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ABSTRACT

Background: Some antiepileptic drugs have been shown to be clinically efficacious
in treatment of neuropathic pain and are being used by clinician.

Methods: This study determined the analgesic effect of gabapentin in rats in biphasic
animal pain model of acute and chronic inflammatory pain and compared its potency
with a conventional nonopioid analgesic diclofenac.

Results: Per oral administration of gabapentin produced no any marked effect on
early phase response of formalin test, but significantly suppressed the late phase
response, while diclofenac produced significant anti-nociceptive effect in both
phases of formalin test.

Conclusion: Thus, we have observed that gabapentin produced antinociception in
second phase of formalin test, which reflects chronic inflammatory pain.
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INTRODUCTION Pain could be acute or chronic in nature. Acute pain is

short lasting and easy to manage, while chronic pain
Pain is an unpleasant, sensory, and emotional experience is that pain, which persists beyond the usual course of
associated with actual or potential tissue damage or described injury or diseases, or reoccurs in every few months or

in terms of such damage.'

years. Pathologically chronic pain could be inflammatory
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or neuropathic. Inflammatory pain is due to chronic
inflammation that is increased by pressure, but neuropathic
pain occurs due to alteration in nervous system function
or reorganization of nervous system structure and are
non-adaptable. Non-steroidal anti-inflammatory drugs and
opioids are the most potent and commonly used group of
established analgesic drugs in treatment of pain, but there
use is associated with a greater degree of adverse drug
reactions and abuse liability.

The anticonvulsants carbamazepine and gabapentine
are now established drugs for trigeminal neuralgia and
postoperative pain as nonconventional analgesics.?
Other anticonvulsants are also being tried as newer
unconventional analgesic drugs that are expanding day-
by-day.

There are no comparable data available, wherefore
these drugs could be compared simultaneously for their
analgesic activity in suitable animal models of acute
and chronic pain, although there is some consistency in
their effects as far as neuropathic animal pain models are
concerned.

Hence, this study was planned to verify the effects of an
anticonvulsant gabapentin in common acute and chronic
inflammatory (formalin test) pain model and compared its
antinociceptive efficacy also with conventional nonopioid
analgesic diclofenac.

METHODS
Animals used

Adult albino rats of either sex, weight 150-200 g have been
utilized for these experiments.

Drugs

The following drugs have been used to evaluate their
antinociceptive effects in each group of 6 animals, given per
oral (p.o.) 1 hr before the experimentations. There has been
a control group of 6 animals, run simultaneously, and given
saline/vehicle p.o. as per the experiment. All the experiment
was done at the same time in the morning hours on all days
of experimentation.

Gabapentin: 50 mg/kg!
Diclofenac: 5 mg/kg*

Commercial preparations of these drugs have been used.
Gabapentin and control drug diclofenac were suspended in
5% acacia and double deionized water.

Both drugs were administered p.o. by gavage in a volume
of 1.0 ml/kg in rats.’

Procedures: For antinociceptive evaluation’
Formalin test

The formalin test has been used as the model of acute
and chronic inflammatory pain. Formalin has been
characterized by the occurrence of two characteristic
phases of increased pain sensitivity in rats. The first phase
was of 0-15 mins and Phase 2 was of 45-75 mins. Rat
has been administered 0.05 ml of 10% formalin into the
dorsal portion of the front paw. The test drugs has been
administered orally and scored according to a pain scale.
Pain has been quantified by counting the incidence of
spontaneous flinches, shakes, and jerks of the formalin
injected paw. Analgesic response or protection has been
indicated if both paws are resting on floor with no obvious
favoring of injected paw.

Treatment group was compared with appropriate control
groups using the “Student’s t-test.”

RESULTS

This study was conducted with the objective to experimentally
evaluate the analgesic effect of novel antiepileptic gabapentin
and one analgesic diclofenac as positive control.

For this purpose, the following nociceptive experimental
models were used.

Formalin test

For each set of experiment, six adult healthy Albino rats
of either sex each were used for both experimental drugs.
Gabapentin (50 mg/kg p.o.) and diclofenac (5 mg/kg) given
1 hr before the experimentations.

Formalin test (Table I and Figures 1 and 2)

The formalin test has been used as a model of tonic and
inflammatory pain. Formalin has been characterized by two
characteristic phases of increased pain sensitivity in rats.
The first phase is of 0-15 mins denoting acute pain and
phase 2 is of 45-75 mins denoting chronic inflammatory
pain. Number of raising foot leg raising (LR) licking and
biting (LB) were measured for the two phases as end
points.

