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Abstract:

In conscious rats implanted with an intracerebroventricular (icv) cannula, effect of icv injections of histamine, chlorpheniramine
(H�-receptor antagonist) and ranitidine (H�-receptor blocker) was investigated in a rat model of acute trigeminal pain. Acute trigemi-
nal pain was induced by putting a drop of 5 M NaCl solution on the corneal surface of the eye and the numbers of eye wipes were
counted during the first 30 s. Histamine (20, 40 �g) and chlorpheniramine (80 �g) significantly decreased the numbers of eye wipes.
Ranitidine alone had no effect. Pretreatment with chlorpheniramine did not change the histamine-induced analgesia, whereas the
histamine effect on pain was inhibited with ranitidine pretreatment. These results indicate that the brain histamine, through central
H� receptors, may be involved in the modulation of the acute trigeminal pain in rats.
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Abbreviations: BTN – brainstem trigeminal nucleus, icv – in-
tracerebroventricular, ip – intraperitoneal, MPGM – mesen-
cephalic periventricular grey matter, MTN – mesencephalic
trigeminal nucleus, PAG – preaquductal grey, ReN 1869 –
R-1-(3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-
-1-propyl)-3-piperidine carboxylic acid; RN – raphe nucleus,
TMN – tuberomammillary nucleus,

Introduction

Evidences taken from various acute and chronic pain
tests suggest that the brain histamine influences the
central perception of pain. It has been reported that
the intracerebroventricular (icv) injection of histamine
produces antinociception in both hot plate and paw
pressure nociceptive tests in rats [19], in the formalin

test in mice [33] and in the neuropathic pain in rats
[13]. It is recognized that the action of brain histamine
on pain modulation is mediated through histamine H1,
H2, H3 and H4 receptors [2, 11]. Co-administration of
temelastine (H1-receptor antagonist) and tiotidine
(H2-receptor blocker) with histamine into the pre-
aquductal grey (PAG) has been shown to inhibit the
histamine induced analgesia in the hot plate test in
rats [34]. In addition, it was found that icv injections
of ranitidine (H2-receptor blocker) and thioperamide
(H3-receptor antagonist) but not pyrilamine (H1-recep-
tor antagonist) enhanced the nociceptive threshold as-
sessed by the Von Frey test in a rat model of neuro-
pathic pain [13]. Besides, antihyperalgesic effects of
centrally administered 2-methylhistamine (H1-recep-
tor agonist) and dimaprit (H2-receptor agonist) were
reported in the carrageenan-induced hyperalgesia [26].
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It was reported that imepip (H3-receptor agonist) at-
tenuated formalin-induced pain, and peripheral and
central pretreatments with thioperamide (H3-receptor
antagonist) reversed the suppressive effect of imepip [3].
Histamine H4-receptor antagonists such as JNJ7777120
and VUF6002 has been reported to reduce the hyper-
algesia provoked by subplantar injection of carra-
geenan in rats [5].

The cornea is a densely innervated organ [24], and
is used for the study of nociception in the trigeminal
system, because corneal nociceptive receptors have
a large representation in the trigeminal ganglion
through the ophthalmic branch of trigeminal nerve
[9]. Moreover, it has been shown that nociceptive
neurons in trigeminal nucleus respond vigorously
when capsaicin, nicotine or 5 M NaCl are applied on
the corneal surface [4]. There are few behavioral
methods in studying acute pain in trigeminal system.
Noxious thermal and chemical stimuli have been used
in these models [29, 35]. The wiping the eye with
a forelimb, known as eye-wiping test, has been used
for investigating the chemical pungency [17] or the
presence of C-fiber activity [7]. Recently, the eye
wiping induced by topical application of 5 M NaCl
solution on the cornea surface, has been introduced as
a sensitive animal model for the study of acute tri-
geminal pain mechanisms [8]. To date, the effect of
brain histamine on the trigeminal region pain was not
reported. Thus, the present study was designed to in-
vestigate the effect of icv injections of histamine,
chlorpheniramine and ranitidine on the acute trigemi-
nal pain induced by hypertonic saline applied topi-
cally on corneal surface in rats.

