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Abstract

Purpose Pregabalin exhibits potent anticonvulsant,
analgesic, and anxiolytic activity in animal models. How-
ever, few studies have evaluated pregabalin’s potential
peripheral effects on neuropathic pain. The aim of this
study was to evaluate the peripheral analgesic effects of
pregabalin in a rat model of neuropathic pain.

Methods Male Sprague-Dawley rats were prepared by
ligating the left L5 and L6 spinal nerves to produce neu-
ropathic pain. Sixty rats with neuropathic pain were
randomly assigned to six groups. Normal saline (control)
and pregabalin (10, 20, 30, and 50 mgkg™') were
administered to the plantar surface of the affected left hind
paw. Pregabalin (50 mg-kg™') was administered into the
unaffected contralateral paw in order to determine its
systemic effect. Responses to mechanical, cold, and heat
stimulation were recorded at 15, 30, 60, 90, 120, 150, and
180 min after drug administration. Rotarod performance
was measured to detect drug-induced side effects, includ-
ing sedation and reduced motor coordination.

Results Saline injected into the affected paw and a pre-
gabalin dose of 50 mg-kg™’ injected into the contralateral
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paw showed no differences for mechanical, cold, and heat
allodynia. Administration of pregabalin to the affected left
hind paw in the dose range of 10-50 mg-kg~" resulted in a
dose-dependent increase in thresholds to mechanical, cold,
and heat stimulation.

Conclusion Peripherally administered pregabalin atten-
uates mechanical, cold, and heat allodynia in a rat model
of neuropathic pain.

Résumé

Objectif La pregabaline demontre une puissante activite’
anticonvulsivante, analgesique et anxiolytique dans les
modeles animaux. Neanmoins, il n’existe que peu d’etudes
ayant evalue’ les effets peripheriques potentiels de la
pregabaline sur la douleur neuropathique. L’objectif de
cette etude etait d’examiner les effets analgesiques
peripheriques de la pregabaline dans un modele de douleur
neuropathique chez le rat.

Méthode Des rats Sprague-Dawley mdles ont ete
prepares en ligaturant les nerfs rachidiens L5 et L6 afin de
créer une douleur neuropathique. Soixante rats souffrant
de douleur neuropathique ont ete aleatoirement repartis en
six groupes. Du serum physiologique (temoin) et de la
prégabaline (10, 20, 30, et 50 mg-kg™") ont ete’ administrés
d la surface plantaire de la patte arriere gauche affectee.
De la prégabaline (50 mg-kg™') a ete administrée a la
patte controlaterale non affectee afin de determiner
son effet systemique. Les reactions aux stimulations
mecaniques, au froid et da la chaleur ont ete enregistrees d
15, 30, 60, 90, 120, 150 et 180 min apres I’administration
du medicament. La performance au test de la tige
tournante a et€ mesuree afin de depister les effets
secondaires provoques par le medicament, notamment la
sedation et une reduction de la coordination motrice.
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Résultats Le serum physiologique injecte” dans la patte
affectee et une dose de 50 mg-kg~' de pregabaline injectee
dans la patte controlaterale ont demontre des reactions
semblables concernant I’allodynie mecanique, au froid et d la
chaleur. L’administration de pregabaline d la patte arriere
gauche affectee, dans une marge posologique de 10 a
50 mg-kg™!, a cause une augmentation dose-dependante des
seuils de stimulation mecanique, au froid et d la chaleur.
Conclusion La pregabaline, lorsqu’elle est administree
aux nerfs peripheriques, attenue [’allodynie mecanique,
au froid et da la chaleur dans un modele de douleur
neuropathique chez le rat.

Neuropathic pain remains an important clinical problem for
which the mechanism has not been clearly determined.’
Conventional analgesics, such as non-steroidal anti-
inflammatory drugs and opioids, have limited efficacy in
the treatment of neuropathic pain. Also, they are associated
with mild and occasionally serious side effects.” Presently,
anticonvulsants (e.g., gabapentin and carbamazepine),
antidepressants, and N-methyl-D-aspartate (NMDA) antag-
onists are prescribed, but their efficacy for the treatment of
neuropathic pain is limited at best.'”

