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Purpose: Baclofen and morphine have shown efficacy against mechanical allodynia after 

infraorbital nerve chronic constriction injury (IoN-CCI). No drug effects have yet been reported 

on spontaneous trigeminal neuropathic pain. It has been proposed that the directed face groom-

ing behavior that also develops following IoN-CCI offers a measure of spontaneous trigeminal 

neuropathic pain.

Subjects and methods: We examined the effects of a continuous 1-week infusion of 30 mg/day 

carbamazepine (the first-line drug treatment for trigeminal neuralgia), 1.06 mg/day baclofen, 

4.18 mg/day clomipramine, and 5 mg/day morphine on spontaneous and mechanically evoked 

pain behavior (ie, directed face grooming and von Frey testing) in IoN-CCI rats.

Results: Isolated face grooming was significantly reduced in rats receiving carbamazepine 

and baclofen but not in clomipramine- or morphine-treated rats. All drugs showed significant 

antiallodynic effects; carbamazepine showed the strongest effects, whereas clomipramine had 

only minor efficacy.

Conclusion: The tested drugs have differential effects in the IoN-CCI model, and different 

neuropathological mechanisms may underlie the different somatosensory symptoms in this 

model. A mechanism-based approach may be needed to treat (trigeminal) neuropathic pain. 

The present data support IoN-CCI as a model of trigeminal neuralgia in which isolated face 

grooming is used as a measure of spontaneous neuropathic pain.

Keywords: trigeminal, infraorbital, neuropathic, allodynia, chronic, grooming

Introduction
Neuropathic pain remains a difficult condition to treat. The symptoms can be different 

between patients and in several cases who do not respond to treatment with traditional 

analgesics.1 A number of animal models are used to examine the responsible mechanisms 

in neuropathic pain and its pharmacological treatment. With regard to nociceptive pain, 

spontaneous manifestations of both the sensory and affective/motivational dimensions 

have been identified and validated.2–4 In contrast, animal studies of neuropathic pain have 

focused almost exclusively on evoked nocifensive behaviors that reflect hypersensitivity 

to mechanical and thermal stimulations (eg, vocalization and withdrawal responses). 

Unfortunately, neuropathic pain patients mostly suffer from spontaneous pain, and 

not from hypersensitivity. Furthermore, it has been argued that the pathophysiology 

of acutely evoked responses and hypersensitivity is different from that of spontaneous 

chronic pain.3,5,6 Therefore, an important aspect of translational pain research should be 

the identification and measurement of spontaneous pain in animals that are not being 

probed with stimulations that are superimposed on the basal condition.
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Unilateral chronic constriction injury (CCI) of the rat’s 

infraorbital nerve (IoN) has been demonstrated to increase 

nocifensive behaviors in response to mechanical stimulation 

of the IoN territory and, importantly, to induce episodes of 

spontaneous face grooming directed to the territory of the 

injured IoN.7–9 The experiments presented here further assess 

the validity of isolated face grooming as an expression of 

spontaneous neuropathic pain and examine the effects of 

the established analgesics carbamazepine, baclofen, clomip-

ramine, and morphine on this behavior.

Carbamazepine, a neuronal voltage-gated sodium chan-

nel blocker, is the first-line treatment of trigeminal neuralgia. 

Although some patients may not tolerate or become refrac-

tory to carbamazepine, many experience significant pain 

relief.10–12 In the IoN-CCI model, carbamazepine was found 

to be effective against mechanical allodynia only at doses 

that also induced sedation.13 The GABA-B receptor agonist, 

baclofen, has also been proven to be useful in treating tri-

geminal neuralgia.14–16 In the IoN-CCI model, both acute and 

continuous administration of baclofen significantly reduced 

mechanical allodynia.8,17,18 Tricyclic antidepressants (TCAs) 

are widely used against neuropathic pain. However, the TCA 

clomipramine was found to be devoid of antiallodynic efficacy 

after IoN-CCI.13 Finally, both acute and continuous morphine 

administration has proven effective against hyperresponsive-

ness to mechanical stimulation in the IoN-CCI model.8,17,18 

Here, we used nonsedative, continuous dose regimens to deter-

mine the effects of carbamazepine, baclofen, clomipramine, 

and morphine on both manifestations of spontaneous neu-

ropathic pain (ie, face grooming) and mechanical allodynia.

