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Abstract

Background: The reasons for developing depression are not fully understood. How-

ever, it is known that the serotonergic system plays a role in the etiology, but the

endocannabinoid system receives attention.

Method: In this study, 161 patients with a depressive disorder and 161 healthy partic-

ipants were examined for the distribution of the CNR1 rs4940353, 5-HT2A rs6311,

and 5-HT1A rs6295 by high-resolution melting genotyping. The concentration of

arachidonoyl ethanolamide (AEA) and 2-arachidonoylglycerol (2-AG) in the blood was

measured by liquid chromatography–tandemmass spectrometry. Additionally, depres-

sion and anxiety symptoms were evaluated based on self-questionnaires. Fifty-nine

patients participated in a second appointment to measure the concentration of AEA,

2-AG, and symptoms of depression and anxiety.

Results: We observed higher AEA and decreased 2-AG concentrations in patients

with depression compared to healthy participants. During the treatment, the concen-

trations of AEA and 2-AG did not change significantly. In patients higher symptoms

of anxiety correlated with lower concentrations of 2-AG. Gender differences were

found concerning increased 2-AG concentration in male patients and increased anxi-

ety symptoms in female patients. Genotypic variations of 5-HT1A rs6295 and 5-HT2A

rs6311 are associated with altered serotonergic activity and serotonin content in

patients.

Conclusion: In conclusion, it seems that the endocannabinoid system, especially the

endocannabinoids 2-AG and AEA, and genetic variations of the 5-HT1A and 5-HT2A

could play a role in patients with depression and may be involved in a depressive

disorder.
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1 SIGNIFICANCE

The origin of depressive disorders has not yet been fully elucidated.

Nevertheless, it is nowknown that the causeofdepression ismultifunc-

tional and is based on complexity. Therefore, it is even more important

to identify and investigate these factors and possible interactions.

This study aimed to examine potential interactions of the serotoner-

gic system with the endocannabinoid system in depressed patients

and how far genetic predispositions may influence the disease. The

results describe an altered endocannabinoid system and an influence

of genetic predispositions in the serotonergic system in patients with a

depressive disorder. Furthermore, the results underline the complexity

of this disorder.

2 INTRODUCTION

The serotonin system and its receptors play a crucial role in the

central nervous system processes modulating mood, stress, sleep,

and emotion. Recent studies have shown a relationship between the

genes encoding the serotonin 1A and 2A receptors (5-HT1A and 5-

HT2A) receptor, and depressive disorders (Celada et al., 2004; Kishi

et al., 2009). The 5-HT1A receptor has a high density in limbic and

cortical regions in the brain. The receptors function as presynaptic

somatodendritic autoreceptors and postsynaptic heteroreceptors. As

a presynaptic autoreceptor, it mediates a negative feedback inhibition

on 5-HT neurons (Kaufman et al., 2016). One of the most investigated

gene variants on the serotonin receptor 1A is the 5-HT1A C(−1019)G

(rs6295) polymorphism. This functional polymorphism is located in the

promoter region of the Htr1A gene. In numerous studies, the rs6295

polymorphism could be associated with depression and anxiety disor-

ders (Albert, 2012; Domschke et al., 2006; Fakra et al., 2009; Parsey

et al., 2010). Especially, the G-allele of the rs6295 is associated with

depression (Kim et al., 2011;Molina et al., 2011; Parsey et al., 2006).

5-HT2A is a postsynaptic autoreceptor located in the frontal cortex,

which applies to themotor systemandplays a primary role in the limbic

system in the brain (Köhler et al., 2016). One of the most investigated

polymorphisms of the 5-HT2A receptor is rs6311. With regard to the

polymorphism in the 5-HT2A receptor (rs6311), studies suggest that it

is a susceptibility factor for the development of depression and plays a

role in antidepressant therapy (Busch &Menke, 2019; Cao et al., 2015;

Pandey et al., 2010).

The results of the influence of 5-HT1A and 5-HT2A receptor genes

are inconsistent (Tencomnao et al., 2010). It is essential to clarify the

role of these genetic variations in patients with a depressive disorder

and their relevance in the etiology of depression.

In addition to the serotonergic system, a possible role of ECS

in the pathophysiology of depressive disorders has already been

described. Previous studies suggest that depressive disorders may

be associated with deficient endocannabinoid signaling (Rana et al.,

2021). In patients with depressive disorder, concentrations of arachi-

donoyl ethanolamide (AEA) and 2-arachidonoylglycerol (2-AG) were

decreased, with 2-AG concentration correlating negatively with the

duration of the depressive episode (Hill et al., 2008, 2009). Fur-

ther studies postulated that concentrations of AEA and 2-AG were

increased after treatment with selective serotonin reuptake inhibitors

compared with healthy controls (Romero-Sanchiz et al., 2019). Evi-

dence from postmortem studies described increased CB1 availability

in depression (Choi et al., 2012;Mato et al., 2018). Several studies have

reported associations between genetic variations in the CB1 receptor

(CNR1) and susceptibility to developing depression (see review Bright

&Akirav, 2022). Patientswho developed a depressive disorder showed

higher frequencies of themutated gene in theCNR1gene (Juhasz et al.,

2009;Monteleone et al., 2010).