Pregabalin, known formerly as S(+4)-3-isobutyl-gamma
aminobutyric acid (isobutylgaba) or CI-1008, is a potent
ligand for the alpha-2-delta («20) subunit of the voltage-
gated calcium channels in the central nervous system.
Pregabalin exhibits potent anticonvulsant, analgesic, and
anxiolytic activity in a range of animal models.* Pregabalin
has been shown to relieve the pain induced by formalin,’
kaolin, and carrageenan.® Systemic or intrathecal admin-
istration of pregabalin has been shown to attenuate the
nociceptive signals in a rat model of neuropathic pain.”"'”

In the clinical setting, systemic pregabalin has been
shown to reduce postoperative pain.'"'? Recent clinical
reports suggest that systemic pregabalin is effective for
treating neuropathic pain associated with postherpetic neu-
ralgia and diabetic peripheral neuropathy.'*'> Although
pregabalin has been shown to relieve neuropathic pain, both
in preclinical models and clinically, the peripheral analgesic
effect of this drug in animal neuropathic pain models has
not been profiled for mechanical, cold, and heat hypersen-
sitivity. In addition, while the antinociceptive effect of
pregabalin may be produced by spinal, supraspinal, or
peripheral inhibitory action on ectopic afferent discharge,
the primary site of the drug’s anti-allodynic action remains
the subject of debate.®'*!”

Therefore, to determine if pregabalin has a peripheral
site of action, we examined the anti-allodynic effects of
intraplantar injection of pregabalin by observing the with-
drawal responses to mechanical, cold, and heat stimuli in a
rat model of neuropathic pain.

Methods
Animals

All experimental procedures were approved by our insti-
tutional animal investigation committee. In this study, we
used male Sprague-Dawley rats each weighing 150-180 g,
and we provided them with food and water ad libitum. The
rats were housed in groups of three to four in plastic cages
with soft bedding, and they were maintained on a 12:12 hr
light-dark cycle. Before conducting this experiment, the
experimental rats were allowed to adjust to their environ-
ment for at least seven days.

Spinal nerve ligation

We used the method of Kim and Chung'® to produce the
neuropathic pain model by ligating the left L5 and L6
spinal nerves. After the surgery, the rats were allowed to
recover for seven days before we started the behavioural
testing. The animals we used in the tests were those that
showed a foot withdrawal response to von Frey filaments
(Semmes Weinstein von Frey esthesiometer, Stoelting Co.,
IL, USA), with an applied bending force of < 4 g con-
sidered neuropathic.'” The rats that exhibited motor
deficiency, such as paw dragging or limping, or those that
failed to exhibit subsequent mechanical allodynia were
excluded from any further testing.

Drug administration

Pregabalin (donated from Pfizer Inc, Groton, CT, USA) was
reconstituted in a 0.9% saline solution. All of the pregabalin
or saline doses were administered in one hind paw as a 50 uL.
bolus. The rats with neuropathic pain were randomized to
one of six groups. The groups consisted of: 1) saline only —
NS; 2) pregabalin 10 mg-kg™' — PRGB10; 3) pregabalin
20 mg-kg™' — PRGB20; 4) pregabalin 30 mgkg™' —
PRGB30; 5) pregabalin 50 mg-kg™' - PRGB50; and 6)
pregabalin 50 mg-kg ™" injected into the right paw — PRGB
50Rt. We included PRGB 50Rt to control for the systemic
effect of subcutaneously injected pregabalin. The needle
puncture to deliver the study drug solution was made via the
plantar skin surface. The solution was then placed in the
subcutaneous space just proximal to the third metatarsal
bone.*”

Behavioural tests
All behavioural tests were conducted at fixed times (1 p.m.
to 6 p.m.) to avoid bias attributable to the influence of

circadian rhythm, and the tests were performed by the same
person who was blinded to the study solution. Mechanical,
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cold, and heat allodynia were assessed before intraplantar
injection and also at 15, 30, 60, 90, 120, 150, and 180 min
after the injection. After intraplantar injection, the rats were
placed on a metal mesh covered with a plastic dome
(8 x 8 x 18 cm) for the assessment of mechanical and
cold allodynia. The dosage regimen and observation times
were based on the preliminary experimental results and our
previous experience.

The thresholds for mechanical allodynia were measured
with a series of von Frey filaments (0.6, 1.0, 1.4, 2.0, 4.0,
6.0, 8.0, 10.0, 15.0, and 26.0 g). The third metatarsal bone
area of the left hind paw was stimulated with von Frey
filaments at three- to four-second intervals using the up-
down method.”! We recorded the minimal pressure level
(in grams) that initiated a response. If the strongest filament
did not elicit a response, then the threshold was recorded as
26.0 g.

