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Cerebrospinal Anandamide Levels are Elevated in Acute
Schizophrenia and are Inversely Correlated with Psychotic
Symptoms
Andrea Giuffrida1,3,4, F Markus Leweke2,3, Christoph W Gerth2, Daniela Schreiber1,2, Dagmar Koethe2,
Johannes Faulhaber2, Joachim Klosterkötter2 and Daniele Piomelli*,1
1

Department of Pharmacology, University of California, Irvine, CA, USA; 2Department of Psychiatry and Psychotherapy, University of Cologne,
Cologne, Germany

The endocannabinoids are a family of bioactive lipids that activate CB1 cannabinoid receptors in the brain and exert intense emotional
and cognitive effects. Here, we have examined the role of endocannabinoid signaling in psychotic states by measuring levels of the
endocannabinoid anandamide in cerebrospinal fluid (CSF) of acute paranoid-type schizophrenic patients. We found that CSF
anandamide levels are eight-fold higher in antipsychotic-naı̈ve first-episode paranoid schizophrenics (n ¼ 47) than healthy controls
(n ¼ 84), dementia patients (n ¼ 13) or affective disorder patients (n ¼ 22). Such an alteration is absent in schizophrenics treated with
‘typical’ antipsychotics (n ¼ 37), which antagonize dopamine D2-like receptors, but not in those treated with ‘atypical’ antipsychotics
(n ¼ 34), which preferentially antagonize 5HT2A receptors. Furthermore, we found that, in nonmedicated acute schizophrenics, CSF
anandamide is negatively correlated with psychotic symptoms (rS ¼ 0.452, P ¼ 0.001). The results suggest that anandamide elevation in
acute paranoid schizophrenia may reflect a compensatory adaptation to the disease state.
Neuropsychopharmacology (2004) 29, 2108–2114, advance online publication, 8 September 2004; doi:10.1038/sj.npp.1300558
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INTRODUCTION
Cannabis use is frequent among schizophrenic patients
(Kovasznay et al, 1997) and is suspected to precipitate
psychotic symptoms in vulnerable subjects (Andréasson
et al, 1987; Linszen et al, 1994). This finding, the
observation that psychoactive cannabinoids cause perceptual alterations that are reminiscent of those observed in
schizophrenia (Leweke et al, 1999a; Semple et al, 2003), and
the association of a CB1 cannabinoid receptor polymorphism with hebephrenic schizophrenia (Ujike et al, 2002)
suggest a link between psychoses and hyperactivity of the
endogenous cannabinoid system in the brain (Emrich et al,
1997). This signaling system consists of naturally occurring
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endocannabinoid lipidsFof which anandamide (Devane
et al, 1992; Di Marzo et al, 1994) is the first characterized
exampleFand their attending CB1 cannabinoid receptors,
which are expressed in brain areas involved in the control of
motor functions, cognition, and motivation (Herkenham
et al, 1990; Matsuda et al, 1993; Glass et al, 1997; Piomelli
2003).
The hypothesis that a dysfunction in endocannabinoid
signaling may be associated with schizophrenia is further
supported by studies showing that endocannabinoid levels
in cerebrospinal fluid (CSF) (Leweke et al, 1999b) and
plasma (Yao et al, 2002; De Marchi et al, 2003) as well as
CB1 receptor expression (Dean et al, 2001) are abnormal in
schizophrenic patients. The interpretation of these results is
obscured, however, by the small number of subjects
involved, the interference of concurrent drug therapy, and
the lack of systematic comparison with other mental
disorders in which endocannabinoid signaling also might
be dysregulated. Here, we show that the CSF levels of the
endocannabinoid anandamide are profoundly and selectively elevated in paranoid-type schizophrenia, negatively
correlate with the psychotic symptoms of this disease, and
are normalized by treatment with ‘typical’ but not ‘atypical’
antipsychotic drugs.
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Subjects and Methods
The Ethical committee of the Medical Faculty of the
University of Cologne and the Internal Review Board of
the University of California, Irvine reviewed and approved
the protocol of this study and the procedures for sample
collection and analysis. All study participants gave their
written informed consent. All clinical investigations were
conducted according to the principles expressed in the
Declaration of Helsinki.

