia.43 Twentyeight patients were evaluated with the Stroop Color Word Test
(SCWT) in two experimental sessions. In the first session, no
drugs were administrated and in the second session the patients
were divided into three groups, each receiving a single dose of
CBD 300mg, CBD 600mg or placebo. We observed that the
acute administration of CBD in a single dose had no beneficial
effects on the performance of patients with schizophrenia in the
SCWT; however, this is not enough to refute the hypothesis that
the continued administration of CBD can result in improved
cognitive functioning in schizophrenia.
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The absence of toxic effects associated with CBD and the
pre-clinical evidence from animal and human studies related
to its potential anxiolytic and antipsychotic effects made trials
ethically acceptable. Initially, trials were open-label and had a
restricted number of subjects submitted to treatment with CBD.
In 1995, Zuardi et al. published a case report of a 19-year old
female diagnosed with schizophrenia and presenting severe side
effects after treatment with conventional antipsychotics.44 After
hospitalization, the patient remained four days without medication
and was then treated for four weeks with increasing doses of
CBD up to 1,500mg/day. After this period, CBD was replaced
by placebo for four days, and then haloperidol was introduced at
increasing doses up to 12.5mg/day. The symptoms were assessed
by the assisting psychiatrist and a blinded-psychiatrist with
the Brief Psychiatric Rating Scale (BPRS). The treatment with
CBD significantly improved the evaluated symptoms, which
had a tendency to worsen when the substance was suspended.
Symptoms decreased again with haloperidol, but not beyond the
levels reached with CBD. As mentioned before, CBD produced
no adverse effects, differently from haloperidol.
More recently, we expanded the use of CBD to three male
subjects with 22 and 23 years of age, diagnosed with schizophrenia
resistant to the treatment with conventional antipsychotics.45,46
The patients were hospitalized and received placebo for the first
five days, CBD from day 6 to day 35, placebo for another five
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days and, finally, olanzapine for at least 15 days. CBD was given
at an initial dose of 40mg/day, gradually increased until reaching
1,280mg/day. Patients were assisted by a psychiatrist, responsible
for adjusting the doses, and two dose-blinded psychiatrists who
applied the BPRS and a scale to screen for adverse effects. Two of
the subjects had a mild improvement with CBD and the third did
not respond to CBD at all. All the symptoms were exacerbated
when the substance was suspended. Only one of the patients
improved more with olanzapine than with CBD. The mild
improvement presented by one of the patients and the absence of
response from the other may be attributable to the fact that these
two patients had been considered resistant to antipsychotics, since
one of them had only a partial response to clozapine and the other
did not respond even to this antipsychotic. None of the patients
showed adverse effects with CBD.
A recent four-week exploratory, double-blind, controlled trial,
with an adequate number of subjects, confirmed the preliminary
results of the antipsychotic properties of CBD described above.47 In
this study, CBD was tested in patients diagnosed with schizophrenia
or schizophreniform disorder (DSM-IV) in an acute episode and
compared with the antipsychotic amisulpride (an atypical antipsychotic
with a mild tendency to produce Parkinson-like side effects). Fortytwo patients took part in this trial. In both treatments there was a
significant reduction of psychotic symptoms after two to four weeks.
No significant differences were observed between the groups; however,
CBD induced significantly less side effects, such as extrapyramidal
symptoms, increased prolactin levels, and weight gain.
Psychotic symptoms are common in patients with Parkinson’s
disease (PD) 48 and the management of this condition is
considered as a great challenge to clinicians. This is due to
several factors: i) decrease in the dose of antiparkinsonian agents
usually aggravates motor symptoms; ii) the additional use of
conventional antipsychotics may further exacerbate motor signs;
and iii) clozapine, the most effective atypical antipsychotic for the
treatment of this condition, can have unacceptable side effects,
especially neurological and hematological.49 Therefore, because
of the lack of safe and effective pharmaceutical interventions
for psychosis in PD and considering the relevance of a possible
antipsychotic effect of CBD, we have recently evaluated the
efficiency, safety, and tolerability of this cannabinoid in patients
with PD and psychosis.50
In an open trial, we tested the use of CBD in six out-patients
diagnosed with PD and associated psychotic symptoms for at least
three months. These patients received a flexible oral dose of CBD
(starting at 150mg/day) for four weeks, in addition to their usual
treatment. Both psychotic and motor symptoms were significantly
reduced and cognitive symptoms were not exacerbated. These
preliminary results suggest that CBD can have beneficial effects
in the treatment of PD. A double-blind placebo controlled trial
is currently underway to evaluate this possibility.
3) Sedative effects and effects on sleep
One of the first effects of CBD to be observed was its sedative
action, reported in rats in which the use of this cannabinoid was