Cold allodynia was measured as the number of foot
withdrawal responses (lifting, shaking, or licking) after the
application of cold stimuli to the plantar surface of
the paw.”>** A drop of 100% acetone was gently applied to
the left heel of the rat with a syringe connected to a thin
polyethylene tube. The test was repeated five times with an
interval of approximately three to five minutes between
each test. The response frequency to acetone was expressed
as a percent response frequency, i.e., the number of paw
withdrawals/the number of trials x 100. The noxious heat
thresholds for heat allodynia were measured using an
increasing-temperature hot plate (IITC Life Science,
Woodland Hills, CA, USA) that was recently validated.**
After habituation, the rats were placed onto the plate that
was then heated from a starting temperature of 30°C at a
rate of 12°C-min~' until the animal showed nocifensive
behaviour involving either hindpaw. The typical response
was hindpaw licking, shaking, and lifting. Jumping was
rare but observed. The corresponding plate temperature
was considered the noxious heat threshold.”” Changes of
the locomotor function of the neuropathic rats were eval-
uated by rotarod testing (Acceler rota-rod for rats 7750;
Ugo Basile, Comerio-Varese, Italy). The rats with neuro-
pathic pain were acclimatized to the revolving drum, and
they were desensitized to manual handling to ameliorate
any stress during testing. The rats were given three training
trials on the revolving drums (10-15 rpm) for two days, and
those able to remain on the revolving drum for a minimum
of 150 sec were selected for drug testing. The mean of
three training runs served as a control performance time.
The rotarod performance time was measured at 15, 30, 60,
90, 120, 150, and 180 min after intraplantar injection. Each
test was performed three times at five-minute intervals, and
the mean values were compared. The tactile, cold, and heat
tests were performed simultaneously, i.e., each test was
repeated in order at each time interval, and, due to the time
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required to perform the test, only the rotarod testing was
performed separately at each recording interval.

Statistical analysis

The results are expressed as the mean + standard error of
mean (SEM). Statistical analysis was performed using
GraphPad Prism version 5.0 (GraphPad Software, Inc., San
Diego, CA, USA). Repeated measures analysis of variance
(RMANOVA) was used to test for group-time interaction.
When RMANOVA was significant, post hoc testing was
done using Dunnett’s test. A P value of < 0.01 was con-
sidered significant. For dose-response curves, withdrawal
data were converted to a percentage of the maximum
possible effect (%MPE) using the following formulas: 1)
The 9%MPE for mechanical allodynia = (post drug
threshold-baseline threshold) / (cut-off threshold-baseline
threshold) x 100; and 2) The %MPE for cold and heat
allodynia = (baseline withdrawal frequency-post drug
withdrawal frequency)/(baseline withdrawal frequency) X
100. Dose-response data were analyzed using one-way
ANOVA.

Results

Neuropathic pain behaviour developed in 81% of the
experimental rats within five days after performing spinal
nerve ligation. These animals appeared to be healthy
without any evidence of paralysis or limping. Throughout
the two-week experimental period, the degree of allodynia
experienced by the rats was consistently maintained.

Evaluation of the systemic reaction to pregabalin

When compared with the control group, systemically
absorbed pregabalin at a dose of 50 mg-kg™" injected into
the right paw resulted in no differences in 1) the with-
drawal thresholds in response to mechanical stimulation
(Figure 1); 2) the withdrawal frequencies in response to
cold stimulation (Figure 3); and 3) the noxious heat
thresholds to heat stimulation of the injured left paw
(Figure 5).

Mechanical allodynia

All of the rats developed mechanical allodynia after spinal
nerve ligation with a foot withdrawal threshold below 4 g.
Before normal saline administration, the withdrawal
threshold in the control group was 1.1 & 0.1 g, and after
normal saline administration, the withdrawal thresholds
were 1.3 £0.1,1.4 £ 0.1,1.7 £ 0.3,1.5 £ 0.1,1.2 £ 0.1,
1.1 £ 0.1, and 1.1 £ 0.1 g at 15, 30, 60, 90, 120, 150, and
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Fig. 1 In the rat model of neuropathic pain, the time course of the
paw withdrawal threshold to mechanical stimuli applied to the plantar
surface of the affected left paw with von Frey filaments. *P < 0.001
vs the saline group by repeated measures analysis of variance
(ANOVA) and Dunnett’s test. 1P < 0.001 vs the pre-administration
time by repeated measures ANOVA and Dunnett’s test
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Fig. 2 In the pregabalin groups, dose-response curves from the peak
effects of percent maximal possible effect (%MPE) for mechanical
anti-allodynia. These curves show a dose-dependent mechanical anti-
allodynic effect. Each line represents the mean =+ standard error of
mean (SEM) for ten rats. Doses (mg-kgfl) are represented logarith-
mically on the x axis and peak %MPE is represented on the y axis.
TP < 0.001 vs 10 mgkg™", *P < 0.001 vs 20 mgkg™", [[P < 0.001
vs 30 mg-kg™", as determined by one-way ANOVA

