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Abstract:

The present study investigated the effects of subcutaneous (sc) and intracerebroventricular (icv) injections of physostigmine (a cho-

linesterase inhibitor), atropine (an antagonist of muscarinic cholinergic receptors) and hexamethonium (an antagonist of nicotinic

cholinergic receptors) on the acute corneal nociception in rats. Local application of 5 M NaCl solution on the corneal surface of the

eye produced a significant nociceptive behavior, characterized by eye wiping. The number of eye wipes was counted during the first

30 s. The sc (0.25, 0.5 and 1 mg/kg) and icv (1.25, 2.5, 5 and 10 µg) injections of physostigmine significantly (p < 0.05) decreased the

number of eye wipes. Atropine and hexamethonium at (2 mg/kg, sc and 20 µg, icv) had no effects when used alone, however, atro-

pine, but not hexamethonium prevented the antinociception induced by physostigmine (sc and icv). The results of this study indicate

that the central muscarinic, but not nicotinic receptors might be involved in the antinociceptive effect of physostigmine in the acute

corneal model of pain in rats.
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Introduction

Evidence suggests that cholinesterase inhibitors, such

as physostigmine and neostigmine, are involved in the

modulation of pain. Intraperitoneal (ip) injections of

physostigmine produced antinociception in tail-flick

and acetic acid-induced writhing tests in mice [20].

Intrathecal injections of physostigmine suppressed

formalin-induced pain [30]. Naguib and Yakhsh [19]

reported the involvement of muscarinic, but not nico-

tinic cholinergic receptors, in the antinociception in-

duced by intrathecal injections of neostigmine and

edrophonium in the radiant heat-evoked hind paw

withdrawal in rats. Most studies have investigated the

involvement of spinal muscarinic and nicotinic recep-

tors in the antinociceptive effects of cholinesterase in-

hibitors [4, 19, 30]. Thus far, only one study has inves-

tigated the involvement of brain muscarinic receptors

in the physostigmine-induced antinociception [17].

The small size of the cornea and the extensive

branching of the peripheral axons of corneal neurons

makes this structure the most densely innervated tis-
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sue of the body [18]. The majority of corneal sensory

fibers are polymodal nociceptors, which are activated

by noxious mechanical, thermal and chemical stimuli

[2]. Corneal afferents project to the different levels of

the trigeminal brain stem complex [15]. The nocicep-

tive afferents from the cornea enter into the trigeminal

subnucleus interpolaris/caudalis transition (rostral)

and subnucleus caudalis/upper cervical spinal cord

junction (caudal) regions through the ophthalmic

branch of the trigeminal nerve [10, 16]. Efferent pro-

jections from the thalamic posterior nucleus/zona in-

certa and the superior salivary/facial motor nucleus

regions to the caudal region of trigeminal nucleus

control the nociceptive input [11, 12].

In the present study, we investigated the effects of

subcutaneous (sc) and intracerebroventricular (icv) in-

jections of physostigmine, atropine (an antagonist of

muscarinic cholinergic receptors) and hexamethonium

(an antagonist of nicotinic cholinergic receptors) on

the acute corneal nociception induced by a local cor-

neal surface application of a 5 M NaCl solution in rats.

Recently, the eye wiping induced by a topical applica-

tion of a 5 M NaCl solution on the corneal surface has

been introduced as a suitable animal model for the be-

havioral study of acute trigeminal pain [9, 25].

Materials and Methods

Animals

Male Wistar rats (250 ± 20 g) were used throughout

the study. Rats were maintained in groups of 6 per

cage in a 12 h light-dark cycle (lights on at 07:00 h) at

a controlled ambient temperature (22 ± 0.5°C) with

ad libitum food and water. Six rats were used for each

experiment. All experiments were performed between

11:00 h and 14:00 h. The experimental protocol was

approved by the Laboratory Animal Care and Use

Center of the Faculty of Veterinary Medicine of Ur-

mia University.

Drugs

The following drugs were used in the present study:

physostigmine (Eserin), atropine sulfate and hex-

amethonium chloride. The drugs were purchased from

Sigma-Aldrich (Chemical Co., Inc., St. Louis, MO,

USA). All drugs were dissolved in sterile normal sa-

line prior to sc and icv injections.