In the first phase of leg raising formalin test, positive control
diclofenac produced significant decrease in LR (p<0.05), to
experimental antiepileptic drug produced no any significant
effect on LR in comparison to control values.

In the first phase of LB, positive control (diclofenac) again
produced significant decrease (p<0.02) than control values,
while gabapentin had no effect.

International Journal of Basic & Clinical Pharmacology | July-August 2014 | Vol 3 | Issue 4 Page 624



Abrol S et al. Int J Basic Clin Pharmacol. 2014 Aug;3(4):623-626

Table 1: Time effects of experimental drug and positive control (diclofenac) administered p.o 1 hr before on
number of raising foot and licking and biting responses in albino rats administered with dilute formalin (0.05 ml
of 10% in NS) in right forepaw on dorsal surface i.d.

13.842.9

23.0£3.0

Control 6 0.09% p.o. 6.2+1.2 15.3+1.8
Diclofenac 6 10 mg/kg p.o 5.8+1.3% 2.7+£0.5%* 9.241.0%* 6.3+0.7%%*
Gabapentin 6 50 mg/kg p.o. 13.743.3 2.5+0.2%* 22.04£3.3 6.8+1.4%*

*p<0.05 versus control values, **p<0.02 versus control values, ***p=0.001 versus control values. SE: Standard error, p.o.: Post oral,

NS: Normal saline
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Figure 1: Time effects of experimental drug and
positive control (diclofenac) administered per oral 1 hr
before on number of raising foot responses in albino
rats administered with dilute formalin (0.05 ml of 10%
in normal saline) in right forepaw on dorsal surface
i.d.*p<0.05 versus control values, **p<0.02 versus
control values, ***p=0.001 versus control values.

In the second phase of raising foot (LR) both diclofenac
and gabapentin produced significant decrease (p<0.05)
when compared to control. In the LB episodes of second
phase also gabapentin and diclofenac exert significant effect
(p<0.02) in comparison to control. Decrease observed in
LB with tramadol was more (p=0.001) when compared to
control values than with experimental antiepileptic drug
(p<0.02) versus control values. To conclude, the present study
investigated analgesic property of gabapentin in formalin test,
which is a biphasic animal model of pain. Diclofenac found
significantly effective in both phases, while in second phase
both diclofenac and gabapentin produced significant effect.

DISCUSSION

This study was carried out to evaluate the antinociceptive
effect of novel antiepileptic gabapentin on common phasic
(acute) and tonic (inflammatory) pain model of formalin test
with the help of conventional analgesic drugs i.e., diclofenac,
which was used as positive control in rats.

In formalin test, diclofenac presently produced significant
analgesic effect in both Phase 1 and Phase 2 pain, which
confirms to an earlier study in which diclofenac at a dose of

Figure 2: Time effects of experimental drugs and
positive controls (diclofenac) administered per oral
1 hr before on number of licking and biting responses
in albino rats administered with dilute formalin
(0.05 ml of 10% in normal saline) in right forepaw
on dorsal surface i.d. **p<0.02 versus control values,
***p = (0.001 versus control values.

5, 10 and 20 mg/kg, intraperitoneal (i.p.) produced significant
antinociceptive effect in both phases of formalin test.’
Furthermore, diclofenac, 5 mg/kg, intravenous had produced
analgesic effect alone or in combination with opioid* and
pretreatment with local diclofenac, 25-200 mg/paw in
formalin test® in the past.

In formalin test, in the present study gabapentin, 50 mg/kg,
p.o. produced significant effect in Phase 2 but not in Phase 1,
which is very similar to previous study in which gabapentin,
300 pg intrathecal inhibited second phase flinching behavior
significantly, but not in phase one.’ In another study
gabapentin when given intraplantarly with either 6/60 pg
had significantly reduced flinching behavior during Phase
2, however Phase 1 flinching behavior was unaffected.!'
Gabapentin in formalin test had produced a dose-related
inhibition of Phase 2 with ED50 values of 22.9 mg/kg, i.p,
but not of Phase 1'! and it is also reported that gabapentin,
30 mg/kg, subcutaneous (s.c.) and 100 mg/kg, s.c. inhibited
the late phases of nociceptive responses'>!* supporting
present findings.

The first and second phase of formalin test are generally
believed to reflect excitation of peripheral afferent
nociceptors and central sensitization, respectively.'
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Consistent with previous reports'> gabapentin was found to
attenuate second phase nociceptive behavior in the present
study, suggesting a specific inhibition of central sensitization
with alpha 2 delta binding'® in central neural axis of pain.

