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Abstract

Background: Peripheral pain regulation is a very complex phenomenon due to the numerous neural
pathways responsible for it.

Objectives: The current study aimed to determine the anti-nociceptive activity of L-citrulline and the
possible role of opioidergic, nitric oxide (NO), and serotoninergic systems in mice using the formalin and
hot plate tests.

Methods: In this study, 300 male NMRI mice were divided into 2 groups: 150 mice were used for the
formalin test and 150 for the hot plate test (tests 1-6) with 4 sub-groups in each (n=50). The formalin test
determined pain caused by the injection of formalin in the hind paw, and the hot plate test recorded pain
reactions caused by heat stimulation as response latency time. Further, time mice capable of staying on the
rotarod bar were determined.

Results: Morphine reduced licking and biting time and latency time in the hot plate (P<0.05), while
L-citrulline (50 and 100 mg/kg) decreased pain response and increased latency time compared to the
control (P<0.05). Further, pre-treatment with naloxone following L-citrulline increased licking and biting
time in the formalin test and decreased latency time in the hot plate test (P<0.05). In addition, pre-
treatment with L-NAME following L-citrulline diminished licking and biting time in the formalin test and
increased latency time in the hot plate test (P<0.05). Likewise, ad pre-treatment with ritanserin following
L-citrulline reduced licking and biting time and latency time compared to control mice (P<0.05). Similarly,
licking and biting time and latency time were decreased by pre-treatment with ondansetron following
L-citrulline. Finally, no significant disturbance was observed in motor coordination by L-citrulline (25, 50,
and 100 mg/kg) at P>0.05.

Conclusion: It seems that L-citrulline has anti-nociceptive effects, and its role is mediated by opioidergic,
NO systems, as well as 5-HT2 and 5-HT3 receptors. Further, L-citrulline did not disturb motor coordination.
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Background

Pain is a noxious sense that happens because of tissue
damage and acts as a valuable reaction for the preservation
of tissue integrity (1). Moreover, it is a fundamental sign
of inflammation, and numerous mediators such as K*,
bradykinin, substance P, and prostaglandins can stimulate
nociceptors (2). It is well documented that, serotonergic
and opioidergic systems are responsible for the pain relief
in the spinal cord. Activation of the serotonin governs
endogenous opioids and the serotonergic tone regulates the
analgesic activity of the opioids (3). Nitric oxide (NO) is a
gaseous mediator which is produced from the L-arginine.
NO is an important modulator of pain perception in
which simultaneous injection of the L-arginine with
formalin increases pain response, while NG-nitro-L-

arginine methyl ester (L-NAME) suppresses the pain
response. Supra spinal administration of the NO synthase
inhibitor lowered both the primary and secondary phases
of the formalin response (4). Opioids and nonsteroidal
anti-inflammatory medications are widely prescribed for
pain relief (5). However, several side effects are reported
for the long-term use of these agents. Thus, several studies
have been performed to develop effective painkillers with
lesser side effects to avoid the use of these drugs in pain
management therapies.

L-citrulline is a nonessential amino acid and a major
component of watermelon which is produced by the
liver (6). Several beneficial properties are reported
for L-citrulline. Peripheral administration of the
L-citrulline suppresses endothelial damage and intestinal
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microcirculatory dysfunction (7). L-citrulline enhances
cerebral blood circulation for the treatment of migraine
in rats and prevents the excessive and uncontrolled
generation of the NO (6). More interestingly, research
revealed that supplementation of the L-citrulline enhances
performance during high-intensity anaerobic exercise
(8). Reactive oxygen species-(ROS) derived radicals
such as hydrogen peroxide, superoxide, and NO can
increase in the chronic condition (9). They can enhance
nociceptive response which can use as a reliable marker in
inflammatory pain (10). Thus, antioxidants are beneficial
for controlling analgesics in neuropathic and inflammatory
pain. Interestingly, L-citrulline acts as a potent antioxidant
by reducing ROS production, but scarce information exists
on this effect on oxidative stress (11).

