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ABSTRACT

Background: Neuropathic pain is associated with prolonged disability and is
usually not responsive to conventional analgesics like NSAIDs and opioids. Even
the recommended first-line drugs are effective in less than 50% patients. Thus,
drugs with different mechanisms of action are needed. Baclofen, a GABA-B
agonist has shown benefit in different types of neuropathic pains and is compared
against pregabalin.

Methods: The sciatic nerve was ligated in 2 groups of 6 rats each as per the
chronic constriction injury model of neuropathic pain on day 0. After 14 days the
effect of single doses of pregabalin (30mg/kg) and baclofen (5mg/kg)
intraperitoneally were assessed over a 2 hours period. Thermal and mechanical
hyperalgesia were assessed as measures of neuropathic pain by the hotplate and
pin-prick method respectively.

Results: Significant thermal and mechanical hyperalgesia was produced 14 days
after sciatic nerve ligation in both the groups (p <0.05). Both pregabalin (p
<0.001) and baclofen (p <0.01) were effective in decreasing thermal hyperalgesia
throughout the two hours study period, but pregabalin was more effective as
compared to baclofen (p <0.05) at 30, 60 and 120minutes. Both the drugs
produced a significant decrease in mechanical hyperalgesia (p <0.01) throughout
the study period. Again, pregabalin was the more effective drug (p <0.05) at all
time points.

Conclusions: Significant thermal and mechanical hyperalgesia was seen 14 days
after sciatic nerve ligation. Both pregabalin and baclofen were effective in
reversing the hyperalgesia, but pregabalin was the more effective of the two drugs
at all time points.
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INTRODUCTION

Pain is one of the most common reasons for which a person
seeks medical attention.!. Though nociceptive pain is
usually protective, neuropathic pain can last for months to
years after the injury and can be associated with prolonged
disability.? Estimates reveal that 100 million to more than
600 million people or 1.5-8 % of the world’s population is
afflicted at some time or the other in their lives.®*
Neuropathic pain, which has been defined as “Pain caused
by a lesion or disease of the somatosensory system” has a
varied aetiology which ranges from trauma to nerves,
spinal cord or even the brain, to a sequelea of diseases like
Herpes, HIV/AIDS, cancer and diabetes or even as an
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adverse effect to many drugs.*® All these factors
contribute to the insensitivity of neuropathic pain to
conventional analgesics like NSAIDs and opioids.” Thus,
non-conventional analgesics which include various
antidepressants and anticonvulsants form the mainstay of
treatment and are considered first line drugs.

Unfortunately, even these are not fully effective in all
types of neuropathic pain states. Present pharmacological
treatments are effective in less than 50% of patients and
are usually associated with many adverse effects.® Thus,
an unmet need exists where newer drugs or drugs approved
for other indications can be re-channelized towards
treatment of this condition.
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Animal models are commonly used to study neuropathic
pain. The rodent Chronic Constriction Injury (CCI) model
is one of the most commonly used and reliable models of
neuropathic pain and it resembles neuropathy due to injury
or trauma to peripheral nerves.® Here we compare the
efficacy of pregabalin which is one of the first line drugs
and baclofen, a GABA-B agonist which has shown
promising results in the treatment of neuropathic pain.

METHODS

The study was approved by the Institutional Animal Ethics
Committee  (HIHT/PHARMA/1-1/2010/1816).  Adult
Sprague-Dawley albino rats of both sexes and weighing
100-300 grams were used and divided into 2 groups of 6
animals each. Group 1 (pregabalin group) was taken as the
positive control against which group 2 (baclofen group)
was compared. A normal control group was not taken as
pregabalin being one of the first line drugs in neuropathic
pain, served as the positive control against which Baclofen
was compared. Food and water were provided ad libitum
and experiments were done at the same time on all days of
the experiment. The CCI model of Bennett and Xie was
used to produce neuropathic pain. Briefly, rats were
anaesthetized with ketamine (75mg/kg) and xylazine
(10mg/kg) given intraperitoneally (i.p). Sciatic nerve
exposure was done at mid-thigh level by blunt dissection
of the biceps femoralis and four chromic catgut sutures
were tied loosely around the nerve till it was just indented.
The incision was closed and after 14 days neuropathic pain
was tested by assessing for thermal and mechanical
hyperalgesia.10-12

Thermal hyperalgesia was assessed using the hot plate
method whereby rats were kept on a hot plate kept which
was maintained at a temperature of 50-52 degrees Celsius.
The latency of the first reaction (licking, jumping, moving
paws, little leaps etc.) was recorded and a cut-off of 60
seconds was kept to avoid injury.!?

Mechanical hyperalgesia was evaluated by the pin-prick
test. For this, a safety pin was used to touch the plantar
surface of the hind paws of the rats with enough force to
indent but not puncture the skin.

A normal hind paw withdrawal response was arbitrarily
taken as 0.5 seconds. If the hyperalgesic withdrawal
response lasted for at least 2 seconds, it was taken to be
abnormally prolonged. A 15 second cut-off was taken to
avoid injury.}* Commercial preparations of pregabalin
(Torrent Pharmaceuticals, Solan, Himachal Pradesh) and
baclofen (Intas Pharmaceuticals, Ahmedabad) were used.
The drugs were dissolved in 0.9% normal saline and
administered intraperitoneally as a single dose of 30mg/kg
(group 1) and 5mg/kg (group 2) respectively.

Readings were taken on day O prior to the surgical
procedure; then 14 days after the surgical procedure.
Readings were recorded on the 14" day at 0 minutes (just
prior to drug administration) and at 30, 60 and 120 minutes

after drug administration. Pregabalin was taken as the
positive control.

Successful production of neuropathy was tested by
comparison of day 0 readings (normal) with the 0-minute
readings on day 14 in both the groups.

The effect of each individual drug was assessed by
comparing the 0-minute values with those at 30, 60 and
120 minutes respectively so that the time of onset of action
and its sustainability over a period of 2 hours could be
seen. The efficacy of each individual drug in reversing the
neuropathy was assessed by comparing the day 0 (normal)
values with those at time 30, 60 and 120minutes on day 14.

Finally, the effect of baclofen was compared with the
recommended first line drug pregabalin by comparing the
mean change in effect at times 30, 60 and 120minutes.

Statistical analysis

Data were analyzed by using the ‘student t test’ in
Microsoft Excel 2007.The paired t-test was used to
evaluate the effect of both the drugs in reversing the
neuropathy; the unpaired t-test was used to compare the
effect of baclofen with the positive control pregabalin at
different time points.

RESULTS

Sciatic nerve ligation was performed as per the chronic
constriction injury model of Bennett and Xie. Thermal and
mechanical hyperalgesia were taken as measures of
neuropathy and were assessed by the hot plate and pin-
prick method respectively. After 14 days, a significant
degree of neuropathy (p <0.05) was produced in both the
groups as assessed by comparing the values on day 0
(before sciatic nerve ligation) and day 14, at time O (prior
to drug administration) (Table 1).

On day 14, pregabalin (30mg/kg) and baclofen (5mg/kg)
were administered intraperitoneally and thermal and
mechanical hyperalgesia were assessed 30, 60 and
120minutes after drug administration. Both the drugs
showed significant antinociceptive activity as shown by a
significant effect on reversal of both thermal and
mechanical hyperalgesia at all time points during the study
period (Tables 2 and 3).

This was assessed by comparing the 0-minute values to
those at 30, 60 and 120 minutes so that the onset of action
and its sustainability over a two hours period could be seen.
The efficacy of the two drugs was also gauged by
comparing the ‘normal’ values on day 0 to the 30, 60 and
120minute values on day 14 (Tables 4 and 5). Pregabalin
was able to reverse both thermal and mechanical
hyperalgesia to near ‘normal’ readings as judged by a
statistical non-significance between the day 0 ‘normal’
readings and those at 30, 60 and 120 minutes on day 14.
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Table 1: Effect of sciatic nerve ligation on production of neuropathic pain (as assessed by changes in thermal and
mechanical hyperalgesia).

Observations(seconds) (MeanzSE)

Thermal hyperalgesia Mechanical hyperalgesia
Day 14 Day 14
(Ir?g?ln?al) 0 minutes P value (?];Yn?al) 0 minutes P value
(before drug) (before drug)
Pregabalin
(30mg/kg i.p) 6 39.66+1.64 18+1.68 P<0.001 0.5+0 5+0.85 P<0.05
Baclofen 6 47504231 26164310  P<0.001 050 3.66:0.80 P<0.05
(5mg/kg i.p)

Table 2: Effect of pregabalin and baclofen on reduction of thermal hyperalgesia.

Observations (seconds) Mean+SE
Day 14

0 min 30 min 60 min 120 min
Pregabalin (30mg/kg i.p.) 6 18+1.68 37.33+2.207t 38.5+1.997t 36.5+1.72ft
Baclofen (5 mg/kg i.p.) 6 26.16+3.10 37.16x2.11° 38.66+2.277t 38+2.33

+ p<0.01 vs values at 0 minutes (just before drug administration); T+ p< 0.001 vs values at 0 minutes (just before drug administration).

No. of albino rats

Table 3: Effect of Pregabalin and Baclofen on reduction of mechanical hyperalgesia.

Observations (seconds) Mean+SE
Day 14
0 min 30 min 60 min 120 min
Pregabalin (30mg/kg i.p.) 6 5+0.85 0.91+0.417f 0.91+0.417f 1.33+0.58"*
Baclofen (5 mg/kg i.p.) 6 3.66+0.80  1.33+0.52ff 1+0.317f 1.5+0.317
+ p<0.05 vs values at 0 minutes (just before drug administration); 1 p< 0.01 vs values at 0 minutes (just before drug administration).

No. of albino rats

Table 4: Antinociceptive potential of pregabalin and baclofen in reversing thermal hyperalgesia towards
‘normal’ values.

Observations (seconds) Mean+SE

Group ,a\lltt)).ir?cf) rats Day 0 Day 14

‘Normal’ values 30 min 60 min 120 min
Pregabalin (30 mg/kgi.p.) 6 39.66+1.64 37.33+2.20" 38.5+1.997 36.5+1.721
Baclofen (5 mg/kg i.p.) 6 47.50+2.31 37.16+£2.11* 38.66+2.27* 38+2.33~

*p<0.001 vs normal values on day O; T p > 0.05 vs normal values on day 0.

Table 5: Antinociceptive potential of Pregabalin and Baclofen in reversing mechanical hyperalgesia towards
‘normal’ or preneuropathy values.

Observations (seconds) Mean+SE

No. of

Group albino rats Day 0 Day 14

‘Normal’ values 30 min 60 min 120 min
Pregabalin (30 mg/kgi.p.) 6 0.5+0 0.91+0.41% 0.91+0.41% 1.33+0.58"
Baclofen (5 mg/kg i.p.) 6 0.5+0 1.33+ 0.527 1+0.311 1.5+0.31"

*p<0.05 vs normal values on day 0; + p > 0.05 vs normal values on day 0.

Baclofen was not able to reverse thermal hyperalgesia to positive control pregabalin by comparing the mean change)
‘normal’ values (p <0.001) but was able to reverse in reaction times (from O-minute values at 30, 60 and
mechanical hyperalgesia to near normal values (p >0.05) at 120minutes between the two groups. In comparison to
30 and 60 minutes but the effect decreased by 120 minutes pregabalin, baclofen was less efficacious in reversing both

(p <0.05). The effect of baclofen was compared to the
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thermal and mechanical hyperalgesia (p <0.05 for both)
(Table 6).

DISCUSSION
In this study, we assessed the efficacy of the gabapentinoid

pregabalin and the GABA-B agonist baclofen in the CCI
model of neuropathic pain. Studies of pregabalin in animal

models of NP have shown it to be effective in reducing both
thermal and mechanical hyperalgesia. In a study in which
neuropathy was produced by partial sciatic nerve ligation
in rats, pregabalin, given in a dose of 10-30mg/kg i.v dose
dependently reversed both thermal and mechanical
hyperalgesia. Pregabalin completely reversed the thermal
hyperalgesia, but it’s effects on mechanical hyperalgesia
were partial, producing around 70% reversal as compared
to pre-neuropathy levels.*®

Table 6: Comparative antinociceptive effects of positive control Pregabalin with Baclofen on thermal and
mechanical hyperalgesia(Expressed as mean change in reaction times(from 0 minute values)+SE.

No. of

albino Thermal hyperalgesia

rats Day 14 .
30 min 60 min
Pregabalin
(30mg/kg i.p) 19.33+£2.76 20.5+2.81
Baclofen . ;
(5mg/kg i.p) 6 11+2.07 12.5+1.51

T p <0.05 vs pregabalin.

Other studies utilizing the streptozocin induced diabetic
neuropathy model have also showed a significant dose
dependant reduction, but not complete reversal of both
thermal and mechanical hyperalgesia by pregabalin in
doses of 3-30mg/kg p.o.*® Different route as well as the
different model used in this study may have caused the
discrepancy in results for mechanical hyperalgesia as
compared to our study. In another study, pregabalin was
found to reduce secondary mechanical hyperalgesia
induced by mild thermal injury(which corresponds to
mechanical hyperalgesia of neuropathic pain) at doses of
30mg/kg i.p. Doses of 100mg/kg i.p. were effective in
completely reversing the mechanical hyperalgesia.’
Studies of gabapentin which has a similar mechanism of
action as pregabalin, given by different routes in the CCI
model have shown a dose dependant reversal of thermal
hyperalgesia but only a partial reversal of mechanical
allodynia and hyperalgesia.®

Human clinical trials have supported the efficacy seen in
animal models, with a large number of trials showing a
significant benefit for pregabalin in different neuropathic
pain states.®® Pregabalin, which acts via the 428 subunit of
the N type calcium channels, is recommended in diabetic
peripheral neuropathy, post herpetic neuropathic pain and
in neuropathic pain associated with spinal cord injury by
the FDA.%

Baclofen has also shown efficacy in different neuropathic
pain states both in animal models and in clinical trials.?%-??
In present study, baclofen in a dose of 5mg/kg i.p. produced
a significant, but not complete reversal of thermal and

Observations(seconds) (Mean change in reaction times+SE

Mechanical hyperalgesia

Day 14
90 min 30 min 60 min 90 min
18.5+2.22 4.08+0.63 4.08+0.63  4.16+0.87
11.83+1.73F 2.33+0.38f 2.33+0.277 2+0.49f

mechanical hyperalgesia. In models utilizing the CCI
model in rats, baclofen, in a dose range of 1-30mg/kg
subcutaneously produced a dose dependent reversal of
thermal hyperalgesia. The dose of 15mg/kg produced a
significant, but not complete reversal (=80% reversal) of
thermal hyperalgesia. Doses above this, though producing
complete reversal, were associated significant motor
deficits and sedation. The effects on mechanical
hyperalgesia were not evaluated in this study.?* In another
study, baclofen in doses of 1-8 mg/kg p.o. produced a dose
dependent decrease, but not complete reversal of
scratching behavior and thermal hyperalgesia in a CCI
model in rats.?® Both these studies are in agreement with
our results, whereby baclofen 5 mg/kg could produce only
partial reversal of mechanical and thermal hyperalgesia.
Randomized controlled trials in humans have shown it to
be effective in post herpetic neuralgia, diabetic peripheral
neuropathy and trigeminal neuralgia.?*

CONCLUSION

In conclusion, authors showed that both pregabalin and
baclofen were effective in reversing neuropathic pain in the
CCI model. Pregabalin was clearly more effective than
baclofen in reversing both thermal and mechanical
hyperalgesia at the doses used in our study.
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