It is already clear that depressive disorders are the result of

interactions between a variety of systems and that the causes aremul-

tifactorial. A possible interaction of the serotonergic system with the

endocannabinoid system cannot be excluded, as cannabinoid signaling

has been implicated in the regulation of some serotonergic functions

(Häring et al., 2015) and cannabinoids can modulate serotonin 2A (5-

HT2A) receptor signaling in the brain (Ibarra-Lecue, Mollinedo-Gajate,

et al., 2018; Ibarra-Lecue, Pilar-Cuéllar, et al., 2018).

In this study, we examined the association among 5-HT1A (rs6295),

5-HT2A (rs6311), and CNR1 (rs1049353) and measured the concen-

tration of AEA and 2-AG in patients with depression compared to

healthy controls. In a previous study, we had already investigated the

relationship between serotonergic activity and the concentration of

serotonin (serum/platelet) in patients with depression (Obermanns

et al., 2022). Moreover, we hope to find a link between the sero-

tonergic system and the endocannabinoid system in the pathology of

depression.

3 MATERIALS AND METHODS

3.1 Subjects

The subjects in this study were 161 patients and 161 age- and sex-

matched healthy participants (100 females and 61 males, average age

39 ± 11). All individuals had given their written informed consent. The

patientswerediagnosed according to the International Statistical Clas-

sification of Diseases and Related Health Problems (ICD-10). Patients

and healthy participants who abused drugs or alcohol and exhibited

neurological and serious internal diseases were excluded. The healthy

participants did not have any psychiatric disorders. The patients were

recruited at the LWLUniversityHospital for Psychiatry, Psychosomatic

andPreventiveMedicine inBochum,Germany. The studywas accepted

by the Ethics Committee of theMedical Faculty of the Ruhr University

Bochum (ethics application number 5121-14).

3.2 Study design

The present study included patients with depressive disorder and

healthy participants. The study cohortwas separated into subgroups in

which different parameters were examined. First, all patients (n= 161)



OBERMANNS ET AL. 3 of 12

and healthy controls (n = 161) included in the study underwent fast-

ing blood withdrawal, and the genetic variability of polymorphisms

in the genes CNR1 rs1049353, 5-HT1A rs6295, 5-HT2A rs6311 was

investigated. Furthermore, the patients and the healthy participants

completed psychometric questionnaires.

In the first subgroup, besides genotyping, the endocannabinoid con-

centrationofAEAand2-AGwasdeterminedatT1andT2 (28days later

and 8–10 weeks later, respectively) in patients and healthy controls

(T1). One part of the participant samples was examined in a screening

laboratory in Hannover (N = 144 (T1)/n = 59 (T2)). The other part of

the sample was collected at a later time andmeasured at the Ruhr Uni-

versity Bochum (N = 178 (T1)/n = 31 (T2)). At the second study visit,

the patients completed the self-rating questionnaires again.

To investigate a possible relation between the serotonergic and

endocannabinoid system, besides genotyping the serotonin concen-

tration in serum and platelets, as well as the serotonergic activity

(loudness dependence of auditory evoked potentials [LDAEP]) in the

brain at T1, was measured in the second subgroup consisting of

patients with a depressive disorder (n = 89) and healthy participants

(n= 89).

3.3 Psychometric instruments

All patients and healthy participants completed the following psy-

chometric questionnaire Hamilton Depression Scale (HAMD), Beck

Depression Inventory (BDI), and the State-Trait Anxiety Inventory

(STAI) and participated in a neuropsychiatric interview (M.I.N.I) for

classification purposes (Ackenheil et al., 1999). The severity of depres-

sion was assessed by the HAMD (Hamilton, 1960). Likewise, the BDI

(Hautzinger et al., 2006) and STAI (Laux et al., 1981) were used as

self-rating questionnaires.

3.4 Measurement of 2-AG and anandamide

The concentrations of the endocannabinoids AEA and 2-AG were

measured in collaboration with the Screening Laboratory Hannover

by mass spectrometry. Measurements were performed by ultra-

performance liquid chromatography combined with tandem mass

spectrometry (Zoerner et al., 2012).