found to reduce movement and operant behavior.51,52 Later, sleepinducing properties and increase in total sleep were described.53
In a randomized, double-blind trial, volunteers complaining of
insomnia and without any other physical or psychiatric conditions
received three doses of CBD (40, 80, and 160mg), placebo, and
nitrazepam (5mg). The treatments lasted for one week. When
compared to placebo, CBD (160mg) significantly increased
the number of subjects that slept for seven or more hours. 54
Consistent with this finding, many of the subjects included in
the abovementioned CBD trial for patients with PD50 described
improvements in the quality of sleep, which is a common problem
associated with PD.55
Sedative properties have also been consistently reported in
healthy volunteers and SAD patients with the use of high oral
doses of CBD (300mg to 600mg).28,56,57 In a trial conducted with
healthy participants in the morning, after at least six hours of sleep,
the sleep scores of a self-evaluation analogical scale increased with
the use of a single dose of CBD 300mg or 600mg, compared to
placebo (Figure 1 − adapted from Zuardi et al.56).
Nevertheless, there are reports from animal58,59 and human57,59
research studies that indicate that CBD increases wakefulness,
probably through an increase in dopamine levels. 58 These
apparently paradoxal findings related to the effects of CBD on
sleep can be explained by the fact that these effects – just like in
anxiety – are biphasic, provoking wakefulness at low doses and
sedation at higher doses.57,59
4) Antidepressant and mood stabilizing properties
Considering that the anxiolytic properties of CBD can be
mediated by the activation of 5-HT1A receptors and that this
modulation can induce antidepressant effects, this hypothesis
has recently been tested using the forced swim test in mice.60
Like the standard antidepressant imipramine (30mg/kg), CBD
(30mg/kg) decreased the immobility time of mice submitted to
the forced swim test. The CBD effects were blocked by previous
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treatment with a 5-HT1A receptor antagonist, suggesting that the
antidepressant-like effect is mediated by the activation of these
receptors.
Since CBD was shown to have anticonvulsant,57,61-63 anxiolytic,57
antidepressant,60 and antipsychotic properties similar to those of
atypical substances,46 it was hypothesized that this cannabinoid
could have a pharmacological profile similar to that of mood
stabilizers.64 We initially investigated this hypothesis in an animal
model of mania using chronic injections of D-amphetamine
(D-AMPH) at the dose of 2mg/kg. In this model, CBD was
not able to revert or prevent the hyperactivity induced by
D-AMPH.Iin addition, CBD increased the levels of brain-derived
neurotrophic factor (BDNF) in the reversion experiment.65
In parallel with this animal model of mania, we directly
investigated the efficiency of CBD in two subjects with bipolar
affective disorder (BAD) presenting acute mania episodes.66 Both
subjects received placebo during the first five days of hospitalization
and CBD from day 6 to day 30, starting with 600mg/day and
reaching 1,200mg per day. The first subject received adjuvant
treatment with olanzapine 10-15mg/day, from day 6 to day 20.
On day 31, CBD was discontinued and replaced by placebo for
another five days. The patient improved only during the period
in which CBD was associated with olanzapine, but had no further
improvement during monotherapy with CBD. The second subject
did not show any improvement in mania symptoms with any dose
of CBD during the trial. This finding, together with the negative
result of the animal model of mania, suggests that CBD is not
effective in the treatment of mania episodes in BAD.
5) Cannabis withdrawal syndrome
Among the many symptoms present in the marijuana withdrawal
syndrome in chronic users, anxiety and insomnia are the principal
manifestations, with onset typically occurring between the second
and sixth day after withdrawal. The magnitude and timeline of
these effects seem to be comparable to that of tobacco and to the
withdrawal syndromes of other substances. This contributes to
the development of dependence and difficulty to cessate use.67
There are over 160 million cannabis users in the world and the
amount of people that fulfill the criteria for substance dependence
is higher than that of any other illegal substance. However, no
currently available pharmacological therapy is considered adequate
to treat disorders related to the use of cannabis.68
Recently, a study in rats showed that CBD inhibits cueinduced heroin seeking and normalizes the associated mesolimbic
neuronal disturbances.69 Based on these findings and on the
previously described anxiolytic and sleep properties of CBD, we
recently investigated the effects of this cannabinoid in a subject
with cannabis dependence and a history of cannabis withdrawal
syndrome.
A 19 year-old female had a history of heavy and continued use
of cannabis (four to eight cigarettes per day) since 13 years of age.
She denied co-use or dependence on any other substance and used
almost all her salary to buy marijuana, dedicating much time and
effort to obtain the substance. The patient complained of memory,