Subjects and methods
Subjects
Male Sprague-Dawley rats (n=72, weight 200–225 g on 

arrival, ie, 7 weeks old; Charles River, L'Arbresle cedex, 

France) were used. The rats were housed in solid-bottom 

polycarbonate cages in a colony room (21±2°C; relative 

humidity [RH] =40±10%). Water and food were available 

ad libitum. The rats were kept under a reversed 12:12 h dark/

light cycle (lights on at 7 pm). Animals were treated and 

cared for according to the guidelines of the Committee for 

Research and Ethical Issues of the International Association 

for the Study of Pain (IASP).19 The protocol was approved 

and performed in accordance with the Institutional Ethics 

Committee guidelines for animal research (Ethische Com-

missie Dierproeven, Universiteit Antwerpen).

The rats were allowed to acclimate for 16 days to the 

housing conditions before surgery, and they were habituated 

to the test procedure 7, 6, and 4 days before preoperative 

baseline data were obtained. Habituation and testing were 

conducted in a darkened room (light provided by a 60 W red 

light bulb suspended 1 m above the observation area) with 45 

dB background noise. The rats were individually transported 

from the colony to the test room in a covered plastic cage 

without bedding (l × w × h, 24 cm ×14 cm ×17 cm).

Study design
Baseline data were obtained 2 days before surgery and on 

postoperative days +5 (face grooming behavior) and +4, +13, 

and +25 (von Frey testing).

Rats were randomly assigned to one of six experimental 

drug groups (n=12/group, cf infra) and implanted with an 

osmotic pump after behavioral testing on postoperative day 

+5, ie, at a time at which face grooming behavior is most 

strongly increased.7 Face grooming behavior was observed 

on postoperative days +6, +8, +11, and +26. On postoperative 

day +11, osmotic pumps were removed after the observation 

of face grooming behavior.

Rats were rerandomized and assigned to one of the six 

experimental drug groups and implanted with an osmotic 

pump for a second time on postoperative day +26, ie, at a 

time at which mechanical allodynia had fully developed.7 

von Frey testing was performed on postoperative days +27, 

+29, and +33. On postoperative day +33, osmotic pumps 

were removed after von Frey testing.

Surgery
Unilateral ligation of the IoN was performed as described 

elsewhere.7 The rats were anesthetized with pentobarbital 

(60 mg/kg, ip) and were treated with atropine (0.1 mg/kg, ip). 

All surgeries were performed under direct visual control 

using a Zeiss operation microscope (×10–25). The head 

of the rat was fixed in a stereotaxic frame, and a mid-line 

scalp incision was made, exposing the skull and nasal bone. 

The infraorbital part of the IoN was exposed using a surgi-

cal procedure similar to those described elsewhere.20,21 The 

edge of the orbit, which is formed by the maxillary, frontal, 

lacrimal, and zygomatic bones, was dissected free. To enable 

access to the IoN, the orbital contents were gently deflected 

with a cotton-tipped wooden rod. The IoN was dissected free 

at its most rostral extent in the orbital cavity, just caudal to 

the infraorbital foramen. Two chromic catgut ligatures (5–0) 

were loosely tied around the IoN (2 mm apart). To obtain the 

desired degree of constriction, a criterion proposed by Bennet 

and Xie22 was applied: the ligatures reduced the diameter of 

the nerve by a just noticeable amount and retarded but did not 
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interrupt the circulation through the superficial vasculature. 

The scalp incision was closed using polyester sutures (4–0). 

In the sham-operated rats, the IoN was exposed on one side 

using the same procedure, but the exposed IoN was not ligated.

Alzet osmotic pumps (model 2ML1; nominal pump rate, 

10 µL/h; Charles River) were implanted under anesthesia. 

