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Spinal gabapentin is antinociceptive in the rat formalin test
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Abstract

Gabapentin is a novel anticonvulsant that may be of value for the relief of clinical pain. To determine whether gabapentin is
antinociceptive after spinal administration, the drug was given via an intrathecal catheter in doses from Ggé&000 min prior
to intraplantar formalin. Five percent formalin injected subcutaneously in the right hind paw produced a biphasic reaction consisting of
flinching and licking behaviors (phase 1, 0—10 min; phase 2, 10—60 min). Gabapentin dose-dependently reduced the numbers of flinches
and the duration of licking during phase 2 of the formalin test. The highest dose of gabapentjm(2@pdid not affect the tail-flick
response. These results demonstrate that spinal gabapentin is antinociceptive in the formalit3@3tElsevier Science Ireland Ltd.
All rights reserved
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Anticonvulsants have antinociceptive effects and some ter was placed in the intrathecal space. Under halothane
are used in the management of clinical pain [3]. Gabapen- anesthesia, a PE-10 tube was inserted through a small hole
tin, a structural analog ef-aminobutyric acid (GABA), is made in the atlanto-occipital membrane, and threaded 8.5
a novel anticonvulsant that anecdotally has analgesic prop-cm down the intrathecal space to the lumbo-sacral level of
erties in the treatment of postherpetic neuralgia [8] and the spinal cord [11]. The catheterized rats were observed
reflex sympathetic dystrophy [5]. Development of new for 24 h postoperatively, and those with any signs of
drugs to treat such refractory pain syndromes is of urgent paralysis were excluded from the study. At the end of
clinical interest. the study, 5ul of a 1% methylene blue solution was intro-

The formalin test is an experimental pain model invol- duced into the catheter followed by 10 of saline to
ving central sensitization [2]. Central sensitization plays confirm the position of the catheter and the spread of the
an important role in many pathological pain processes [1]. dye in the intrathecal space.

We examined the effects of spinal gabapentin in the for- Gabapentin (1-(aminomethyl)-cyclohexaneacetic acid;
malin test, to determine whether gabapentin can producePark Davis, MI, USA) was dissolved in normal saline.
antinociception with spinal administration. Gabapentin at a dose of 6, 20, 60 or 2afrat or saline

Male Sprague—Dawley rats weighing 300—350 g were in a volume of 5ul was administered spinally 10 min prior
used. The animals were housed in groups of four prior to to the administration of formalin. The number of animals
intrathecal catheterization and individually after the sur- in the treatment groups averaged eight.
gery on a 12 h light/dark schedule with food and water ad  Formalin was diluted to 5% from a stock solution of
libitum. 100% (formaldehyde solution 37% w/w; Fisher Scientific

For the spinal administration of drugs to the rat, a cathe- Co., Fairlawn, NJ, USA). Formalin was injected subcuta-

neously into the right hindpaw in a volume of pOwith

* Corresponding author. Department of Pharmacology, Room LC524. the use of a 5@ glass syringe and a new disposable 30-
Tel.: +1 212 7466235; fax: +1 212 7468835. gauge needle. Immediately following the formalin injec-
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A. Phase 1 flinches B. Phase 1 licking 1A,B; P =0.190 andP =0.109, respectively). During
70 - phase 2, gabapentin reduced nociceptive behaviors in a
l 55 1 dose_-dependent manner (Fig. 1C,D). Atd@rat of gaba- _
60 1 50 1 pentin, no difference was observed as compared to saline
50 | =P l controls. At 20, 60 and 20fg/rat both flinching and lick-
2 % ‘3“5) ing behaviors were significantly reduced. At the highest
E 40 1 g 30 dose.(2.00ug/rat), gabapentin reduced flinching by 73%
s 30 4 % 95 | and licking by 89%.
£ g 20 | In a separate experiment, gabapentin at a dose of 200
2 20 1 g 15 1 pg/rat was given to rats(= 9) and the tail-flick latencies
10 | 10 were measured before (baseline latencies) and every 15
51 min up to 90 min after the administration. The intensity
0 ' 0 " of thermal stimulus was adjusted so that the baseline laten-
(z}abazemiodosi?u;zg (;bapfminzis:’(ggf:f cies were in the range of 2.5-3.5 s. Animals were tested
for their ability to negotiate a 60vertical mesh [10] imme-
diately after each tail-flick latency measurement. No dif-
C. Phase 2 flinches D. Phase 2 licking ferences were seen between baseline latencies and tail-
1000 flick latencies measured at any time point after the admin-
%0l T zzg istration pf gabapentin (Fig. 2). .
800 180 I Behaviorally, the 20 and 6fg/rat doses of gabapentin
8 700 3 160 were without overt central nervous system (CNS) effects,
£ 600 % 140 while the 200pug/rat dose appeared to have a calming
‘g 500 3 120 effect on the usual exploratory behavior of the rat. The
£ 400 * ok 5 100 * 200 ug/rat dose had no effect on the rats’ ability to negoti-
“ 300 * g Eg * ate the 60 vertical mesh.
200 8 X These results demonstrate that spinal gabapentin is anti-
100 20 nociceptive in the formalin test (Fig. 1). This report con-
0 . 0 T firms the previous anecdotal clinical reports on
0 6 20 60 200 0 6 20 60 200 gabapentin’s analgesic effects [5,8]. Clinical use of gaba-
Gabapentin dose (ug/rat) Gabapentin dose (ug/rat) pentin as an antiepileptic has shown that it has minimal