S61 • Revista Brasileira de Psiquiatria • vol 32• Suppl I •may2010

concentration, and attention problems, which interfered with her
studies and performance at work. She had tried to stop using the
substance at least four times, always presenting, among others,
insomnia, anxiety, total loss of appetite, restlessness, migraines,
irritability, nightmares, and sudoresis around the forth to sixth
day after cessation of use. Resuming the use of the drug resulted
in immediate relief of her symptoms.
The subject was hospitalized and received CBD 300mg on
the first day, CBD 600mg/day, divided into two doses, from the
second to the tenth day, and CBD 300mg on the eleventh day.
Serum levels of hepatic enzymes and plasma levels of CBD and
∆9-THC were monitored daily. Under CBD, the patient did not
report any marijuana withdrawal symptom for any of the evaluated
items on the Marijuana Withdrawal Symptom Checklist and the
Withdrawal Discomfort Score,70 neither did the subject present
the anxiety or dissociative symptoms evaluated by the Hamilton
Anxiety Scale (HAS) and the CADSS.
The possible applications of CBD in psychiatry and the
currently available evidence in this regard are presented in Table 1.
2. ∆9-THC and its analogues
Consistent with the previously mentioned reports, one of the
most common and controversial hypothesis is that subjects with
high levels of anxiety and patients with anxiety disorders use
cannabis as a form of “self-medication”. In support to this view,
many subjects report the use of the substance in order to relax
and reduce anxiety.71 This hypothesis was partially based on the
results of a double-blind trial with nabilone (3mg/day). In this
trial, subjects with anxiety disorders had symptoms reduced after
28 days of treatment.72 Ilaria et al., in another placebo-controlled
crossover trial, also found that nabilone (2-5 mg/day) reduced the
symptoms of patients with anxiety disorders.73
The same has been said in relation to depression, as certain
doses of ∆ 9-THC can induce euphoria.74 In patients with
multiple sclerosis, this cannabinoid has been reported to improve
mood, probably by reducing painful sensations that are usually
accompanied by symptoms of depression.75 In contrast with these
observations, it has been reported that, in subjects exposed to
constant doses of marijuana, the substance can provoke an acute
and temporary form of induced anxiety, which can resemble a panic
attack. This has been consistently described in experimental trials
and in several case reports.76 As in the case of most cannabinoids,
these paradoxical findings related to ∆9-THC could be explained
by the fact that its effects on anxiety and mood seem to be dosedependent, with low and moderate doses showing anxiolytic and
euphoric properties and higher doses having anxiogenic properties.
In addition, the several cannabinoids (as previously seen with
CBD) seem to have distinct individual properties.
A recent trial tested the effects of ∆9-THC in patients with
schizophrenia. Because cannabinoid agonists can exacerbate
psychotic symptoms,77 for ethical reasons the subjects included had
a self-reported history of improvement associated with cannabis
use. Also, these subjects were considered as severe cases resistant to
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available treatments (including clozapine), and thus the potential
benefits surpassed the risks involved.78 The authors found that
5mg to 20mg/day (over three to eight weeks) of oral dronabinol
(synthetic ∆9-THC), associated with the antipsychotics being used
by the subjects led to significant improvement of schizophrenic
symptoms in four out of the six subjects. The improvement in
three of these subjects was considered by the authors as resulting
from the reduction of psychotic symptoms, and not from an
unspecific calming effect. The results suggest that CB1 agonists can
have opposing effects on the psychotic symptoms of patients with
schizophrenia. This also seems to be true for anxiety, depression,
and other conditions.76 These effects can be dependent on the
cannabinoid dose and on genetic and individual factors that are
not currently understood.
The pharmacological therapy for substance dependence can
help the treatment in several ways.67 One approach is to identify
substances that can attenuate withdrawal symptoms, such as
agonist/substitute substances (nicotine patches for tobacco
dependence and methadone for opiate dependence). Accordingly,
dronabinol was tested in cannabis dependence. Hart et al.,79
comparing placebo and dronabinol at the doses of 10mg and 20mg
given four times per day, discovered that dronabinol reduced some
of the subjective effects of cannabis in heavy users, though having
no impact on self-administration, probably due to problems with
the trial design and composition of the studied strain.80 In a later
study, Haney et al.81 compared dronabinol (10mg, five times per
day) and placebo in heavy cannabis users with a history of cannabis
withdrawal symptoms. The authors discovered that dronabinol
was effective in reducing withdrawal symptoms and had no
subjective effects. Later studies confirmed these findings using
low (10mg, three times per day) and high (30mg, three times per
day) doses in patients seeking for cannabis dependence treatment.80
Other studies have also extended and confirmed these findings.67
∆9-THC has also been proposed to act as an hypnotic82 and
recently its analogue nabilone (0.5mg and 1mg), administered
to patients with fibromyalgia before going to bed, effectively
improved sleep quality as assessed through self-evaluation scales.83
Although some patients reported that cannabis relieves
symptoms of mania and/or depression,84 attention deficit disorder,
and obsessive compulsive disorder, controlled clinical trials with
∆9-THC and its analogues have not yet been conducted.
3. Rimonabant (SR141716)
Rimonabant (Sanofi-Aventis®), an inverse agonist of the
cannabinoid receptor CB1, was sold in several countries as a
substance for treating obesity. Its use induced severe adverse effects,
especially anxiety and depression, with cases of suicide induced by
the substance. As a result, rimonabant was completely removed
from the market and all the clinical trials were interrupted.85
However, before being removed, the substance was tested in some
psychiatric conditions with promising results.
It is currently known that there are few pharmacological options
to treat the physiological and psychological effects related to the