Rats were placed in a cage under 4% isoflurane. When the rats 

were fully anesthetized (after ca 3–4 min), they were taken 

out of the cage and shaved and placed under a mask with 

2.5% isoflurane. The shaved dorsal area was disinfected with 

Hibitane® (0.5% chlorhexidine in 70° alcohol). An incision 

of ~2 cm was made in the skin. A subcutaneous pocket was 

created with hemostatic forceps, and 0.1 mL of an antibiotic 

(Pentrexyl®, Na ampicillin, 500 mg in 5 mL saline; S.A. 

Bristol-Myers Squibb, Brussels, Belgium) was released into 

the pocket with a sterile syringe (1 mL Luer). The pump 

was inserted subcutaneously with the opening toward the 

rat’s head. The incision was closed with four stainless steel 

staples (Slim Body Skin Stapler, Appose ULC auto suture 35; 

Covidien Mansfield, MA, USA) and sprayed with Aluspray®.

Removal or replacement of the osmotic pumps was 

performed under isoflurane anesthesia as described earlier. 

The staples were removed from the skin using a hemostatic 

forceps, and an incision was made ~1 cm from the previous 

incision.

Observation of face grooming behavior
Testing consisted of the observation of free behavior. The 

rats were observed in a transparent plastic cage with a mir-

rored back (l × w × h, 24 cm ×14 cm ×17 cm). Behavior 

was videotaped for 10 min, and an experimenter who was 

blind to the experimental group to which the rat belonged 

analyzed the data.

The amount of time spent on face grooming (ie, move-

ment patterns in which paws contact facial areas)7 was 

determined. A distinction was made between isolated face 

grooming and face grooming during body grooming.17 If 

a sequence was neither preceded by nor followed by body 

grooming (ie, movement patterns in which the paws, tongue, 

and incisors are brought into contact with a body area other 

than the face or the forepaws),7 the episode was categorized as 

isolated face grooming. If body grooming was present before 

or after a sequence of face grooming actions, the episode 

was categorized as face grooming during body grooming.

Mechanical stimulation testing
A graded series of five von Frey hairs (Pressure Aesthesiom-

eter®; Stoelting Co, Chicago, IL, USA) were used. The force 

required to bend the filaments was 0.02, 0.16, 0.40, 1.00,and 

2.00 g, respectively. The stimuli were applied within the IoN 

territory, near the center of the vibrissal pad, on the hairy 

skin surrounding the mystacial vibrissae. Within each animal, 

stimuli were applied in an ascending order of intensity. After 

a stimulus intensity was applied to one side, it was applied to 

the other side before moving on to the next stimulus intensity. 

The order in which the ipsilateral and contralateral sides were 

stimulated was randomized. The scoring system described by 

Vos et al7 was used to evaluate the response of the rats to the 

stimulation. The response was observed to belong to one of the 

following response categories: (score 0) no response; (score 1) 

detection = the rat turns the head toward the stimulating object, 

and the stimulus object is then explored; (score 2) withdrawal 

reaction = the rat turns the head slowly away or pulls it briskly 

backward when the stimulation is applied, and sometimes, 

a single face wipe ipsilateral to the stimulated area occurs; 

(score 3) escape/attack = the rat avoids further contact with 

the stimulus object, either passively by moving its body away 

from the stimulating object to assume a crouching position 

against the cage wall or actively by attacking the stimulus 

object, making biting and grabbing movements; and (score 4) 

asymmetric face grooming = the rat displays an uninterrupted 

series of at least three face-wash strokes directed toward the 

stimulated facial area. For each rat, and at every designated 

time, a mean score for the five von Frey hairs was determined.

