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Background: Sitagliptin is an antidiabetic drug that inhibits dipeptidyl peptidase-4 enzyme. This study aimed to
investigate the antinociceptive and anti-inflammatory effects of sitagliptin in formalin and carrageenan tests and
determine the possible mechanism(s) of its antinociceptive activity.

Methods: Male Swiss mice (25-30 g) and male Wistar rats (180-220 g) were used for formalin and carrageenan
tests, respectively. In the formalin test, paw licking time and in the carrageenan test, paw thickness were considered
as indexes of pain behavior and inflammation respectively. Three doses of sitagliptin (2.5, 5, and 10 mg/kg) were
used in these tests. Also, several antagonists and enzyme inhibitors were used to evaluate the role of adrenergic,
serotonergic, dopaminergic, and opioid receptors as well as the NO/cGMP/K,» pathway in the antinociceptive effect
of sitagliptin (5 mg/kg).

Results: Sitagliptin showed significant antinociceptive and anti-inflammatory effects in the formalin and
carrageenan tests respectively. In the carrageenan test, all three doses of sitagliptin significantly (P < 0.001)
reduced paw thickness. Pretreatment with yohimbine, prazosin, propranolol, naloxone, and cyproheptadine
could not reverse the antinociceptive effect of sitagliptin (5 mg/Kg), which indicates that adrenergic, opioid, and
serotonin receptors (5HT,) are not involved in the antinociceptive effects. LNAME, methylene blue, glibenclamide,
ondansetron, and sulpiride were able to reverse this effect.

Conclusions: NO/cGMP/K,:, 5HT; and D, pathways play an important role in the antinociceptive effect of sitagliptin.
Additionally significant anti-inflammatory effects observed in the carrageenan test might contribute in reduction of
pain response in the second phase of the formalin test.
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INTRODUCTION

Sitagliptin is a well-known dipeptidyl peptidase-4 (DPP-4)
inhibitor that is widely used in diabetic patients as mono-
therapy or in combination with other antidiabetic medi-
cations like metformin. Despite an increased risk of in-
fections like nasopharyngitis and urinary tract infections,
the drug has an acceptable safety profile and has been
well tolerated [1]. Previous researches have documented
that DPP-4 inhibitors have antioxidant, antiapoptotic,
and antifibrotic activities [2,3]. Additionally, antinocicep-
tive and anti-inflammatory effects have been reported for
sitagliptin [4,5].

Multiple neurotransmitters and receptors have been
implicated in the signaling of pain, according to earlier
studies [6,7]. In the pain pathway, following stimulation
of nociceptors, the message transmits to the dorsal horn
and reaches the thalamus via the spinothalamic pathway.
Additionally, ascending information reaches the neurons
of the rostral ventral medulla and the periaqueductal
gray in the midbrain that evokes the descending pathway
which eventually modulates the output from the spinal
cord. It has been documented that the endogenous opi-
oids, cannabinoids, 5-hydroxytryptamine (5-HT), and
norepinephrine have a crucial role in pain signaling path-
ways in brain sites. Also, in the dorsal horn, tachykinins
(substance P and other neuropeptides), calcitonin gene-
related peptide, glutamate, and 5-HT modulate trans-
mission of pain signals through spinothalamic path [6].
Opioids, as potent analgesics, activate receptors located
at peripheral, spinal, and supraspinal sites to suppress
pain [8]. Also, serotonin controls pain through 5-HT,, and
5-HT, receptors. Thermal and chemical pain may be re-
duced by antagonists of these receptor. 5HT,; antagonists
modulate pain and inflammation through substance P,
which is especially effective in chronic pain. Low dos-
ages of these antagonists may release more endogenous
opioids in the spinal cord, while greater doses may al-
leviate pain by activating neuronal activity in nociceptive
pathways [9]. In addition, the adrenergic system has an
impact on the nociceptive system [10].

Another neurotransmitter that is involved in the me-
diation of nociceptive behavior is dopamine. Studies on
both animals and humans have shown that the striatal D,
and D, receptors play an essential regulating function in
the regulation of pain [11].