side effects and its chronic use is well tolerated by patients
Fig. 1. Spinal gabapentin dose-dependently reduces flinching and licking [6,16]. Thus, gabapentin may also be a safe and useful

behaviors in rats during phase 2 of the formalin test. Gabapentin at a drug to be used as an analgesic to treat chronic pain. Con-
dose of 6, 20, 60 or 20fg/rat, or saline (.g) was administered to rats

10 min prior to the intraplantar injection of 50 of 5% formalin. (A)
The number of flinches (mean SEM) observed during phase 1 (0-10
min after formalin). (B) The duration of licking (meanSEM) observed
during phase 1. (C) The number of flinches (mea8EM) observed
during phase 2 (10-60 min after formalin). (D) The duration of licking
(mean+ SEM) observed during phase 2. *Significantly different
(P < 0.05) from the saline (@.g) treatment group.

tion, the rat was placed in a test chamber and was observed
continuously by a blinded observer for the next 60 min.
The formalin injection resulted in a biphasic reaction con-
sisting of flinching and licking behaviors (phase 1, 0-10
min; phase 2, 10—60 min). The total number of flinches, 1]
defined as quick shakes of the injected hindpaw, and the
total number of seconds spent licking the affected hindpaw 0 : x i i i , -
were recorded for each phase. o’ % e e T %
Data were analyzed by a one-way analysis of variance
(ANOVA). Multiple comparisons versus the saline control
group were made by the Dunnett's Method. Statistical Fig. 2. Spinal gabapentin at the dose of 2afirat does not affect the
significance was accepted Rt< 0.05. tail-flick respons_e. Tail-flick Ia_ten(f:ties \r/]veredmga_lsure_d bel;ore_(bflalselre)
During phase 1, gabapentin produced decreases irf /% 150 110 80 i e e sarinataton of s gt
flinching and licking, but these effects were not dose- tifiick latencies measured at any point after gabapentin. Values are in
dependent and did not reach statistical significance (Fig. mean+ SEM.

Tail-flick latencies (sec)

Time (min)
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trolled clinical trials are required to determine its efficacy =~ The authors thank Dr. C. Taylor (Park Davis Research,
and safety in patients with pain syndromes. Division of Warner-Lambert Co., Ann Arbor, MI, USA)
In spite of extensive research, the mechanism of actionfor generously supplying gabapentin. The research was
of gabapentin is still unclear. Although it is a structural supported by NIDA Grant DA01457 (C.E.l.), DA00255
analog of GABA, it does not bind to GABA receptors or (K.J.E.), and by the VZV Foundation (K.J.E.). C.E.l.is a
any known neurotransmitter receptor [15] but binds to a recipient of a Research Scientist Award from NIDA
novel site in the rat brain, which is unique to the CNS (DA00198).
[12,13]. A number of structural analogs of gabapentin
and 3-alkyl substituted GABA derivatives including 3-i0- 1] coderre, T.J., Katz, J., Vaccarino, A.L. and Melzack, R., Contribu-
butyl GABA also bind to this novel site [12]. The §( tion of central neuroplasticity to pathological pain: review of clin-
enantiomer of 3-isobutyl GABA has high affinity to the ical and experimental evidence, Pain, 52 (1993) 259—-285.
binding site and possesses potent anticonvulsant proper- [2] Coderre, T.J._, _Vaf:carino, AL ahd Melzack, R., Central nervous
ties, while, the Rf) enantiomer shows low potency in both system plasticity in the tonic pain response to subcutaneous for-

. . . . malin injection, Brain Res., 535 (1990) 155-158.
binding to the novel site and anticonvulsant action [14]. (3] Ejliott, K., Taxonomy and mechanism of neuropathic pain, Semin.

This suggests that this novel binding site is involved in the Neurol., 14 (1995) 195-205.
anticonvulsant action of gabapentin. Recently, the high- [4] Gee, N.S., Brown, J.P., Dissanayake, V.U.K., Offord, J., Thurlow,
affinity binding protein for fH]gabapentin has been iso- R. and Woodruff, G.N., The novel anticonvulsant drug, gabapentin

lated from bia cerebral cortex membranes and character- (neurontin), binds to the,é subunit of a calcium channel, J. Biol.
Pig Chem., 271 (1996) 5768—5776.

ized as thea,d subunit of a voltage-dependent calcium (5} meliick, G.A. and Meliicy, L.B., Gabapentin in the management of

channel [4]. This finding suggests that the voltage-depen- reflex sympathetic dystrophy, J. Pain Sympt. Manage., 10 (1995)

dent neuronal calcium channels may play an important 265-266.