180 min, respectively. At 60 min after administering pre-
gabalin 10 mg-kg™', the withdrawal threshold increased
compared with pre-administration; however, there was no
difference in the withdrawal threshold compared with the
control group (P < 0.001). The withdrawal threshold time
increased to 60 min for 20 mg-kg_l, from 15 to 120 min for
30 mgkg™', and from 15 to 150 min for 50 mg-kg ',
compared with the control group (P < 0.001) (Figure 1).
Peripheral administration of pregabalin dose-dependently

attenuated mechanical allodynia (P < 0.001) (Figure 2).
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Fig. 3 In the rat model of neuropathic pain, time course of the paw
withdrawal frequency to cold stimuli using 100% acetone. *P < 0.001
vs the saline group by repeated measures analysis of variance
(ANOVA) and Dunnett’s test. TP < 0.001 vs the pre-administration
time by repeated measures ANOVA and Dunnett’s test

Cold allodynia

Before drug administration, all of the groups showed
withdrawal frequencies of > 92% when 100% acetone
was applied, and there were no differences between the
groups. After administering pregabalin 10 mg-kg™' and
20 mg-kg ™', the withdrawal frequency decreased from 30 to
60 min and from 30 to 90 min, respectively, compared with
pre-administration (P < 0.001); whereas there was no dif-
ference compared with the control group. Compared with
the control group, administration of pregabalin reduced
the withdrawal frequency to acetone application from 15
to 30 min for 30 mg-kg~' and from 15 to 150 min for
50 mg-kg™' (P < 0.001) (Figure 3). Peripheral administra-
tion of pregabalin dose-dependently attenuated cold
allodynia (P < 0.019) (Figure 4).

Heat allodynia

When the rats with neuropathic pain were placed onto the
increasing-temperature hot plate, all of the groups showed
heat thresholds of 45.3 £ 0.1°C before drug administra-
tion. Administration of pregabalin increased the noxious
heat threshold time to heat allodynia from 15 to 30 min for
10 mg-kg ™', from 15 to 60 min for 20 mg-kg ™", from 15 to
90 min for 30 mgkg™', and from 15 to 120 min for
50 mg-kg™' (P < 0.001) (Figure 5). Peripheral adminis-
tration of pregabalin dose-dependently attenuated heat
allodynia (P < 0.001) (Figure 6).
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Fig. 4 Dose-response curves from the peak effects of percent
maximal possible effect (%MPE) for cold anti-allodynia in the
pregabalin groups. These curves show a dose-dependent cold anti-
allodynic effect. Each line represents the mean = standard error of
mean (SEM) for ten rats. Doses (mg-kg™") are represented logarith-
mically on the x axis and peak %MPE is represented on the y axis.
TP < 0.019 vs 10 mgkg™", *P < 0.019 vs 20 mgkg™", [ < 0.019 vs
30 mg-kg™', as determined by one-way analysis of variance
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Fig. 5 In the rat model of neuropathic pain, time course of the paw
withdrawal threshold to heat stimuli using an increasing-temperature
hot plate. *P < (0.001 vs the saline group by repeated measures
analysis of variance (ANOVA) and Dunnett’s test. TP < 0.001 vs the
pre-administration time by repeated measures ANOVA and Dunnett’s
test