One of the most well-studied signaling molecules that
contributes in pain signaling is nitric oxide (NO) and it
has been linked to analgesic effects in several studies. An-
algesia is achieved when the intracellular concentration

of cyclic guanosine monophosphate (cGMP) is raised,
which is the result of activation of the enzyme guanylate
cyclase by NO. The analgesic action of opioid receptor
agonists has been demonstrated to be mediated in part
through the NO and cGMP pathways. NO-releasing fac-
tors have also been shown to alleviate pain [12,13].

While previous studies have looked into sitagliptin's
antinociceptive and anti-inflammatory effects, the effects
have not been evaluated in the carrageenan and forma-
lin models, which are the most reliable and widely used
models of inflammation and pain, and detailed informa-
tion about the mechanism(s) of the antinociceptive ef-
fects is not available.

According to the above considerations, the aims of the
present study were: (1) to evaluate the antinociceptive ef-
fect of sitagliptin in the formalin test in mice, (2) to inves-
tigate its anti-inflammatory activity in the carrageenan
test in rats, and (3) to examine some possible mecha-
nisms involved in the antinociceptive activity produced
by sitagliptin in the formalin model of nociception.

MATERIALS AND METHODS

1. Drugs

Sitagliptin was from Arya Pharmaceutical Company.
Ondansetron (Tehran Chemie Pharmaceutical Co.),
propranolol and naloxone (Tolid Daru) were also used.
Raha and Farabi Pharmaceutical companies provided
cyproheptadine and tadalafil respectively. The remaining
chemicals including L-NAME, arginine, methylene blue,
glibenclamide, sulpiride, prazosin, and yohimbine were
purchased from Sigma Chemical Co.

2. Animals

In the animal house of the School of Pharmacy in Isfa-
han, Iran, 30 male Wistar rats (200 + 20 g) and 168 male
Swiss mice (25-30 g, 10-12 weeks old) were maintained
under controlled environmental conditions at 23°C-25°C
and a 12 h light/dark cycle. They had free access to both
standard rodent chow pellets and drinking water. All
animal studies were conducted in accordance with The
National Ethical Committee of Iran (Ethics code: IR.MUL
RESEARCH.REC.1400.555) recommendations for the care
and use of laboratory animals. Every attempt was made to
minimize the pain suffering of the animals and decrease
the total number of animals employed.
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3. Experimental design

At first, antinociceptive effect of three doses of sitagliptin
(2.5, 5, and 10 mg/kg) was evaluated in the formalin test.
Based on the results, a dose of 5 mg/kg of sitagliptin was
selected for mechanistic experiments.

In the mechanistic section, different groups of mice (n
= 6) were pretreated with prazosin (2 mg/kg), yohimbine
(5 mg/kg), propranolol (2 mg/kg), naloxone (5 mg/kg),
sulpiride (20 mg/kg), cyproheptadine and ondansetron
(2 mg/kg), arginine (100 mg/kg), L-NAME (20 mg/kg),
methylene blue (5 mg/kg), tadalafil (2 mg/kg), or glib-
enclamide (10 mg/kg) thirty minutes prior to sitagliptin
administration and then the formalin test was performed.
All drugs were injected intraperitoneal except formalin
that was injected subcutaneously (s.c.). The doses were
selected based on previous studies [14,15]. In another se-
ries of animals, the same doses of the above-mentioned
drugs were used without sitagliptin.

4. Formalin test

Formalin (2.5% v/v, 20 uL) was administered s.c. into the
right hind paw of mice 30 minutes after the injection of
sitagliptin. The time spent for paw licking was measured
at 0-5 and 20-40 minutes after formalin injection and
considered the acute and chronic phases respectively
[16,17].

5. Carrageenan-induced paw edema

In the carrageenan test, rats were divided into 5 groups
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Fig. 1. The antinociceptive effect of three different doses of
sitagliptin in formalin test. Data show mean * standard error of
the mean of 6 mice per group. ***P < 0.001 compared to con-
trol group (one way analysis of variance and Scheffe post hoc).
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of 6, including three groups receiving sitagliptin (2.5, 5,
and 10 mg/kg), a negative control group (receiving only
carrageenan) and a positive control group (indomethacin
group, 10 mg/kg). Thirty minutes after intraperitoneal
administration of the drugs, 100 pL of carrageenan sus-
pension (1% w/v) was injected into the sub-plantar space
of the right paw of animals, and paw thickness was mea-
sured once before carrageenan administration and then
at time intervals of 1 and 4 hours after administration.
Edema was calculated and compared with the control
group [18,19].

