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ABSTRACT

Objective: In this study, the effect of different classes of histamine H, receptor antagonists (chlorpheniramine, cetirizine, and fexofenadine), p
opioid receptor agonist (morphine), and opioid receptor antagonist (naloxone) in separate and combined treatments were investigated on the acute
trigeminal model of pain in rats.

Methods: Eye wiping test used for induction of acute trigeminal pain by putting a drop of NaCl, 5 M solution (40 pl) on the corneal surface of the eye,
and the number of eye wipes counted during the first 30 seconds.

Results: Intraperitoneal injection of both chlorpheniramine and cetirizine at doses of 10 and 20 mg/kg significantly inhibited the acute trigeminal pain.
However, fexofenadine did not change corneal pain response. Morphine at doses of 1.25, 2.5, and 5 mg/kg reduced eye wipe responses. Administration
of both chlorpheniramine and cetirizine but not fexofenadine before morphine-enhanced morphine analgesic activity, also pretreatment of animals
with naloxone inhibited morphine, chlorpheniramine, and cetirizine-induced analgesia in the acute corneal pain.

Conclusion: Our results showed that chlorpheniramine as a histamine H, antagonist that efficiently Penetrates blood-brain barrier (BBB) and
cetirizine with less penetration of BBB but not fexofenadine (an H, receptor antagonist with a negligible brain-accessibility) could induce analgesia
in the acute corneal pain via opioidergic mechanism. Coadministration of morphine with chlorpheniramine or cetirizine could enhance its analgesic

activity in the acute trigeminal model of pain in rats.
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INTRODUCTION

The evidence suggests that different classes of histamine H, receptor
antagonists have an antinociceptive effect in animals and men. For
example, ReN-1869 is a novel selective H, receptor antagonist that has
been developed for analgesic purpose [1]. It has been reported that
histamine H, receptor knockout mice showed decreased sensitivity
to nociceptive stimuli [2]. In the periphery, histamine release from
the injured tissue, mast cells, and basophils led to activation of pain-
transmitting nerve fibers and also increases the release of pain-related
neuropeptides [3]. The central histaminergic system plays an important
role in the pain modulation. Histamine showed dual analgesic and
pronociceptive roles in the central nervous system [4-6].

Fexofenadine is a selective nonsedating H, receptor antagonist with
a negligible brain-accessibility. There is no approved evidence for its
analgesic properties, but There are some evidences about its anti-
inflammatory activity. Fexofenadine inhibits cytokine release from
nasal epithelial cells following eosinophil activation [7]. Fexofenadine
inhibited the release of chemotransmitters from isolated human
basophils [8]. Furthermore, fexofenadine decreased carrageenan-
induced paw edema and decreased pain score following intraplantar
injection of formalin in rats [9]. Cetirizine is another selective H,
receptor antagonist used for allergic conditions such as rhinitis,
urticaria, and conjunctivitis. Priya et al. (2013) reported an analgesic
effect of cetirizine in the tail immersion, tail flick, and tail pinch test in
rats [10].

The analgesic effects of morphine in behavioral studies are well
established [11]. It is believed that the opioid system may interact in

the antihistamine-induced antinociception. It has been reported that
intramuscular injection of hydroxyzine combined with morphine in
postoperative patients, can potentiate the antinociceptive activity of
morphine [12]. Intraperitoneal (IP) administration of chlorpheniramine
enhanced analgesic effect of morphine on the visceral nociceptive
responses [13].

Spinal trigeminal nucleus process corneal sensory input in the rat [14].
Corneal pain would be very severe and incapacitating. Corneal
nociceptor density has been estimated to be 20-40 times greater than
dental pulp and 300-600 times higher than skin [15]. These polymodal
nociceptors mostly respond to a range of noxious stimuli such as cold,
heat, high threshold touch, chemicals, and protons. Moreover, there is
a wide range of conditions including dry eye, post-herpetic neuralgia,
trigeminal neuralgia, contaminated environments, contact lens wear,
and new surgical techniques for the correction of refractive defects that
cause ocular discomfort and pain [16].