Since the NO inhibitors provide an alternative approach
for pain relief as well as the involvement of serotonergic
and opioidergic systems, this study aimed to determine the
anti-nociceptive activity of the L-citrulline and the possible
role of opioidergic, NO, and serotoninergic systems in
mice using the formalin and hot plate tests.

Materials and Methods

Experimental Animals

In this study, 300 male NMRI mice (a weight range of
25-30 grams) were divided into 2 classes, 150 mice were
used for the formalin test and 150 for the hot plate test.
Accordingly, animals were randomly allocated to 2 classes,
including 6 experiments with 4 sub-groups each containing
6 animals (except experiment 1 in each class which had 5
sub-groups) as indicated in Table 1 (12). The animals were
housed in a room (23 £1°C) and a 12-hour light/dark cycle
in standard cages (6 in each cage). Fresh water and chow
pellets were allowed with no limitations. The animals were
acclimatized to the laboratory environment a week before
performing the tests. The researchers were blinded by the
experimental conditions as the requirement of a blind

Table 1. Experimental Procedure of the Injections

Anti-nociceptive Activity of L-citrulline in Mice

experiment. The experiments were carried out during the
light cycle between 8 am to 2 pm (13).

Drugs and Chemicals

L-citrulline, Morphine sulfate, Naloxone, L-NAME,
WAY100635 (selective 5-HT,A receptor antagonist),
Ritanserin (selective 5-HT, receptor antagonist), and
Ondansetron (selective 5-HT, receptor antagonist) were
bought from Sigma (St. Louis, USA), and the formalin was
obtained from Merck (Darmstadt, Germany). All drugs
were dissolved in 0.9% NaCl. Further, all drugs, chemicals,
and solutions were freshly prepared and administered
intraperitoneally (i.p.).

Formalin Test

The experimental procedure is shown in Table 1. In the
first test, mice were i.p. injected with saline, L-citrulline (25
mg/kg), L-citrulline (50 mg/kg), L-citrulline (100 mg/kg),
and morphine (5 mg/kg). After 30 minutes, formalin (20
uL of 2.5%) was injected subcutaneously into the plantar
surface of the right hind paw. According to Figure 1, to
determine nociceptive behavior, time (in seconds) spent
on licking and biting of the injected paw was recorded up to
45 minutes after formalin injection (14-16). In the second
test, mice were i.p. injected with saline, naloxone (2 mg/
kg), L-citrulline (100 mg/kg), and L-citrulline + naloxone.
In tests with two injections, first, mice received a sub-
effective dose of the antagonist and were then injected with
L-citrulline (100 mg/kg) and formalin after 15 minutes,
respectively (Figure 2). In the third test, mice were i.p.
injected with saline, L-NAME (10 mg/kg), L-citrulline
(100 mg/kg), and L-NAME +L-citrulline (Figure
3). In fourth test, mice were ip. injected with saline,
WAY100635 (0.1 mg/kg), L-citrulline (100 mg/kg), and
WAY100635 + L-citrulline (Figure 4). In test 5, mice were
i.p. injected with saline, ritanserin (1 mg/kg), L-citrulline
(100 mg/kg), and ritanserin + L-citrulline (Figure 5). In