Rotarod performance

There was no significant change between the rats treated with
saline and the rats treated with pregabalin 10-30 mg-kg ™"
with regard to their competence to perform the rotarod test.
In contrast, when treated with pregabalin 50 mg-kg ™', the
rats’ rotarod performance time at 15, 30, 60, 90, 120, 150, and
180 min decreased from the statistical cut-off time (150 sec) to
127.8 £4.9,1144 £+ 4.0,127.7 £ 3.5,133.7 £3.4,1409 &+
39,1454 + 3.1, and 148.5 £ 1.5 sec, respectively. The rats’
rotarod performance time decreased during the 15 to 90 min
period after pregabalin 50 mg-kg ™' was administered. At 120,
150 and 180 min, the rats’ rotarod performance time gradually
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Fig. 6 Dose-response curves from the peak effects of percent
maximal possible effect (%MPE) for heat anti-allodynia in the
pregabalin groups. These curves show a dose-dependent heat anti-
allodynic effect. Each line represents the mean = standard error of
mean (SEM) for ten rats. Doses (mg-kg ') are represented logarith-
mically on the x axis and peak %MPE is represented on the y axis.
P < 0.001 vs 10 mg-kg ™', *P < 0.001 vs 20 mg-kg ', [ < 0.001 vs
30 mg-kg™', as determined by one-way ANOVA
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Fig. 7 Effect of the intraplantar administration of pregabalin on the
rotarod performance time. *P < 0.001 vs the saline group by repeated
measures analysis of variance (ANOVA) and Dunnett’s test. TP <
0.001 vs the pre-administration time by repeated measures ANOVA and
Dunnett’s test

recovered and did not differ significantly from the statistical
cut-off time (150.0 sec) (P < 0.001) (Figure 7).

Discussion

This study demonstrates that intraplantar administered
pregabalin is associated with a dose—dependent anti-allo-
dynic effect in a rat model of neuropathic pain. Local
injection of pregabalin resulted in a dose-dependent increase
in threshold to mechanical, cold, and heat stimulation.
However, compared with the control group, injection of
pregabalin 50 mg-kg ™' to the unaffected right paw did not
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elicit an anti-allodynic effect at any point during the study.
This showed that there was no anti-allodynic action on the
left paw as a result of any systemic effect at these admin-
istered doses. These results highlight the peripheral action of
pregabalin in a rat model of neuropathic pain.

It is not clear how pregabalin exerts an anti-allodynic
effect on neuropathic pain. In previous studies, it was either
stated or assumed that the antihyperalgesic effects of pre-
gabalin were achieved through a supraspinal or spinal site
of action.'®?® Han et al.'” reported that intraperitoneal and
intrathecal pregabalin in a rat model of neuropathic pain
decreased the tactile and cold allodynia in a dose-depen-
dent manner. Autoradiographic analysis of R217A mutant
mice has shown that the mutation to «2-1 substantially
reduces specific pregabalin binding in the central nervous
system regions that are known to preferentially express the
020-1 protein, notably the neocortex, hippocampus, baso-
lateral amygdala, and spinal cord.”” This finding provides
evidence that the 20-1 subunit of the voltage-gated cal-
cium channels is the major binding protein for pregabalin
in the CNS.”’

Pregabalin may also exert its mechanism of action
peripherally. Carlton and Zhou® reported that local
peripheral injection of S-(+)-3-isobutylgaba reduced the
formalin-induced nociceptive behaviours. Chen er al.'’
reported that intravenous injection of pregabalin dose-
dependently attenuated the tactile allodynia and thermal
hyperalgesia in sciatic nerve-ligated neuropathic rats.
Furthermore, pregabalin significantly inhibited the ectopic
discharges from injured afferent neurons in a dose-depen-
dent manner. The preceding data strongly suggest that the
analgesic effect of pregabalin on neuropathic pain is
mediated by its peripheral inhibitory action on the gener-
ation of ectopic discharges caused by nerve injury. The
effect of pregabalin on ectopic afferent activity may con-
tribute to its analgesic action by directly eliminating the
nociceptive afferent input to the spinal cord. Attenuation of
the nociceptive input into the spinal cord would reduce the
level of central sensitization of the dorsal horn cells.

Pregabalin is also known to suppress the release of
substance P and calcitonin gene-related peptide (CGRP).*®*
Peripherally-released substance P and CGRP were noted to
mediate mechanical hyperalgesia in a peripheral neuro-
pathic pain model.”” Therefore, pregabalin administered
peripherally may affect the release of these mediators and
alleviate the hyperalgesia in this type of pain model.

