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Abstract

v

Background: Preclinical research has sug-
gested that the endocannabinoid system may
be involved in the etiology and/or treatment of
depression; however, there are no published
studies examining circulating endocannabinoid
content in patients with clinical depression.
Methods: This study examined the endocan-
nabinoids (anandamide; AEA) and 2-arachido-
nylglycerol (2-AG) in serum from ambulatory,
medication-free female patients diagnosed
with minor or major depression, and in controls
matched for demographic characteristics.
Results: Serum 2-AG content was significantly
decreased in patients diagnosed with major
depression, and this decrease was correlated
significantly and negatively with duration of

the depressive episode, such that 2-AG content
was progressively lower the longer the depres-
sive episode. While AEA was not associated with
major depression per se, a strong negative cor-
relation was found between serum AEA content
and Hamilton ratings for cognitive and somatic
anxiety, suggesting that AEA content may relate
to the anxiety dimension of affective disorders.
In subjects with minor depression, serum AEA
was significantly elevated, with 2-AG content
demonstrating a similar, but statistically insig-
nificant trend.

Discussion: These are the first clinical data to
indicate that the endocannabinoid system may
be disturbed in affective disease, and suggest
that future research is required to determine the
relevance of these changes with respect to dis-
ease manifestation and pharmacotherapy.

Introduction

v

The traditional theory that major depression is a
consequence of deficient monoamine activity
has been revised by the addition of novel theo-
ries suggesting that disturbances in other sys-
tems are important for the pathophysiology of
depression [16]. In particular, there is evidence
that glucocorticoids, cytokines and neurotrophins
are involved in the manifestation and treatment
of this disease [17,22,34,37,40]. Mounting pre-
clinical evidence implicates the endocannabinoid
system in the pathophysiology of depression. For
example, chronic unpredictable stress, which
often elicits biochemical changes reminiscent of
those seen in depressed populations [23], has
been shown to both reduce the tissue content of
the endocannabinoid ligand 2-arachidonylgly-
cerol (2-AG) and down-regulate the central can-
nabinoid receptor (CB;) in the hippocampus of
rats [14]. These data suggest that endocannabi-
noid activity could be compromised in depres-
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sion, a suggestion that is supported by findings
that pharmacological activation of the endocan-
nabinoid system elicits an antidepressant-like
response in both the forced swim test and tail
suspension test in rodents [8,12]. Furthermore,
mice that are deficient in the CB; receptor exhibit
a constellation of behavioral changes that are
reminiscent of symptoms of depression such as
anhedonia, anxiety, inability to extinguish aver-
sive memories, heightened stress responsiveness
and disturbances in neurovegetative functions
such as feeding behavior and weight regulation
[2,3,24,25,32; reviewed in 13]. Together, these
data imply that deficient endocannabinoid activ-
ity could be associated with the manifestation
and progression of depression [13].

However, there is also evidence suggesting that
up-regulation of the endocannabinoid system
contributes to the symptoms of depression. Spe-
cifically, antagonism of the endocannabinoid sys-
tem also produces antidepressant-like effects in
preclinical animal models of antidepressant effi-



cacy [10,33,36]. Post-mortem studies have revealed that the CB,
receptor is up-regulated in the prefrontal cortex of depressed,
suicide victims [18]. While this would appear to suggest that the
endocannabinoid system is up-regulated in depression, it should
be noted that no endocannabinoid ligand measurements were
done on this population, so the functional consequences of this
change are not clear. The only published study to date of endo-
cannabinoids in a population with affective disorders examined
cerebrospinal fluid (CSF) content of N-arachidonylethanolamine
(anandamide; AEA) in patients with affective disorders that
were being used as a psychiatric control group; notably, these
subjects were not a homogeneous population of depressed
patients but included bipolar patients currently in a manic phase
[6]. This study failed to find differences in the CSF AEA between
control subjects and those with affective disorders, which could
have been due, in part, to the diagnostic heterogeneity of the
participants. This study also did not examine 2-AG, which is the
endocannabinoid that has been shown to be altered in an animal
model of depression [14]. The current state of knowledge would
suggest that the endocannabinoid system could be involved in
depression; however, due to a paucity of data from clinical pop-
ulations, hypotheses concerning the nature of this involvement
are premature.