acute intoxication by cannabis.65 Increasing doses of rimonabant (1,
3, 10, 30, 90mg) were tested in three trials conducted by Huestis
et al.86-88 The substance, administered two hours before smoking
an active cigarette (2.64% THC), reduced the physiological
and subjective psychological effects of intoxication in a dosedependent manner. This effect was independent of pharmacokinetic
interactions, suggesting a specific property of the compound.
Therefore, although rimonabant was used as pre-treatment in these
trials, it is possible that substances that block CB1 receptors can be
used to control the physiological and subjective symptoms usually
observed in the intoxication by cannabis.
Experiments in animals have shown that CB 1 receptor
antagonists can reduce the reward/reinforcing properties of
many drugs of abuse, including heroin,89 cocaine,90 alcohol,91
and nicotine.92 Considering these pre-clinical trials and that the
success rate of smoking cessation can be increased when weight
gain is controlled, rimonabant (20mg/day) was associated with
nicotine patches to test its efficacy in smoking cessation.93 The
association increased smoking cessation rates as compared to
rimonabant alone. Both groups gained little weight and had low
rates of treatment interruption due to adverse psychiatric effects.
However, the study design was greatly criticized because it did not
provide for definitive conclusions on the efficiency of rimonabant
in smoking cessation.94
Considering the evidence from previous animal experiments95
and the “cannabinoid hypothesis of shizophrenia”,42 which
proposes the possibility of a hyperactivity of the endocannabinoid
system in this condition, a double-blind controlled trial tested
rimonabant in schizophrenia.96 After an interruption period of two
to ten days, subjects received 20mg/day of rimonabant, haloperidol
(10mg/day) or other experimental drugs for a period of six weeks.
Contrary to expectations, rimonabant did not improve symptoms.
This can be attributed to the dose, to insufficient administration
time, or even to the absence of clinical activity associated with
this mechanism of action.
Conclusion
The data presented in this review show that cannabinoids
may, in the future, become an important option in the treatment
of psychiatric symptoms and disorders. Due to the absence of
psychoactive or cognitive effects, to its safety and tolerability, to
the existence of clinical trials with positive results, and to its broad
pharmacological spectrum, CBD is possibly the cannabinoid more
likely to have initial findings translated into clinical practice. In
particular, the results indicating that CBD has antipsychotic
and anxiolytic properties seem to be well established. However,
long-term, double-blind, placebo-controlled trials with samples
of subjects with different psychotic and anxiety disorders are
still necessary and opportune. Likewise, because CBD effects
are biphasic, the determination of adequate treatment ranges for
each disorder remains a challenge. Further research to determine
the precise mechanisms of action of CBD in the different
neuropsychiatric disorders is desirable.
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The findings indicating that rimonabant reduces the subjective
and physiological effects of acute cannabis intoxication show that
rimonabant may be a good treatment option for this condition,
which is not uncommon in psychiatric emergency services. In
addition, results support the role of CB1 receptors in the mediation
of the effects of cannabis, which is consistent with previous reports
from animal research. However, the important adverse effect of
inducing depression83 has led to the abandonment of rimonabant
and interrupted the investigation of its potential use in smoking
cessation strategies and in other conditions.∆9-THC and its
analogues have long been reported to have sedative and hypnotic
properties in several conditions, such as multiple sclerosis. One
of the most promising uses of these compounds seems to be in
the treatment of cannabis67,97 withdrawal. Although ∆9-THC and
its analogues have been described as having beneficial effects on
psychotic and mood symptoms,98 it seems wise to discourage the
use of these cannabinoids in these conditions. In addition to the
psychotropic effects, the possibility of exacerbating symptoms,