To our knowledge, the effect of histamine H, antagonists on the
analgesic action of morphine in the corneal pain was not described until
now. We hypothesized that the combination of histamine H, antagonists
with morphine can enhance the analgesic effect of morphine and
reduce the morphine dose in the patients with corneal or trigeminal
pain symptoms.

Hence, the present study was planned to investigate the analgesic
effect of sedating and nonsedating H, receptor antagonists on the
hypertonic saline-induced corneal pain (acute trigeminal pain).
Naloxone pretreatment was performed to clarify the involvement of the
opioidergic system in H, antagonists-induced analgesia. The effect of
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histamine H, antagonists on the morphine-induced analgesia was also
examined.

METHODS

Animals

Adultmale Wistar rats, weighing 250-280 g, were used in this study. They
were randomly housed in polyethylene cages with ad libitum access to
food and water in a room with controlled temperature (22+1°C) and
under a 12 h light-dark cycle (lights on from 07:00 a.m.). Six rats were
used in each group. All experiments were performed between 11 am
and 3 pm. All research and animal care procedures were approved by
the Veterinary Ethics Committee of the Faculty of Veterinary Medicine,
University of Tabriz and were performed in accordance with the current
guidelines for the care of laboratory animals and the ethical guidelines
for investigations of experimental pain in conscious animals [17].

Drugs

Morphine sulfate was purchased from Toliddarou Co (Tehran, Iran).
Cetirizinehydrochloride, fexofenadine hydrochloride, chlorpheniramine
maleate, naloxone hydrochloride, and carboxymethylcellulose (CMC)
were purchased from the Sigma-Aldrich Chemical Co (St. Louis,
MO, USA). NaCl was purchased from Merck Chemicals (Darmstadt,
Germany). Fexofenadine dissolved in CMC (5%), other drugs and
chemicals were dissolved in physiological saline only NaCl dissolved in
distilled water.

Eye wiping test

Each rat was placed on a 50x50x1 cm wooden table and after a
15 minutes habituation period, one drop (40 pl) of NaCl 5 M solution
was put into the right or left cornea using a pipette (Transferpette®
S 10-100 pl Brand Co., Germany), and then the numbers of eye
wipes performed with ipsilateral forepaw were counted during the
30 seconds. Furthermore, each burst of hind paw scratches was counted
as one wipe [18,19].

The first eye wiping test (predrug wiping test) of each animal was
measured 10 minutes before all chemicals administration. The second
eye wiping test (postdrug wiping test) was performed 30 or 40 minutes
after drug administration, depending on the type of treatment.

The maximal possible effect (MPE%) was calculated for each animal
according to the following formula:

MPE%=100x([postdrug wipes count-predrug wipes count]/[0-predrug
wipe count]).

Experimental protocol

We used IP injection for the administration of all chemicals and drugs
in this study. Saline (200 ul), CMC (5%, 200 pl), chlorpheniramine
(5, 10, and 20 mg/kg), cetirizine (5, 10, and 20 mg/kg), fexofenadine
(5, 10, and 20 mg/kg), and morphine (1.25, 2.5, and 5 mg/kg) were
injected 30 minutes before the second eye wiping test. Naloxone
(1 mg/kg) was administrated 40 minutes before the second eye wiping
test. Coadministration of chlorpheniramine (5 mg/kg), cetirizine
(5 mg/kg), and fexofenadine (5 mg/kg) together with morphine
(2.5 mg/kg) were done 30 minutes before the second eye wiping test.
Naloxone was administrated 10 minutes before IP injection of morphine
(5 mg/kg), chlorpheniramine (20 mg/kg), and cetirizine (20 mg/kg).

Statistical analysis

Statistical differences were determined by one-way analysis of variance
followed by Tukey honest significant difference post-hoc test using
IBM® SPSS® software version 19 (IBM company, USA). In figures, all
values are expressed as meantstandard error of the mean. A value of
p<0.05 was considered statistically significant.

RESULTS

In the present study, application of one drop (40 ul) of NaCl, 5 M solution
on the surface of the cornea produced eye wiping (pre eye wiping
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numbers: 15.66+2.26 and post eye wiping numbers: 15.33+2.18)
response. None of the tested animals reacted to topically applied NaCl,
0.9% solution (normal saline). Thus, the obtained results (0+0) are not
shown in the figures.