Serum endocannabinoids present an interesting variable to
examine in depressed populations for two reasons. First, changes
in serum endocannabinoids could be representative of changes
in CNS endocannabinoid content. It is known that endocannabi-
noids cross the blood-brain barrier [7,27,39]; however, it should
be noted that no direct correlation has been found between
serum AEA and CSF AEA [6]. Regardless, recent clinical work has
demonstrated that increases in serum endocannabinoid content
following osteopathic treatment are correlated to specific sub-
jective and behavioral measures suggestive of a cannabimimetic
response, indicating that serum endocannabinoids could be
reflective of changes in central endocannabinoid activity [26].
Second, peripheral actions of endocannabinoids could also be
relevant in the context of depression. Endocannabinoids are
known to potently modulate immunomodulatory processes and
cardiovascular function [20,21], both of which have been associ-
ated with morbidity and illness associated with depression.
Thus, the peripheral actions of endocannabinoids themselves
should not be discounted in this scenario.

The goal of the present study was to examine serum endocan-
nabinoid content in clinically depressed individuals. We have
quantified the endocannabinoids AEA and 2-AG in the serum of
ambulatory, medication free, female subjects suffering from
minor or major depression and compared them to psychiatri-
cally healthy controls matched for demographic characteristics.

Patients and Methods

v

Patients

A total of 56 adult women from Saint Louis, MO USA partici-
pated in the study. Half of them (n=28) met DSM-IV diagnostic
criteria for clinical depression [1]; the other half (n=28) had no
lifetime history of psychiatric illness. The depressed and control
subjects were matched on a case-by-case basis with respect to
age and ethnicity. All subjects were in good health, defined as
having (a) no history of chronic medical illness, (b) no indica-
tions of acute infectious disease at study entry, as evidenced by
self-report of symptoms and a normal complete blood count,
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and (c) no prescribed medication regimen, other than oral con-
traceptives, in the past six months including anti-depressants.
Candidates were excluded if they were older than 55; had been
pregnant in the past year; were menopausal, postmenopausal,
or had irregular menses; were undernourished as evidenced by
serum albumin <3.3 g/dL; or reported abusing illicit substances
including cannabis, cocaine, and heroin.

Depressed patients were recruited through advertisements in
local newspapers seeking individuals “feeling down and
depressed, losing interest in enjoyable activities, or having trou-
ble with eating, sleeping, or concentration.” To qualify for the
study, depressed patients had to meet criteria for a current major
depressive episode (N=16) or minor depressive episode (N=12)
according to DSM-IV [1]. Specifically, the diagnosis of major
depression requires the presence of at least five symptoms, from
those detailed by the DSM-IV [1], for a duration of two weeks;
whereas, the diagnosis of minor depression requires the pre-
sence of only two symptoms for a duration of two weeks [1].
Diagnoses were made by trained interviewers utilizing the
Depression Interview and Structured Hamilton [4]. This instru-
ment combines the probes needed to diagnose clinical depres-
sion according to DSM-IV with those needed to judge symptom
severity on the 17-item Hamilton Rating Scale for Depression
[37]. Based on criteria detailed in the DSM-IV [1], patients with
comorbid psychotic, eating, alcohol, substance (other than nico-
tine dependence), or anxiety disorders (other than generalized
anxiety disorder) were excluded using modules from the Diag-
nostic Interview Schedule [31] and the Primary Care Evaluation
of Mental Disorders [35]. Control subjects were also recruited
through newspaper advertisements; these postings sought
“medically healthy adults for a study of mood and health.” To
qualify for the study, control subjects had to match a depressed
subject in terms of age and ethnicity, and have a lifetime history
free of psychiatric illness, as documented in structured inter-
views using the Depression Interview and Structured Hamilton,
and modules from the Diagnostic Interview Schedule and the
Primary Care Evaluation of Mental Disorders. They also needed
to score <5 on the 10-item Center for Epidemiologic Studies
Depression Scale [30].

Procedures

v

During an initial session at the laboratory, research assistants
explained study procedures, and subjects provided written
informed consent. A battery of structured psychiatric interviews
was then administered to determine eligibility, namely the Depres-
sion Interview and Structured Hamilton, and modules from the
Diagnostic Interview Schedule and the Primary Care Evaluation of
Mental Disorders. Eligible subjects were interviewed regarding
their medical history, completed a battery of questionnaires about
their health practices, and underwent a series of anthropometric
and cardiovascular assessments (data not shown). Next, subjects
were seated in a comfortable chair and had 35mL of blood drawn
through antecubital venipuncture in serum separating tubes. The
blood was subsequently centrifuged for 15min at 1000xg, and the
serum was aspirated, divided into aliquots, and frozen at =70 °C
until the end of the study. All serum samples were frozen by
120min following venipuncture. Thawed serum was later used
to assess contents of 2-AG and AEA. All blood draws were
performed between 09:00h and 12:00h to control for diurnal
variation. Upon completion of the study, participants were
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Table1 Demographic characteristics of sample population (mean variable + SD)
Major Depression (n=16)
age 27.6+9.7
BMI 31.2:8.1
education (years) 14.4+1.8
% daily smokers 31.3%+47.9
alcoholic drinks/week 3.4+5.7
% recurrent depression 75%
total HAM-D Score 20+4.0
length of current episode (weeks) 35.4+30.1
% currently in therapy 12.5%+34.2
racet 6C; 8AA; TH; 1A