Surgical procedure

For icv injections, a permanent guide cannula was im-

planted in the right ventricule of the brain as de-

scribed by Tamaddonfard et al. [25]. In brief, each rat

was anesthetized with a mixture of ketamine hydro-

chloride (80 mg/kg, ip) and xylazine (10 mg/kg, ip)

and a 23-gauge, 12-mm stainless-steel guide cannula

was stereotaxically placed (Stoelting Stereotaxic Ap-

paratus, Wood Lane, IL, USA) in the right lateral ven-

tricle of the brain. The stereotaxic coordinates, ac-

cording to Paxinos and Watson [21], were: 0.8 mm

posterior to the bregma, 2 mm lateral to the midline

and 4 mm below the top of the skull. The guide can-

nula was anchored with jewelers’ screws and dental

acrylic. A 12.5 mm stylet was inserted into the guide

cannula to keep it patent prior to injection. All ani-

mals were allowed 10 days to recover from surgery.

Drug injection

The icv injections of normal saline (control), phy-

sostigmine, atropine and hexamethonium were per-

formed using a 5-µl Hamilton syringe over a period of

30 s with a constant volume of 1 µl. After completion

of each icv injection, the injection needle was left in

place for further 30 s to facilitate diffusion of the drug

solution. The icv injections of atropine and hex-

amethonium were performed 10 min before the induc-

tion of corneal pain, whereas physostigmine was in-

jected 5 min before the induction of corneal pain. The

sc injection of the drug solutions were performed us-

ing a 27-gauge injection needle in the back of the

neck region at a constant volume of 0.1 ml/rat. Atro-

pine and hexamethonium were injected 30 min before

the induction of pain, whereas physostigmine was in-

jected 20 min before induction of pain.

Nociceptive test

Corneal nociception was induced by a local applica-

tion of hypertonic saline to the corneal surface as de-

scribed by Farazifard et al. [9] and Tamaddonfard et

al. [25]. Briefly, rats were placed on wooden tables.

After a 15-min adaptation period, one drop (40 µl) of

5 M NaCl solution was applied locally on the corneal

surface using a fine dropper. The number of eye wipes
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performed with the ipsilateral forepaw was counted

for a period of 30 s. Thereafter, the eye was washed

with distilled water locally applied on the corneal sur-

face. Control groups received one drop of distilled

water applied locally on the corneal surface.

Cannula verification

At the end of experiments, all animals were deeply

anesthetized with a high dose of ether, icv injected

with 10 µl methylene blue and decapitated. The brains

were removed and placed in a 10% formaldehyde so-

lution. After 24 h, each brain was cut in 1 mm coronal

sections and the placement of the tip of the cannula

and distribution of the dye in the lateral ventricle were

verified under a loop. Only the behavioral data from

animals with correct cannula placement were in-

cluded in the data analysis.

Statistical analysis

To evaluate differences among treated groups, one-

way analysis of variance (ANOVA) and Duncan’s test

were applied. All data are expressed as the mean

± SEM. A value of p < 0.05 was considered statisti-

cally significant.

Results

Local corneal surface application of 5 M NaCl solu-

tion produced a significant increase in the number of

eye wipes as compared with the application of dis-

tilled water (16.3 ± 1.3, 0.3 ± 0.3, p < 0.05).

The sc injections of physostigmine at doses of 0.25,

0.5 and 1 mg/kg, but not at a dose of 0.125 mg/kg,
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significantly (p < 0.05) decreased the number of eye

wipes induced by the local application of 5-M NaCl

solution on the corneal surface (Fig. 1).

The icv injections of physostigmine at doses of

1.25, 2.5, 5 and 10 µg also significantly (p < 0.05) de-

creased the number of eye wipes induced by local cor-

neal application of hypertonic saline (Fig. 2).

The number of eye wipes induced by local applica-

tion of hypertonic saline on the corneal surface was

not alter following sc and icv injections of normal

saline (16.3 ± 1.3, 16 ± 1.2), atropine (16.6 ± 1.3, 17 ± 1.5)

and hexamethonium (15.9 ± 1.2, 17.5 ± 1.3), when

used alone.