Immunohistochemical staining for the glutamate recep-
tor subtypes NMDA, kainate, and AMPA has been shown
to produce labelled unmyelinated axons in the glabrous
skin of the rat hindpaw.’® Injecting glutamate into the rat
hindpaw has produced behavioural changes that can be
interpreted as mechanical allodynia and mechanical
hyperalgesia. It has also been shown that peripheral

glutamate receptors have been involved in mechanical
hyperalgesia in a peripheral neuropathic pain model.’' It
has been suggested that pregabalin may reduce the release
of glutamate.® Therefore, blockade of the peripheral glu-
tamate receptors by pregabalin in our current neuropathic
pain model experiment may be another mechanism of
action for reducing the allodynia.

Only three studies have described the peripheral effect
of pregabalin in a rat model. Carlton and Zhou® reported
that local peripheral injection of pregabalin reduced for-
malin-induced nociceptive behaviours, but they used a
formalin rat model and they assessed the flinching and
lifting/licking behaviours. In contrast to Carlton’s experi-
ment,” we used the spinal nerve ligation model and we
evaluated the mechanical, cold, and heat allodynia. Chen
et al."” reported that intravenous injection of pregabalin
dose-dependently attenuated tactile allodynia and thermal
hyperalgesia in sciatic nerve-ligated neuropathic rats, but
they did not assess cold allodynia. We administered pre-
gabalin peripherally, not intravenously, and we evaluated
responses to mechanical, cold, and heat allodynia follow-
ing spinal nerve ligation. Field er al.'' reported that
subcutaneous injection of gabapentin and pregabalin dose-
dependently block the development or maintenance of
hyperalgesia and allodynia in a rat model of postoperative
pain. Yet, administration of gabapentin into the hind paw
failed to block both the static and dynamic allodynia
induced by streptozocin in rats.®> This discrepancy with
our study is possibly due to the different animal models
(streptozocin vs spinal nerve ligation) and the different
types and doses of drugs (gabapentin 1-100 pg/animal vs
pregabalin 10-50 mg-kg™").

Pregabalin-related side effects include mild-to-moderate
central nervous system disturbances, such as dizziness,
somnolence and ataxia, dose-dependent peripheral edema,
weight gain,*** myoclonus,’®*” a cortical negative form of
myoclonus,*® and exacerbation of heart failure.***° These
side effects are clinically important because they restrict the
use of pregabalin for continuous treatment of patients with
chronic pain. In addition, if the neuropathic rats in our study
were sedated by pregabalin, then the effect on mechanical,
cold, and heat allodynia would have been exaggerated.
Therefore, we performed the rotarod test to evaluate the
effect of pregabalin on motor coordination to exclude the
sedation-induced anti-allodynic effect. We investigated
such side effects as sedation or motor disturbance by
administering different concentrations of pregabalin. Only
the rats with the highest dose (50 mg-kg™') showed a
reduction of rotarod performance during the first 15 to
120 min. Since the rotarod performance was decreased only
at the highest dose, it is unlikely that the anti-allodynic
effect of pregabalin at 10-30 mg-kg ™" is due to the sedative
effect of pregabalin.

@ Springer



670

H. J. Park et al.

In conclusion, intraplantar administered pregabalin in

the dose range of 10-50 mg-kg ™" attenuated the mechani-
cal, cold, and heat allodynia exhibited by spinal nerve
ligated rats. Sedation and motor disturbance were only
observed at the highest dose (50 mg-kg™"), suggesting that
sedation was not the mechanism for attenuation of allo-
dynia. These results suggest that pregabalin may exert a
peripheral analgesic effect in a model of neuropathic pain
in a dose range that is not associated with either sedation or
motor disturbance. Randomized controlled trials are war-
ranted to confirm these findings in the clinical setting.

Competing interests

None declared.

References

10.

11.

12.

13.

14.

. Colombo B, Annovazzi PO, Comi G. Medications for neuropathic

pain: current trends. Neurol Sci 2006; 27(Suppl 2): S183-9.

. MacFarlane BV, Wright A, O’Callaghan J, Benson HA. Chronic

neuropathic pain and its control by drugs. Pharmacol Ther 1997;
75: 1-19.

. McCleane G. Pharmacological management of neuropathic pain.

CNS Drugs 2003; 17: 1031-43.

. Ben-Menachem E. Pregabalin pharmacology and its relevance to

clinical practice. Epilepsia 2004; 45(Suppl 6): 13-8.

. Carlton SM, Zhou S. Attenuation of formalin-induced nociceptive

behaviors following local peripheral injection of gabapentin. Pain
1998; 76: 201-7.