Groups

Tests

I (n=10) Il (n=10) I (n=10) IV (n=10) V(n=10)
Formalin Test (n=150)
1 Saline L-citrulline (25 mg/kg) L-citrulline (50 mg/kg) L-citrulline (100 mg/kg) Morphine (5 mg/kg)
2 Saline L-citrulline (100 mg/kg) naloxone (2 mg/kg) L-citrulline+ naloxone
3 Saline L-citrulline (100 mg/kg) L-NAME (10 mg/kg) L-NAME + L-citrulline
4 Saline L-citrulline (100 mg/kg) WAY100635 (0.1 mg/kg) WAY 100635 + L-citrulline
5 Saline L-citrulline (100 mg/kg) Ritanserin (1 mg/kg) Ritanserin + L-citrulline
6 Saline L-citrulline (100 mg/kg) Ondansetron (0.5 mg/kg) Ondansetron + L-citrulline
Hot Plate Test (n=150)
7 Saline L-citrulline (25 mg/kg) L-citrulline (50 mg/kg) L-citrulline (100 mg/kg) Morphine (5 mg/kg)
8 Saline L-citrulline (100 mg/kg) naloxone (2 mg/kg) L-citrulline+ naloxone
9 Saline L-citrulline (100 mg/kg) L-NAME (10 mg/kg) L-NAME + L-citrulline
10 Saline L-citrulline (100 mg/kg) WAY100635 (0.1 mg/kg) WAY 100635 + L-citrulline
11 Saline L-citrulline (100 mg/kg) Ritanserin (1 mg/kg) Ritanserin + L-citrulline
12 Saline L-citrulline (100 mg/kg) Ondansetron (0.5 mg/kg) Ondansetron + L-citrulline
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Figure 1. Effect of the L-citrulline on licking and biting time of the injected
paw in male mice (n=30). Data are expressed as mean=SE. Different
superscripts (a-d) indicate for significant difference between groups
(P<0.05).
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Figure 2. Effect of the L-citrulline, Naloxone and Their Co-injection on
Licking and Biting Time of the Injected Paw in Male Mice (n=24). Naloxone:
opioid receptor antagonist (a sub effective dose). Data are expressed as
mean=+SE. Different superscripts (a-c) indicate for significant difference
between groups (P<0.05).

test6, i.p. injections were saline, ondansetron (0.5 mg/kg),
L-citrulline (100 mg/kg), and ondansetron + L-citrulline
(Figure 6). It should be noted that the dose of the drugs
was based on previous reports (1,7,17-19).

Hot Plate Test

The anti-nociceptive activity of L-citrulline for thermal
noxious stimuli was assessed based on the method
described previously (20) using Harvards hot plate
(Harvard Apparatus, England). This device was set at
the temperature of 52+0.2°C, and the animal was placed
on the heated surface. Further, the time elapsed between
placement and jumping, withdrawal of paw(s), or licking
of the forepaws were recorded before the injection and
30, 60, 90, 120, 180, and 210 minutes after injections as
response latency time (20). The experimental procedure
is presented in Table 1. In test 7, injections were with
saline, L-citrulline (25 mg/kg), L-citrulline (50 mg/
kg), L-citrulline (100 mg/kg), and morphine (5 mg/
kg) as indicated in Figure 7. As presented in Figure 8, in
test 8, injections were with saline, naloxone (2 mg/kg),
L-citrulline (100 mg/kg), naloxone+L-citrulline, and
naloxone (2 mg/kg)+ morphine (5 mg/kg). In tests with
2 injections, first, mice received a sub-effective dose of the

| Control (saline)
BIL-NAME (10 mg/ke)
m L-Citrulline (100 mg/kg)
L-NAME (10 mg/kg) + L-Citrulline (100 me/kg)

=
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Figure 3. Effect of the L-citrulline, L-NAME and Their Co-injection on
Licking and Biting Time of the Injected Paw in Male Mice (n=24). L-NAME:
L-NG-Nitro arginine methyl ester, nitric oxide inhibitor (a sub effective
dose). Data are expressed as mean + SE. Different superscripts (a-c) indicate
for significant difference between groups (P<0.05).
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Figure 4. Effect of the L-citrulline, WAY100635 and Their Co-Injection
on Licking and Biting Time of the Injected Paw in Male Mice (n=24).
WAY100635: a selective 5-HT1A receptor antagonist (a sub effective dose).
Data are expressed as mean +SE. Different superscripts (a and b) indicate for
significant difference between groups (P<0.05).

