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Through the CB1 receptor cannabinoids modulate serotonin (5-hydroxytryptamine, 5-HT) release in the
central nervous system which is connected with some of their pharmacological effects, especially antide-
pressant activity. 5-HT has many important physiological functions also in the periphery, particularly in the
circulatory system and digestive tract. 5-HT dysfunction may be involved in some diseases pathogenesis
including hypertension, migraine, cardiac disorders, cerebral ischemia or peripheral vascular diseases.
Cannabinoids possible influence on 5-HT release in peripheral tissues may be clinically significant. The
aim of the present study was to investigate the influence of ACEA (arachidonyl-2-chloroethylamide), a
selective cannabinoid CB1 receptor agonist on whole blood (WB) and platelet-poor plasma (PPP) 5-HT
levels. The experiments were carried out on male and female Wistar rats. ACEA (3 mg/kg i.p.) was given
alone and in combination with a selective CB1 receptor antagonist AM 251 (3 mg/kg i.p.). Concentrations
of 5-HT in WB and PPP were determined by enzyme-linked immunosorbent assay (Serotonin ELISA).
ACEA significantly decreased concentration of 5-HT in WB (to 61%, p < 0.02) and its effect was blocked
by AM 251. ACEA also reduced of 5-HT in PPP (to 62%) however, the difference was statistically insignif-
icant. Research results reveal that due to CB1 receptor stimulation, ACEA reduces 5-HT contents in blood-
stream. This effect is probably the result of inhibition of 5-HT release from gastrointestinal tract.

1. Introduction

Serotonin (5-hydroxytryptamine, 5-HT) is a hydroxylated
and decarboxylated derivative of the amino acid tryptophan.
5-HT serves many diverse physiological functions, such as
the regulation of appetite, sleep, mood, cognition, sexual
behavior, cardiovascular and gastrointestinal functions via
an interaction with multiple 5-HT receptors (Barnes and
Sharp 1999; Beattie and Smith 2008; Hoyer et al. 2002; Vil-
lalón and Centurión 2007). To date, 14 5-HT receptors, be-
longing to seven families (5-HT1, 5-HT2, 5-HT3, 5-HT4, 5-
HT5, 5-HT6 and 5-HT7), have been identified (Hannon and
Hoyer 2008; Hoyer et al. 2002; Martin and Humphrey
1994). In mammals, including humans, 5-HT levels in the
central nervous system (CNS) represent only a small frac-
tion of the total 5-HT in the body. 5-HT is also indepen-
dently produced in the peripheral tissues. In periphery 5-HT
is found predominantly in the gastrointestinal tract (80% of
body 5-HT), both in enterochromaffin cells (95%) and en-
teric neurones (5%), where it is known to play a significant
role in the control of gastrointestinal motility, sensation, and
secretion (Sanger 2008; Kim and Camilleri 2000; Spiller
2001). In the bloodstream, more than 99% of 5-HT is stored
in platelets which actively take it up using a serotonin trans-
porter (SERT) identical to that found in the nervous tissue
(Lesch et al. 1993; Ni and Watts 2006). 5-HT, released from
activated platelets, induces smooth muscle cell contraction
and proliferation but stimulates endothelial cells to release