6. Statistical analysis

Results are expressed as mean + standard error of the
mean. The data was analyzed using one-way analysis of
variance and the Scheffe post hoc test. P values less than
0.05 were judged to be statistically significant. The sta-
tistical analysis was performed using SPSS 25.0 software
(IBM Corp.). A software package (Excel 2020; Microsoft)
was used for graphing.

RESULTS

1. Antinociceptive effect of sitagliptin and the
effect of antagonists and enzyme inhibitors on it
in the formalin test

The antinociceptive effect of sitagliptin was statistically
significant for all applied doses and in both phases of for-
malin test (P < 0.001) (Fig. 1).

To evaluate the role of adrenoceptors, 5 mg/kg of
yohimbine (selective alpha 2 antagonist), 2 mg/kg of
prazosin (selective alpha 1 antagonist), and 2 mg/kg of
propranolol (non-selective beta-adrenergic receptor an-
tagonist) were administered.

None of the mentioned drugs could reverse the anti-
nociceptive effect of sitagliptin (Fig. 2). The paw licking
time was not significantly different between control and
groups that received antagonists alone.

Cyproheptadine, a non-selective antagonist, and on-
dansetron as a 5HT, antagonist, were injected at a dose of
2 mg/kg to assess the contribution of serotonin receptors.

Cyproheptadine in both phases and ondansetron in the
acute phase could not reverse the antinociceptive effect
of sitagliptin, but ondansetron reversed this effect in the
chronic phase of the formalin test (P = 0.006) (Fig. 3).

The contribution of opioid receptors in the antinoci-
ceptive effect of sitagliptin was assessed by naloxone (5
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Fig. 2. Evaluation of the effect of adrenergic system on the an-
tinociceptive effect of sitagliptin. Data show mean + standard
error of the mean of 6 mice per group. **P < 0.01 and ***P <
0.001 compared to control group (one way analysis of variance
and Scheffe post hoc).

120 1 [ Acute
Il Chronic

100 -
§ ##
~ 80 -
(0]
£
o 60
£
X
)
; 40 T *kk o
©
n_ *kk .

20 A
O T T T T T
A O
© & & & & &
o{\\ qu\\Q \_’bb\ \@b\ Q’Q‘)é 6®\$
O %‘\\. X XN ,b(\ 'b(\
O & & N
Q Q O )
9 o
;\\'(\
& &\Q
A\ <@

Fig. 3. The effect of cyproheptadine or ondansetron on the an-
tinociceptive effect of sitagliptin. Data show mean + standard
error of the mean of 6 mice per group. ***P < 0.001 com-
pared to control group. “P < 0.01 compared to sitagliptin group
(one way analysis of variance and Scheffe post hoc).

mg/kg). Naloxone alone could not produce any signifi-
cant change in formalin-induced pain behavior. Also,
pretreatment with naloxone did not prevent the antinoci-
ceptive effect of sitagliptin in both phases of the formalin
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Fig. 4. The effect of naloxone on the antinociceptive effect of
sitagliptin. Data show mean + standard error of the mean of
paw licking time of 6 mice per group. ***P < 0.001 compared
to control group (one way analysis of variance and Scheffe post
hoc).
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Fig. 5. The effect of sulpiride on the antinociceptive effect of
sitagliptin. Data show mean * standard error of the mean of
paw licking time of 6 mice per group. ***P < 0.001 compared
to control group. **P < 0.01 compared to sitagliptin group (one
way analysis of variance and Scheffe post hoc).

test (Fig. 4).

Sulpiride (20 mg/kg) was used as a selective D, antago-
nist to assess the involvement of dopamine receptors. As
it is seen in Fig. 5, this drug antagonized the antinocicep-
tive effect of sitagliptin in both phases of the formalin test
(P =0.002 in the acute phase and P = 0.005 in the chronic
phase).