B Control(sling)
B ritanserin {1 mg/kg)
m L-Citrulline {100 mg/kg)
ritanserin (1 mg/kg) + L-Citrulline (100 mg/kg)

[P
g8 B

8

5

Licking and Biting of theinjected paw (5)
5 3

Phase 1(0-5 min) Phase 11{15-45 min)

Figure 5. Effect of the L-citrulline Ritanserin and Their Co-Injection
on Licking and Biting Time of the Injected Paw in Male Mice (n=24).
Ritanserin: a selective 5-HT2 receptor antagonist (a sub effective dose).
Data are expressed as mean=SE. Different superscripts (a-c) indicate for
significant difference between groups (P<0.05).

antagonist and then were injected with L-citrulline (100
mg/kg), and reaction time was recorded (Figure 8). In test
9, mice were injected with saline, saline, L-NAME (10 mg/
kg), L-citrulline (100 mg/kg), and L-NAME + L-citrulline
(Figure 9). In test 10, animals received i.p. injections with
saline, WAY100635 (0.1 mg/kg), L-citrulline (100 mg/
kg), and WAY100635+ L-citrulline (Figure 10). In test
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Figure 6. Effect of the L-citrulline, Ondansetron and Their Co-Injection
on Licking and Biting Time of the Injected Paw in Male Mice (n=24).
Ondansetron: a selective 5-HT3 receptor antagonist (a sub effective dose).
Data are expressed as mean=SE. Different superscripts (a-c) indicate for
significant difference between groups (P<0.05).
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Figure 7. Effect of the L-citrulline on Latency Time in the Hot Plate Test in
Mice (n=30). Data are expressed as mean=+SE. * represents P<0.05 for
significant difference compared with the control group.
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Figure 8. Effect of the L-citrulline, Naloxone and their Co-Injection on
Latency Time in the Hot Plate Test in Mice (n=30). Naloxone: opioid
receptor antagonist (a sub effective dose). Data are expressed as mean +SE. #
represents P<0.05 for significant difference compared with the control group.
* represents P<0.05 for significant difference in group receiving appropriate
drug with naloxone compared to the morphine +naloxone group.

11, mice were i.p. injected with saline, Ritanserin (1 mg/
kg), L-citrulline (100 mg/kg), and ritanserin + L-citrulline
(Figure 11). In test 12, ip. injections were with saline,
Ondansetron (0.5 mg/kg), L-citrulline (100 mg/kg), and
ondansetron + L-citrulline (Figure 12). In addition, a cut-
off time of 20 seconds was used for whole analgesia and
inhibition of tissue damage.

Anti-nociceptive Activity of L-citrulline in Mice
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Figure 9. Effect of the L-citrulline, L-NAME and Their Co-Injection on Latency
Time in the Hot Plate Test in Mice (n=24). L-NAME: L-NG-Nitro arginine
methyl ester, nitric oxide inhibitor (a sub effective dose). Data are expressed
as mean = SE. # represents P<0.05 for significant difference compared with
the control group. * represents P<0.05 for significant difference in group
receiving appropriate drug with L-NAME compared to the without L-NAME
group.
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Figure 10. Effect of the L-citrulline, WAY100635 and Their Co-Injection on
Latency Time in the Hot Plate Test in Mice (n=24). WAY100635: a selective
5-HT1A receptor antagonist (a sub effective dose). Data are expressed as
mean=+SE. # represents P<0.05 for significant difference compared with
the control group.

Rotarod Test

Rotarod is a typical sensory-motor test used to determine
the possible sedative effect of the L-citrulline on animals’
motor coordination and learning skills by determining the
capability of the mice to stand on the accelerated rod. The
experiment was prepared for eight minutes with 0-20 rpm
of acceleration. When mice fell off the rod, the time was
recorded. After a preliminary training trial, all mice tested
in each group were tried for 5 trials in 2 days (21).

Statistical Analysis

Finally, SPSS 22 was used for data analysis using a one-
way analysis of variance (ANOVA). The obtained data
were shown as the mean +standard error, and the Tukey
post hoc test was applied for the main effect by ANOVA
(P<0.05).