Study outline and primary hypothesis. Psychiatric inpatients and healthy volunteers were enrolled into this study
following a given protocol. This was planned to test the
hypothesis that endogenous cannabinoids in CSF and/or
serum are altered in patients suffering from schizophreniaspectrum disorders, but not from other psychiatric
disorders, when compared to healthy controls. The
concentrations of anandamide were the primary end point
of the study. Two noncannabinoid analogs of anandamide,
palmitoylethanolamide (PEA) and oleoylethanolamide
(OEA), were also measured.
Subjects. Healthy volunteers served as controls and were
recruited by word of mouth in the catchment area of the
Department of Psychiatry and Psychotherapy of the
University of Cologne. They were gathered for this
particular study only and received an allowance for their
participation in the study. Healthy volunteers were screened
for psychiatric disorders using the SCID-I and the SCID-II
clinical interview. Neurological and physical examination
was carried out by a trained neurologist and was found
normal in all cases. Any current medication other than oral
contraceptives and hormone substitution was not accepted
in healthy volunteers. A negative family history for
psychiatric and neurological disorders as well as a negative
urine drug screening for illicit drugs were also required.
Previous use of illicit drugs other than cannabis was not
allowed in healthy volunteers. Cannabis use was quantified
retrospectively with respect to the frequency of cannabis use
in lifetime. In all, 57 volunteers were selected with a lifetime
frequency of cannabis use of up to five times, but not within
the last 12 months before inclusion into the study. The
remaining 27 volunteers showed a lifetime cannabis use of
20 to 50 times but not within the last 6 months prior to the
study. Both groups were matched for age and gender. Thus,
the group of healthy controls showed a number of frequent
cannabis users close to those in the groups of schizophrenic
patients.
Schizophrenic and nonschizophrenic patients fulfilled
pertinent diagnostic criteria, as defined by the IV edition of
the Diagnostic and Statistical Manual (DSM-IV) (American
Psychiatric Association, 1994). All patients received lumbar
punctures within the routine diagnostic process, as
recommended by the German Society of Psychiatry
and Psychotherapy (DGPPN). In all, 38 first episode
(first-time clinical diagnosis) antipsychotic-naı̈ve (no
previous or current treatment with antipsychotic/neuroleptic medication to the best of our knowledge, tranquilizers
were allowed) schizophrenics met DSM-IV criteria for
paranoid schizophrenia (295.30), while nine additional
antipsychotic-naı̈ve patients met DSM-IV criteria for

schizophreniform psychosis (295.40) due to duration of
illness. A total of 12 depressed patients met DSM-IV
criteria for single episode depression (296.2), four met
DSM-IV criteria for recurrent episodes depression
(296.3), four met DSM-IV criteria for bipolar depression
(296.5), and two met DSM-IV criteria for bipolar mania
(296.4). In all, 11 patients affected by dementia met
DSM-IV criteria for Alzheimer dementia (290.0–290.4)
and two met DSM-IV criteria for vascular dementia
(290.4). All depressed patients received pharmacological
treatment, which included selective serotonin-reuptake
inhibitors (n ¼ 7), selective noradrenaline-reuptake inhibitors (n ¼ 3), noradrenaline-reuptake inhibitors (n ¼ 3),
lithium (n ¼ 3), benzodiazepines (n ¼ 15), and low-dose
antipsychotics (n ¼ 5). Dementia patients also received
pharmacological treatment, which included melperon
(n ¼ 5) risperidone (n ¼ 3), serotonin-reuptake inhibitors
(n ¼ 3), and cholinesterase inhibitors (n ¼ 1). Trained
clinical psychiatrists evaluated ongoing psychotic symptoms in schizophrenic patients on the day of lumbar
puncture using the Positive and Negative Syndrome Scale
(PANSS) (Kay et al, 1987).