vasodilating substances (Ellis et al. 1995; Jähnichen et al.
2005; Schoeffter and Hoyer 1990; Villalón and Centurión
2007) and acts (via 5-HT2A receptors) as a “helper agonist”
of platelet aggregation in humans (Nagatomo et al. 2004;
Nishihira et al. 2006). Altered concentrations of circulating
5-HT have been implicated in several pathologic conditions
including hypertension, migraine, cardiac disorders, cere-
bral ischemia (Dempsie and MacLean 2008; Doggrell 2003;
Ramage and Villalón 2008; Robertson 1991; Villalón and
Centurión 2007) and peripheral vascular diseases (Coffman
and Cohen 1994; Nakamura et al. 2001; Pietraszek et al.
1993; Rydzewski et al. 1996).
Maccarone et al. (2003) reported that 5-HT and the endo-
cannabinoid 2-arachidonoylglycerol (2-AG) could mu-
tually reinforce their receptor binding on platelet surface.
2-AG is an endogenous lipid that acts through the activa-
tion of G-protein-coupled cannabinoid receptors and is
essential for many physiological processes. In the cardio-
vascular system 2-AG is generated by both activated en-
dothelial cells and platelets, and participates in the vascu-
lar control and thrombosis. 2-AG is the most abundant
endocannabinoid in platelets (Maccarone et al. 2001; Ran-
dall 2007). Rat platelets contain 2-AG only, whereas in
humans, another endocannabinoid anandamide (AEA)
occurs. Its concentration in blood platelets, however, is
twenty times lower than that of 2-AG (Maccarone et al.
1999). Under physiological concentrations, 2-AG activates
platelets and interferes with other aggregation activators.
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2-AG activates platelets by a non-CB1/non-CB2 “platelet
type” cannabinoid receptor (CBPT) which gets blocked by
both SR 141716A, a CB1 receptor antagonist and SR
144528, a CB2 receptor antagonist (Baldassarri et al.
2008; Maccarone et al. 2001). AEA is an unlikely agonist
of platelets in vivo, but it can rather act as a coagonist in
combination with other classical aggregating agents. In
contrast to 2-AG, AEA does not operate through cannabi-
noid receptors (Maccarone et al. 1999).
Reports concerning the influence of D9-tetrahydrocannabi-
nol (THC) and other exogenous cannabinoid receptor ago-
nists are not consistent. Formokong et al. (1989) demon-
strated that THC and other phytocannabinoids inhibited
blood platelets aggregation. They also reduced 5-HT re-
lease. However, the restriction was only partial and did
not correlate with aggregation inhibition. Its antiaggrega-
tive activity was also observed by Levy et al. (1976), but
this time, the influence on 5-HT release was not reported.
In contrast, Deusch et al. (2004) demonstrated that expo-
sure of human platelets to THC resulted in platelet activa-
tion, which would favour thromboembolism.
Cannabinoids are known to modulate 5-HT release in the
central nervous system (CNS) by the CB1 receptor which is
strictly connected with some of their pharmacological ef-
fects such as antidepressant-like activity in particular (Gob-
bi at al. 2005; Hill and Gorzalka 2005). Experimental data
suggest that this receptor may also regulate serotonin re-
lease from peripheral tissue depositories (Hu et al. 2007).

2. Investigations and results

The aim of this investigation was to study the influence of
ACEA, a selective CB1 receptor agonist on 5-HT concen-
tration in whole blood (WB) and platelet-poor plasma
(PPP). Such an experimental system allows the simulta-
neous assessment of blood platelet activity. 5-HT concen-
tration in PPP is a good criterion of 5-HT extracellular
pool (Ortiz and Artigas 1992) whereas the whole blood
concentration seems representative for its contents in pla-
telets (Takada et al. 1995).
In the control group, 5-HT average concentrations amounted
to 1630.9 � 202.01 ng/ml in WB and 55.5 � 10.62 ng/ml
in PPP. ACEA at a dose of 3 mg/kg i.p. reduced 5-HT con-
centration in WB to 994.4 � 174.84 ng/ml (which amounts
to 61% in comparison with the control, p < 0.02). The effect
of ACEA was counteracted by a selective cannabinoid CB1

receptor antagonist AM 251 (3 mg/kg i.p.) (Fig. 1). To a si-
milar degree, ACEA decreased 5-HT concentration in PPP
(to 62%) however, the difference was not statistically signifi-

cant (Fig. 2). AM 251 itself influenced 5-HT concentration
neither in WB nor in PPP. 5-HT concentration in platelet-
poor plasma/5-HT concentration in whole blood (PPP/WB)
in all examined groups did not differ significantly from the
PPP/WB ratio of the control group (Fig. 3).

3. Discussion

The surveys revealed that ACEA – a selective agonist of
the CB1 cannabinoid receptor – reduced 5-HT concentra-
tion in WB down to 61% (p < 0.02). This effect was
counteracted by AM 251 – a selective antagonist of CB1

receptor. Quite similarly, however statistically not signifi-
cantly, ACEA reduced 5-HT concentration in PPP. The
decrease of 5-HT concentration in WB (which stands for
the contents of 5-HT in platelets) could suggest either its
uptake by platelet reduction or platelet activation. Not
only was no increase found, but this monoamine level in
PPP proved to be lowered as well. Besides, PPP/WB ratio
after ACEA administration was close to this parameter va-
lue in the control group. On this basis, one may assume that
5-HT total pool in the bloodstream has been reduced. As
the blood was sampled shortly after ACEA administration
(1 h) and due to the fact that ACEA did not influence the
PPP/WB ratio, the decrease may be presumed to be caused
mainly by the decrease of 5-HT release in the gastrointest-
inal tract (from enterochromaffin cells and enteric neurons)
which is the main source of monoamine in blood.
The gastrointestinal tract of many species, including hu-
mans, contains an endocannabinoid system where endocan-
nabinoids (anandamide and 2-AG) are synthesized locally
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Fig. 1: Effect of ACEA given alone or in combination with AM 251 on
whole blood 5-HT concentration. Results are presented as means
� SEM of 6–7 animals for each experimental group. * P < 0.02
vs. control and # P < 0.02 vs. ACEA (Dunnett’s test)

Fig. 2: Effect of ACEA given alone or in combination with AM 251 on
platelet poor plasma 5-HT concentration. Results are presented as
means � SEM of 6–7 animals for each experimental group