the potential for dependence, the presentation of biphasic
(different dose-dependent effects) and bidirectional (acute
opposing effects in different individuals) properties, regardless
of the disorder, hamper the therapeutic application of these
cannabinoids. An alternative to this is the careful exploration of
the beneficial effects of the association of ∆9-THC and CBD,
which is already used in some neurological disorders. Similarly,
other less studied phytocannabinoids [cannabigerol (CBG),
cannabichromene (CBC), delta-9-tetrahydrocannabivarin (∆9THCV), cannabidivarin (CBDV), tetrahydrocannabinolic acid
(∆9-THCA), and cannabidiolic acid (CBDA)] can be of interest
to investigators.59
In conclusion, it can be stated that the cannabinoid system
is a promising target for novel therapeutic interventions
in psychiatry.99 Cannabinoids may be greatly useful in this
field; however, additional controlled trials are still required
to confirm these findings and determine the safety of these
compounds.
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DEPRESSION

4:77-80 (1996)

DO PATIENTS USE MARIJUANA AS AN
ANTIDEPRESSANT?
Amanda]. Gruber, M.D.,l,2* Harrison G. Pope,]r., M.D.,!,2 and Michael E. Brown, M.D. 3

Several lines of evidence suggest that cannabis may have antidepressant effects. However, methodologic limitations in available studies make the results
difficult to interpret. We review this literature and present five cases in which
the evidence seems particularly clear that marijuana produced a direct antidepressant effect. If true, these observations argue that many patients may use
marijuana to "self-treat" depressive symptoms. Depression 4:77-80 (1996).
© 1997 Wiley-Liss, Inc.

Key words: cannabis; depression; antidepressant agents; selfmedication
The effect of cannabis on mood has been debated
for many years. Although it is generally acknowledged
that cannabis has a temporary euphoriant effect during
the period of acute intoxication, there is disagreement
as to whether it may possess an antidepressant effect
that extends beyond acute intoxication. Some investigators suggest that the drug may have antidepressant
effects, whereas others suggest that it may have no
consistent effect on mood, or may even exacerbate depression. We review below several types of studies
which bear on these questions, and then present a series of cases from our center.

CASE SERIES
Several authors have described individual cases or
case series (Keeler, 1967; Tunving, 1985; Weil, 1970)
in which marijuana appeared to precipitate depression,
whereas others have described individuals who appeared to experience a mood-elevating effect from
marijuana (Keeler, 1968; Zelwer, 1994; Musty, 1988;
Mirin et al., 1971, Grinspoon and Bakalar, 1993).
These reports are difficult to interpret, however, because it is difficult to be certain that marijuana played
a causative role in the mood changes observed.
In a recent pilot study, we recruited and interviewed
37 individuals who had smoked marijuana on at least
5,000 separate occasions (Gruber et al., in press).
Fourteen (38 %) of these long-term heavy users reported that marijuana "frequently" relieved depression, whereas only one (3 %) reported that the drug
"frequently" produced depression. Again, however,
these findings are based on retrospective self-reports.

EFFECTS OF MARIJUANA IN PSYCHIATRIC
DISORDERS
Two lines of evidence, both suggesting that marijuana may have antidepressant effects, arise from studies of marijuana use in other psychiatric disorders.
First, several case studies present patients who appeared to become manic following marijuana use
© 1997 WILEY-L1SS, INC.

(Stoll et al., 1991; Knight, 1976; Rohr et al., 1989;
Harding and Knight, 1973; El-Guebaly, 1975) and
two studies found that patients with "cannabis-induced psychosis" displayed hypomanic symptoms
(Rottanburg et al., 1982; Thacore and Shukla, 1976).
Admittedly, if a drug induces mania one cannot be
certain that it has antidepressant properties, but such a
possibility must be entertained. Second, several investigators have reported that marijuana use may ameliorate the negative symptoms of schizophrenia (Dixon et
al., 1990; Peralta and Cuesta, 1992; Warner et al.,
1994; Mueser et al., 1990; Dixon et al., 1991). There
is also a group of studies comparing the prevalence of
depression in populations with different degrees of marijuana use (Kupfer et al., 1973; Beauburn and Knight,
1973; Halikas et al., 1972; Weller and Halikas, 1985),
but these studies are not reviewed here, because such
studies cannot address causality.

