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The 5-HT, Ao receptor agonist F 13640 attenuates mechanical allodynia
in a rat model of trigeminal neuropathic pain
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Abstract

The effects of acute intraperitoneal injections of the 5-HT; receptor agonists F 13640 [(3-chloro-4-fluoro-phenyl)-[4-fluoro-4-{[(5-
methyl-pyridin-2-ylmethyl)-amino]-methyl} piperidin-1-yl]-methadone] and F 13714 [3-chloro-4-fluorophenyl-(4-fluoro-4-[[(5-methyl-6-
methylamino-pyridin-2-ylmethyl)-amino]-methyl]-piperidin-1-yl-methanone] were studied in comparison with those of baclofen and
morphine on responsiveness to von Frey hair stimulation after chronic constriction injury to the rat’s infraorbital nerve (IoN-CCI). Following
IoN-CClI, an ipsilateral hyperresponsiveness developed that remained stable in control rats throughout the period of drug testing. F 13640, F
13714, baclofen and morphine dose-dependently decreased the hyperresponsiveness; normalization of the response occurred at doses 0.63,
0.04, 5 and 10 mg/kg, respectively. Confirming earlier data, baclofen’s effects further validate loN-CCI as a model of trigeminal neuralgia. The
effects of F 13640 and F 13714 are initial evidence that 5-HT; 4 receptor agonists produce profound analgesia in the IToN-CCI model. The
present data extend recent evidence that high-efficacy 5-HT; receptor activation constitutes a new mechanism of central analgesia the
spectrum of which may also encompass trigeminal neuropathic pain.
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1. Introduction

High-efficacy 5-HT,, receptor activation was recently
proposed (Colpaert et al., 2002) as a new molecular mech-
anism of central analgesia. F 13640 [(3-chloro-4-fluoro-
phenyl)-[4-fluoro-4-{[(5-methyl-pyridin-2-ylmethyl)-
amino]-methyl} piperidin-1-yl]-methadone], a selective and
very-high-efficacy 5-HT;, receptor ligand, produces pro-
found analgesia in models of tonic (i.e., formalin-induced)
and chronic nociceptive pain (i.e., in rats with adjuvant
arthritis). Remarkably, and in contrast to the tolerance which
develops to opioid analgesia, repeated injection or continu-
ous infusion of F 13640 resulted in an increasingly powerful
rather than decaying analgesia. Equally remarkably, F 13640
cooperates with nociceptive stimulation in producing anal-
gesia. These findings were anticipated by a theory of signal
transduction in nociceptive systems (Colpaert, 1996; Col-
paert and Frégnac, 2001). The theory predicts that these
novel neuro-adaptive mechanisms (i.e., inverse tolerance,
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cooperation) should be induced by some principle that
mimics the neurophysiological effects of nociceptive stim-
ulation; the data suggest that high-efficacy 5-HT; o receptor
stimulation realizes this principle (Colpaert et al., 2002).
Different mechanisms of analgesic drug action are cur-
rently used in the treatment of neurogenic pain. The efficacy
of tricyclic antidepressants that inhibit noradrenaline and
serotonin re-uptake (e.g., imipramine) has been recognized
in several neuropathic pain conditions such as postherpetic
neuralgia and diabetic neuropathy (Sindrup and Jensen,
1999), but their usefulness is somewhat impaired by side-
effects. Selective 5-HT reuptake inhibitors demonstrate some
activity in diabetic neuropathy, but are generally less effec-
tive than tricyclic antidepressants (Sindrup and Jensen, 1999;
Collins et al., 2000; Attal, 2001). Antiepileptic drugs such as
carbamazepine are also used in various neuropathic pain
syndromes (McQuay et al., 1995). Although approximately
70% of patients suffering from trigeminal neuralgia experi-
ence significant pain relief with carbamazepine, loss of
efficacy over time and a high incidence of side-effects,
including somnolence, vertigo and nausea, are considerable
drawbacks. More recently, gabapentin was introduced as an
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alternative showing less side effects (Sist et al., 1997; Khan,
1998; Solaro et al., 1998; Attal, 2001). The effects of F
13640 were studied in rat models of peripheral (i.e., sciatic
nerve ligation; Bennet and Xie, 1988) and central neuropathy
(i.e., ischemic spinal cord injury; Xu et al., 1992). The anal-
gesic effects of continuous infusion of F 13640 at 0.63 mg/
rat/day in either model surpassed those of both of imipramine
at 2.5 mg/rat/day and gabapentin at 10 mg/rat/day (and, also
those of morphine at 5 mg/rat/day and of ketamine at 20 mg/
rat/day), suggesting that high-efficacy 5-HT 5 receptor acti-
vation may also offer an efficacious treatment of neuropathic
allodynia (Colpaert et al., 2002).