Results

Evaluation of the Anti-nociceptive Activity of L-citrulline
Results of anti-nociceptive properties of the L-citrulline by
formalin and hot plate tests are presented in Figures 1 and 7.
As it can be observed, morphine significantly reduced the
licking and biting time of the injected paw (pain response)
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Figure 11. Effect of the L-citrulline, Ritanserin and Their Co-Injection on
Latency Time in the Hot Plate Test in Mice (n=24). Ritanserin: a selective
5-HT2 receptor antagonist (a sub effective dose). Data are expressed
as mean=SE. # represents P<0.05 for significant difference compared
with the control group. * represents P<0.05 for significant difference in
group receiving appropriate drug with L-NAME compared to the without
Ritanserin group.
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Figure 12. Effect of the L-citrulline, Ondansetron and Their Co-Injection on
Latency Time in the Hot Plate Test in Mice (n=24). Ondansetron: a selective
5-HT3 receptor antagonist (a sub effective dose). Data are expressed
as mean=SE. # represents P<0.05 for significant difference compared
with the control group. * represents P<0.05 for significant difference in
group receiving appropriate drug with L-NAME compared to the without
Ritanserin group.

in phases one and two (P<0.05, Figure 1) and latency time
in the hot plate (P<0.05, Figure 7). L-citrulline (50 and
100 mg/kg) significantly decreased pain response in both
phases compared to the control animal (P<0.05, Figure 1).
In addition, latency time in the hot plate increased at 150-
and 180-minutes after injection in 50 mg/kg L-citrulline
and at 90, 120, 150, 180, and 210 minutes after injection
in 100 mg/kg L-citrulline compared to the control group
(P<0.05, Figure 7).

Investigation of the Mechanisms of Action on Anti-
nociceptive Activity of L-citrulline

Involvement of the Opioidergic System

As seen in Figures 2 and 8, an effective dose of the
L-citrulline (100 mg/kg) lessened pain response phases I
and II (P<0.05) and latency time in the hot plate at 60, 90,
120, 150, 180, and 210 minutes after injection (P<0.05).
Naloxone (2 mg/kg) had no anti-nociceptive response
using formalin and hot plate tests (P>0.05). Pretreatment
with naloxone amplified the licking and biting time of the

injected paw compared to the L-citrulline alone group in
both phases of the formalin test (P<0.05) and increased
latency time at 150, 180, and 210-minutes after injection
in the hot plate test compared to naloxone+ morphine
(P<0.05). It seems that the anti-nociceptive response of
the L-citrulline is mediated via opioidergic receptors.

Involvement of the NO System

Based on Figures 3 and 9, L-citrulline (100 mg/kg)
significantly reduced pain response in phases I and II
(P<0.05) and latency time in the hot plate at 90, 120, 150,
180, and 210 minutes after injection (P<0.05). Moreover,
L-NAME (10 mg/kg) had no significant effect on anti-
nociception in formalin and hot plate tests compared
to the control (P>0.05). In addition, pretreatment with
L-NAME significantly diminished the licking and biting
time in comparison to the L-citrulline alone group in both
phases of the formalin test (P<0.05) and increased the
nociceptive threshold at 150, 180, and 210 minutes after
injection in hot plate test (P <0.05). It seems that the anti-
nociceptive response of the L-citrulline was mediated via
the NO system.

Involvement of the 5-HT1A Receptors

L-citrulline (100 mg/kg) significantly reduced pain
response in phases I and II (P<0.05) and latency time in
the hot plate at 90, 120, 150, 180, and 210 minutes after
injection compared to the control (P < 0.05). Further, o anti-
nociception activity was seen by WAY 100635 (0.1 mg/kg) in
formalin and hot plate tests (P> 0.05) (Figures 4 and 10). In
addition, pretreatment with L-citrulline had no significant
effect on the anti-nociception activity of the L-citrulline
in formalin and hot plate tests (P>0.05). Perhaps, 5-HT A
receptors had no role in the anti-nociception activity of the
L-citrulline (Figures 4 and 10).