CANNABIS ADMINISTRATION STUDIES
Two investigators have administered marijuana to
groups of eight and 13 depressed patients, respectively, hoping to find an antidepressant effect (Ablon
and Goodwin, 1974; Kotin et al., 1973). Although neither produced positive findings, both were subject to
methodological limitations: drug administration was
not double-blind; patient samples were small and most
subjects did not complete the trial because of adverse
events; marijuana was administered for only 1 (Kotin
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et al., 1973) or 2 weeks (Ablon and Goodwin, 1974), a
time interval briefer than that required by standard
antidepressants; and the patients studied were so depressed that they were hospitalized and thus perhaps
more refractory to treatment than more mildly depressed patients.
In several studies THC was administered to patients
with cancer, but only one study, of 54 patients, systematically evaluated for an antidepressant effect
(Regelson et al., 1976). Of 34 patients who completed
the 2-week double-blind placebo-crossover study, depression as rated by the Zung scale was significantly
lower during the THC week compared with the placebo week (P = 0.05). However, this study is subject to
many of the same methodologic limitations as the administration studies above, as well as the confounding
effects of serious medical illness.
In studies where marijuana was administered to
healthy volunteers, clear effects on mood have not
been described. However, these studies were not specifically designed to evaluate the effect of marijuana
on mood (Ross et a1., 1974; Jones and Benowitz, 1976;
Meyer et a1., 1971; Renault et a1., 1974; Chait and
Perry, 1994.).
In summary, case reports, case series, studies in psychiatric patients, and administration studies, offer only
tentative evidence that marijuana may have an antidepressant effect that extends beyond its temporary euphoric effect during acute intoxication. In our clinical
experience, however, we and our colleagues have regularly observed patients who seem to use marijuana as an
antidepressant. We present below five example cases
where the observations provide particularly clear evidence that marijuana was directly responsible for antidepressant effects in individuals with mood disorder.

CASE 1
Mr. A was a 20-year-old, single, white, male college
student who displayed major depression with psychotic features. He also reported a clear history of attention-deficit hyperactivity disorder (ADHD). His
family history was positive for recurrent major depression, requiring hospitalizations, in his mother, and for
ADHD in his brother. He described hopelessness,
feelings of worthlessness and guilt, and hypersomnia
beginning in tenth grade. It was at this time that he
also began using marijuana, at first weekly, then escalating to two to three times every day by his freshman
year of college. He reported that marijuana consistently made him "feel better," and decreased his social
anxiety. He also used the drug as a sedative when he
had insomnia, which he attributed to anxiety about
school and social situations. However, after a year of
daily use, he developed paranoid ideation and auditory
hallucinations, and therefore stopped marijuana use
completely for a time. The psychotic symptoms remitted within a day, but he promptly developed an episode of major depression, with depressed mood,
anhedonia, insomnia, impaired concentration, feelings

of guilt, worthlessness, and hopelessness, as well as inability to function in social situations because of severe
anxiety. Despite aggressive pharmacotherapy with antidepressants and anxiolytics, and intensive biweekly
psychotherapy, his symptoms remained only partially
controlled; he was forced to take a leave of absence
from school and curtail his social life significantly.
During the last 2 years, Mr. A has attempted to resume
regular marijuana use several times. On each occasion,
he has reported a full remission of his depressive symptoms, enabling him to "have fun" and "go out" with
his friends. However, within a week, he experiences
the recurrence of severe paranoia, is forced to discontinue marijuana use, and returns to his previous state
of only partial remission of his symptoms.