Other than tricyclic antidepressants and gabapentin-like
anticonvulsants, the GABA-B receptor agonist baclofen is
particularly useful in the treatment of trigeminal neuralgia
(Attal, 2001; Sindrup and Jensen, 2002). That is, baclofen
produced significant pain relief in 70% of patients suffering
from typical trigeminal neuralgia (Fromm et al., 1984), but
demonstrated little efficacy in other peripheral neuropathies
(Attal, 2001). In a rat model of trigeminal neuropathic pain
(Vos et al., 1994), baclofen, but not morphine or tricyclic
antidepressants, attenuated the allodynia-like behaviour that
is observed following a chronic constriction injury of the
infraorbital nerve (IoN-CCI; Iddnpddn-Heikkild and Guil-
baud, 1999); carbamazepine was only effective at doses that
induced marked sedation. Baclofen reduced the hyperres-
ponsiveness to mechanical stimulation at doses that did not
impair motor coordination in the rotarod test. The lack of
effect of the tricyclic antidepressants clomipramine and
amitriptyline against hyperresponsiveness in IoN-CCI rats
contrasts with earlier data (Ardid and Guilbaud, 1992)
demonstrating efficacy of both compounds in the sciatic
nerve CCI model. Iddnpédan-Heikkild and Guilbaud (1999)
argued that anatomical differences between the trigeminal
nerve and the sciatic nerve may account for this discrepancy;
unlike the trigeminal nerve, which is purely sensory, the
sciatic nerve includes a significant motor component. Also,
the trigeminal nerve has no functional overlap in the territory
innervated by its branches, whereas the saphenous nerve is
believed to be involved in the behavioral effects of sciatic
nerve damage (Devor et al., 1979; Ro and Jacobs, 1993).

The present study investigated the effects of F 13640 in
the IoN-CCI model, and compared those with baclofen,
which available data so far suggest to be exceptionally active
in the infraorbital nerve model (Iddnpédin-Heikkild and
Guilbaud, 1999). To further verify the usefulness of high-
efficacy 5-HT; 5 receptor activation, we also examined the
effect of F 13714 [3-chloro-4-fluorophenyl-(4-fluoro-4-[[(5-
methyl-6-methylamino-pyridin-2-ylmethyl)-amino]-me-
thyl]-piperidin-1-yl-methanone], another 5-HT;, receptor
agonist possessing an intrinsic activity only slightly lower
than that of F 13640 (Colpaert et al., 2002). Finally,
morphine was also included; unlike Idédnpdan-Heikkild and
Guilbaud (1999), another study (DeMulder et al., 1994)
found that morphine dose-dependently decreased the ipsi-
lateral hyperresponsiveness of IoN-CCI rats.

2. Materials and methods
2.1. Subjects

Male Sprague—Dawley rats (Charles River, n=>50,
weighing 220-240 g on arrival) were used. They were
housed in solid-bottom polycarbonate cages in a colony
room (21 +1 °C; R.H.=38 £+ 9%). Water and food were
available ad libitum. Rats were kept under a reversed 12:12 h
dark/light cycle (lights on at 20 h) and were allowed to
acclimate for 6 days to the housing facilities before pre-
operative testing. Animals were treated and cared for accord-
ing to the guidelines of the Committee for Research and
Ethical Issues of TASP (1983). The protocol was approved
and carried out in accordance with the institutional Ethical
Committee guidelines for animal research.