CSF investigations. CSF samples were collected at approximately 1200 using a nontraumatic lumbar puncture
procedure. Routine CSF analyses included total cell count,
total protein, CSF/serum albumin and IgG quotients, and
determination of oligoclonal bands by isoelectric focusing
and silver staining. Extensive virological and microbiological testing of the CSF was also performed. All CSF samples
revealed normal cell counts, normal CSF/serum albumin
ratios, and no oligoclonal bands, indicating healthy blood–
brain barrier function and lack of intrathecal immunoglobulin G synthesis.
To quantify fatty acid ethanolamides, aliquots (1 ml) from
CSF samples (total volume, 15–20 ml) were spiked with
25 pmol of [2H4]anandamide, [2H4]PEA, and [2H4]OEA,
(internal standards) and subjected to acetone precipitation
of protein. The supernatants were collected and their
volumes reduced under a stream of nitrogen. Lipids were
extracted with chloroform/methanol (2:1 (vol/vol)), and
chloroform phases were evaporated to dryness under
nitrogen and reconstituted in methanol and chloroform
(80 ml total). Fatty acid ethanolamides were purified and
quantified by isotope dilution high-performance liquid
chromatography/mass spectrometry (HPLC/MS) (Giuffrida
et al, 2000) using an HP 1100 Series HPLC/MS system
equipped with an octadecylsilica Hypersil column
(100  4.6 mm2, i.d. 5 mm) (Agilent Technologies). MS
analyses were performed with an electrospray ion source
as described previously (Giuffrida et al, 2000). Lowest limits
of detection were 0.3 pmol/sample for anandamide and
0.1 pmol/sample for PEA and OEA (Giuffrida et al, 2000).
Chemicals. Fatty acyl chlorides (5,8,11,14-eicosatetraenoylchloride, hexadecanoylchloride and 9-cis-octadecenoylchloride) were from Nu-Check Prep (Elysian, MN);
2
H4-labeled
ethanolamine
(isotopic
atom
enrichment ¼ 98%) was from Cambridge Isotope Laboratories
(Andover, MA). All other drugs were from Sigma-Aldrich
(St Louis, MO). All solvents were from Burdick and Jackson
(Muskegon, MI).
Neuropsychopharmacology
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Statistical analyses. Statistical analyses were performed
using SPSS 11.0 for Macintosh. Nonparametric statistical
tests were performed for detection of overall effects and
subsequent paired comparisons in all cases. These nonparametric tests were selected for an appropriate statistical
approach to avoid influences of the distribution of the data
on our statistical analyses. Data were analyzed using the
Kruskal–Wallis test corrected for ties and followed by twotailed Mann–Whitney tie-corrected tests. A Bonferroni
correction was applied to correct for multiple comparisons
of the primary end point. Correlations between data sets
were calculated by use of a nonparametric tie-corrected
Spearman’s rank correlation. The particular implementation of this statistical method in SPSS 11 also addresses a
potentially larger proportion of ties (see SPSS 11 documentation).

RESULTS
We recruited a cohort of 237 subjects, which comprised 84
healthy volunteers with no family history of schizophrenia
or other detectable medical, psychiatric or neurological
disturbances, or history (53.6% male; age 27.975.8 years);
47 antipsychotic-naı̈ve first episode paranoid schizophrenics (72.3% male; age 28.979.0 years); 71 acute paranoid
schizophrenics treated with antipsychotic medications
(80.3% male; age 29.1710.1 years); 13 dementia patients
(46.2% male; age 77.877.8 years); and 22 affective disorder
patients (54.5% male; age 44.7715.8 years). Antipsychotics
were either ‘typical’ (D2 antagonistic: haloperidol, n ¼ 18;
flupentixol, n ¼ 1; phenothiazines, n ¼ 7 (perazine, n ¼ 4;
perphenazine, n ¼ 1; levomepromazine, n ¼ 1); amisulpride,
n ¼ 11; 86.5% male; age 29.3710.5 years) or ‘atypical’
(5HT2A/D2 antagonistic: risperidone, n ¼ 14; clozapine-like,
n ¼ 21 (clozapine, n ¼ 2; olanzapine, n ¼ 15; quetiapine,
n ¼ 4); 73.5% male; age 29.079.8 years). In all subjects, we
measured CSF and serum levels of endogenous anandamide
along with PEA and OEA, two endogenous fatty acid
ethanolamides that are biogenetically related to anandamide, but do not activate CB1 receptors (Calignano et al,
1998; Rodrı́guez de Fonseca et al, 2001; Fu et al, 2003).
In healthy volunteers, the concentrations of anandamide
were 0.00770.002 pmol/ml (mean value (MV)7standard
error of the mean (SEM)) in CSF (n ¼ 81) and
0.42770.071 pmol/ml in serum (n ¼ 81). There was no
significant correlation between anandamide concentrations
in the two compartments (Spearman’s, rS ¼ 0.033, P ¼ 0.768,
n ¼ 81). This was also the case for all groups of patients, but
the group of schizophrenics treated with ‘typical’ antipsychotics where a significant correlation between both
compartments was found (Spearman’s, rS ¼ 0.474, P ¼ 0.004,
n ¼ 35). However, there was no significant correlation
between anandamide concentrations both in CSF and
serum and age in healthy controls (Spearman’s, rS ¼ 0.030,
P ¼ 0.790, n ¼ 81) or any group of patients. There was also
no significant difference of CSF anandamide for gender in
healthy controls (P ¼ 0.742, Mann–Whitney test) as well as
any group of patients.
Anandamide levels were on average eight times higher
in the CSF of antipsychotic-naı̈ve acute schizophrenics
than healthy controls (0.05770.011 pmol/ml, n ¼ 47,
Neuropsychopharmacology