We determined plasma concentrations of AEA and 2-AG simulta-

neously. Sampling and processing were performed based on a blood

withdrawal into ethylenediaminetetraacetic acid (EDTA) tubes (Sarst-

edt) followed by centrifugation (3500 rpm, 4◦C). The samples were

frozen in a freezer (−80◦C) until they were analyzed. The stored sam-

ples were thawed on ice. To reach a final concentration of 2.5 nM,

300-μL aliquots were spiked with a mixture of deuterated (d) analogs

in ethanol (d4-AEA and d5-2AG). The d4-AEA and d5-2AG served

as internal standards for AEA and 2-AG. Plasma samples were incu-

bated on ice for 15 min. The extraction was performed by adding

1 mL of toluene to each sample and shaking twice in a homogenizer

at 5000 rpm for 20 s, with an interruption of 5 s so that the heating

of the samples was avoided. Phase separation was followed by cen-

trifugation (14,500 rpm, 4◦C, 5 min). The upper organic phase was

transferred to a 1.5-mL glass vial. After evaporating the solvent under

a nitrogen stream, the residue was dried at room temperature (25◦C)

under nitrogen. Residues were reconstituted in 40 µLwater–methanol

(1:3, v/v), mixed by vortexing for 10 s, and 10-µL aliquotswere injected.

The quantitative analyses were carried out with positive electrospray

ionization and selected reaction monitoring as described by Zoerner

et al. (2012).

This study included another group of subjects where the time

between the first and second study visits was 8–10 weeks. Despite

extensive method variations in terms of mobile phase, columns, and

extraction methodology, beginning with the previously established

procedures (Zoerner et al., 2012), no endocannabinoids could be

detected in this sample group. A degradation of endocannabinoids dur-

ing sample collection, processing, storage, or transport, with residual

quantities being potentially adsorbed by polypropylene-based storage

tubes, cannot be excluded (Kratz et al., 2021; Rouzer et al., 2002).

3.5 Serotonin serum measurements

For the serotonin measurements, all participants take part in fasting

blood withdrawal through venipuncture into EDTA tubes and serum

tubes (Sarstedt). Serum tubeswere kept frozen at−80◦Cuntil assayed.

Serum serotonin content was measured using the Serotonin ELISA kit

from Enzo Life Science and according to the manufacturer’s instruc-

tions. The serum serotonin content was calculated by using a standard

straight line.

3.6 Measurements of the serotonergic activity in
the brain (loudness dependence of auditory evoked
potentials [cortical LDAEP]; LORETA [source LDAEP])

The serotonergic activity in the brain was measured with the noninva-

sive LDAEP method. The performance and instructions of the LDAEP

(cortical and source) can be taken fromObermanns et al. (2022).

3.7 Genotyping of the single nucleotide
polymorphism (SNP) of the 5-HT2A (rs6311-1438
A/G), 5-HT1A (rs6295-1019 C/G), CNR1 (rs1049353)

The genomic DNA of patients and healthy participants was extracted

from EDTA tubes (Sarstedt) using the Qiagen Blood Mini Kit (Qiagen)

according to the manufacturer’s instructions. The DNA samples were

subsequently diluted to a concentration of 10 ng/µL.

The rs6295 (5-HT1A), rs6311 (5-HT2A), and rs1049353 (CNR1)

were analyzed using high-resolution melting (HRM) genotyping. HRM

analysis uses different denaturation characteristics of the nucleotides

to determine the DNA sequence. Before HRM analysis with the Pre-

cision Melt Analysis Software (BioRad), the DNA sequence of interest
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was amplified in a qPCR. The qPCRs were carried out on a CFX384

Touch Real-Time PCRDetection System (BioRad).

The qPCR reaction for the genotyping contained 20 ng of DNA,

0.2 µM primers (5-HT1A fw: 5′-TTG ATG GAA GAA GAC CGA GTG-

3′, rev: 5′-TTG ATG GAA GAA GAC CGA GTG-3′; 5-HT2A fw: 5′-GTT
GGCTTTGGATGGAAGTGC-3′, rev: 5′-GTATGTCCTCGGAGTGCT

GT-3′; CNR1 fw: 5′-GTT CAC AGG GCC GCA GAA A-3′, rev: 5′- GTG
GAC ACAGAC ATGGTT ACC T-3′) and 10 μL precision melt supermix

for HRM analysis (BioRad) in a total volume of 20 µL. The amplifica-

tion protocol included an initial denaturation step for 3 min at 95◦C,

followed by 40 cycles of melting at 95◦C for 5 s, annealing and exten-

sionat60◦Cfor30 s, andamelting curveanalysis. All experimentswere

performed in duplicates and included non-template controls.

3.8 Statistical analysis

To determine the correlations within patients with depression and

healthy participants, Pearson’s correlation was used. For the corre-

lation, only the matched pairs where all values were present were

included (n= 72).

The distribution and presence of HardyWeinberg equilibriumwere

tested with the chi-squared test (χ2-test) for best fit. The χ2-test
was used to determine the statistical significance of the difference

between the genotype frequencies. Differences between the groups

were tested with an independent two-sample t-test. To calculate the

distinction in the patients’ group (baseline/follow-up), the dependent

two-sample t-test was used. ANOVA was used to investigate the

differences between the genotypes (5-HT1A, 5-HT2A, CNR1) and

endocannabinoids (AEA, 2-AG), psychometry (HAMD, BDI, STAI), sero-

tonin content (serum, platelet), and serotonergic activity (LDAEP).

Statistical analysis was conducted using IBM SPSS Statistic Software

(IBMCorp., Version 25.0.).