Chlorpheniramine at a dose of 5 mg/kg had no effect, whereas, at doses
of 10 and 20 mg/kg, this histamine H, receptor antagonist significantly
showed an inhibitory effect on the eye wiping response (37.47+6.27%
p<0.001 and 49.22+9.13% p<0.0001, respectively) compared to
vehicle-treated group (Fig. 1).

Cetirizine at a dose of 5 mg/kg did not produce significant analgesia,
whereas, at doses of 10 and 20 mg/kg, it significantly showed an
inhibitory effect on eye wiping response (38.75%£6.19% p<0.001 and
44.45+6.62% p<0.0001, respectively) compared to control group
(Fig. 2).

As shown in the Fig. 3, IP administration of all doses of fexofenadine
(5, 10, and 15 mg/kg) did not produce analgesia (4.76%3.94%,
3.33£2.13, and 10.41+4.22, respectively) in the acute trigeminal model
of pain in rats.

In addition, all doses of morphine (1.25, 2.5, and 5 mg/kg, IP) produced
an analgesic effect on eye wiping response (30.83+6.05% p<0.05,
35.15+10.06% p<0.01, and 71.90+6.63% p<0.0001, respectively)
compared to control group (Fig. 4).

90 1 OControl

20 | BChlorpheniramine S mgkg
BChlorpheniramine 10 mg/kg
70 1 ©Chlorpheniramine 20 mg/kg
60 - *%

50 - w I

40 -

MPE%

30

20

10 1

0

Fig. 1: Analgesia produced by intraperitoneal injection of
different doses of chlorpheniramine on corneal pain response
induced by NaCl 5 M solution applied to the corneal surface in
rats. The values are expressed as mean+standard error of the

mean (n=6/group). The data are compared with one-way analysis
of variance followed by Tukey honest significant difference
post-hoc test; ¥*p<0.01, *¥p<0.0001 versus control
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Fig. 2: Analgesia produced by intraperitoneal injection of
different doses of cetirizine on corneal pain response induced
by NaCl 5 M solution applied to the corneal surface in rats. The

values are expressed as meanz+standard error of the mean
(n=6/group). The data are compared with one-way analysis of
variance followed by Tukey honest significant difference post-hoc
test; *p<0.001, **p<0.0001 versus control
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Fig. 3: The maximal possible effect of intraperitoneally
administered fexofenadine on corneal pain response induced by
NaCl 5 M solution applied to the corneal surface in rats.
(n=6/group). CMC: Carboxymethylcellulose
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Fig. 4: Analgesia produced by intraperitoneal injection of
different doses of morphine on corneal pain response induced
by NaCl 5 M solution applied to the corneal surface in rats. The

values are expressed as meanzstandard error of the mean
(n=6/group). The data are compared with one-way analysis of
variance followed by Tukey honest significant difference post-hoc
test; ¥*p<0.05, 'p<0.01 and **p<0.0001 versus control

Coadministration of chlorpheniramine (5 mg/kg) with morphine
(2.5 mg/kg) enhanced (63.52+7.27%, p<0.0001) the antinociceptive
effect of morphine (2.5 mg/kg) in the eye wiping response (Fig. 5).

Coadministration of cetirizine (5 mg/kg) with morphine
(2.5 mg/kg) enhanced (60.49+9.16% p<0.0001) the antinociceptive
effect of morphine (2.5 mg/kg) in the eye wiping response (Fig. 5).

Coadministration of fexofenadine (5 mg/kg) with morphine (2.5 mg/kg)
did not alter the antinociceptive effect of morphine (2.5 mg/kg) in the
eye wiping response (34.06£1.97%, p<0.05) in comparison with the
control group (Fig. 5).

On the other hand, IP administration of naloxone (1 mg/kg, IP) alone
had no effect on eye wiping response in comparison with the control
group. However, pretreatment of animals with naloxone inhibited the
antinociceptive effects of morphine (2.5 mg/kg), chlorpheniramine
(20 mg/kg), and cetirizine (20 mg/kg) in the eye wiping response
(Fig. 6).