CASE 2
Mr. B, a 16-year-old single, white, male high school
student, with a history of dysthymia and ADHD, was
hospitalized for his first episode of major depression.
His family history was significant for depression in his
mother and maternal aunt, both of whom had major
depressive episodes and were being treated successfully with fluoxetine 20 mg per day. He described extreme irritability, anhedonia, lack of interest in his
friends and activities, loss of appetite with weight loss,
decreased concentration, and feelings of worthlessness
and guilt, symptoms severe enough to result in expulsion from school and deterioration in his previously
good relationship with his mother. Mr. B reported the
onset of his depressive symptoms in eighth grade, and
the onset of his marijuana use several months later.
Initially, he used marijuana one to two times per week
with his friends, but he soon began to use marijuana
daily "to improve his mood." He reported that his depressive symptoms increased when he was unable to
use marijuana, and he took risks, including stealing, to
obtain it. A period of close supervision and inability to
use marijuana led to a steady increase in depressive
symptoms, which precipitated his hospitalization. In
the hospital, his desire for marijuana remained so
strong that he managed to grow marijuana plants successfully in the field behind his hospital building while
he was an inpatient. Following his discharge, he reported only partial relief of his depressive symptoms
with fluoxetine, but marijuana produced full relief
during intervals when he was able to surreptitiously
resume using it.
CASE 3
Ms. C, a 27-year-old, single, white female was hospitalized for treatment of her bipolar disorder and
poly-substance abuse. Her family history was positive
for bipolar disorder in her sister and father, and major
depressive episodes in her mother, all of whom were
receiving medication. Since childhood, she had experienced depressed mood, fatigue, anhedonia, social
withdrawal, and a desire to "escape" from her problems. She began using marijuana in fifth grade, in-
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creasing her use until it was stable at three or more
joints per day through junior high and high school.
She reported that marijuana definitely improved her
mood and social life, and that she made great efforts
and took risks, such as selling marijuana, to ensure a
constant supply. She reported that the marijuana
"high" was very similar to the feeling she had when
hypomanic. Starting at the age of 16, she added cocaine to her drug use regimen, thus making the role of
marijuana more difficult to assess during the interval
from age 16 to 27. Since her hospitalization, the combination of a mood stabilizer and an antidepressant
has effectively prevented major affective episodes, but
has left her with residual depressive symptoms similar
to those she had as a child. She reports that she had
discontinued all cocaine and other drug use except for
marijuana. Closely monitored for substance abuse, she
has rarely been able to use marijuana undetected. Whenever she has had the opportunity, such as a family vacation, she has used marijuana, and reports that her mood
reliably improves during these periods, and depression
recurs after her access to marijuana is again lost.

CASE 4
Ms. D, a 23-year-old, single, white, college student,
reported a history of bipolar disorder dating back to a
first depressive episode at the age of 16. Her most severe
depressive episode, at the age of 21, was characterized by
insomnia, a 35-pound weight loss, psychomotor retardation, anhedonia, and a suicide attempt in which she
tried to jump from a building. Six months later, she
developed a manic episode during which she believed
that she was a world leader, slept 3 hours a night, and
spent money far beyond her ability to pay. Following
the resolution of this episode, she again entered a depressive episode, which persisted for nearly a year.
When asked about her history of substance use, she
described an initial period of polysubstance abuse at
age 16-17, following which she used marijuana almost
exclusively, one to four times every day, during her
depressive periods. In contrast, when manic, she used
marijuana very little. When asked about her reasons
for using marijuana, she reported that psychiatrists
had treated her depressive symptoms with tricyclic antidepressants and fluoxetine, but that none of these
medications was nearly as effective as marijuana. Accordingly, she used marijuana regularly in conjunction with
lithium carbonate and sodium valproate as a component
of her "medications" for her bipolar disorder.
CASES
Mr. E, a 28-year-old, single, white man, developed
his first episode of depression after his sophomore
year in college. At that time, his marijuana use escalated from one to two times per week to one to two
times per day. He reported that his marijuana use at
that time was prompted by its antidepressant effect.
However, in the fall of that year, he developed a manic
episode, was hospitalized, and was placed on lithium
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and fluphenazine. After discharge, he quickly became
non-compliant with treatment, resumed using marijuana,
and devoted the next several months to hitchhiking
around the country and attending rock concerts. Over
the course of the next 5 to 6 years, this pattern repeated
itself frequently: he would be hospitalized for an acute
psychotic episode, treated with antipsychotic medications, develop depressive symptoms after discharge,
and promptly revert to marijuana use, leading to another relapse and hospitalization. After six such hospitalizations, Mr. E. began to disclose the severity of his
post-psychotic depressive symptoms, and revealed that
none of the various antidepressants prescribed gave
him reliable relief for depression. Only marijuana, he
stated, produced a full antidepressant effect. It was for
this reason, he explained, that he promptly resumed
using marijuana during each depression, even though
he recognized that it might provoke a new psychotic
episode. When this history was fully recognized, an
attempt was made to treat his depression much more
aggressively. He was thus started on venlafaxine 375
mg per day together with lithium carbonate. This
combination seemed to give him a better antidepressant effect than he had previously experienced, and for
the first time in many years, he was able to abstain
from surreptitious marijuana use. He has now been
out of the hospital for more than a year and has resumed college.