4 RESULTS

4.1 Questionnaires

There were significant differences between the group of patients and

healthy participants. Compared to the healthy participants, patients

havemore severe symptoms of depression and anxiety (Table 1).

After 4 weeks, we found higher scores in the HAMD, and BDI at

T1 compared to T2, which indicates an improvement in depressive

symptoms (Table 2).

Moreover, the scores of the STAI-X1 and STAI-X2,which reflect trait

anxiety, were not significantly reduced at T2 (Table 2). With regard

to gender differences, females reached significantly higher scores in

the STAI-X1 than males (female (n = 100) = 58.84 ± 11.89; male

(n = 61) = 54.57 ± 12.05; t(159) = 2.20; p = .029). Female patients

with a depressive disorder have more anxiety symptoms than male

patients.

4.2 Measurements of the endocannabinoids AEA
and 2-AG in patients (T1/T2) and healthy participants

The endocannabinoid content of AEA and 2-AG in patients with a

depressive disorder and healthy participants showed significant differ-

ences. The concentration of 2-AGwas significantly reduced in patients

compared to healthy participants (t(114.205) = −3.789, p = .000)

(Table 1). In contrast, the concentration of AEA was raised in patients

compared to the healthy group (t(108.636)= 2.462, p= .015) (Table 1).

The concentration of endocannabinoids AEA and 2AG did not

change significantly during the treatment. The follow-up value of AEA

is slightly decreased compared to the baseline value (T1), and the con-

centration of 2-AG stagnates (Table 2). Further, only the concentration

of AEA at T2 approached the concentration of AEA in the group of

healthy participants (Table 3).

Additional analysis showed a negative correlation between the con-

tent of AEA and the self-questionnaire STAI-X1 (r = −.267, p = .023)

only in the group of patients with a depressive disorder. There was

no correlation between endocannabinoids (AEA, 2-AG) and the other

self-questionnaires. Furthermore, a gender difference was found con-

cerning the 2-AG concentration in patients. Accordingly, male patients

showed higher concentrations of 2-AG compared to female patients

(male (n = 28) = 3.33 ± 1.45 nM; female (n = 41) = 2.63 ± 1.35 nM;

t(67) = 2.07; p = .043). In the group of healthy controls, there was no

gender difference.

4.3 Genotyping and differences between the
genotypes

As several polymorphisms are known to increase the likelihood of

developing depression, we analyzed the genotypes of the 5-HT1A

(rs6295), 5-HT2A (rs6311), and the CNR1 (rs1049353) genes to

explore a possible link between alterations in these genes and depres-

sion.

The genotypic distributions of the three polymorphisms were all

in Hardy–Weinberg equilibrium in the patients and group of healthy

participants (see Table 4). The results of 5-HT1A, 5-HT2A, and CNR1

genotyping are shown in Table 4. There was no significant differ-

ence between the distributions of the various genotypes between the

patients and healthy participants.

In a previous study, compared to healthy participants, we exam-

ined the relationship between serotonergic activity (cortical: patients

0.256 ± 0.186/healthy participants 0.252 ± 0.119; p = .855) and the

concentration of serotonin in the peripheral blood (serum (patient:

230.9 ± 326.0 ng/mL/healthy participants: 773.8 ± 646.0 ng/mL;

p < .001)/platelet (patient: 1113.9 ± 964.1 109/Thr/healthy partici-

pants: 2008.8± 1026.4 109/Thr; p< .001)) in patients with depression

(see Obermanns et al., 2022). Concerning the CNR1 gene, there was a

difference among the homozygote GG carriers, the AA allele genotype

carriers, and the BDI-II in the group of healthy participants. Healthy

participants who are homozygote for GG reached higher scores in the
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TABLE 1 Demographics, clinical data, endocannabinoid concentration, and psychometry data of patients and healthy participants.

Patients Healthy participants

Number of subjects 161 161

Age 39.34± 11.67 39.25± 11.90

Diagnosis

F31.X (n/%) 11 (6.8%)

F32.X (n/%) 70 (43.5%)

F33.X (n/%) 80 (49.7%)

Gender (n/%)

Female 100 (62.1%) 100 (62.1%)

Male 61 (37.9%) 61 (37.9%)

Psychometry

HAMD-21 (n= 161) (M± SD) 20.01± 5.60 1.16± 1.69

t-Test t(188.82)= 40.93, p= .000***

BDI-II (n= 161) (M± SD) 33.27± 9.93 2.93± 4.30

t-Test t(217.99)= 35.57, p= .000***

STAI-X1 (n= 161) (M± SD) 57.22± 12.09 32.12± 7.36

t-Test t(264.26)= 22.50, p= .000***

STAI-X2 (n= 144) (M± SD) 60.89± 9.55 32.04± 7.04

t-Test t(263.06)= 29.18, p= .000***

Endocannabinoids

AEA (nM) (n= 72) (M± SD) 1.04± 0.75 0.80± 0.40

t-Test t(108.64)= 2.46, p= .015**

2-AG (nM) (n= 69) (M± SD) 2.91± 1.42 4.14± 2.27

t-Test t(114.205)=−3.789, p= .000***

Abbreviation: 2-AG, 2-arachidonoylglycerol; AEA, arachidonoyl ethanolamide; BDI-II, Beck depression inventory; HAMD-21, Hamilton; M, mean value; SD,

standard deviation; STAI-X1, state anxiety inventory; STAI-X2, trait anxiety inventory.