C=Caucasian; AA=African American; H= Hispanic; A=Asian
* =significantly different from their matched control group, p<0.05

compensated $ 150. These procedures were approved by the Insti-
tutional Review Board of Washington University, USA.

Serum endocannabinoids extraction and measurement
All extractions were performed using Bond Elut C18 solid-phase
extraction columns (1mkL; Varian Inc, Lake Forest, CA). Serum
samples (0.5mL each) were thawed and made up to 15% ethanol,
to which the internal standards [2H8]-AEA (16.9 pmol) and [2H8]-
2-AG (46.5 pmol) (Cayman Chemicals, Ann Arbor, MI) were added.
Samples were then vortexed and centrifuged at 1000 x g for 4 min.
The supernatant was loaded on C18 columns, which had been
conditioned with 1 mL redistilled ethanol and 3 mL of double dis-
tilled water (ddH,0). The remaining pellet was washed with
100 uL of 15% ethanol and centrifuged again for 3 min. The result-
ing supernatant was also loaded onto the C18 column. Columns
were washed with 5mL ddH,0 and eluted with 1 mL of ethyl ace-
tate. The ethyl acetate layer in the resulting elute was removed
and dried under N,. Lipids in the residual ddH,O phase were
extracted by mixing with an additional 1mL of ethyl acetate,
which was added to the original ethyl acetate solution. Once
dried, samples were resuspended in 20 yL of methanol and stored
at -80 °C. AEA and 2-AG were quantified using isotope-dilution,
atmospheric pressure,chemicalionizationliquid chromatography/
mass spectrometry (LC-APCI-MS) as described previously [28].

Statistics

Comparisons between individuals with depression and matched
controls on serum endocannabinoid contents were performed
using independent samples t-tests. To verify that observed asso-
ciations were not inflated by potential confounders, a series of
univariate analyses of variance was then performed. These anal-
yses involved comparing endocannabinoid contents across
depressed and control groups, while covarying for factors that
differed across the diagnostic group, which were body mass
index (BMI) and percentage of daily smokers. Bivariate correla-
tions were also performed to examine the relationships between
serum endocannabinoids and the clinical profiles of patients,
including the duration of their current episode, its severity, and
the intensity of particular symptom clusters.

Results

v

The demographic profile of the population that was used in this
analysis can be seen in © Table 1. For the sample of individuals
with major depression and their matched controls, there were

Control (n=16) Minor Depression (n=12) Control (n=11)

27.9+9.2 31.0£8.0 30.2+6.9
23.8:2.4 31.8£10.9 27.646.7
15.4+1.8 14.6+2.0 16.2+1.9
0+0 16.7%+38.9 0+0
0.6+1.3 1.5+3.1 2.4:5.6
N/A 75% N/A

N/A 15.3:4.7 N/A

N/A 413+51.2 N/A

N/A 0%+0 N/A

6C; 8AA; TH; 1A 6C; 6AA 6C; SAA

no differences in age (p=0.93), race (p=1.00) or years of educa-
tion (p=0.15). Individuals with major depression exhibited a sig-
nificantly higher body mass index (BMI; p=0.001) compared
with their matched controls, and they were also more likely to
be daily smokers (p=0.02). The number of alcoholic drinks con-
sumed in a week was higher, but not significantly, in individuals
with major depression (p=0.07). For the sample of individuals
with minor depression and their matched controls, there were
no differences between the two groups on age (p=0.80), race
(p=0.84), percentage of daily smokers (p=0.17) or alcoholic
drinks consumed per week (p=0.62); however, years of total
education was non-significantly lower in individuals with minor
depression (p=0.06).