. Houghton AK, Lu Y, Westlund KN. S-(4)-3-isobutylgaba and its

steroisomer reduces the amount of inflammation and hyperalgesia
in an acute arthritis model in the rat. J Pharmacol Exp Ther 1998;
285: 533-8.

. Field MJ, Bramwell S, Hughes J, Singh L. Detection of static and

dynamic components of mechanical allodynia in rat models of
neuropathic pain: are they signalled by distinct primary sensory
neurones? Pain 1999; 83: 303-11.

. Wallin J, Cui JG, Yakhnitsa V, Schechtmann G, Meyerson BA,

Linderoth B. Gabapentin and pregabalin suppress tactile allo-
dynia and potentiate spinal cord stimulation in a model of
neuropathy. Eur J Pain 2002; 6: 261-72.

. Takeuchi Y, Takasu K, Ono H, Tanabe M. Pregabalin, S-(+)-3-

isobutylgaba, activates the descending noradrenergic system to
alleviate neuropathic pain in the mouse partial sciatic nerve liga-
tion model. Neuropharmacology 2007; 53: 842-53.

Han DW, Kweon TD, Lee JS, Lee YW. Antiallodynic effect of
pregabalin in rat models of sympathetically maintained and
sympathetic independent neuropathic pain. Yonsei Med J 2007;
48: 41-7.

Field MJ, Holloman EF, McCleary S, Hughes J, Singh L. Eval-
uation of gabapentin and S-(+4)-3-isobutylgaba in a rat model of
postoperative pain. J Pharmacol Exp Ther 1997; 282: 1242-6.
Hill CM, Balkenohl M, Thomas DW, Walker R, Mathe H, Murray
G. Pregabalin in patients with postoperative dental pain. Eur J
Pain 2001; 5: 119-24.

Dworkin RH, Corbin AE, Young JP Jr, et al. Pregabalin for the
treatment of postherpetic neuralgia: a randomized, placebo-con-
trolled trial. Neurology 2003; 60: 1274-83.

Sabatowski R, Galvez R, Cherry DA, et al; 1008-045 Study
Group. Pregabalin reduces pain and improves sleep and mood
disturbances in patients with post-herpetic neuralgia: results of a

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

randomised, placebo-controlled clinical trial. Pain 2004; 109:
26-35.

Rosenstock J, Tuchman M, LaMoreaux L, Sharma U. Pregabalin
for the treatment of painful diabetic peripheral neuropathy: a
double-blind, placebo-controlled trial. Pain 2004; 110: 628-38.
Taylor CP, Vartanian MG, Yuen PW, Bigge C, Suman-Chauhan
N, Hill DR. Potent and stereospecific anticonvulsant activity of 3-
isobutyl GABA relates to in vitro binding at a novel site labeled
by tritiated gabapentin. Epilepsy Res 1993; 14: 11-5.

Chen SR, Xu Z, Pan HL. Stereospecific effect of pregabalin on
ectopic afferent discharges and neuropathic pain induced by
sciatic nerve ligation in rats. Anesthesiology 2001; 95: 1473-9.
Kim SH, Chung JM. An experimental model for peripheral neu-
ropathy produced by segmental spinal nerve ligation in the rat.
Pain 1992; 50: 355-63.

Jang Y, Kim ES, Park SS, Lee J, Moon DE. The suppressive
effects of oxcarbazepine on mechanical and cold allodynia in a
rat model of neuropathic pain. Anesth Analg 2005; 101: 800-6.
Xie J, Yoon YW, Yom SS, Chung JM. Norepinephrine rekindles
mechanical allodynia in sympathectomized neuropathic rat.
Analgesia 1995; 1: 107-13.

Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL.
Quantitative assessment of tactile allodynia in the rat paw.
J Neurosci Methods 1994; 53: 55-63.

Choi Y, Yoon YW, Na HS, Kim SH, Chung JM. Behavioral signs
of ongoing pain and cold allodynia in a rat model of neuropathic
pain. Pain 1994; 59: 369-76.

Attal N, Jazat F, Kayser V, Guilbaud G. Further evidence for
‘pain-related” behaviours in a model of unilateral peripheral
mononeuropathy. Pain 1990; 41: 235-51.

Almasi R, Petho G, Bolcskei K, Szolcsanyi J. Effect of resinif-
eratoxin on the noxious heat threshold temperature in the rat: a
novel heat allodynia model sensitive to analgesics. Br J Phar-
macol 2003; 139: 49-58.