**p< .01, ***p< .001.

BDI-II than homozygote AA carriers (GG (n = 79) = 3.48 ± 4.10; AA

(n = 23) = 1.26 ± 1.81; t(83.862) = 3.719, p = .000). Furthermore,

healthy participantswho are CNR1GA carriers showed increased con-

centration of the endocannabinoid 2-AG compared to GG carriers (GA

(n = 19) = 5.05 nM ± 2.49 nM; GG (n = 32) = 3.51 nM ± 1.92 nM;

t(49) = −2.475, p = .017). These results could not be detected in

patients. In contrast, some distinctions concerning the 5-HT1A and 5-

HT2A genotypes could be determined only in the group of patients.

Relating to the 5-HT1A gene, patients with a homozygote variant of

the C allele reached higher values in the cortical LDAEP than patients

with the heterozygote variant GC (CC (n = 16) = 0.339 ± 0.215;

GC (n = 32) = 0.198 ± 0.140; t(21.610) = 2.384, p = .026). Not

only in the cortical LDAEP distinctions but also in the source LDAEP

(left hemisphere). The reached values differ between the genotypes

of the 5-HT1A. In a comparison of homozygote C and G carri-

ers with the heterozygote GC carriers, the homozygous carriers

showed higher values of the source LDAEP in the left hemisphere

(CC (n = 16) = 0.292 ± 0.202; GC (n = 32) = 0.126 ± 0.116;

t(20.058) = 3.043, p = .006); GG (n = 18) = 0.276 ± 0.270;

t(20.577)= 2.247, p= .036). Additionally, the serotonin serum content

in patients who carry the GG variant of the 5-HT2A gene is increased

compared toAA carriers (GG (n= 28)= 385.55 ng/mL± 458.01 ng/mL;

AA (n = 19) = 139.78 ng/mL ± 176.09 ng/mL; t(37.383) = 2.573,

p= .014).

5 DISCUSSION

5.1 Altered concentration of endocannabinoid
AEA and 2-AG in depression

In this study, we could examine a decreased concentration of 2-AG

and a higher concentration of AEA in patients with a depressive dis-

order compared to healthy participants. These findings are partially

consistent with studies that reported altered endocannabinoid lev-

els in depressive disorders (Hill, Miller, et al., 2008; Hill et al., 2009;

Behnke et al., 2022; Garani et al., 2021; Romero-Sanchiz et al., 2019).

In contrast to the above studies, Coccaro et al. (2018) did not find a

significant change in circulating endocannabinoids. It cannot be funda-

mentally assumed that hypofunction is present in depressive disorder.
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TABLE 2 Endocannabinoid concentration and psychometry of patients during the treatment (T1/T2).

Patients (T1) Patients (T2)

Number of subjects 59

Age 41± 10

Endocannabinoids

AEA (nM) (n= 59) (M± SD) 1.09± 0.82 0.099± 0.69

t-Test t(58)= 1.027, p= .309

2-AG (nM) (n= 56) (M± SD) 2.72± 1.31 2.72± 1.65

t-Test t(55)= .018, p= .986

Psychometry

HAMD-21 (n= 59) (M± SD) 27.71± 5.86 16.97± 17.04

t-Test t(58)= 2.207, p= .031*

BDI-II (n= 59) (M± SD) 33.86± 9.53 28.34± 18.51

t-Test t(58)= 2.295, p= .025*

STAI-X1 (n= 59) (M± SD) 58.56± 10.35 55.07± 16.33

t-Test t(58)= 1.603, p= .114

STAI-X2 (n= 59) (M± SD) 59.32± 10.74 57.17± 15.64

t-Test t(58)= 1.027, p= .309

Abbreviations: 2-AG, 2-arachidonoylglycerol; AEA, arachidonoyl ethanolamide; BDI-II, Beck depression inventory; HAMD-21, Hamilton; M, mean value; SD,

standard deviation; STAI-X1, state anxiety inventory; STAI-X2, trait anxiety inventory.

*p< .05.

Differences in endocannabinoid concentrations may be due to differ-

ences in cohort gender composition. In our study, we were able to

detect a gender difference between male and female patients. Male

patients showed an increased concentration of 2-AG compared to

female patients. Meanwhile, it is now known that gender-specific dif-

ferences exist in the endocannabinoid system (Tabatadze et al., 2015);

for example, the influence of sex hormones on the function of the endo-

cannabinoid system (Struik et al., 2018) or the different availabilities

of CBR1 receptors in the brain (Laurikainen et al., 2019). According

to Cedernaes et al. (2016), endocannabinoids can pass the blood–

brain barrier, which could suggest that the peripheral endocannabinoid

content (AEA, 2-AG) may represent the central endocannabinoid con-

tent. However, there is no direct correlation or explicit relationship

between peripheral and central endocannabinoid levels (Giuffrida

et al., 2004). Further investigation would be needed to explore this

hypothesis.