2.2. Surgery

The unilateral ligation of the IoN was performed as
described elsewhere (Vos et al., 1994). Rats were anaesthe-
tized with pentobarbital (60 mg/kg, i.p.) and treated with
atropine (0.1 mg/kg, i.p.). All surgery was performed under
direct visual control using a Zeiss operation microscope
(X 10—-25). The head of the rat was fixed in a stereotaxic
frame and a mid-line scalp incision was made, exposing skull
and nasal bone. The infraorbital part of the IoN was exposed
using a surgical procedure similar to that described else-
where (Gregg, 1973; Jacquin and Zeigler, 1983). The edge of
the orbit, formed by the maxillary, frontal, lacrimal and
zygomatic bones, was dissected free. To give 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 infraor-
bital 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 Xie (1988) was applied: the ligatures reduced
the diameter of the nerve by a just noticeable amount and
retarded, but did not interrupt the circulation through the
superficial vasculature. The scalp incision was closed using
polyester sutures (4—0).

2.3. Behavioral testing

Rats were habituated to the test procedure on pre-operative
days — 4 and — 3. Habituation and testing were conducted in
a darkened room (light provided by a 60-W red light bulb
suspended 1 m above the test area) with a 45-dB background
noise. Rats were tested 1 day before surgery and subsequently
on post-operative days +24 to +29. As elsewhere (Vos et al.,
1994), a graded series of five von Frey hairs (Pressure
Aesthesiometer®, Stoelting, Chicago, IL) were used. The
force required to bend the filaments was 0.015, 0.127, 0.217,
0.745 and 2.150 g, respectively. The stimuli were applied
within the oN territory, near the center of the vibrissal pad, on
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the hairy skin surrounding the mystacial vibrissae. This area
was stimulated unilaterally before surgery, and on both sides
of the face after surgery, i.e., ipsilateral and contralateral to
the side where surgery had been performed. Stimuli were
applied in an ascending order of intensity. The ipsilateral and
contralateral sides were stimulated in a randomized order for
each stimulus intensity within each subject. The scoring
system described by Vos et al. (1994) was used to evaluate
the response of the rats to the stimulation. The response was
observed to belong to one of the following response catego-
ries: (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 moves 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; (score 4) asymmet-
ric face grooming = the rat displays an uninterrupted series of
at least three face-wash strokes directed toward the stimulated
facial area.

Drug effects on the surgery-induced hyperresponsiveness
to mechanical stimulation were examined as follows. Each
drug was tested in a separate group of animals (=10 per
group). Injections were given i.p. (injection volume: 10 ml/
kg), 30 min before the start of behavioral testing. During five
consecutive days (i.e. post-operative days +25 to +29),
each animal in a group was injected with either vehicle or
one of four different doses of the test drug. The order in
which these five different treatments were tested differed
among animals; a Latin square design was used to ensure that
each day all five treatments were tested. An additional group
of animals (n=10) received only saline injections during
post-operative days +25 to +29.

2.4. Drugs and doses

The following drugs were used: F 13714 (0.01, 0.04, 0.16
and 0.63 mg/kg) and F 13640 (0.04, 0.16, 0.63 and 2.5 mg/
kg) (Centre de Recherche Pierre Fabre, Castres, France),
morphine hydrochloride (0.16, 0.63, 2.5 and 10 mg/kg)
(Belgapio, Louvain-La-Neuve, Belgium) and baclofen
(0.31, 1.25, 5 and 20 mg/kg) (Sigma, St. Louis, MO). All
drugs were dissolved in sterile water within 2 h before
administration. Doses refer to the free base weight.

2.5. Statistical analysis

The response scores that were obtained here constitute an
ordinal variable; therefore median scores for the five von
Frey hairs were determined for each rat and at every desig-
nated time, and analyzed non-parametrically. Post-operative
changes of baseline values before drug treatment were

analyzed using the (non-parametric) Wilcoxon signed-rank
test. Mechanical stimulation data obtained in animals repeat-
edly tested with saline during post-operative days +25 to
+29 were analyzed by means of the Friedman test. These
analyses and those described hereafter were performed
separately on data obtained after ipsilateral and after con-
tralateral stimulation. Data obtained in drug-treated groups
were also analyzed by means of the Friedman test, followed
by the Wilcoxon signed-rank test. However, and perhaps due
to the limited variation in score that was allowed (i.e., from 0
to 4), graphic representation of the data using median scores
quite poorly reflected the results obtained from the above
statistical analyses.