Materials and Methods

Animals

Healthy adult male Wistar rats, weighing 220–250 g
were used in this study. Rats were maintained in poly-
ethylene cages with food and water available ad libi-

tum, in a laboratory with controlled ambient tempera-
ture (23 ± 0.5°C) and under a 12 h light-dark cycle
(lights on from 07:00). Experiments were carried out
between 14:00 h and 17:00 h. The experimental pro-
tocol was approved by the Laboratory Animal Care

and Use Center of the College of Veterinary Medicine
of Urmia University.

Experimental protocol

After a 15-day adaptation period, each rat was anes-
thetized with a mixture of ketamine (80 mg/kg, ip)
and xylazine (10 mg/kg, ip) and then was placed in
a stereotaxic apparatus (Stoelting, Wood Lane, IL,
USA). A 22-gauge, 12 mm stainless steel guide can-
nula was introduced icv at the following coordinates:
0.8 mm posterior to the bregma, 2 mm lateral to
the midline and 4 mm below the top of the skull [28].
The cannula was fixed to the skull using three screws
and dental acrylic (Acropars, Tehran, Iran). A 14-day
recovery period was allowed before the experiments
were initiated.

On the days of experiments, every dose of hista-
mine dihydrochloride (Merck, Darmstadt, Germany),
chlorpheniramine maleate and ranitidine hydrochlo-
ride (Sigma-Aldrich Co., Steinheim, Germany) dis-
solved in a constant volume of 1 �l of 0.9% NaCl was
injected icv using a 5 �l Hamilton microsyringe over
a period of 30 s. One specific group of rats was as-
signed to one specific drug treatment condition and
each group comprised eight rats. Thus, each rat re-
ceived 2, 3 or 4 different treatments and four days was
allowed between icv injections.

For induction of trigeminal pain, each rat was
placed on a 50 × 50 cm wooden table. After a 15 min
habituation period, one drop (40 �l) of NaCl 5 M so-
lution was topically applied on the surface of the cor-
nea using a fine dropper and then the number of eye
wipes performed with ipsilateral forepaw were
counted for a period of 30 s [8]. In control group, one
drop of NaCl 0.15 M solution was topically applied.

At the end of the experiments, the rats were icv in-
jected with 10 �l of methylene blue and then were
deeply anesthetized with the high dose of ether and
decapitated. The brains were removed and placed in
formaldehyde (10%) solution. After 24 h, the brains
were sliced into 1 mm slices and the placement of the
tip of the cannula was visually controlled. Data from
rats with an incorrect placement of the cannula were
excluded from analysis.

All the values are expressed as the means ± SEM.
The data were analyzed by using analysis of variance
(ANOVA) followed by Duncan’s test. Statistical sig-
nificance was set up at p < 0.05.
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Results

None of tested animals reacted to topically applied
NaCl 0.15 M solution, thus the obtained results (0 ± 0)
are not shown in the Figures.

Histamine injected icv at the doses of 5 and 10 �g
was without effect, whereas at the doses of 20, 40 �g,
the amine significantly (p < 0.05) decreased the

numbers of eye wipes. No significant change was ob-
served between the effects of histamine at 20 and 40
�g (Fig. 1).

Icv injection of chlorpheniramine at the dose of
40 �g produced no effect on the pain response, but the
numbers of eye wipes were reduced by icv injection
of chlorpheniramine at the dose of 80 �g. Ranitidine
at the doses of 40 and 80 �g, used icv, produced
no significant effect on pain response (Fig. 2).

The pain suppressive effect induced by icv injected
histamine (40 �g) was not affected with chlorpheni-
ramine (80 �g), but pretreatment with icv injection of
ranitidine (80 �g) before histamine (40 �g) prevented
the histamine-induced antinociception (Fig. 3).

Discussion

The results presented here indicate that icv injection
of histamine produced antinociception in the acute tri-
geminal pain in rats. The cell bodies of the histamin-
ergic neuronal system are concentrated in the tubero-
mammillary nucleus (TMN) of the hypothalamus and
send axons to innervate the entire central nervous sys-
tem [12]. The areas such as external layers of the dor-
sal horn of the spinal cord, mesencephalic periven-
tricular grey matter (MPGM), raphe nucleus (RN) and
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mesencephalic trigeminal nucleus (MTN), known to
be involved in the nociceptive control [6], are also
innervated by the hypothalamic histamine system
[16, 30].