Figure 1 Anandamide levels are elevated in the CSF of antipsychoticfree first-episode schizophrenic patients. CSF anandamide in healthy
volunteers (C); antipsychotic-free schizophrenics with paranoid schizophrenia (S-N); acute schizophrenics (paranoid type) treated with ‘atypical’
(S-AT) or ‘typical’ (S-CT) antipsychotic drugs; and patients affected by
dementia (D) or affective disorders (AD) without psychotic symptoms.
Single values are given with mean7SEM as well as corresponding box-plots
illustrating median, range, and quartiles for each group. Statistically
significant differences between groups are shown (*Pp0.01; **Pp0.001;
Kruskal–Wallis test followed by Mann–Whitney test; a Bonferroni
correction (five tests) of the a-level was applied: a ¼ 0.05/5 ¼ 0.01).

P ¼ 0.000, Kruskal–Wallis test followed by Mann–Whitney
test) (Figure 1a). No such elevation in CSF anandamide
was observed in patients affected by dementia or
affective disorders (Figure 1a). Likewise, no elevation
of anandamide was observed in serum (controls,
0.42770.071 pmol/ml, n ¼ 81; antipsychotic-naı̈ve schizophrenics, 0.65170.140 pmol/ml, n ¼ 43, P ¼ 0.380, Kruskal–
Wallis test).
Schizophrenics treated with ‘atypical’ antipsychotic drugs
had CSF anandamide levels (0.06270.016 pmol/ml, n ¼ 31)
comparable to those of antipsychotic-naı̈ve schizophrenics
(Figure 1a) and significantly different from those measured
in healthy controls (P ¼ 0.000, Kruskal–Wallis followed by
Mann–Whitney test). On the other hand, CSF anandamide
levels in schizophrenics receiving ‘typical’ antipsychotics
were not different from controls (0.03170.012 pmol/ml,
n ¼ 36, P ¼ 0.298; Kruskal–Wallis followed by Mann–
Whitney test). Interestingly, patients treated with risperidone (n ¼ 11), which is known to antagonize D2-like
dopamine receptors more effectively than other ‘atypical’
antipsychotics, showed slightly lower CSF anandamide
levels (0.04370.014 pmol/ml) than those treated with
clozapine-like drugs (0.07270.023 pmol/ml, n ¼ 20). This
difference was, however, not statistically underlined
(P ¼ 0.792, Mann–Whitney test) and its relevance, if any,
remains unclear.
In contrast to the elevation observed with anandamide,
CSF levels of OEA were identical in antipsychotic-naı̈ve
schizophrenics and control subjects (controls, 1.0117
0.136 pmol/ml, n ¼ 81; antipsychotic-naı̈ve schizophrenics,
1.11670.217 pmol/ml, n ¼ 37, P ¼ 0.624, Kruskal–Wallis test),
while CSF levels of PEA were lower in antipsychotic-naı̈ve
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schizophrenics (controls, 5.28270.554 pmol/ml, n ¼ 81;
antipsychotic-naı̈ve schizophrenics, 3.44170.494, n ¼ 45,
P ¼ 0.017). Compared to antipsychotic-naı̈ve schizophrenics
and controls, patients treated with ‘atypical’ antipsychotics
showed slightly elevated CSF PEA (5.44771.820 pmol/ml,
n ¼ 27) while those treated with ‘typical’ antipsychotics did
not (3.00870.480 pmol/ml, n ¼ 32). This difference was,
however, statistically insignificant (P ¼ 0.086). No correlation to age and no significant differences for gender were
found for anandamide, PEA, or OEA in nonparametric
correlation and a two-sample test, respectively.
Previous studies have suggested that anandamide release