DISCUSSION

Topical administration of one drop NaCl 5 M solution into the corneal
surface-induced acute chemical pain response in this study. It has been

Fig. 5: Analgesia produced by coadministration of sub analgesic
doses of chlorpheniramine and cetirizine with morphine on
the corneal pain response in rats. Values are expressed as
the meanzstandard error of the mean (n=6/group). *p<0.05,
p<0.01 and **p<0.0001 compared with control. Mor: Morphine,
Chl: Chlorpheniramine, Cet: Cetirizine, Fexo: Fexofenadine

90
OControl
80
ONaloxone Imgkg
70 BChlorpheniramine 20 mg/kg
BCetirizine 20 mg/k;
60 1 . etirizine 20 mgkg
< BMorphine 2.5 mg/kg
=50 - @Nalox 1 +Mor 2.5 mgkg
E BNalox 1+ Chl 20 mg/kg
407 @Nalox 1 + Cet20 mgkg
(]
%0 1 B
[3X3
$%o%% |
5
20 A 504
104
104
1595038
- %0 %% |
1 B
X3
B
o KXXA

Fig. 6: Effect of pretreatment with naloxone on the antinociceptive
activity of chlorpheniramine, cetirizine, and morphine in corneal
pain response induced by NaCl 5 M solution applied to the corneal
surface in rats. The values are expressed as mean+standard
error of the mean (n=6/group). The data are compared with
one-way analysis of variance followed by Tukey honest significant
difference post-hoc test; **p<0.0001, 'p<0.01 versus control.
Nalox: Naloxone, Chl: Chlorpheniramine, Cet: Cetirizine

shown that the application of NaCl, capsicum, and nicotine into the
corneal surface produce a vigorous response in the nociceptive neurons
in the trigeminal subnucleus caudalis in rat [20]. Hyperosmotic solution
like NaCl by activating transient receptor potential (TRP) vanilloid 1
and TRP melastatin 8 receptors on corneal nociceptors could induce
chemical nociception [21,22].

According to the present results, it is clear that chlorpheniramine and
cetirizine produced antinociception in the acute trigeminal model of
pain as an acute model of corneal chemical pain while IP administration
of fexofenadine did not alter acute trigeminal pain in rats.

Fexofenadine is a highly selective nonsedating histamine H, receptor
antagonist[23]. Tissuedistributionstudiesinratsrevealed thatfexofenadine
does not cross the blood-brain barrier [24,25]. We used fexofenadine in
this study because it is very selective for H, receptor and only occupied
peripheral histamine H, receptors, whereas chlorpheniramine as a first-
generation of antihistamines have been attributed to poor H,-receptor
specificity and also easily crossing the blood-brain barrier (BBB) and acts
on the both peripheral and central receptors [26].
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Cetirizine is a second-generation antihistamine with reduced brain-
penetrating activity and more H, binding selectivity in comparison with
the first-generation of antihistamine [26].

Tashiro et al. (2002) reported that the administration of cetirizine
20 mg/kg in the human subjects could cause occupation of 30% of
histamine H, receptors in the cerebral cortex [25].

These results indicated that only antihistamines with the BBB
penetrating activity could cause analgesia in the NaCl-induced acute
corneal pain in rats.