In women with major depression, serum 2-AG was significantly
reduced [t (30)=2.098, p=0.04; © Fig. 1a] (serum 2-AG for major
depression: 12.5+5.6pmol/mL serum vs. matched controls:
19.6+12.5 pmol/mL serum), with an effect size of 0.57 standard
deviations. This effect was marginally reduced by controlling for
tobacco use (p=0.08), and marginally enhanced by controlling
for BMI (p=0.03).

To examine if this reduction in serum 2-AG was related to sever-
ity, chronicity or symptom profile of major depression, we
examined the correlation of serum 2-AG to each of these varia-
bles in the major depression cohort. Serum 2-AG content was
found to exhibit a significant negative correlation with duration
of current depressive episode (r=-0.492, p=0.05; ¢ Fig. 2).
Within the sample of subjects with major depression, there was
no difference in serum 2-AG between those with recurrent
major depression and those in their first episode [t (14)=0.133,
p=0.90]. Serum 2-AG did not significantly correlate with total
Hamilton score (r=-0.09, p=0.74), suggesting that this reduc-
tion of 2-AG was not directly related to depression severity.
Serum AEA content did not differ between subjects with major
depression and their matched controls [t (30)=0.205, p=0.84;
© Fig. 1a] (serum AEA for major depression: 0.74+0.32 pmol/mL
serum vs. matched controls: 0.72+0.29 pmol/mL serum). While
serum AEA was not correlated with total Hamilton score
(r=-0.24, p=0.38), serum AEA exhibited a highly significant,
negative correlation with scores on both the Hamilton variable
for cognitive anxiety (r=-0.647, p < 0.01; © Fig. 3a) and somatic
anxiety (r=-0.674, p <0.01; © Fig. 3b), such that individuals
who demonstrated higher measures of anxiety, exhibited lower
serum AEA content. Serum AEA content did not correlate with
any other Hamilton rating. Serum AEA did not correlate with
duration of current depressive episode (r=0.30, p=0.25), nor did
serum AEA content differ between subjects who experienced
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recurrent depression as opposed to those who were experienc-
ing their first episode [t (14)=1.12, p=0.28].

Serum AEA content was significantly increased in patients
with minor depression compared to their matched controls [t
(21)=2.48,p=0.02; ¢ Fig. 1b] (serum AEA for minor depression:
0.95+0.44 pmol/mL serum vs. matched controls: 0.60+0.18 pmol/
mL serum), with a robust effect size of 1.96 standard deviations.
Serum 2-AG was higher in patients with minor depression;
however, this was not significant [t (21)=1.26, p=0.22; © Fig. 1b]
(2-AG in minor depression: 26.4+18.32 pmol/mL serum vs
matched controls: 18.18 + 12.37 pmol/mLserum, effect size =0.67
standard deviations). The length of the current depressive epi-
sode appeared to correlate with both serum AEA (r=0.51,
p=0.09) and serum 2-AG (r=0.50, p=0.10), such that serum
contents of both these molecules were higher the longer the
duration of the episode. However, because of the small number
of patients in these analyses, these effects were not statistically
significant. There were no significant differences in serum AEA
[t (10)=-0.169, p=0.12] or serum 2-AG [t (10)=1.76, p=0.11]
between those experiencing a first episode of depression
versus recurrent depression. There was no significant correla-
tion between total Hamilton score and serum AEA (r=-0.19,
p=0.55). The correlation between total Hamilton scores and
serum 2-AG content was positive (r=0.51, p=0.10), but non-sig-
nificant because of the sample size of 12 subjects. It should be
noted that one sample from the control group to the minor

30 Fig.2 Serum content
of the endocannabinoid
2-arachidonlyglycerol
(2-AG) exhibited a
significant negative

104 L7087 = correlation (r=-0.492)
s with the duration of
the current depressive
episode (in weeks).

20

Serum 2-AG (pmol/ml)
o
o

O+—T—7T—T—"T—T—T—TT T

0 10 20 30 40 50 60 70 80 90 10011

Length of Current Depressive
Episode (weeks)

depression patients was compromised during the extraction
procedure and thus data from this individual are not included
in the data set.

Discussion

v

The major finding of this study was that in a population of ambu-
latory, medication free females diagnosed with major depres-
sion, serum content of the endocannabinoid 2-AG was
significantly decreased. The magnitude of this decrease was sig-
nificantly related to the duration of the current depressive epi-
sode, such that as an episode progressed, 2-AG content decreased
more substantially. These data provide the first demonstration
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that major depression could be associated with a hypoactive
endocannabinoid system.