In an attempt to obtain a better coherence between the
data’s statistical analysis and their graphic representation,
mean scores were calculated for each rat at every designated
time, and parametric analyses were performed on these
means. Post-operative changes of baseline values before
drug treatment were analyzed using parametric paired #-tests.
Mechanical stimulation data obtained in animals repeatedly
tested with saline during post-operative days +25 to +29
were analyzed by means of a parametric repeated measures
analysis of variance (ANOVA) with days as within-subjects
factor. Mechanical stimulation data obtained in drug-treated
groups were analyzed using a Latin-square ANOVA with
dose (i.e., four different doses of each drug and its vehicle)
and day (rats were treated with each of the four different drug
doses and with the vehicle on five consecutive days) as
within-subjects factors, and sequence (different doses and
vehicle were administered in a different order) as between-
subjects factor (Winer et al., 1991). Post-hoc comparisons
were carried out using Dunnett’s test for comparing means
with a control mean.

While the non-parametric and parametric analyses
yielded essentially identical results, the parametric approach
offered a more satisfactory coherence between the analysis
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Fig. 1. Time course of the effects of [oN-CCI ligation on responsiveness to
mechanical stimulation. Data points represent the mean (+ S.E.M.) response
score to von Frey hair stimulation of the territory of the ligated nerve
(squares: ipsilateral) and of the contralateral side (triangles). The left panel
reports the data obtained one day before (pre) and 24 days after surgery from
all rats (n=50) that took part in the study. The right panel reports the data
obtained on days 25-29 in rats (n=10) that received a daily injection of
saline during this time.
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Fig. 2. Effect of F 13640, F 13714, baclofen and morphine on hyper-responsiveness to mechanical stimulation induced by IoN-CCI ligation. Data points
represent the mean (n= 10 per dose level) (+ S.E.M.) response score to von Frey hair stimulation (ordinate) of the territory of the ligated nerve (squares) and of
the contralateral side (triangles) as a function of dose (abscissa); the pre-operative responsiveness is represented by the dashed line. Doses at which data were
significantly different (Dunnett’s test, P<0.05) from the 0-dose (i.e., saline; specified for each drug and each side) are indicated by a closed symbol.

and graphical representation of the data. For this reason, the
parametric analysis is detailed below, and the central ten-
dency of the data represented accordingly by means (Figs. 1
and 2). The results of the non-parametric analysis are also
provided briefly in the text.

3. Results

As indicated in Section 2, the following two paragraphs
refer to the results of parametric analysis. Thereafter are
reported the results of non-parametric analysis as well as any
discrepancies between the two analyses.

Compared with pre-operative values, the IoN injured rats
showed a marked increase on post-operative day +24 of
responsiveness to ipsilateral mechanical stimulation of the
territory of the ligated IoN [r=9.03, df=49, P<0.001] (Fig.
1). The animals also showed increased responsiveness to
mechanical stimulation of the territory of the non-ligated,
contralateral IoN [r=7.61, df=49, P<0.001]. Difference
scores (not shown) between day +24 and pre-operative
values, however, were significantly larger for the ipsilateral
than for the contralateral side [=4.78, df=49, P<0.001]. In
animals receiving a daily injection of saline, this hyper-
responsiveness was stable during the following 5 days (post-
operative days +25 to +29); during this period, no signifi-
cant effect of days was observed either at the ipsilateral
[ F(4,36)=0.26, NS] nor at the contralateral side [ F(4,36)=
1.16, NS].

F 13640, F 13714, baclofen and morphine each dose-de-
pendently decreased the hyperresponsiveness to ipsilateral
[F(4,20)>7.33, P<0.001] and contralateral [F(4,20) >
6.48, P<0.01] stimulation of the IoN territory, except for
morphine at the contralateral side [ F(4,20)=1.53, NS] (Fig.
2). All drugs decreased the hyperresponsiveness to the pre-
operative level.

Non-parametric analysis similarly showed a significant
increase on post-operative day +24 of responsiveness to

mechanical stimulation of the territory of both the ligated
IoN [P<0.001] and the non-ligated contralateral IoN
[P<0.001]. Again similarly to the parametric analysis,
post-operative responsiveness to mechanical stimulation
was significantly higher at the ipsilateral side than at the
contralateral side [ P <0.001]. Equally, this hyperresponsive-
ness was stable in saline-treated animals during the following
five days (post-operative days +25 to +29); during this
period, no significant effect of days was observed either at
the ipsilateral [ P=0.76] or at the contralateral side [ P=
0.36].