DISCUSSION
In conclusion, several lines of evidence suggest that
marijuana may possess antidepressant effects, although
it is difficult in many reports to be certain that marijuana played a causal role in alleviating depression. In
this paper, we present five case examples in which the
evidence seems particularly clear that marijuana exerted
an antidepressant effect. All five patients reported that
marijuana relieved their depressive symptoms, and that
they deliberately used it for this purpose. All reported
that marijuana was more effective in treating their depressive symptoms than traditional antidepressants,
except for Mr. E, who found this to be true until he responded to venlafaxine. Additionally, the patients in the
first three cases all reported that their mood deteriorated
when they were not able to use marijuana, and that their
mood reliably improved upon resuming marijuana.
These case reports must be interpreted with the
usual cautions which apply to such retrospective observations. The cases presented are not good subjects
for studying depressive symptoms. All five cases fulfilled
DSM-IV criteria for either cannabis or polysubstance
dependence at some time, and only observations following a period of several weeks of abstinence in such individuals would permit a firm judgment regarding the
effects of cannabis on mood. We cannot, for example,
rule out the influence of compulsive drug seeking as a
confounding variable in the reports of these patients
regarding their mood changes.

Gruber et al.
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This evidence favors the hypothesis that cannabis
may indeed exert a direct antidepressant effect which
extends beyond the immediate period of euphoria
during acute intoxication. If true, this effect is of clinical importance, in that it may prompt large numbers
of depressed patients to "self-treat" with cannabis.
The underlying depression may go unrecognized in
many of these patients who present for treatment of
cannabis-related disorders, or psychiatric disorders
comorbid with cannabis use (Brady et al., 1991).
Recognition of the role of cannabis as "self-treatment" might facilitate the diagnosis and treatment
of this group of patients, many of whom might be
effectively treated with conventional antidepressants. Thus, more systematic studies of cannabis use
are clearly needed to delineate the prevalence of
this phenomenon.
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Question 5
Letters of support provided by physicians with knowledge of the
disease or condition.
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To Whom It May Concern,
We, the undersigned physicians, support adding depression as a qualifying condition under Ohio’s
Medical Marijuana Control Program.
After reviewing the available science, research and information available on depression and its
treatment with medical marijuana, we believe medical marijuana is an effective treatment for
individuals dealing with depression and its symptoms.
While no treatment is without its risks, after thorough review, we strongly believe the benefits of
treating patients suffering from depression with medical marijuana far outweigh the risks. Depression
can be a difficult condition to treat, with many patients going through multiple treatment plans without
ever finding relief. A study by Khalid Saad Al-Harbi in 2012 showed between ten and thirty percent of
patients do not respond in full to antidepressants, and up to two thirds of “treatment resistant” patients
don’t respond to integrated therapeutic strategies either.
According to the American Foundation for Suicide Prevention, 75% of Americans who die by suicide
suffer from depression. A study in 2000 by John Michael Bostwick , M.D., and V. Shane Pankratz , Ph.D.,
published in the American Journal of Psychiatry, showed the rate of suicide among patients with
depression was between two and nine percent.
Depression, and our ability to successfully treat it, is truly a matter of life and death. It is of the utmost
importance that physicians be given every tool possible to treat this horrible disease, including medical
marijuana.
For these reasons, we ask that the State Medical Board of Ohio add depression as a qualifying condition
under Ohio’s Medical Marijuana Control Program.
Sincerely,

Cynthia Taylor
do
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To Whom It May Concern,
We, the undersigned physicians, support adding depression as a qualifying condition under Ohio’s
Medical Marijuana Control Program.
After reviewing the available science, research and information available on depression and its
treatment with medical marijuana, we believe medical marijuana is an effective treatment for
individuals dealing with depression and its symptoms.
While no treatment is without its risks, after thorough review, we strongly believe the benefits of
treating patients suffering from depression with medical marijuana far outweigh the risks. Depression
can be a difficult condition to treat, with many patients going through multiple treatment plans without
ever finding relief. A study by Khalid Saad Al-Harbi in 2012 showed between ten and thirty percent of
patients do not respond in full to antidepressants, and up to two thirds of “treatment resistant” patients
don’t respond to integrated therapeutic strategies either.
According to the American Foundation for Suicide Prevention, 75% of Americans who die by suicide
suffer from depression. A study in 2000 by John Michael Bostwick , M.D., and V. Shane Pankratz , Ph.D.,
published in the American Journal of Psychiatry, showed the rate of suicide among patients with
depression was between two and nine percent.
Depression, and our ability to successfully treat it, is truly a matter of life and death. It is of the utmost
importance that physicians be given every tool possible to treat this horrible disease, including medical
marijuana.
For these reasons, we ask that the State Medical Board of Ohio add depression as a qualifying condition
under Ohio’s Medical Marijuana Control Program.
Sincerely,

Daniel Neides
MD