While serum AEA content was not significantly altered in major
depression, amounts of this molecule were strongly and nega-
tively correlated with somatic and cognitive anxiety. That is,
patients with high anxiety also exhibited low serum AEA. This
finding suggests that while AEA may not be related to depres-
sion per se, it could be inversely related to the extent of anxiety
present. Consistent with this, animal research has demonstrated
that selective inhibition of AEA metabolism elicits robust anxio-
lytic effects [15,19,32]. Together, these data support the idea
that low AEA may be associated with the manifestation of anxi-
ety and that inhibition of AEA metabolism is a logical target for
the development of anxiolytic drugs [5,15,19,29].

The relationship between serum endocannabinoid content and
central endocannabinoid content is not known. Since endocan-
nabinoids possess the ability to cross the blood brain barrier
[7,27,39], it is certainly plausible that significant changes in cen-
tral endocannabinoid content would result in spillover into the
serum. Alternatively, it is also possible that endocannabinoid
synthesis in the periphery may regulate to some degree endo-
cannabinoid levels in the central nervous system. The finding
that significant correlations were found in this study between
serum endocannabinoids and specific clinical profiles on the
Hamilton scale is circumstantial evidence that serum endocan-
nabinoids reflect central endocannabinoid content to some
degree. This hypothesis is substantiated by recent work demon-
strating that cannabimimetic-like responses to osteopathic
manipulations are associated with increases in serum endocan-
nabinoid content [26].

An unexpected finding in this study was that the changes in
serum endocannabinoids observed in minor depression were
the opposite of those seen in major depression. Specifically, AEA
was significantly higher whereas 2-AG was appreciably, but not

signficantly, elevated among women with minor depression
compared to their matched controls. Given that minor depres-
sion is only a less severe variant of major depression it is surpris-
ing that these opposite effects were found. One possible
interpretation of this finding is that endocannabinoids may act
as a protective buffer against the progression of affective dis-
ease; however, the current data require replication and exten-
sion before this hypothesis can be further substantiated.

There are several limitations to this research that require atten-
tion. For example, the effect that has been documented here is
exclusively in a population of women, thus a determination of
whether this effect is present in both genders or is limited to
women is critical to the advancement of theories concerning the
role of endocannabinoids in depression. In line with this limita-
tion, menstrual cycle was not controlled for in this study; how-
ever, fluctuations in serum endocannabinoid content throughout
the menstrual cycle would likely introduce increased variability
that would occlude detection of a significant finding. Further-
more, analysis of CSF endocannabinoids, especially 2-AG, in
depressive disorders is essential to determine if a deficiency is
consistently observed in the central nervous system. Another
limitation with these findings is that these data are cross-sec-
tional and thus do not give a direct understanding of the direc-
tion of causality, or insights into how these changes in
endocannabinoid serum content progress throughout remission
and relapse within a given individual. Finally, the possibility
does exist that an undetermined third variable could mediate
the effects documented here. Analysis of covariance determined
that the deficit in 2-AG seen in major depression was somewhat
reduced when tobacco use was covaried; however, this covari-
ance accounted for only a small proportion of the documented
effect. We view this as an unlikely explanation for our findings,
however, as it cannot parsimoniously account for why the direc-
tion of change of serum endocannabinoids was opposite for
minor and major depression when both groups possessed more
smokers than their matched controls. Additionally, while exclu-
sion criteria for this study included cannabis dependence, it is
unknown whether patients occasionally consumed cannabis in
the weeks leading up to assessment. Some depressed patients
do use cannabis as self medication [11], and it is possible that
such use could disrupt endogenous production of 2-AG or AEA.
However, animal research has suggested that repeated adminis-
tration of exogenous cannabinoid ligands does not reliably
reduce brain endocannabinoid content [9], and, as with smok-
ing, this effect could not explain the bidirectional alterations
seen in the two depressed populations.

These data are the first demonstration of an alteration in the
endocannabinoid system in clinical depression. These data dem-
onstrate for the first time, that serum levels of the endocannabi-
noid 2-AG are significantly reduced in major depression, whereas
serum levels of the endocannabinoid AEA are significantly
increased in minor depression. Furthermore, these data also
demonstrate that serum AEA levels exhibited a strong, negative
correlation with anxiety symptoms in the major depression
population. While the current data cannot explain the nature of
the relationship between these changes in endocannabinoid
levels and the clinical manifestation of depressive disorders,
they provide the first step to which this question can begin to be
explored, and possibly the first clinical evidence supporting the
development of agents which non-selectively inhibit uptake or
metabolism of AEA and 2-AG as an effective form of treatment
for comorbid depression-anxiety disorders.
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