Interestingly, this study found a negative correlation between anx-

iety symptoms and AEA levels in depressed patients, consistent with

findings from other studies (Bluett et al., 2014; Green et al., 2022).

Coccaro et al. (2018), Hill, Miller, et al. (2008), Dlugos et al. (2012) did

not find a significant correlation between AEA and anxiety as a con-

dition. A reduction in AEA can be triggered by stress in limbic brain

regions and inhibitionofAEAsignaling,which can lead to anxiety symp-

toms (Hill et al., 2013; Hill and Gorzalka, 2005). In contrast to reduced

AEA signaling during a stress response, 2-AG signaling is increased.

This increase is mediated by corticosterone. Both lead to the termina-

tion of the stress response and limit the effects of stress on the brain

(Morena et al., 2016; Yin et al., 2019). Mental illnesses such as depres-

sion, usually accompanied by anxiety, cause stress. The ECS responds

by adapting to the changes and regulating the concentrations of AEA

and 2-AG. Further, a reduced concentration of AEA can lead to anxiety-

like behavior. By inhibiting the enzyme fatty acid amide hydrolase

(FAAH), the concentration of AEA increases, and anxious symptoms

decrease (Bluett et al., 2014;Greenet al., 2022).Conversely, thismeans

that the inhibition of the enzyme FAAH could induce anxiolytic effects

and may help treat depression, which is associated with increased

anxiety.

From these findings, the endocannabinoid system may be involved

in the psychopathology of depression, but other factors, such as stress,

medication, or sex (Garani et al., 2021; Romero-Sanchiz et al., 2019;

Tabatadze et al., 2015) can influence the endocannabinoid system,

especially the amount of AEA and 2-AG and should be considered.

Furthermore,we also investigated the variation of the endocannabi-

noid level of AEA and 2-AG, as well as symptoms of depression and

anxiety during the treatment in patientswith adepressive disorder.We

observed a reduction in symptoms of depression and a stagnation in

anxiety symptoms. The level ofAEAand2-AGchangednot significantly

during the treatment.

No comparable study exists in the literature that has measured

changes in circulating endocannabinoid concentrations in peripheral

blood. In human studies, changes in the concentration of AEA and

2-AG could be observed under the treatment of electroconvulsive

therapy and repetitive transcranial magnetic stimulation (Kranaster

et al., 2017; Lazary et al., 2021). An animal study also found a change

in endocannabinoid concentrations after 21 days (Hill, Carrier, et al.,

2008). The comparability and transferability to the results of this
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TABLE 3 Comparison of the endocannabinoid concentration and psychometry of patients at the second appointment (T2) and healthy
participants.

Patients (T2) Healthy participants

Number of samples 57

Endocannabinoids

AEA (nM) (n= 57) (M± SD) 0.986± 0.704 0.823± 0.427

t-Test t(112)= 1.49, p= .139

2-AG (nM) (n= 54) (M± SD) 2.75± 1.66 4.10± 2.27

t-Test t(97.19)=−3.52, p= .001***

Psychometry

HAMD-21 (n= 57) (M± SD) 16.94± 17.31 0.684± 1.09

t-Test t(56.44)= 7.08, p= .000 ***

BDI-II (n= 57) (M± SD) 28.75± 18.65 1.91± 2.76

t-Test t(58.45)= 10.75, p= .000***

STAI-X1 (n= 57) (M± SD) 55.32± 16.45 30.32± 6.10

t-Test t(71.13)= 10.76, p= .000***

STAI-X2 (n= 57) (M± SD) 56.86± 14.62 30.59± 6.04

t-Test t(57.26)= 11.02, p= .000***

Abbreviations: 2-AG, 2-arachidonoylglycerol; AEA, arachidonoyl ethanolamide; BDI-II, Beck depression inventory; HAMD-21, Hamilton; M, mean value; SD,

standard deviation; STAI-X1, state anxiety inventory; STAI-X2, trait anxiety inventory.

***p< .001.

TABLE 4 Genotyping of the 5-HT1A, 5-HT2A, and CNR1 polymorphism in patients with depression and healthy participants.