role in mechanism of action of gabapentin. However, in [6] Ramsey, RE., Clinical efficacy and safety of gabapentin,
. Neurology, 44 (1994) S31-S32.

another study, gabapentin did not affect voltage-dependent

. . [7] Rock, D.M., Kelly, K.M. and Macdonald, R.L., Gabapentin actions
calcium channel currents in cultured rodent neurons [7]. on ligand- and voltage-gated responses in cultured rodent neurons,

Phase 2 of the formalin test is thought to reflect central Epilepsy Res., 16 (1993) 89-98.
sensitization [2]. Sensitization of the dorsal horn neuron [8] Segal, A.Z. and Rordorf, G., Gabapentin as a novel treatment for
involves the activation oN-methyl-d-aspartate (NMDA) postherpetic neuralgia, Neurology, 46 (1996) 1175-1176.

) . . [9] Székely, J.I., The most characteristic in vivo effects of opiates. In
and NK-1 receptors, the influx of &ainto the cell and 31, Széely and A.Z. Rmai (Eds.), Opioid Peptides, Vol. 1, CRC

subsequent intracellular events including the activation of Press, Boca Raton, FL, 1982, pp. 29—109.

secondary messenger systems. Suppressing any of thesgo] shimoyama, M., Shimoyama, N., Inturrisi, C.E. and Elliott, K.J.,
events may block sensitization of the dorsal horn neuron. Oral ketamine produces a dose-dependent CNS depression in the
Known agents that suppress these events block phase 2[11] rsalr:’irrl;geaiceil" ’30 (slr??n?c); ZII_"nQ;PI\;lLlI.nturrisi C.E. and Elliott, K.J
response of the formalin FeSt while having little eﬁeCt_on_ Ketam?/ne at’tenijates ar):d re\’/ers’es morpr’\ine tolerance in’rodehts,
phase 1 and on acute pain responses such as the tail-flick  anesthesiology, 85 (1996) in press.

response [17]. On the other hand, agents such as morphingji12] Suman-Chauhan, N., Webdale, L., Hill, D.R. and Woodruff, G.N.,
that suppress afferent input, block the phase 1 response of  Characterisation of*H]gabapentin binding to a novel site in rat
the formalin test and the tail-flick response as well as the ~ Prain: homogenate binding studies, Eur. J. Pharmacol. Mol.

. Pharmacol., 244 (1993) 293-301.
phase 2 response of the formalin test [9’18]' In the present 13] Hill, D.R., Suman-Chauhan, N. and Woodruff, G.N., Localization

study, spinal gabapentin produced dose-dependent reduc- ~ of [3Hjgabapentin to a novel site in rat brain: autoradiographic

tion of formalin-induced nociceptive behaviors during studies, Eur. J. Pharmacol. Mol. Pharmacol., 244 (1993) 303-309.
phase 2 (Fig. 1C,D), while its effects were not statistically [14] Taylor, C.P., Vartanian, M.G., Yuen, P.W., Bigge, C., Suman-

significant nor dose-dependent during phase 1 (Fig. 1A B). Chauhan, N. and Hill, D.R., Potent and stereospecific anticonvul-
Furthermore, the highest dose that showed signific’ant sant activity of 3-isobutyl GABA relates to in vitro binding at a

. ; . A novel site labeled by tritiated gabapentin, Epilepsy Res., 14 (1993)
effects in the formalin test had no effect in the tail-flick 11-15.

test (Fig. 2). These antinociceptive effects of spinal gaba- [15] Taylor, C.P., Emerging perspectives on the mechanism of action of
pentin are similar to those of the agents that block central gabapentin, Neurology, 44 (1994) S10-S16.
sensitization by suppressing the activation of the NMDA [16] I;‘f %fs C;zgag‘sgg”(nsetjr‘mﬂ)ogs’azzeo':?ﬁ;gm Isnagig’ i’;ii:gr;t
or NK-1 receptor, or the subsequent events that lead to pargi'al e%”epgy’ Epilepsy Res., 18 (1994) 67_7?' g
central sensitization. These observations suggest that[17] Yaksh, T.L. and Malmberg, A.B., Central pharmacology of noci-
gabapentin may act directly or indirectly on the dorsal ceptive transmission. In P.D. Wall and R. Melzack (Eds.), The
horn neuron to block central sensitization. Textbook of Pain, Churchill Livingstone, London, 1994, pp.
In conclusion, we have demonstrated the dose-depen-[18] %(Zi’l_;nggio T. and Yaksh, T.L., Comparison of the antinociceptive
dent antinociceptive eﬁeCtS of splnal gabgpentm in the rat. effects of pre- and posttreatment with intrathecal morphine and
Further controlled studies on the analgesic effects of gaba- MK801, an NMDA antagonist, on the formalin test in the rat,
pentin are needed to determine whether it may be a useful  Anesthesiology, 77 (1992) 757-763.

analgesic in patients.