Involvement of the 5-HT2 Receptors

According to Figures 5 and 11, pain response significantly
reduced after injection of the L-citrulline (100 mg/kg)
compared to the control in the formalin test (P<0.05) and
latency time at 90, 120, 150, 180, and 210 minutes after
injection in the hot plate test (P <0.05). Further, Ritanserin
(1 mg/kg) had no role in anti-nociception in formalin
and hot plate tests compared to the control (P>0.05).
Moreover, pretreatment with Ritanserin lessened the
licking and biting time compared to the L-citrulline alone
group in both phases of the formalin test (P <0.05) and the
nociceptive threshold at 150, 180, and 210 minutes after
injection in the hot plate test (P<0.05). It seems that the
anti-nociceptive effects of the L-citrulline were mediated
via 5-HT, receptors.

Involvement of the 5-HT3 Receptors

As presented in Figures 6 and 12, pain response
significantly reduced after the injection of the L-citrulline
(100 mg/kg) compared to the control in both phases of the
formalin test (P<0.05) and latency time at 90, 120, 150,
180, and 210 minutes after injection in the hot plate test
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(P<0.05). Moreover, Ondansetron (0.5 mg/kg) had no
role in anti-nociception in formalin and hot plate tests
compared to control (P>0.05). Further, pretreatment
with Ondansetron significantly weakened pain response
compared to the L-citrulline alone group in both phases
of the formalin test (P<0.05) and latency at 150, 180, and
210 minutes after injection in the hot plate test (P <0.05).
It seems that 5-HT, receptors had a regulatory role in the
anti-nociceptive effects of the L-citrulline.

Motor Coordination Assessment

As illustrated in Figure 13, the administration of
L-citrulline (25, 50, and 100 mg/kg) caused no disturbance
in motor coordination (P>0.05). Further, morphine (5
mg/kg) significantly decreased time spent on rotarod
compared to the control group (P<0.05).

Discussion

In this study, we used two valid tests, formalin and hot
plate tests, to determine the anti-nociceptive activity of
the L-citrulline. The formalin test has reflected a model of
pain produced in two phases. The first phase (0-5 minutes)
and the second phase (15-30 minutes) are described as
neurogenic pain and inflammatory pain, respectively
(14). In this test, the licking and biting time was shorter
for L-citrulline in the first and second phases. Hot plate
assessment is a sensitive and specific thermal technique for
the involvement of central analgesic activity or supra-spinal
activity. In the current study, latency time in the hot plate
increased 150 and 180 minutes after injection in 50 mg/kg
L-citrulline. It contains acceptable antioxidant properties
which can decrease malondialdehyde levels in glycerol-
induced oxidative damage in rats (22). Moreover, Lum
et al (23) reported that L-citrulline improves superoxide
dismutase and glutathione peroxidase levels in overweight
and obese individuals. Thus, it seems that the anti-
nociceptive activity of the L-citrulline might be regulated
by its antioxidant property by inhibiting oxidation-induced
injury as well as suppressing inflammatory cytokines.
However, there is no prior research on the anti-nociceptive
properties of the L-citrulline; therefore, we were not able
to compare the obtained results with it, and more research

B Control [saling)
@L-Citrulline (50 mg/kg)
morphine (5 mg/ke)

B L-Citrulline (25 mg/kg)
o L-Citrulline (100 mg/kg)

o

Control {saling) L-Citrulline (25 L-Citrulline (50 L-Citrulline (100 morphine(5

me/kg) mg/kg) me/kg) mg/kg)

Figure 13. Effect of the L-citrulline on Stay on Rotarod (s) in Mice (n=50).
Data are expressed as mean + SE. Different superscripts (a and b) indicate for
significant difference between groups (P<0.05).
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is needed to determine direct mechanisms of action for
obtained results.