Gene Group Number of alleles (frequency) χ2 p-Value

5-HT1A rs6295 GG GC CC .562 .755

Patients (n= 154) (n/%) 45 (29.2) 75 (48.7) 34 (22.1)

Healthy participants (n= 154)

(n/%)
51 (33.1) 70 (45.5) 33 (21.4)

5-HT2A rs6311 GG GA AA 4.112 .128

Patients (n= 158) (n/%) 54 (34.2) 70 (44.3) 34 (21.5)

Healthy participants (n= 158)

(n/%)
38 (24.1) 84 (53.2) 36 (22.8)

CNR1 rs1049353 GG GA AA 2.236 .327

Patients (n= 153) (n/%) 76 (49.7) 62 (40.5) 15 (9.8)

Healthy participants (n= 153)

(n/%)
76 (49.7) 54 (35.3) 23 (15.0)

work are questionable, as in the study of Kranaster et al., 2017 the

concentrations of endocannabinoids were measured from the cere-

brospinal fluid and not in the peripheral blood. So far, there are no

correlations between peripheral and central endocannabinoid concen-

trations (Giuffrida et al., 2004), whichmeans that no conclusions can be

drawn about peripheral concentrations.

The present finding could reveal an improvement in the severity of

depression during the treatment. This indicates that the severity of

depression can be reduced within 28 days, but not the severity of anx-

iety and an alteration in the level of endocannabinoids. Here, future

studies are necessary to investigate the time course of responsiveness

of the endocannabinoid system during the treatment.

5.2 Genetic variation of the 5-HT1A, 5-HT2A,
and CNR1 gene

The influence of genetic factors on the etiology of depression cannot

be excluded. The possible effects of the polymorphism in the genes of

theCNR1 (rs1040353), 5-HT1A (rs6295), and 5-HT2A (rs6311), which

are already related to depression, were investigated in this study.

The genetic distribution of the CNR1, 5-HT1A, and 5-HT2A showed

no significant differences between patients with depression and

healthy participants.

Regarding the polymorphism in the CNR1 gene, not many studies

have investigated the distribution of the CNR1 rs1049353 in patients
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with depression. Referring to this, controversial results are published.

Some studies could show a link between the CNR1 rs1049353 poly-

morphism and depression, and others not (Domschke et al., 2008;

Juhasz et al., 2009; Kong et al., 2019; Monteleone et al., 2010). The

haplotypic combination of the A-allele seems to be associated with an

increased risk for neuroticism and depression (Juhasz et al., 2009). In

contrast, Schennach et al. (2012) reported a link between the G allele

with higher depressive-like symptoms. In this study, an association of

the CNR1 rs104353 polymorphism with depression was not found in

patients with depression.

Interestingly, we found differences between depressive symptoms

(BDI-II) and homozygote CC and GG carriers in healthy participants.

We cannot explain why these differences only exist in healthy par-

ticipants and not in patients. Further, healthy participants who are

homozygote for the G allele showed decreased 2-AG levels compared

to heterozygote GG carriers. To our knowledge, no recent study has

investigated the impact of the CNR1 rs1049353 polymorphism on the

2-AG level in healthy participants. Further research is advisable to

explain the relationship among the different genotypes of the CNR1

rs1049353polymorphismand the level of endocannabinoids in healthy

participants.

Besides the endocannabinoid receptor polymorphism CNR1

rs1049353, the polymorphism 5-HT1A rs6295 and 5-HT2A rs6311

could play a crucial role in the etiology of depression. As mentioned

above, we found no significant difference in the allelic variation

between patients and healthy participants.

Nevertheless, in this study, a difference among the different geno-

types of the 5-HT1A rs6295 polymorphism was found concerning the

serotonergic activity in the brain of patients. Homozygous patients

for both the G and C alleles showed lower serotonergic activity than

heterozygous carriers. Previous studies have suggested that 5-HT1A

receptors may be involved in the serotonergic modulation of the

loudness-dependent response in the primary auditory cortex (Guille

et al., 2011). Although the mechanisms leading to the inverse relation-

ship of LDAEP (serotonergic activity) and serotonin levels are not fully

elucidated, the activation of 5-HT1A receptors is thought to be due

to pyramidal cells (Puig et al., 2005). Furthermore, a link between the

LDAEP and 5-HT1A receptors in depression has been reported (Pillai

et al., 2020). Albert (2012) was able to link altered 5-HT1A recep-

tor function and expression to the rs6295 polymorphism. When the

G allele was present, it prevented the repressor from binding to DNA.

This resulted in an increase in 5-HT1A autoreceptors and decreased

serotonergic neurotransmission. Further, several studies suggest an

association between the allelic variation of the 5-HT1A receptor and

the risk of developing depression (Biard et al., 2016; Albert et al., 2019;

Kaufman et al., 2016). It was hypothesized that the rs6295 polymor-

phism is enabled to regulate the expression of the 5-HT1A genes in

neurons of the raphe (Albert & Lemonade, 2004). Individuals carrying

the G allele cannot bind to the transcription factors NUDR/DEAF-

1; the resulting transcriptional repression leads to an overexpression

of the 5-HT1A autoreceptor in the raphe compared to homozygous

C allele carriers. This leads to reduced serotonergic firing and con-

sequently to reduce serotonergic activity, which is associated with

depression (see review Kaufman et al., 2016 and Albert et al., 2019).