F 13640, F 13714, baclofen and morphine each dose-de-
pendently decreased the hyperresponsiveness to ipsilateral
[ P<0.01] and contralateral [ P <0.05] stimulation of the [oN
territory, except for morphine at the contralateral side [ P=
0.36]. These results of non-parametric analysis demonstrate
an identical pattern of significance (significance level: 0.05)
compared with the results obtained from the parametric
analyses. Furthermore, post hoc comparisons using non-
parametric Wilcoxon signed rank tests also showed a strik-
ingly similar pattern of significant doses compared with the
parametric Dunnett’s tests. In fact, at the ipsilateral side, all
doses found to be significantly different from saline using
non-parametric tests were also found to be significantly
different using parametric tests. At the contralateral side,
this was also the case except for two doses, i.e., F 13714 at
0.16 mg/kg, and baclofen at 5 mg/kg. The latter were not
significantly different from saline according to the non-
parametric tests (respectively, P=0.057 and P=0.28), this
in contrast to parametric analysis (P <0.05). Thus, only 2 out
of 32 post hoc comparisons led to a different result, none of
which at the ipsilateral side.

The highest doses of F 13640 and F 13714 induced signs
of the so-called 5-HT syndrome (i.c., flat body posture and
forepaw treading) and lower lip retraction in all rats tested.
Baclofen, at 5 and 20 mg/kg, induced immobility in 3 and 8
out of 10 rats. And morphine, at 10 mg/kg, induced akinesia
in all rats.
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4. Discussion

Confirming previous data (e.g., Vos et al., 1994), loose
ligation of the infraorbital nerve induced clear mechanical
hypersensitivity in the IoN territory of the rat (Fig. 1); the
hyperresponsive state persisted throughout the observation
period of 29 days after [oN-CCI surgery. At the contralateral,
non-operated side, some degree of hypersensitivity devel-
oped as well, but it was less pronounced than that at the
ipsilateral side. Vos et al. (2000) have also reported bilateral
changes in neuronal activities in the two ventral posterior
medial nuclei of the thalamus in the IoN-CCI model,
suggesting the involvement of central processing of sensory
information. Furthermore, studying the induction of Fos
protein-like immunoreactivity in the trigeminal spinal
nucleus caudalis following noxious and non-noxious stim-
ulation of the snout of rats with an inferior alveolar nerve
transection, Nomura et al. (2002) found that Fos protein-like
immunoreactive cells were expressed bilaterally, but were
more numerous on the side ipsilateral to transection than on
the contralateral side.

In agreement with a previous study (Iddnpdan-Heikkild
and Guilbaud, 1999), hyperresponsiveness to ipsilateral
mechanical stimulation was significantly reduced after a
single i.p. injection of baclofen at 5 mg/kg. Since baclofen
demonstrates clinical efficacy in patients suffering from
trigeminal neuralgia (Fromm et al., 1984; Fromm and
Terrence, 1987), this finding further supports IoN ligation
as a model of trigeminal neuropathic pain with possible
relevance to trigeminal neuralgia. Considering the position
and extent of the lesion, and also the apparent differences in
symptomatology, the face validity of chronic constriction to
the infraorbital nerve as a model of typical trigeminal
neuralgia is questionable. In patients suffering from trigemi-
nal neuralgia, the most important etiologic factor seems to be
a localized irritation or compression at the level of the poste-
rior root (Fromm and Sessle, 1991) or the ganglion, while in
the IoN-CCI model, nerve damage is localized in the
infraorbital branch of the trigeminal nerve. However, this
does not discard the model’s validity as a tool to evaluate
potential analgesic drugs for this type of neurogenic pain.
Indeed, trigeminal neuralgia-like symptoms, such as allody-
nia to light tactile stimulation, have been described after dis-
tal nerve injury in man (Gregg, 1990a,b); also, several
authors (Kerr, 1967; Fromm and Sessle, 1991; Rappaport
and Devor, 1990) agree that the key feature of the pathology
is a focal lesion resulting from a chronic irritation of the
nerve, at any location.