The role of neurotransmitters such as opioidergic and
serotonergic systems in the modulation of nociceptive is
well-documented in numerous reports. It is important
to determine the possibility of these systems on the
nociceptive properties of new drugs for pain relief (24). As
observed, pretreatment with naloxone has antagonized the
anti-nociceptive activity of L-citrulline in the formalin test
and amplified the nociceptive threshold in the hot plate
test. Several studies have revealed the involvement of the
opioidergic system on nociception using formalin and
hotplate tests. Giorno et al (1) reported that pretreatment
with naloxone blocked the anti-nociception in formalin-
induced paw licking as well as the threshold period in
hotplate tests. All three subtypes of opioid receptors (, 6,
and «) are found in the peripheral, spinal, and supraspinal
sections. Moreover, opioidergic receptors are densely
isolated in the spinal dorsal horn (laminae I and II) in the
dorsal root ganglia, the nucleus raphe magnus, and the
periaqueductal gray (25).

Based on the results, pretreatment with L-NAME caused
the NO inhibitor to diminish the licking and biting time in
the formalin test and augment the nociceptive threshold in
thehot plate. Anincrease in NO and TNF-a gene expression
was observed after intraplantar injection of the formalin
(26). It is known that NO can bring peripheral hyperalgesia
by regulating the expression of cyclooxygenase (14). The
NO pathway is important in the carrageenan-induced
inflammatory response and paw edema test (27). NO
contributes to the acute and chronic phases of nociception
in central and peripheral nervous systems. The sub-plantar
injection of formalin increased the NO level in the injected
site, and pretreatment with L-NAME reduced pain in mice
(26). Further, NO increased the synthesis or release of
the ROS followed by elevation in inflammatory reaction.
L-citrulline is an antioxidant that is orally administrated
and prevents neuronal cell death and memory deficits in
transient brain ischemia (7). Hence, a part of the observed
anti-nociceptive effect might be related to suppressing the
release of inflammatory mediators or obstruction of the
peripheral cyclooxygenase activity. This study suggested
that the anti-nociceptive activity of the L-citrulline is
mediated by the NO system. Based on the literature,
firing from single, dorsal root horn neurons decrease
the following administration of the L-NAME earlier to
intraplantar injection of the formalin (4). In this regard,
Vetter et al (28) reported that the No release in the dorsal
horn of the spinal after formalin injection is associated
with other mediators such as glutamate, substance P,
and PGE,. Activation of N-methyl-D-aspartate receptors
by glutamate increases the NO and PGE, release which
subsequently enhances glutamate in the dorsal horn
neurons and central sensitization. On the other hand,
as glycine receptors suppress neuronal firing in the
spinal cord, pretreatment with cyclooxygenase inhibitors
decreases paw-licking response in the formalin test (4).
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However, based on the limitations of the current study,
we were not able to determine levels of pro-inflammatory
mediators or involvement of cyclooxygenase in the anti-
nociceptive activity of the L-citrulline.

Numerous researchers in laboratory animals advocated
that serotonin modulates nociceptive. Based on findings,
5-HT, and 5-HT, receptors modulate nociceptive
transmission as the initiation of these receptors in the
spinal cord leads to the anti-nociception in formalin and
hot plate tests (17). Further, pretreatment with a 5-HT,
receptor antagonist diminished the licking and biting
time and latency time in comparison to control mice.
In addition, the licking and biting time and latency time
significantly diminished by pretreatment with a 5-HT,
receptor antagonist. However, the 5-HT A receptor had no
role in the anti-nociceptive activity of the L-citrulline. The
novel anti-nociceptive and anti-inflammatory roles were
reported for 5-HT,. It is reported that intraplantar induced
pain is suppressed by 5-HT. Further, a central analgesic
effect for 5-HT, is reported in the hot plate model (1).
This phenomenon might be associated with the release
of serotonin and/or a direct antagonistic action at 5-HT,
receptors located at mainly afferent fiber ends (1).

Conclusion

Finally, we observed that the administration of the
L-citrulline had no effect on motor coordination in mice.
Therefore, it can be concluded that the used levels of the
L-citrulline had no non-specific muscle relaxation and
sedative effects. In sum, although the direct mechanism
for this finding was not determined, the results suggested
that opioidergic, NO systems, as well as 5-HT, and 5-HT,
receptors had a regulatory role in the anti-nociceptive
effects of the L-citrulline.
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