NO precursor arginine (100 mg/kg), NO synthase in-
hibitor L-NAME (20 mg/kg), guanylyl cyclase inhibitor
methylene blue (5 mg/kg), and PDES5 inhibitor tadalafil (2
mg/kg) were employed in this study. To test the function
of ATP-dependent potassium channels, glibenclamide (10
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mg/kg) was also administered.

There is a significant difference between L-NAME-,
methylene blue- and glibenclamide-pretreated groups
with sitagliptin group (P < 0.001, P = 0.041, and P = 0.003,
respectively) in the chronic phase of formalin test. Also,
there was no significant difference between the duration
of paw licking in the tadalafil- and arginine-pretreated
groups with the sitagliptin group in both acute and
chronic phases (Fig. 6).

2. Carrageenan-induced paw edema

The anti-inflammatory effect of sitagliptin and indo-
methacin (the standard drug) was investigated in the
carrageenan test. Four hours after carrageenan injection,
all three doses of sitagliptin, as well as indomethacin,
showed significant differences in paw thickness com-
pared to the control (Fig. 7).

DISCUSSION

Our results showed that sitagliptin inhibits the percep-
tion of pain in the formalin test. Also, it showed an anti-
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Fig. 6. The effect of the drugs acting on NO/cGMP/K,» path-
way on the antinociceptive effect of sitagliptin. All data are
expressed as mean + standard error of the mean of 6 mice
per group. NO: nitric oxide, cGMP: cyclic guanosine monophos-
phate. *P < 0.05, **P < 0.01 and ***P < 0.001 compared to
control group. *P < 0.05, #P < 0.01 and ***P < 0.001 compared
to sitagliptin group (one way analysis of variance and Scheffe
post hoc).
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inflammatory effect in the carrageenan test as indicated
by reducing paw thickness in the rats. Another finding
was the role of the NO/cGMP/K,, signaling pathway, do-
pamine D, and 5-HT, receptors as possible antinocicep-
tive mechanisms.

Previously anti-inflammatory and analgesic activities
of sitagliptin was reported in a neutrophil accumulation
model and mechanical touch sensitivity in complete
Freund'’s adjuvant-induced arthritis [4]. In the present
study two other models (the formalin and carrageenan
models) were used for the first time to assess the antino-
ciceptive and anti-inflammatory effects and the authors’
findings confirmed the previous results [4].

The formalin test is a valid and sensitive measure of
pain that has widespread use in pharmaceutical research.
There are two distinct stages of pain behavior in this
test: the acute phase, which occurs during the first five
minutes after formalin injection, and the chronic phase,
which occurs 20-40 minutes later. When formalin is in-
jected into a mouse's hind paw, it activates the pain C
fibers and causes the mouse to experience pain. In this
test, the severity of the pain is measured by the time spent
paw licking [16,20].

The well-known opioid antagonist naloxone was un-
able to counteract the antinociceptive effect of sitagliptin,
indicating that opioid receptors are not involved in the
antinociceptive effect observed with sitagliptin. The au-
thors also administered alpha-1, alpha-2, and non-selec-
tive beta receptor antagonists (prazosin, yohimbine, and
propranolol) to test the adrenergic pathway. Pretreatment
with these drugs had no impact on sitagliptin's antinoci-
ceptive action, therefore the present study did not imply
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Fig. 7. Anti-inflammatory effect of three different doses of sita-
gliptin in carrageenan test. *P < 0.05 and ***P < 0.001 refer
to statistical significance from the control (one way analysis of
variance and Scheffe post hoc).
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arole for these receptors.

The involvement of serotonin receptors in pain regula-
tion has previously been investigated. It has been shown
that stimulation of the periaqueductal grey area causes
the release of serotonin (5-HT) in the dorsal horn of the
spinal cord, and then activation of the 5-HT, and 5-HT,
receptors blocks the spinothalamic pain pathway [21].

