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Abstract

Introduction: Neuropathic pain can be very difficult to treat and it is one of the important medical challenging
about pain treatments. Muscimol as a new agonist of gamma-Aminobutyric acid receptor type A (GABAa) have
been introduced for pain management. Thus, the present study was performed to evaluate the pain alleviating
effect of intrathecal injection of different doses of muscimol as GABAx receptor agonist in spinal cord injury (SCI)
model of neuropathic pain. Methods: In the present experimental study, male Wistar rats were treated by mus-
cimol 0.01, 0.1 or 1 pg/10ul, intrathecally (i.t.) three weeks after induction of spinal cord injury using compres-
sion injury model. Neuropathic pain symptoms were assessed at before treatment, 15 minutes, one hour and
three hours after muscimol administration. The time of peak effect and optimum dosage was assessed by repeat-
ed measures analysis of variance and analysis of covariance, respectively. Results: Muscimol with the dose of
0.01 pg in 15 minutes caused to improve the thermal hyperalgesia (df: 24, 5; F= 6.6; p<0.001), mechanical hyper-
algesia (df: 24, 5; F=7.8; p<0.001), cold allodynia (df: 24, 5; F= 6.96; p<0.001), and mechanical allodynia (df: 24, 5;
F=15.7; p<0.001). The effect of doses of 0.1 ug and 1 pg were also significant. In addition, the efficacy of different
doses of muscimol did not have difference on thermal hyperalgesia (df: 24, 5; F= 1.52; p= 0.24), mechanical hy-
peralgesia (df: 24, 5; F= 0.3; p=-0.75), cold allodynia (df: 24, 5; F= 0.8; p=-0.56), and mechanical allodynia (df: 24,
5; F= 1.75; p= 0.86). Conclusion: The finding of the present study revealed that using muscimol with doses of
0.01pg, 0.1pg, and 1 pg reduces the symptoms of neuropathic pain. In addition, the effect of GABAa agonist is
short term and its effectiveness gradually decreases by time.
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Introduction:

r I Yoday neuropathic pain, which happens following
the injury or dysfunction of peripheral or central
nervous system, turns to one of the important

medical challenging about pain. In most of these situa-

tions, neuropathic pain involve the at-level of injury but
gradually extend and can occurred above or below the
level of injury. These changes lead to decrease life quali-
ty, functional loss and physical dependence, and un-
dermine mental health and social relations (1). The
most annoying symptoms of these patients are hyperal-
gesia (hypersensitivity to painful stimulus) and allo-
dynia (pain due to a stimulus which does not normally
aggravate priorities weather in acute or in chronic cas-
es (2). However, eliminating of these symptoms is one
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of the current treatment strategies have less efficiency
and lead only to decrease 30-40% of pain in less than
half of patients (3). Medications in this situation align
with some problems such as not responding to drugs
and their side effects. For example, weight gain and
constipation are common symptoms of patients with
spinal cord injuries (SCI) treated with tricyclic antide-
pressants (2). Because of drug resistance, using narcotic
drugs is not acceptable and long-term use of anti-
epileptic drugs, gabapentin, and topiramate has a low
effectiveness (4-6). In patients with SCI even narcotic
drugs, which are one of the best sedative agents, have a
poor or moderate responses (6). Alternatively, in-
trathecal (i.t) pumps are one of the new common cures
(7, 8). Intrathecal baclofen has remarkable effects on
reducing the symptoms of SCl-related pain due. But
applying this medication in some patients causes to
worsen the neuropathic pain symptoms (9). Intrathecal
clonidine has also been suggested in some studies (8).
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Epidural and intrathecal use of sedative drugs has been
widely applied and there are strong evidences for their
helpfulness in acute and chronic situation. Most trials
and a meta-analysis have shown that preoperative, in-
traoperative and postoperative epidural anaesthesia
/analgesia reduces the incidence of phantom pain sig-
nificantly (10, 11). Opioids, local anesthetics, alha2-
agonists, and baclofen are the most significant drugs of
this group. