
PRELIMINARY COMMUNICATION

EFFECT OF TOPIRAMATE ON MECHANICAL ALLODYNIA
IN NEUROPATHIC PAIN MODEL IN RATS

Anna Wieczorkiewicz-P³aza�, Pawe³ P³aza�, Ryszard Maciejewski�,
Miros³aw Czuczwar�, Krzysztof Przesmycki���

����������� �	 
���� ������� ������������ ������� ���������� �������� �� ��  !"!#$ ������� �������
������� ��������� ���������� �	 ������%������& ��� '�������� (%����� ������������ ������� ����������

�������� �)� ��  !"!*� ������� ������

Effect of topiramate on mechanical allodynia in neuropathic pain model in rats.
A. WIECZORKIEWICZ-P£AZA, P. P£AZA, R. MACIEJEWSKI, M. CZUCZWAR,
K. PRZESMYCKI. Pol. J. Pharmacol., 2004, 56, 275–278.

Topiramate, unlike gabapentin, lamotrigine and tiagabine, resembles phenytoin and
carbamazepine since it had been used as an antinociceptive drug in empirical treatment of
neuropathic pain in humans, before its systemic and planned research was conducted in
animal models of pain. Chronic administration of topiramate, at the dose of 50 mg/kg/day,
significantly diminished the mechanical sensitivity and shortened the period of allodynia
in the Seltzer mononeuropathy model in rats.
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Injury of a peripheral nerve may lead to neuro-
pathic pain, a form of chronic pain that does not re-
spond to traditional pain therapies. The most promi-
nent symptoms of abnormal pain states include: al-
lodynia (innocuous stimulation evokes abnormally
intense, prolonged pain sensation) and hyperalgesia
(noxious stimulation evokes abnormally intense
and prolonged pain sensation) [13]. The develop-
ment of animal models and constant progress in un-
derstanding the basic pathophysiology of neuro-

pathic pain has led to introduction of adjuvant anal-
gesics, such as antiepileptic drugs (AEDs) [7]. New
AED, topiramate (TPM), has multiple mechanisms
of action, which make it interesting in terms of po-
tential benefit for the treatment of neuropathic pain
[2, 13]. TPM, unlike gabapentin, lamotrigine and
tiagabine, resembles phenytoin and carbamazepine
since it had been used as an antinociceptive drug in
empirical treatment of neuropathic pain in humans,
before its systemic research was conducted in ani-
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mal models of pain [13]. TPM may also be benefi-

cial in neuropathic pain treatment because of its

neuroprotective activity, which was assessed in

both animal models and clinical trials [4, 8, 11, 16].

It is also worth mentioning that another new AED,

zonisamide, was recently reported to possess neu-

roprotective properties [12].
To the best of our knowledge, the effect of

chronic TPM treatment upon mechanical allodynia,

after the development of mononeuropathy in the

Seltzer model has never been studied. Therefore,

the aim of this study was to evaluate the antiallo-

dynic activity of TPM in Seltzer mononeuropathy

model in rats.
All experiments were performed after accep-

tance by the Local Bioethics Committee. Male

Wistar rats, weighing 250–350 g, were used. The

animals were randomly divided into 3 groups: group

A (experimental) – animals after surgery were given

TPM; group B (control) – animals after surgery were

treated with vehicle, and group C (sham-operated) –

sham-operated rats were given saline. All experi-

mental groups consisted of 14 animals at the begin-

ning of experiment. Partial ligation of the left sci-

atic nerve was performed under halotane/O inhala-

tion anesthesia, according to Seltzer et al. [10].

Briefly, the left sciatic nerve was exposed at high

thigh level through a small incision. The nerve was

carefully cleared of surrounding connective tissues

at a site near the trochanter just distal to the point at

which the posterior biceps semitendinosus nerve

branches off the common sciatic nerve and then

dorsal 1/3–1/2 of the nerve thickness was tightly

ligated with 6–0 suture (except sham-operated ani-

mals). The wound was closed with stitches. The ani-

mals were tested for occurrence of mechanical allo-

dynia 2 days after the surgery and those that did not

develop it were rejected from the experimental

groups (2 rats from group A and 3 rats from group

B).
To quantify mechanical sensitivity of the foot,

the occurrence of foot withdrawal in response to

normally innocuous mechanical stimuli was meas-

ured [6]. The animals were standing on a metal

mesh and the plantar surface of the operated paw

was touched with von Frey filament with a bending

force of 13 g. Each filament was applied ten times

with 3–4 s intervals. The occurrence of foot with-

drawal was expressed as a percent response fre-

quency – (number of foot withdrawal/number of

trials) × 100 = % response frequency. The test was

performed every second day beginning from day 2.
TPM (group A), vehicle (group B) and saline
(group C) were administered every day beginning
from the day 2, 1 h before scheduled test time.

TPM (Topamax, Cilag AG, Schasshausen,
Switzerland) was suspended in a 1% Tween 80.
TPM was administered intraperitoneally (ip) once a
day at the dose of 50 mg/kg. The control group or
sham-operated animals were treated ip with a cor-
responding volume of vehicle or saline.

Statistical analysis was performed using the
ANOVA and Newman-Keuls tests.

Mechanical allodynia was observed since the
second day after surgery, and the mechanical sensi-
tivity was significantly higher for 14 days of the
study, as compared to sham-operated animals.
Chronic administration of TPM, at the dose of
50 mg/kg/day, diminished the mechanical sensitiv-
ity and shortened the period of allodynia to 8 days.
The anti-allodynic effect of TPM was not signifi-
cant on the second day after surgery but reached
statistical significance on the fourth day, and it was
maintained until the end of experiment (Fig. 1).
The mode of administration (i.e. a single ip injec-
tion) was chosen because half-life (T�+ ) of TPM
has been shown to be up to 21.5 h [5], which al-
most covers the period between TPM administra-
tions. The dose 50 mg/kg was chosen as being far
below the value of ED,! causing motor impairment
in rats in the rota-rod test [9]. The antiallodynic ef-
fect of TPM was also observed by Wild et al. [14]
in the Chung model of neuropathic pain. A single
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Fig. 1. Mechanical allodynia in rats evaluated for 14 days after
surgery. Mean values of % response frequency ( SEM) were
calculated for 3 groups: sham-operated, operated + vehicle,
operated + topiramate (TPM)



dose of TPM (30 mg/kg) produced a significant

long-lasting (for 24 h) inhibition of mechanical al-

lodynia, and maximal inhibition was observed 1 h

after the administration. The antiallodynic effect of

TPM, observed in our study, reached statistical sig-

nificance on the fourth day of the experiment. The

differences in antiallodynic activity of TPM may be

partially due to different experimental models of

neuropathic pain. In the Chung model of neuropa-

thy, tight ligation is applied directly on the rat lum-

bar spinal nerves [6] in contrast to peripheral par-

tial ligation of sciatic nerve in Seltzer model.
Many similarities between the pathophysiologi-

cal phenomena observed in experimental models of

epilepsy and neuropathic pain justify the rationale

for use of AEDs in the treatment of neuropathic

pain disorders, therefore, antinociceptive activity

of TPM observed in our study is not surprising.

There is a remarkable pathophysiological similarity

between wind-up (spinal sensitization phenomena),

which has been documented for the spinal cord

dorsal horn neurons in experimental models of fa-

cilitated pain processing responsible for allodynia

and hyperalgesia in neuropathy, and kindling of

hippocampal neurons in epilepsy. Both wind-up

and kindling appear to result from the activation of

NMDA receptors, among other mechanisms [3]. In

the neuronal cell membrane, there is an alteration

of Na- channels, Ca - channels and neurotransmit-

ter systems including NMDA and �-aminobutyric

acid (GABA). At the intracellular level, there is an

activation of a number of second messenger cas-

cades (with protein kinase A and C being those best

documented) [13].
Chaplan et al. [1] demonstrated that the spinal

sensitization observed in the formalin test has a si-

milar mechanism to that of tactile allodynia in pe-

ripheral neuropathic pain models in rats. Both, be-

havioral response to formalin and nerve injury-

induced tactile allodynia displayed similar suscep-

tibility to the blockade of NMDA receptor by dif-

ferent NMDA antagonists. Additionally, it has been

demonstrated that administration of either lido-

caine or NMDA receptor antagonists inhibit the be-

havioral response to formalin, if they were admin-

istered prior to, but not after formalin injection

[15]. The susceptibility of primary afferent and

transmission neurons to the effects of sodium chan-

nel blockers in neuropathic pain models has been

well recognized and these channel blockers are also

effective in epilepsy [13]. Therefore, it should not

be surprising that AEDs can relieve and possibly
modify the perception of neuropathic pain.

TPM is a broad-spectrum AED with several
pharmacological properties that may contribute to its
anticonvulsant activity and antinociceptive effect in
neuropathic pain. These include a negative modula-
tory effect (use-dependent blockade) on voltage-
activated Na- channel; some L-type high-voltage-
activated Ca - channels, and on the AMPA/kainate
subtypes of iGluRs; a modulatory usually positive
effect on some GABA� receptors, and inhibition of
the carbonic anhydrase isoenzymes CA-II and
CA-IV [4]. TPM appears to be the first of a novel
class of broad-spectrum AEDs. All the molecular
systems affected by TPM are generally regarded as
targets for drugs with anticonvulsant activity and
antinociceptive effect in neuropathic pain, and some
are thought to be possible targets for drugs with neu-
roprotective activity [4].

TPM was also described as a neuroprotective
agent in several animal models of neuronal [8] and
nerve injury [11]. Delayed administration of TPM,
even after stroke (local or global brain ischemia)
[4, 16] or neuronal injury [8], resulted in a dose-
dependent neuroprotective effect. This activity
makes TPM more interesting in terms of neuro-
pathic pain treatment. The activity of TPM in neu-
ropathic pain models may not only be associated
with its analgesic effect, but also with promoting
nerve recovery in post injury conditions [11]. The
earlier termination of allodynia observed in the
Seltzer model of neuropathy after TPM treatment
may suggest the sciatic nerve recovery in post in-
jury conditions. Therefore, further histological and
pharmacological studies, showing the nerve recov-
ery after TPM treatment with doses 25, 50 and
100 mg/kg/day are now being performed.
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