Drugs and doses
Carbamazepine (30 mg/day), baclofen (1.06 mg/day), 

morphine hydrochloride (5 mg/day), and clomipramine 

(4.18 mg/day) were used. The drugs were dissolved in 

vehicle (= dimethyl sulfoxide, propylene glycol, ethyl 

alcohol, and acetone at a ratio of 42:42:15:1)23 and were 

subcutaneously administered with one osmotic pump. The 

sham-operated and IoN-CCI vehicle control rats were 

implanted with a vehicle pump. The doses refer to the 

free base and were chosen based on previous studies (effi-

cacy and side effects) and taking into account solubility 

limitations.13,18,23–25

Statistical analysis
Data are expressed as mean ± standard error of the mean 

(SEM) and were analyzed (IBM SPSS Statistics 22 software) 

using a repeated measures analysis of variance (ANOVA) 

with observations (ie, rats were tested on different time 

points) as the within-subjects factor and treatment as the 

between-subjects factor. This analysis was followed by a 

unifactorial ANOVA per time point and post hoc comparisons 

using Dunnett’s pairwise multiple comparisons with IoN-CCI 

vehicle rats as the control group.
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Results
Face grooming
The amount of time spent on isolated face grooming behav-

ior in IoN-ligated animals was significantly different from 

that in sham-operated animals (groups × time interaction: 

F[4,88]=9.77, P<0.001) (Figure 1). Unifactorial ANOVA 

per time point, with experimental groups as between-

subjects factor, showed significant differences between 

the experimental groups on all postoperative time points 

(F[5,69]≥4.36, P≤0.041). As indicated with asterisks in 

Figure 1, post hoc comparisons between the different drug 

groups, on the one hand, and IoN-ligated control rats, on the 

other hand, showed significant drug effects for carbamaze-

pine and baclofen on all time points, but not for morphine 

or clomipramine.

The amount of time spent on face grooming during body 

grooming in IoN-ligated animals was not significantly dif-

ferent from that in sham-operated animals (groups × time 

interaction: F[4,84]=1.41, not significant [NS]).

Mechanical stimulation
Response scores to ipsilateral mechanical stimulation 

in IoN-ligated animals were significantly different from 

those in sham-operated animals (groups × time interaction: 

F[4,88]=18.48, P<0.001) (Figure 2). On postoperative day 

+25, no significant differences were found between the drug 

groups based on the first (F[4,57]=1.68, NS) or the second 

(F[4,57]=0.63, NS) randomization. Unifactorial ANOVA per 

time point, with experimental groups as between-subjects fac-

tor, showed significant differences between the  experimental 
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Figure 1 The effects of carbamazepine (A), baclofen (B), clomipramine (C), and morphine (D) on isolated face grooming behavior in IoN-CCI-operated rats.
Notes: Data points represent the mean (± SEM; n=12 per group) amount of isolated face grooming before (preop) and 5–26 days after IoN surgery. Drug or vehicle infusion 
via osmotic pumps started immediately after behavioral testing on postoperative day +5; osmotic pumps were removed immediately after behavioral testing on postoperative 
day +11. Asterisks indicate a significant difference compared to the vehicle control rats (*P<0.05; **P<0.01).
Abbreviation: IoN-CCI, infraorbital nerve chronic constriction injury
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groups on all postoperative time points (F[5,69]≥6.59, 

P<0.001) except day +13 (F[5,69]=1.59, NS). As indicated 

with asterisks in Figure 3, post hoc comparisons between 

the different drug groups, on the one hand, and IoN-ligated 

control rats, on the other hand, showed significant drug effects 

for carbamazepine, baclofen, and morphine on all time points 

and for clomipramine on postimplantation days +3 and +7, 

but not on postimplantation day +1.

Response scores to contralateral mechanical stimulation 

in IoN-ligated animals were not significantly different from 

those in sham-operated animals (groups × time interaction: 

F[4,88]=1.65, NS).