Some differences are apparent between the present study
and that by Idanpdan-Heikkild and Guilbaud (1999). In the
present study, increases in responsiveness to mechanical
stimulation after JoN-CCI were significantly smaller on the
contralateral than on the ipsilateral side; Iddnpdén-Heikkild
and Guilbaud (1999) found no such difference. Also, in the
present study, baclofen significantly decreased hyperrespon-
siveness on both the ipsilateral and the contralateral side;

Idanpadn-Heikkild and Guilbaud (1999) observed an effect
only on the ipsilateral side. Finally, in the present study—and
in agreement with DeMulder et al. (1994)—a significant
effect was found for morphine (0.63 and 10 mg/kg, i.p.).
Administration of morphine, i.v. at 1 mg/kg produced no
significant effect in the study by Iddnpddn-Heikkild and
Guilbaud (1999).

Some of these discrepancies are perhaps related to proce-
dural differences. Whereas in the present study, responses to
mechanical stimulation were quantified using the graded
scoring system described by Vos et al. (1994), Iddnpéan-
Heikkild and Guilbaud (1999) used a threshold to quantify
the responses. A specific intensity of stimulation was con-
sidered as the mechanical response threshold when the rat
performed a brisk withdrawal reaction, an escape/attack
reaction or asymmetric face grooming. Although these
responses represent the highest scores in the graded scoring
system by Vos et al. (1994), in the threshold scoring system,
these responses are all considered as nociceptive behaviour
and result in the same threshold. In contrast, in the graded
scoring system, they are assigned different response scores.
As a consequence, if for example an animal displays an
escape/attack reaction in response to contralateral stimula-
tion, and asymmetric face grooming in response to ipsilateral
stimulation, then using the threshold model, this animal
would have equal thresholds for both sides, but different
response scores using the response scoring system. Obser-
vations from other studies corroborate this viewpoint. Con-
cerning the discrepancy in the responsiveness to contralateral
mechanical stimulation, Christensen et al. (1999, 2001)
obtained results similar to those of Iddnpddn-Heikkild and
Guilbaud (1999) using the threshold model. In contrast, Vos
et al. (1994) and Vos and Strassman (1995) found similar
results as reported in the present study, using the response
categories.

Most importantly, the present data offer unprecedented
evidence that 5-HT; 5 receptor activation produces marked
analgesia in the IoN-CCI model. Both of the two high-
efficacy receptor agonists F 13640 and F 13714, at doses of
0.63 and 0.04 mg/kg onward, respectively, reduced the
mechanical hyperresponsiveness to the pre-operative level
(Fig. 2). The magnitude of this effect was comparable to that
achieved with 5 mg/kg of baclofen and 10 mg/kg of mor-
phine. Like those of morphine, the effects of F 13640 and F
13714 were specific in that neither compound decreased
responsiveness to a level lower than that observed pre-
operatively. Non-specific effects were only found with baclo-
fen at a dose (i.e., 20 mg/kg) at which it also rendered the
animals immobile. The 5-HT; 5 receptor agonists and mor-
phine also produced behavioral effects, but it is unclear to
what extent, if any, these effects influenced the mechanical
responsiveness. Repeated injection of the other 5-HT,
receptor agonist, 8-hydroxy-2-(di-n-propylamino)tetralin
(8-OH-DPAT), induced tachyphilaxis to its ability to induce
the 5-HT syndrome, while continuing to inhibit formalin-
induced pain behaviors (Bardin et al., 2001).
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While the present data are in keeping with F 13640’s
uniquely powerful effects in rat models of other neuropathic
pains (Colpaert et al., 2002), studies implementing chronic
drug administration are required to further assess the com-
pound’s relative activity in the [oN-CCI model of trigeminal
neuropathic pain. Trigeminal neuralgia necessitating chronic
treatment, and response normalization in the IToN-CCI model
requiring as high a morphine dose as 10 mg/kg (Fig. 2), it is
quite conceivable that tolerance may develop to the opioid’s
ability to alleviate the mechanical hyperresponsiveness. In
contrast, the magnitude of the analgesia produced by 5-HT; 5
receptor activation must be expected to, if anything, increase
with chronicity. Large-amplitude 5-HT; 5 receptor activation
presumably (Colpaert et al., 2002) mimics the effects of
nociceptive stimulation, and a theory (Colpaert, 1996) of
nociceptive signal transduction predicts such activation to
induce two remarkable neuro-adaptive mechanisms. That is,
inverse tolerance should develop to the analgesia produced
by 5-HT; 5 receptor agonists, and the latter’s effects should
cooperate with those of nociceptive stimulation in inducing
analgesia. This has been observed, for example, in a model
of neuropathic pain induced by ischemic injury of the spinal
cord, where continuous infusion of F 13640 over two weeks
induced an increasingly large analgesia (Colpaert et al.,
2002).