CONCLUSION

Evaluation of antinociception in acute and chronic pain

models was done with the help of standard method of

Formalin test in Albino rats of either sex on anticonvulsant

gabapentin. Diclofenac was used as positive control.

1. Diclofenac as positive control was effective in both
phases of formalin test.

2. Testdrug gabapentin did not exert any significant effect
on Phase 1 denoting acute pain, while in 2nd phase,
which denotes prolonged inflammatory pain, gabapentin
produced significant antinociceptive effect.

Based on the present study, it is concluded that anticonvulsant
drug gabapentin, produces effects in chronic inflammatory
pain models, but does not affect acute nociception in animals.
As formalin Phase 2 chronic pain was relieved by gabapentin,
hence it could be effective in various clinical conditions
associated with prolonged or chronic inflammatory pain.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the Institutional
Animal Ethics Committee

REFERENCES

1. Pain terms: a list with definitions and notes on usage.
Recommended by the IASP Subcommittee on Taxonomy.
Pain. 1979;6(3):249.

2. Howard L. Fields. Pain free: Modern drugs and neuropathic
pain. J Korean Med Sci. 2002;22:360-7.

3. Maizels M, McCarberg B. Antidepressants and antiepileptic
drugs for chronic non-cancer pain. Am Fam Physician.
2005;71(3):483-90.

4. Assi D, Azim A, Rahman A, Mahran S. Analgesic effects
of tramadol-diclofenac combination and their interaction
with sycostimulant drugs in mice and rats. Eur J Pharmacol.
1996;312:132-8.

5. Jones CK, Peters SC, Shannon HE. Efficacy of duloxetine, a
potent and balanced serotonergic and noradrenergic reuptake

inhibitor, in inflammatory and acute pain models in rodents.
J Pharmacol Exp Ther. 2005;312(2):726-32.

6. Vogel HG, Vogel WGH, editors, Drug Discovery and
Evaluation-Pharmacological Assays. 2nd Edition. New York:
Verilog Springer Publication; 1996.

7. Sukriti, Hota D, Pandhi P. Potentiation of antihyperalgesic
activity of diclofenac by nimodipine in a formalin model
of facial pain in rats. Methods Find Exp Clin Pharmacol.
2004;26(4):253-6.

8. Castaiieda-Hernandez G, Granados-Soto V, Ortiz MI.
Pinacidil increases diclofenac antinociception in the formalin
test. Proc West Pharmacol Soc. 2005;48:55-8.

9.  Yoon MH, Choi J, Kwak SH. Characteristic of interactions
between intrathecal gabapentin and either clonidine
or neostigmine in the formalin test. Anesth Analg.
2004;98(5):1374-9.

10. Carlton SM, Zhou S. Attenuation of formalin-induced
nociceptive behaviors following local peripheral injection of
gabapentin. Pain. 1998;76(1-2):201-7.

11. Heughan CE, Sawynok J. The interaction between
gabapentin and amitriptyline in the rat formalin test after
systemic administration. Anesth Analg. 2002;94(4):975-80.

12. 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(8):1513-22.

13. Urban MO, Ren K, Park KT, Campbell B, Anker N,
Stearns B, et al. Comparison of the antinociceptive profiles
of gabapentin and 3-methylgabapentin in rat models of acute
and persistent pain: implications for mechanism of action.
J Pharmacol Exp Ther. 2005;313(3):1209-16.

14. Dickenson AH, Sullivan AF. Peripheral origins and central
modulation of subcutaneous formalin-induced activity of rat
dorsal horn neurones. Neurosci Lett. 1987;83(1-2):207-11.

15. Field MJ, Hughes J, Singh L. Further evidence for the role
of the alpha (2)delta subunit of voltage dependent calcium
channels in models of neuropathic pain. Br J Pharmacol.
2000;131(2):282-6.

16. Cheng JK, Lai YJ, Chen CC, Cheng CR, Chiou LC.
Magnesium chloride and ruthenium red attenuate the
antiallodynic effect of intrathecal gabapentin in a rat model
of postoperative pain. Anesthesiology. 2003;98(6):1472-9.

doi: 10.5455/2319-2003.ijbcp20140811

Cite this article as: Abrol S, Kansal S, Agarwal A,
Agarwal R, Goel T. Antinociceptive evaluation of
anticonvulsant gabapentin with a conventional nonopioid
analgesic in phasic and tonic animal model of acute and
chronic pain. Int J Basic Clin Pharmacol 2014;3:623-6.

International Journal of Basic & Clinical Pharmacology | July-August 2014 | Vol 3 | Issue 4 Page 626