Bolcskei K, Helyes Z, Szabo A, et al. Investigation of the role of
TRPV1 receptors in acute and chronic nociceptive processes
using gene-deficient mice. Pain 2005; 117: 368-76.

Field MJ, Oles RJ, Lewis AS, McCleary S, Hughes J, Singh L.
Gabapentin (neurontin) and S-(+)-3-isobutylgaba represent a
novel class of selective antihyperalgesic agents. Br J Pharmacol
1997; 121: 1513-22.

Bian F, Li Z, Offord J, et al. Calcium channel alpha2-delta type 1
subunit is the major binding protein for pregabalin in neocortex,
hippocampus, amygdala, and spinal cord: an ex vivo autoradio-
graphic study in alpha2-delta type 1 genetically modified mice.
Brain Res 2006; 1075: 68-80.

Fehrenbacher JC, Taylor CP, Vasko MR. Pregabalin and gaba-
pentin reduce release of substance P and CGRP from rat spinal
tissues only after inflammation or activation of protein kinase C.
Pain 2003; 105: 133-41.

Jang JH, Nam TS, Paik KS, Leem JW. Involvement of periph-
erally released substance P and calcitonin gene-related peptide in
mediating mechanical hyperalgesia in a traumatic neuropathy
model of the rat. Neurosci Lett 2004; 360: 129-32.

Carlton SM, Hargett GL, Coggeshall RE. Localization and acti-
vation of glutamate receptors in unmyelinated axons of rat
glabrous skin. Neurosci Lett 1995; 197: 25-8.

Jang JH, Kim DW, Sang Nam T, Se Paik K, Leem JW. Peripheral
glutamate receptors contribute to mechanical hyperalgesia in a
neuropathic pain model of the rat. Neuroscience 2004; 128: 169-76.
Cunningham MO, Woodhall GL, Thompson SE, Dooley DJ, Jones
RS. Dual effects of gabapentin and pregabalin on glutamate
release at rat entorhinal synapses in vitro. Eur J Neurosci 2004;
20: 1566-76.

Field MJ, McCleary S, Hughes J, Singh L. Gabapentin and pre-
gabalin, but not morphine and amitriptyline, block both static and



Intraplantar pregabalin and allodynia

671

34.

3s.

36.

37.

dynamic components of mechanical allodynia induced by strep-
tozocin in the rat. Pain 1999; 80: 391-8.

Siddall PJ, Cousins MJ, Otte A, Griesing T, Chambers R, Murphy TK.
Pregabalin in central neuropathic pain associated with spinal cord
injury: a placebo-controlled trial. Neurology 2006; 67: 1792-800.
Hamandi K, Sander JW. Pregabalin: a new antiepileptic drug for
refractory epilepsy. Seizure 2006; 15: 73-8.

Knake S, Klein KM, Hattemer K, et al. Pregabalin-induced gen-
eralized myoclonic status epilepticus in patients with chronic
pain. Epilepsy Behav 2007; 11: 471-3.

Huppertz HJ, Feuerstein TJ, Schulze-Bonhage A. Myoclonus in
epilepsy patients with anticonvulsive add-on therapy with pre-
gabalin. Epilepsia 2001; 42: 790-2.

38.

39.

40.

Hellwig S, Amtage F. Pregabalin-induced cortical negative
myoclonus in a patient with neuropathic pain. Epilepsy Behav
2008; 13: 418-20.

Murphy N, Mockler M, Ryder M, Ledwidge M, McDonald K.
Decompensation of chronic heart failure associated with pre-
gabalin in patients with neuropathic pain. J Card Fail 2007; 13:
227-9.

Pndage RL 2" Cantu M, Lindenfeld J, Hergott LJ, Lowes BD.
Possible heart failure exacerbation associated with pregabalin:
case discussion and literature review. J Cardiovasc Med
(Hagerstown) 2008; 9: 922-5.

@ Springer



	Attenuation of neuropathy-induced allodynia following intraplantar injection of pregabalin
	Atténuation de l’allodynie d’origine neuropathique après  une injection intraplantaire de prégabaline
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Résumé
	Objectif
	Méthode
	Résultats
	Conclusion

	Methods
	Animals
	Spinal nerve ligation
	Drug administration
	Behavioural tests
	Statistical analysis

	Results
	Evaluation of the systemic reaction to pregabalin
	Mechanical allodynia
	Cold allodynia
	Heat allodynia
	Rotarod performance

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