Discussion
Confirming the results from previous studies, IoN ligation 

caused a significant increase in isolated face grooming that 

peaked during the first week after surgery7,9 and a biphasic 

development of mechanical allodynia with hyperrespon-

siveness to mechanical stimulation occurring several weeks 

after initial hyporesponsiveness during the first postopera-

tive week.7,18,25 Carbamazepine reduced both isolated face 

grooming and mechanical hyperresponsiveness. The use of 

carbamazepine has been particularly well established for 

treating trigeminal neuralgia, although it may also have a 

beneficial effect on painful diabetic neuropathy.10,26–28 It is 

an anticonvulsant drug that exerts membrane-stabilizing 

properties by nonspecifically blocking sodium channels29 

and reduces neuronal excitability in sensitized C-fibers. It 

has been shown that carbamazepine inhibits spontaneous and 

electrically evoked high-frequency firing in peripheral nerve 

neuromas.30 Voltage-gated sodium channels play an impor-

tant role in the spontaneous firing and ectopic excitability in 

injured sensory nerves.31,32 Ectopic and spontaneous firing 

has been identified as one of the (peripheral) mechanisms 

contributing to the development of neuropathic pain.33–35 

Thus, it can be argued that carbamazepine produces its anal-

gesic effect by reducing spontaneous firing after peripheral 

nerve injury. Previous animal studies have shown that car-

bamazepine produces significant effects against mechanical 

allodynia after both IoN ligation13 and sciatic nerve ligation36 

and protects against the trigeminal pain induced by apply-

ing bradykinin onto the rat’s tooth pulp.37 However, in these 

studies, the effective doses also induced sedation. In this 

study, carbamazepine showed no overt behavioral side effects 

and selectively reduced the isolated face grooming behavior 

without significantly affecting face grooming during body 

grooming. The behavioral selectivity of this effect aligns 

with the rotarod test data in a previous study13 and confirms 

the usefulness of face grooming during body grooming as 

a control measure for nonspecific effects on isolated face 

grooming.8,17 It remains unclear why, in this study, carbam-

azepine significantly reduced the isolated face grooming and 

allodynia-like behavior but failed to produce a significant 

effect in a previous study against allodynia-like behavior 

using the same model and similar treatment conditions.13 

Rats received the same dose of carbamazepine (expressed as 

milligram per kilogram per hour), but in this study, adminis-

tration was done continuously via a subcutaneously implanted 

pump as opposed to repetitive intraperitoneal (ip) injections. 

In this study, rats were tested for the first time 24 h after the 

start of drug treatment as opposed to following five repetitive 

injections (at 72 min intervals). The longer treatment dura-

tion may at least be partially responsible for the difference 

in efficacy. Furthermore, it must be noted that in this study, 

responses to mechanical stimulation were quantified using 

the graded scoring system described by Vos et al,7 whereas 

Idänpään-Heikkilä and Guilbaud13 used a threshold paradigm 

to quantify the responses. Finally, stress induced by repetitive 

ip injections may have affected the behavioral responses of 

the animals to mechanical stimulation.

Baclofen has a documented analgesic efficacy against 

trigeminal neuralgia.14–16 Administered under the same18 and 

similar13 conditions as in this study, it significantly reduced 

hyperresponsiveness to mechanical stimulation in the IoN-

CCI model. It has now been shown that baclofen also coun-

teracts spontaneous trigeminal neuropathic pain. The present 
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Notes: Data points represent the mean (± SEM; n=12 per group) response score to von 
Frey hair stimulation of the ipsilateral territory of the ligated nerve before (preop) and 
4–25 days after IoN surgery. No drugs were administered on the selected time points. 
Abbreviation: IoN-CCI, infraorbital nerve chronic constriction injury.
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results thus confirm previous findings and strengthen the 

clinical use of baclofen as a second-line drug for the treat-

ment of trigeminal neuralgia.

For years, it was believed that morphine was ineffec-

tive in treating neuropathic pain.38 However, more recent 

studies have demonstrated the efficacy of morphine against 

neuropathic pain in both animals and humans.36,39–41 Studies 

from our own laboratory have also demonstrated antial-

lodynic effects in morphine-treated animals in the IoN-

CCI model of trigeminal neuropathic pain.18,42,43 However, 

when infused continuously (5 mg/day), this antiallodynic 

efficacy decreased over time; therefore, by the end of the 

2-week treatment period, no significant antiallodynic effect 

could be observed. In this study, no significant decrease 

was observed in the amount of isolated face grooming in 

the animals treated with morphine. It must be considered 

that the rapid development of tolerance18 may have made 

it impossible to detect any action of morphine on iso-

lated face grooming. It is also clinically well known that 

morphine may induce or intensify itching.44,45 It could be 

argued that, in the current model, opioid-induced pruritus 

may increase grooming behavior and thus counteract the 

analgesic effects of morphine on isolated face grooming. 