Histamine H, receptors play an important role in both somatic and
visceral pain perception since mutant mice lacking the histamine H,
receptors showed fewer nociceptive responses in various pain test [2].
Our previous results have shown that intracerebroventricular injection
of chlorpheniramine significantly decreases the number of eye wipes
in the acute model of trigeminal pain [4]. It has been reported that ReN
1869 (H, antagonist) produces antinociception in chemical (formalin
and capsaicin) but notin thermal (hot plate and tail flick) nociceptive test
[1]. Moreover, it was reported that pyrilamine (H, antagonist) without
any effect in the formalin test, produced antinociception in acetic acid-
induced writhingin mice [27]. More recently, Priyaetal. (2013) reported
analgesic activity for cetirizine in some models of acute pain (tail flick,
tail immersion, and tail clip methods) in the mice [10]. Furthermore, IP
injection of chlorpheniramine and ranitidine significantly increased the
latency time to the beginning of the first writhe and also significantly
decreased the number of writhes in acetic acid (1%) induced visceral
pain in rats [13]. It has been reported that the activation of H, receptors
by 2-(3-trifluoromethylphenyl)-histamine, a selective histamine H,
receptor agonist not only prevents the antinociception induced by the
H, receptor antagonist but also increased sensitivity to noxious stimuli
in rodents [5]. Farzin and Nosrati reported (2007) that IP injection
of (20 and 30 mg/kg) dexchlorpheniramine (H, receptor antagonist)
had an antinociceptive effect in both phases of formalin-induced pain
and at a dose of 10 mg/kg antagonized the hyperalgesia induced
by intracerebroventricular injection of histamine-trifluoromethyl-
toluidine (histamine H, agonist) [28]. Furthermore, activation of
central Gi-protein by peripheral administration of diphenhydramine,
pyrilamine, and promethazine suggested as one of the mechanisms
that contribute in the analgesic activity of these first-generation
antihistamines in the acute model of pain (hot plate test) in mice [29].

In the present study, morphine-induced antinociception in the acute
chemical model of corneal pain and naloxone prevented the morphine-
induced analgesia. Coadministration of chlorpheniramine or cetirizine
but not fexofenadine with morphine enhanced morphine-induced
antinociception in this model of pain. Moreover, chlorpheniramine- and
cetirizine-induced analgesia were blocked by pretreatment of animals
with opioid receptor antagonist naloxone. This means that activation of
the central endogenous opioid system may contribute in the morphine-,
cetirizine-, and chlorpheniramine-induced analgesia in this model of
nociception.

Itisbelieved that opioid system and histaminergic agents may interactin
pain modulation. Zanboori et al. (2008) reported that coadministration
of chlorpheniramine but not ranitidine with morphine potentiate the
antinociceptive activity of morphine in the acetic acid-induced visceral
pain model in rats [13]. In addition, Sun et al. (1985) reported that H,
antagonists produced antinociception in the modification of Haffner’s
tail-clamp procedure when given alone to mice and also caused
potentiation when combined with morphine [30]. On the other hand, it
has been reported that mepyramine (histamine H, receptor antagonist)
do not affect the morphine-induced analgesia in p-benzoquinone-
induced visceral nociception [31].

Another explanation for the potentiation of morphine analgesic
activity by histamine H, receptor antagonists may be related to its
pharmacokinetic modifications occurs in the transfer through the
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BBB. P-glycoprotein (P-gp) is an adenosine-5'-triphosphate-dependent
transmembrane efflux pump which acts as a drug transporter. This
carrier systemically expressed on several barrier epithelia not only
in the blood-brain barrier but also in some others tissues, including
the intestine, testis, adrenal glands, liver, and kidney [32]. P-gp is
responsible for several antihistamines and morphine absorption and
distribution [33]. Hamabe et al. (2007) reported a negative correlation
between morphine-induced antinociception and P-gp expression levels
in the brain [34]. This means that morphine could produce a better
analgesic activity in the individuals with the lower expression of P-gp
transporter. More recently, Mesgari Abbasi et al. (2016) reported that
cetirizine has a P-gp inhibitory activity [35]. The inhibition of P-gp
by cetirizine may be one of the reasons that cause enhancement of
morphine-induced analgesia in the combination therapy.

Meanwhile, longer and repeated administration of the antihistaminics
such as diphenhydramine, promethazine, and pyrilamine (opposite
of morphine, baclofen, and oxotremorine) did not promote the
development of tolerance to the analgesic activity of these agents [36].

CONCLUSION

Finally, it is concluded that chlorpheniramine and cetirizine but
not fexofenadine produced analgesia via activation of central
opioid receptors in the hypertonic saline-induced corneal pain.
Chlorpheniramine and cetirizine but not fexofenadine enhanced the
antinociceptive action of morphine in the trigeminal model of pain in
rats.
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