Fig. 3: Effect of ACEA given alone or in combination with AM 251 on
PPP/WB ratio of 5-HT concentration. Results are presented as
means � SEM of 6–7 animals for each experimental group



and act on CB1 and CB2 receptors, modulating a variety of
functions (Coutts and Izzo 2004; Izzo and Camilleri 2008).
CB1 receptors, which are known to play the main role in the
digestive system, are present in neurons of the enteric ner-
vous system and in sensory terminals of vagal and spinal
neurons and regulate the release of several neurotransmit-
ters (Duncan et al. 2005; Hu et al. 2007).
Inhibition of 5-HT release in the gastrointestinal tract is con-
nected with CB1 receptor stimulation and is an important
mechanism of cannabinoids antiemetic activity. Hu et al.
(2007) confirmed these observations in their studies and
showed that CB1 receptor agonists inhibit vomiting induced
by Staphylococcal enterotoxin in house musk shrew
(Suncus murinus) by 5-HT release limitation in the intestine
and this effect is reversed by a CB1 receptor antagonist.
ACEA could reduce 5-HT release from the intestine into
the bloodstream and consequently limited its contents in
blood platelets. 5-HT contents restriction in blood platelets
cannot be associated with ACEA influence on 5-HT up-
take or release by blood platelets because in PPP, not 5-
HT increase but its drop was detected. Our observation is
consistent with the results achieved by Maccarrone et al.
(2003) who found that 2-AG does not influence SERT
activity. In turn, Velenovská and Fisar (2007) observed
that activity of SERT was acutely affected by cannabi-
noids only at high drug concentrations. Similarly, cannabi-
noids were not found to increase 5-HT release from the
platelets. On the contrary, in some in vitro tests, 5-HT
release was inhibited by exogenous cannabinoids (Formo-
kong et al. 1989; Volfe et al. 1985).
ACEA effect was suppressed by AM 251 – a selective
antagonist of CB1 receptor which, altogether with ACEA
receptor selectivity, suggests that 5-HT contents decrease
in the bloodstream after CB1 receptor stimulation.
In conclusion, the results of this study suggest that, simi-
larly to CNS, CB1 receptor agonists may inhibit 5-HT re-
lease in peripheral tissues.

4. Experimental

4.1. Animals

The studies were carried out on male and female Wistar rats weighing
250–300 g. The animals were kept in a colony room at a temperature of
21 � 2 �C under 12/12 h light/dark cycle (lights on at 7 a.m.), with food
and water freely available. The experimental procedures were approved by
the Local Ethics Committee and complied with the European Communities
Council Directive of 24 November 1986 (86/609/EEC).

4.2. Chemicals

ACEA (arachidonyl-2-chloroethylamide, ethanol solution 5 mg/ml, Tocris),
AM 251 (N-(piperidin-1-yl)-5-(4-iodophenyl)-1-(2,4-dichlorophenyl)-4-
methyl-1H-pyrazole-3-carboxamide, Tocris), Cremophor EL (Sigma).
ACEA was diluted with Cremophor EL : saline (1 : 14) and AM 251 was
dissolved in a mixture of ethanol : Cremophor EL : saline (1 : 1 : 18). ACEA
and AM 251 were administered intraperitoneally (i.p.) at a dose of 3 mg/kg,
1 h before blood collection. Control rats received solvents. Injection vo-
lumes were 4 ml/kg. The blood was sampled under thiopental anesthesia
(80 mg/kg i.p.) by an intracardiac puncture and mixed with 3.13% triso-
dium citrate (v/v ratio 9 : 1).

4.3. 5-HT concentration assay

4.3.1. Whole blood 5-HT concentration assay

Deionised water (4 ml) was added to 1 ml of whole blood and the samples
were left for 10 min to allow blood cells lysis (Żółtowski et al. 2002). There-
after, the samples were centrifuged at room temperature for 15 min at 1000 g.

4.3.2. Platelet-poor plasma 5-HT concentration assay

Collected blood was centrifuged at room temperature for 10 min at 200 g.
Subsequently, the resulting plasma was centrifuged at 4 �C, for 10 min at
4500 g, to separate PPP from the platelet pellet.

Concentrations of 5-HT (ng/ml) in whole blood and platelet-poor plasma
were determined by enzyme-linked immunosorbent assay (Serotonin ELI-
SA, IBL, Hamburg) according to the manufacturer’s instructions. The ratio
of the platelet-poor plasma concentration of 5-HT to that of whole blood
was calculated with the following formula: PPP/WB� 100%.

4.4. Statistics

The data were analyzed using one-way analysis of variance (ANOVA) fol-
lowed by Dunnett’s test as a post-hoc. The accepted level of significance
was P < 0.05.
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