The antinociceptive effect induced by the sc injec-

tion of 1 mg/kg of physostigmine was significantly

(p < 0.05) inhibited by a prior sc injection of 2 mg/kg

of atropine. On the other hand, the injection of hex-

amethonium (2 mg/kg, sc) did not prevent the phy-

sostigmine (1 mg/kg, sc)-induced antinociception

(Fig. 3).

The icv pretreatments with atropine, but not hex-

amethonium, at 20 µg significantly (p < 0.05) pre-

vented the physostigmine-induced antinociception

(Fig. 4).

Discussion

In the present study, the local application of a 5 M

NaCl solution to the corneal surface produced corneal

nociception. Previous work has shown that the appli-

cation of hypertonic saline to the tongue and cornea

transiently activate nociceptive neurons with wide dy-

namic range property in the trigeminal subnucleus

caudalis [5]. Moreover, infusion of hypertonic saline

into the masseter muscle produces hind paw shaking

in addition to activating c-Fos positive neurons in the

ipsilateral trigeminal subnucleus caudalis [24]. The
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results presented here are in agreement with previous

findings [9, 25].

In this study, physostigmine, which exerts its ef-

fects on muscarinic, but not nicotinic receptors, pro-

duced an antinociceptive effect to the hypertonic

saline-induced acute corneal pain. Physostigmine is

a major alkaloid found in the seeds of the fabaceous

plant, Physostigma venenosum, and is a powerful and

reversible acetylcholine esterase inhibitor that effec-

tively increases the concentration of acetylcholine in

the sites of cholinergic transmission [7, 31]. Most

studies have focused on the effects of acetylcholine

esterase inhibitors, such as physostigmine and neo-

stigmine, at the spinal cord levels [4, 19, 30]. How-

ever, in one study, an icv injection of physostigmine

was reported to have an antinociceptive effect in the

formalin test in rats [17]. Moreover, physostigmine

has been shown to reduce synaptic transmission in the

periaqueductal gray, an area involved in organizing

the behavioral responses to threat, stress and pain

[14]. In the case of our study, the physostigmine-

induced antinociception observed appears to occur at

a central level. As a liposoluble substance, physostig-

mine, but not neostigmine penetrates the blood-brain

barrier and may produce its effect by spinal and cen-

tral mechanisms after systemic injection [3]. The cor-

nea has one of the highest acetylcholine concentra-

tions of any body tissue [1, 6]. The precise role of ace-

tylcholine in the cornea is unclear, but sensory mediation,

the production of inflammatory mediators from ara-

chidonic acid and the production of pain responses

following tissue injury or ischemia have been linked

to the acetylcholine system [1, 6, 23, 27]. Atropine is

a non-selective blocker of muscarinic cholinergic re-

ceptors and has the ability to penetrate the blood-brain

barrier [26]. The inhibitory effects of atropine on the

antinociceptive effect of physostigmine have been re-

ported at the peripheral [22], spinal [30] and central

[17] levels. Muscarinic cholinergic receptors are lo-

calized in the principal sensory trigeminal nucleus

[29]. Interestingly, acetylcholine has been reported to

activate some trigeminal sensory neurons through M1

muscarinic receptors, and to inhibit others via M2

muscarinic receptors [13]. The principal sensory tri-

geminal nucleus receives sensory inputs from the face

as well as specialized structures such as the cornea,

teeth and meninges and has an important role in the

modulation of trigeminal pain [8]. In the present

study, sc and icv injections of hexamethonium did not

prevent the physostigmine-induced antinociception.

Hexamethonium, as a nAChRs antagonist, acts at pe-

ripheral tissue levels [28]. It has been reported that sc

injections of mecamylamine, a centrally acting an-

tagonist of nAChRs, did not inhibit the antiallodynic

effect of sc injected physostigmine in a rat model of

neuropathic pain [22]. Moreover, the intrathecal injec-

tion of mecamylamine did not prevent physostigmine-

and neostigmine-induced antinociception in the for-

malin test in rats [30].

In conclusion, the results of the present study indi-

cate that physostigmine, through central muscarinic,

but not nicotinic receptors, suppressed the pain in-

duced by the local application of hypertonic saline on

the corneal surface in rats.
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