In conclusion, the data presented here, to our knowledge,
provide the first evidence that 5-HT;, receptor activation
produces analgesia in the IoN-CCI model of trigeminal
neuropathic pain. Further work is required to assess the
usefulness of this novel molecular mechanism in trigeminal
neuropathic pain in chronic treatment conditions.

References

Ardid, D., Guilbaud, G., 1992. Antinociceptive effects of acute and chronic
injections of tricyclic antidepressant drugs in a new model of mono-
neuropathy in rats. Pain 49, 279-287.

Attal, N., 2001. Pharmacologic treatment of neuropathic pain. Acta Neurol.
Belg. 101, 53—64.

Bardin, L., Tarayre, J.P., Koek, W., Colpaert, F.C., 2001. In the formalin
model of tonic nociceptive pain, 8-OH-DPAT produces 5-HT 5 recep-
tor-mediated, behaviorally specific analgesia. Eur. J. Pharmacol. 421,
109-114.

Bennet, G.J., Xie, Y.K., 1988. A peripheral mononeuropathy in rat that
produces disorders of pain sensation like those seen in man. Pain 33,
87-107.

Christensen, D., Gautron, M., Guilbaud, G., Kayser, V., 1999. Combined
systemic administration of the glycine/NMDA receptor antagonist, (+)-
HA966 and morphine attenuates pain-related behaviour in a rat model
of trigeminal neuropathic pain. Pain 83, 433—-440.

Christensen, D., Gautron, M., Guilbaud, G., Kayser, V., 2001. Effect of
gabapentin and lamotrigine on mechanical allodynia-like behaviour in a
rat model of trigeminal neuropathic pain. Pain 93, 147-153.

Collins, S.L., Moore, R.A., McQuay, H.J., Wiffen, P., 2000. Antidepres-
sants and anticonvulsants for diabetic neuropathy and postherpetic neu-
ralgia: a quantitative systematic review. J. Pain Symptom Manage. 20,
449-458.

Colpaert, F.C., 1996. System theory of pain and of opiate analgesia: no
tolerance to opiates. Pharmacol. Rev. 48, 355—402.

Colpaert, F.C., Frégnac, Y., 2001. Paradoxical signal transduction in neuro-
biological systems. Molec. Neurobiol. 24, 145—168.

Colpaert, F.C., Tarayre, J.P., Koek, W., Pauwels, P.J., Bardin, L., Xu, X.-J.,
Wiesenfeld-Hallin, Z., Cosi, C., Carilla-Durand, E., Assie, M.B., Vacher,
B., 2002. Large amplitude 5-HT 5 receptor activation: a new mechanism
of profound central analgesia. Neuropharmacology 43, 945—958.

DeMulder, P.A., Claus, M., DeMulder, G., Adriaensen, H., Vos, B.P., 1994,
Effects of morphine and ketamine on behavioral signs of increased
trigeminal nociceptive activity after chronic constriction injury to the
rat’s infraorbital nerve. Soc. Neurosci. Abstr. 20, 555.

Devor, M., Schonfield, D., Seltzer, Z., Wall, P.D., 1979. Two modes of
cutaneous reinnervation following peripheral nerve injury. J. Comp.
Neurol. 185, 211-220.

Fromm, G.H., Terrence, C.F., 1987. Comparison of L-baclofen and racemic
baclofen in trigeminal neuralgia. Neurology 37, 1725—-1728.

Fromm, G.H., Sessle, B.J., 1991. Trigeminal neuralgia. Current Concepts
Regarding Pathogenesis and Treatment. Butterworth-Heinemann, Bos-
ton.

Fromm, G.H., Terrence, C.F., Chattha, A.S., 1984. Baclofen in the treat-
ment of trigeminal neuralgia: double-blind study and long term follow
up. Ann. Neurol. 15, 240—-244.

Gregg, J.M., 1973. A surgical approach to the ophthalmic-maxillary nerve
trunks in the rat. J. Dent. Res. 52, 392.

Gregg, J.M., 1990a. Studies of traumatic neuralgia in the maxillofacial
region: symptom complexes and response to microsurgery. J. Oral Max-
illofac. Surg. 48, 135-140.