in the brain may serve as an inhibitory feedback signal
countering dopamine activation of motor behavior (Giuffrida et al, 1999; Beltramo et al, 2000). We hypothesized
therefore that anandamide might also serve as a homeostatic function in acute schizophrenia, in which exaggerated
dopaminergic transmission has been documented (AbiDargham et al, 2000; Meyer-Lindenberg et al, 2002). As an
initial test of this idea, we examined the correlation between
CSF levels of anandamide and psychotic symptoms. These
include positive symptoms (eg delusions and hallucinations) as well as negative symptoms (apathy, paucity of
speech, blunting, or incongruity of emotional responses)
and more general psychopathological features (eg depressive mood or aggression) (DSM-IV). In agreement with our
hypothesis, we found that, in antipsychotic-naı̈ve schizophrenics, CSF anandamide levels were negatively correlated
with PANSS scores (PANSS-T: cumulative value for all
symptom complexes; PANSS-P: positive symptoms; PANSSN: negative symptoms; and PANSS-G: general symptoms)
(Figure 2) (PANSS-T: rS ¼ 0.452, P ¼ 0.001; PANSS-P:
rS ¼ 0.347; P ¼ 0.017; PANSS-N: rS ¼ 0.409, P ¼ 0.004;
PANSS-G: rS ¼ 0.426, P ¼ 0.003; n ¼ 47). Although the
nonparametric Spearman’s tie-corrected rank correlation is
quite robust for outliers, we performed a sensitivity analysis
to rule out potential effects of the three highest values of
CSF anandamide on its correlation to psychopathology
(Figure 3). This sensitivity analysis revealed that statistical
significance of the correlations for PANSS-T, PANSS-N, and
PANSS-G was maintained even when the three highest
values of CSF anandamide were removed from the analysis
(PANSS-T: rS ¼ 0.401, P ¼ 0.007; PANSS-P: rS ¼ 0.260;
P ¼ 0.088; PANSS-N: rS ¼ 0.341, P ¼ 0.023; PANSS-G:
rS ¼ 0.401, P ¼ 0.007; n ¼ 44). It is noteworthy that the
history of cannabis use in the group of healthy controls and
antipsychotic-naı̈ve schizophrenics was comparable to
some extent and no overall effect of cannabis use on the
primary end point of this study was observed.

DISCUSSION
We found that the CSF levels of anandamide are markedly
elevated in neuroleptic-naı̈ve acute schizophrenic patients.
This finding may be relevant, for three reasons, to the
pathology of schizophrenia. First, the change in anandamide levels was presumably of central origin, because no
such change was observed in serum. In this regard, our
results differ from those of De Marchi et al (2003), who
reported increased levels of anandamide in whole blood
of schizophrenics. This discrepancy might be due to

Figure 2 Correlations between CSF anandamide levels and
psychotic symptoms. CSF anandamide levels in first-episode, antipsychotic-naı̈ve schizophrenics (paranoid type) are negatively correlated
with PANSS scores: (a) cumulative value for all symptom complexes
(PANSS-T); (b) positive psychotic symptoms (PANSS-P); (c) negative
psychotic symptoms (PANSS-N); and (d) general psychotic symptoms
(PANSS-G).
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differences in experimental procedures between the studies
(eg whole blood vs serum) or to the small number of
patients investigated by De Marchi et al (n ¼ 12). Second,