Our results are partially consistentwith previous findings. The reduced

serotonergic activity compared to heterozygotes was observed in the

patient’s homozygotes for the G allele. However, a lower activity in

homozygote C carriers compared to heterozygotes was observed. We

do not know of any study in which the same results were obtained

regarding reduced serotonergic activity in homozygotic CC and GG

allele carriers compared to heterozygous carriers. It seems that the

homozygote variants (GG/CC) of the 5-HT1A polymorphism may lead

to altered serotonergic activity in the brains of depressed patients.

When focusing on the association between the 5-HT2A rs6311

polymorphism and depression, we found increased 5-HT serum levels

in patients who are homozygote for the G allele compared to homozy-

gote A allele carriers. To our knowledge, the relation between serum

serotonin concentration andgenetic variations of the5-HT2A receptor

in patients with depression has not been investigated. It is difficult to

explain this finding because most studies have focused on the 5-HT2A

rs6311 polymorphism concerning platelet aggregation. Despite a lack

of literature regarding serum serotonin concentration and 5-HT2A,

studies exist suggesting that this polymorphism is a susceptibility fac-

tor in the etiology of depression (Cao et al., 2015; Pandey et al., 2010).

Other studies report the opposite (Hong et al., 2006; Jin et al., 2013;

Kang et al., 2007). It is well known that mutations in this gene may

alter promoter activity and5-HT2A receptor expression (Parsons et al.,

2004). In platelets, genetic variation in the regulatory region of the

5-HT2A receptor gene could lead to altered levels of 5-HT2A recep-

tors. Despite these findings, no conclusions regarding the decreased

serotonin concentration in homozygous A allele carriers can be drawn.

Further studies with a larger sample size are advised to verify these

results and to investigate the influence of genetic variation of the

5-HT2A receptor on serotonin serum concentration.

The recent results of this study have demonstrated and supported

a possible association between the genetic variations of the 5-HT1A

rs6395 and 5-HT2A rs6311 polymorphisms and an altered seroton-

ergic system in patients with depressive disorder. Results on genetic

variations and their associations should be taken into account and

cautiously consider the small number of samples and the influence

of possible environmental risk factors, such as stressful life events.

A larger number of samples are needed to make more accurate

statements about the influence of genetic factors.

6 LIMITATION

Our study has several limitations. For one, as we included an uneven

number of medicated and unmedicated patients, our assumptions

cannot be generalized because the treatment with antidepressants

may affect the level of endocannabinoids (Hill, Hillard, et al., 2009;

Romero-Sanchiz et al., 2019). We should have included more unmed-

icated patients in the study to draw more accurate conclusions about

altered endocannabinoid concentration in patients with depressive

disorder. Second, the sample size of the study cohort was rela-

tively small for genetic associations. To strengthen the power of
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genotyping, the results of this study should be replicated in a larger

study cohort. Third, we should have established additional question-

naires,whichassess stressful events, as previous investigations suggest

a possible influence on the serotonergic- and endocannabinoid sys-

tem, as well as on the development of depression (Morena et al., 2016;

Navarro et al., 2022).

Fourth, the method for endocannabinoid determination should be

established before the first samples are collected. This would ensure

a rapid processing of samples, avoiding an elimination of the analytes

before the analysis and verifying data a priori. With the current ana-

lyticalmethodology, a batch-to-batch consistencywith isotope-labeled

internal standards is easier to maintain than when different samples

are measured in one batch after partially extended storage periods.

Even after establishing and optimizing the method, no endocannabi-

noids could be measured in one subcohort, indicating the need for

an advanced analytical study design. Possible causes could be stor-

age time and temperature fluctuations during sample transport and

handling, as active catabolism can occur for this compound class, and

endocannabinoids adsorb to plastics and glassware, which can lead

to analyte losses but also in-built limitations of the analytical system

in use (Karlsson et al., 2004; Kratz et al., 2021; Rouzer et al., 2002;

Schreiber et al., 2007;Wood et al., 2008).

7 CONCLUSION

In conclusion, the present results showed altered concentrations of

the endocannabinoids AEA and 2-AG in patients with depression com-

pared to healthy participants. Furthermore, after treatment (T1/T2),

an improvement of depressive symptoms in patients with a depres-

sive disorder has been observed. Based on genotyping, no different

distributions of the CNR1, 5-Ht1A, and 5-HT2A genes were found

in patients with depressive disorder and healthy participants. How-

ever, certain genotypes of the 5-HT1A (rs6295) and 5-HT2A (rs6311)

polymorphisms were shown to have different effects on the seroton-

ergic system in patients. In controls, the different genotypes of the

CNR1 rs4910353 polymorphismwere associatedwith 2-AG levels and

depressive symptoms. Furthermore, in patients, there is a correlation

between AEA concentration and anxiety symptoms.

More investigations concerning the impact of genetic variations on

the serotonergic and endocannabinoid systems in terms of involve-

ment in the development of depression are advisable. In summary, our

results suggest an altered endocannabinoid system in patients with a

depressive disorder and a possible influence of the polymorphism in

the CNR1, 5-HT1A, and 5-HT2A genes.
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