Gregg, J.M., 1990b. Studies of traumatic neuralgias in the maxillofacial
region: surgical pathology and neural mechanisms. J. Oral Maxillofac.
Surg. 48, 228-237.

Idénpadn-Heikkild, J.J., Guilbaud, G., 1999. Pharmacological studies on a
rat model of trigeminal neuropathic pain: baclofen, but not carbamaze-
pine, morphine or tricyclic antidepressants, attenuates the allodynia-like
behaviour. Pain 79, 281-290.

Jacquin, M.F., Zeigler, H.P., 1983. Trigeminal orosensation and ingestive
behavior in the rat. Behav. Neurosci. 97, 62—-97.

Kerr, F.W., 1967. Evidence for a peripheral etiology of trigeminal neural-
gia. J. Neurosurg. 25, 168—174.

Khan, O.A., 1998. Gabapentin relieves trigeminal neuralgia in multiple
sclerosis patients. Neurology 51, 611-614.

McQuay, H., Carroll, D., Jadad, A.R., Wiffen, P., Moore, A., 1995. Anti-
convulsant drugs for management of pain: a systematic review. BMJ
311, 1047-1052.

Nomura, H., Ogawa, A., Tashiro, A., Morimoto, T., Hu, J.W., Iwata, K.,
2002. Induction of Fos protein-like immunoreactivity in the trigeminal
spinal nucleus caudalis and upper cervical cord following noxious and
non-noxious mechanical stimulation of the whisker pad of the rat with
an inferior alveolar nerve transection. Pain 95, 225—-238.

Rappaport, Z.M., Devor, M., 1990. Experimental pathophysiological cor-
relates of clinical symptomatology in peripheral neuropathic pain syn-
dromes. Stereotact. Funct. Neurosurg. 54—55, 90—95.

Ro, L.-S., Jacobs, .M., 1993. The role of the saphenous nerve in exper-
imental sciatic nerve mononeuropathy produced by loose ligatures: a
behavioural study. Pain 52, 359—369.

Sindrup, S.H., Jensen, T.S., 1999. Efficacy of pharmacological treatments
of neuropathic pain: an update and effect related to mechanism of drug
action. Pain 83, 389—-400.

Sindrup, S.H., Jensen, T.S., 2002. Pharmacotherapy of trigeminal neural-
gia. Clin. J. Pain 18, 22-27.

Sist, T., Filadora, V., Miner, M., Lema, M., 1997. Gabapentin for idiopathic
trigeminal neuralgia: report of two cases. Neurology 48, 1467.

Solaro, C., Lunardi, G.L., Capello, E., Inglese, M., Messmer, U.M., Uc-
celli, A., Mancardi, G.L., 1998. An open-label trial of gabapentin treat-
ment of paroxysmal symptoms in multiple sclerosis patients. Neurology
51, 609-611.

Vos, B.P., Strassman, A.M., 1995. Fos expression in the medullary dorsal
horn of the rat after chronic constriction injury to the infraorbital nerve.
J. Comp. Neurol. 357, 362—375.



K. Deseure et al. / European Journal of Pharmacology 456 (2002) 51-57 57

Winer, B.J., Brown, D.R., Michels, K.M., 1991. Statistical principles in
experimental design, 3rd ed. McGraw-Hill, New York.

Xu, X.J., Hao, J.X., Aldskogins, H., Seiger, A., Wiesenfeld-Hallin, Z.,
1992. Chronic pain related syndrome in rats after ischemic spinal cord
lesion: a possible animal model for pain in patients with spinal cord
injury. Pain 48, 279-290.

Vos, B.P., Strassman, A.M., Maciewicz, R.J., 1994. Behavioral evidence of
trigeminal neuropathic pain following chronic constriction injury to the
rat’s infraorbital nerve. J. Neurosci. 14, 2708 -2723.

Vos, B.P., Benoist, J.-M., Gautron, M., Guilbaud, G., 2000. Changes in
neuronal activities in the two ventral posterior medial thalamic nuclei in
an experimental model of trigeminal pain in the rat by constriction of
one infraorbital nerve. Somatosens. Motor Res. 17, 109—-122.



	Introduction
	Materials and methods
	Subjects
	Surgery
	Behavioral testing
	Drugs and doses
	Statistical analysis

	Results
	Discussion
	References