the elevation in anandamide concentration was unlikely to
be caused by a generalized alteration in lipid signaling,
which is hypothesized to occur in schizophrenia (Horrobin
1998), because the levels of two closely related analogs of
anandamide, OEA and PEA, were not increased in
schizophrenics. It is noteworthy that we found that PEA
levels in antipsychotic-naı̈ve schizophrenics were lower
than controls, thus correcting an earlier study from our lab,
which reported elevated PEA levels in the CSF of a small set
(n ¼ 11) of treated and untreated schizophrenics (Leweke
et al, 1999b). Third, the elevation in CSF anandamide was
apparently restricted to schizophrenia, because it was not
found in patients affected by dementia or affective
disorders.
An additional finding of the present study, which was not
a primary end point of our analyses but a result of a
subsequent explorative approach, is that schizophrenic
patients treated with ‘typical’ antipsychotics (drugs that
antagonize the actions of dopamine at D2-like receptors)
had CSF anandamide levels similar to those of healthy
subjects, whereas patients treated with ‘atypical’ antipsychotics (which preferentially interact with serotonin 5-HT2A
receptors) (Meltzer, 1999) had levels similar to those of
drug-naı̈ve schizophrenics. This result is consistent with
animal studies, which show that activation of dopamine D2like receptors initiates anandamide synthesis in limbic and
motor areas of the rat brain (Giuffrida et al, 1999; Ferrer
et al, 2003), and suggests that ‘typical’ antipsychotics
normalize anandamide levels by blocking D2-like receptors.
We cannot exclude, however, the possibility that antagonistic actions at other receptors targeted by these drugs
(eg adrenergic, histaminergic, etc) also might be involved.
What, if any, are the functional consequences of elevated
anandamidergic activity in the schizophrenic brain? Pharmacological experiments in the rat have suggested that
anandamide release may serve as an inhibitory feedback
signal countering dopamine activation of motor behavior
(Giuffrida et al, 1999; Beltramo et al, 2000). The negative
correlation of CSF anandamide with psychopathological
symptoms in acute, antipsychotic-naı̈ve paranoid schizophrenics suggests that anandamide might play a similar
adaptive role in acute schizophrenia. This hypothesis will
require, however, further test. In this context, it is important
to point out results from a Phase III clinical trial, which
suggests that the CB1 antagonist rimonabant (SR141716A)
has no therapeutic effect in schizophrenia and schizoaffective disorders (Arvanitis et al, 2002).
Heavy cannabis use is considered a risk factor for the
clinical manifestation of schizophrenia and might promote
psychotic episodes in vulnerable individuals (Andréasson
et al, 1987; Arseneault et al, 2002; Linszen et al, 1994). How

Figure 3 Sensitivity analysis for the correlations between CSF
anandamide levels and psychotic symptoms (see also Figure 2). CSF
anandamide levels in first-episode, antipsychotic-naı̈ve schizophrenics
(paranoid type) remain negatively correlated with PANSS-T, PANSS-N,
and PANSS-G scores. (a) Cumulative value for all symptom complexes
(PANSS-T); (b) positive psychotic symptoms (PANSS-P); (c) negative
psychotic symptoms (PANSS-N); and (d) general psychotic symptoms
(PANSS-G).
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do these clinical observations relate to the present findings?
One possibility is that heavy cannabis abuse may lead to
desensitization of brain CB1 receptors, which may in turn
facilitate psychoses. This hypothesis needs to be tested in
humans, but is supported by animal studies showing that
CB1 receptors undergo rapid desensitization in vivo (SimSelley and Martin, 2002) and that D9-THC antagonizes Damphetamine-induced stereotypies in naı̈ve rats, but not in
animals made cannabinoid tolerant by repeated D9-THC
injections (Gorriti et al, 1999). Support to this hypothesis
also comes from a single-case clinical study, which suggests
that the worsening of psychotic manifestations associated
with cannabis intoxication lags several hours behind the
mood-elevating and anxiolytic effects of the drug (Voruganti et al, 2001). Irrespective of these speculations, our
findings confirm the existence of an anandamidergic
dysregulation in schizophrenia and underline the need for
further investigation on the role for this endocannabinoid
lipid in psychotic states.
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