However, using different pruritogens and algogens, it has 

been shown that a clear distinction can be made between 

itch-evoked scratching (of the hindlimbs) and pain-evoked 

wiping (of the forelimbs).46,47 Furthermore, no increase 

in face grooming during body grooming was observed in 

morphine-treated animals. Still, a small increase in face 

wiping has been reported after intracisternal administration 

of morphine.45 Therefore, it cannot be totally excluded that 

morphine-induced pruritus counteracted (ie, by increasing 

face grooming) a potential analgesic effect (ie, decrease) 

on the isolated face grooming.
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A small decrease in mechanical hyperresponsiveness 

was found in clomipramine-treated animals that became sig-

nificant 3 days after the start of drug treatment. No effect on 

isolated face grooming was found. As with carbamazepine, 

it is unclear why clomipramine failed to produce a signifi-

cant antiallodynic effect in a previous study using the same 

IoN-CCI model and similar treatment conditions.13 As with 

carbamazepine, the same comments on the route and duration 

of administration apply to clomipramine (cf supra). It was also 

shown that the same dose of clomipramine effectively reduced 

mechanical hyperalgesia after loose ligation of the sciatic 

nerve.48 It should also be noted that a higher dose of clomip-

ramine was reported to reduce mechanical hyperalgesia both 

in a model of streptozocin-induced diabetic neuropathy and 

after sciatic nerve ligation without affecting the spontaneous 

locomotor activity using an actimeter.49 It is therefore possible 

that the dose tested in the present study was suboptimal, and 

therefore it cannot be excluded that clomipramine could also 

be effective in reducing the increased isolated face grooming.

Historically, (neuropathic) pain has been classified on the 

basis of its etiology (eg, painful diabetic neuropathy, posther-

petic neuralgia, trigeminal neuralgia [TN], and spinal cord 

injury) and the location of the lesion (peripheral or central).50 

The growing knowledge of neurobiological mechanisms 

involved in neuropathic pain has led authors to propose a more 

mechanism-based approach to pain management.51–53 Different 

somatosensory symptoms of neuropathic pain have been linked 

to different mechanisms and may have specific pharmacological 

characteristics. Vos et al7 reported that the behavioral signs of 

the two different classes of neuropathic sensory dysfunctions 

in the IoN-CCI model follow a different time course and sug-

gested that this may indicate that different neuropathological 

mechanisms underlie these symptoms. In keeping with this, we 

found that the anticonvulsant, carbamazepine, the GABA-B 

agonist, baclofen, the opiate, morphine, and the tricyclic anti-

depressant, clomipramine, were selectively active against either 

spontaneous pain or mechanical hypersensitivity following IoN 

ligation. Furthermore, a significant decrease in the isolated 

face grooming was found in rats treated with carbamazepine 

and baclofen 2 weeks after pumps were removed, whereas no 

significant effect was found on the development of mechanical 

allodynia 1 day earlier. These data indicate that different mecha-

nisms may be involved in these separate classes of behavioral 

changes and thus respond differentially to different treatments.

Conclusion
The results obtained with carbamazepine and baclofen pro-

vide pharmacological support for the use of face grooming as 

behavioral measure of spontaneous neuropathic pain and further 

validates the IoN-CCI model for the study of (trigeminal) neu-

ropathic pain in general and TN in particular. Differential drug 

effects on spontaneous and touch-evoked signs of neuropathic 

pain indicate that different neuropathological mechanisms may 

underlie these different somatosensory symptoms in the IoN-

CCI model. A mechanism-based approach may therefore be 

needed to more effectively treat (trigeminal) neuropathic pain.
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