The orofacial region is one of the most densely in-
nervated (by the trigeminal nerve) areas of the body,
which focuses some of the most common pains. It is
also the site of frequent chronic and referred pains
[31]. It is believed that pain and injury in organs such
as mouth, nose and eyes activate the brainstem tri-
geminal nucleus (BTN) [18]. It has been reported that
the afferents from cornea especially enter into two
spatially distinct parts of the BTN [21]. Furthermore,
an electrical activity evoked by CO2 pulses applied to
the cornea was reported in the MTN neurons [1]. On
the other hand, most studies have concluded that the
brain histamine is involved in the modulation of pro-
prioception through the action on the MTN [10, 15,
16]. Therefore, it seems that the antinociceptive effect
of centrally injected histamine, observed in the pres-
ent study, may be related to the action of histamine on
the brainstem mesencephalic structures.

According to the present results, it is clear that the
histamine H1 receptor blocker, chlorpheniramine, pro-
duced antinociception in the absence of histamine, but
in the presence of histamine, chlorpheniramine did
not change the histamine-induced antinociception.
Histamine H1 receptors play an important role in both
somatic and visceral pain perception since mutant
mice lacking the histamine H1 receptors, showed fewer
nociceptive responses in various pain tests [22]. It has
been reported that icv injection of 2-(3-trifluorome-
thylphenyl)histamine dihydrogenmaleate, 2-thiazolyl-
ethylamine (H1-receptor agonists) and pyrilamine
(H1-receptor antagonist) produce hypernociception
and antinociception, respectively, which suggests that
H1 receptor activation increases sensitivity to noxious
stimuli [20]. In another study, it was found that in-
tracerebral microinjection of temelastine into the PAG
or into the RN prevented the histamine-induced anti-
nociception, but in the absence of histamine, nocicep-
tive response was not changed by temelastine [34].
Moreover, using tail flick and paw pressure tests of
nociception, it was reported that icv injection of chlor-
pheniramine alone produced no antinociceptive effect,
whereas, the antinociception induced by SKF 91488,
an inhibitor of histamine catabolism, was prevented
by chlorpheniramine pretreatment [14]. Icv injection
of pyrilamine, a non-sedating H1-receptor blocker, was
reported to produce no effect on the pain threshold in

the neuropathic pain of rats [13]. In addition, the tri-
cyclic compound, ReN 1869, a novel histamine H1

receptor antagonist that penetrates the blood-brain
barrier, has been found to induce antinociception in
chemical (formalin, capsaicin and phenylquinone
writhing) but not in thermal (hot plate and tail flick)
tests of nociception [27]. The differences between the
findings would be related to the nature and sensitivity
of the experimentally induced pain models applied
and to the kind of H1-receptor blocker used. The
antinociception induced by the high dose of chlor-
pheniramine (80 �g), observed in the present study,
may be related to its side effects, because chlorpheni-
ramine belongs to the first class of H1 antihistamines,
and sedation, drowsiness and poor motor coordination
are the side effects of the first class antihistamines
[36, 37]. In the present study, a synergistic effect was
not observed in the chlorpheniramine pretreatment.
This may be related to the side effects produced by
chlorpheniramine that may inversely affect the hista-
mine-induced antinociception. However, the results of
this study are not able to reveal a clear role for the in-
volvement of histamine H1 receptors in the histami-
ne-induced antinociception, at least in the pain test
used here.

The results of our study also show that the antino-
ciceptive effect of centrally injected histamine is me-
diated through central H2 receptors. The involvement
of central histamine H2 receptors in antinociception
has been studied in thermal, mechanical and chemical
nociceptive tests. It was reported that the thresholds
for pain perception in histamine H2 receptor gene
knockout mice were higher than those of wild-type
mice [23]. In the hot plate test in rats, the pain thresh-
old enhancement was reported after icv injections of
cimetidine and ranitidine [25]. Moreover, microinjec-
tion of H2 receptor antagonist, cimetidine, into the
PAG has been found to inhibit the histamine-induced
antinociception [34]. On the other hand, in the tail
flick nociceptive test in rats, intrathecal injection of
ranitidine was not able to produce antinociception
[32]. However, in the present study, ranitidine did not
produce analgesia in the absence of histamine, but in
the presence of histamine, ranitidine blocked the
histamine-induced antinociception.

In conclusion, the present results suggest that the
activation of brain histamine produces an antinocicep-
tive effect in the trigeminal region pain in rats. The
antinociception induced by histamine is mediated
through histamine H2 receptors.
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