In this investigation, cyproheptadine and ondansetron
were employed to assess the function of the above sero-
tonergic receptors in sitagliptin's antinociceptive action.
Although cyproheptadine is not a selective serotonin
receptor antagonist, it has a strong antagonistic impact
on various subtypes of 5HT, receptors, including 5HT,,,
5HT,;, and 5HT,. [22]. In this study, cyproheptadine per
se did not show an analgesic effect and, in contrast to
these results, Tan et al. [23] reported an analgesic effect
for cyproheptadine in the writhing test and hot plate test.
This difference may be due to different animal models as
well as different doses. The authors used a dose of 2 mg/
kg of cyproheptadine in the formalin test which was less
than the ED, (4.4 mg/kg) reported in their writhing test.

Ondansetron inhibits 5HT, receptors specifically. The
authors’ findings showed partial reversal of the sitagliptin
antinociceptive effect by ondansetron and suggested the
participation of 5HT; receptors in its effect. Consistent
with the present study, ondansetron has decreased the
analgesic efficacy of tramadol [24].

The role of D, receptors in pain modulation is well es-
tablished [25,26]. Morgan and Franklin [27] reported that
SKF 38393 (a selective D, agonist) had no antinociceptive
effect in a formalin test while quinpirole as a selective
D2 agonist dose-dependently reduced formalin-induced
pain behavior. They also documented that the pimozide
(0.5 mg/kg) as a D, antagonist attenuated morphine and
amphetamine. In the present study sulpiride was used as
another selective D, dopamine receptor blocker and sig-
nificantly prevented sitagliptin-induced antinociception
in both phases of the formalin test. Therefore, it is specu-
lated that D, receptors might mediate sitagliptin’s pain
suppressing effect.

In recent years, many investigators have focused on
the central and peripheral role of the NO/cGMP/K
channel pathway in pain modulation and it appears that
NO, depending on its tissue concentration and the ani-
mal model of pain, has a dual effect on pain perception.
Therefore, both pro-nociceptive and antinociceptive ef-
fects have been reported for arginine as the precursor of
NO biosynthesis. Also, L-NAME as a well-known inhibi-
tor of NO synthase has produced both analgesic and anti-
analgesic activities [28,29].

Our findings clearly demonstrated that L-NAME re-
versed the antinociceptive effects of sitagliptin. Consis-
tent with these results, other studies have shown that L-
NAME inhibited the pain-suppressing effects of ketorolac,
diclofenac, and ketamine [30-32]. In the present study,
L-NAME did not produce anti-nociception by itself, and
this finding is inconsistent with previous reports [33,34]
and might be explained by differences in the route of
drug administration or drug dose.

The above effect was confirmed by reversal of sita-
gliptin antinociception by methylene blue (a guanylyl
cyclase inhibitor) and glibenclamide (a K,;, channels in-
hibitor).

Previous studies have shown that activation of the NO/
cGMP pathway results in an opening of potassium chan-
nels and hyperpolarization of neuron membranes. Alves
et al. [35] reported that diazoxide as a potassium channel
opener showed antinociceptive effect. Also, Yamazumi et
al. [36] reported that K, channels contribute to the spi-
nal antinociceptive effect of fentanyl, bethanechol, and
clonidine, which means that these channels have an im-
pact on both opioid and non-opioid analgesics. Addition-
ally, these channels are involved in the antinociceptive
effects of curcumin [37].

The present study used the carrageenan test to evaluate
the anti-inflammatory effect of sitagliptin. The carrageen-
an test is a reliable and valid test to investigate inflamma-
tion in animals. Carrageenan causes acute and local in-
flammation [19]. All three doses of sitagliptin (2.5, 5, and
10 mg/kg) suppressed carrageenan-induced edema and
the present study’s results are consistent with the study
of Makdissi et al. [38] in terms of the anti-inflammatory
effect of this drug. Since the second phase of the formalin
test is of inflammatory origin, it seems that anti-inflam-
matory the effect of sitagliptin might also contribute to
the antinociceptive effect observed in the second phase
of formalin test.

In conclusion, activation of dopamine D, and serotonin
5HT, receptors as well as the NO/cGMP pathway are in-
volved in the antinociceptive activity of sitagliptin. Also,
the anti-inflammatory effect observed in the carrageenan
test indicates that this effect has an important role in con-
trolling inflammatory pain.
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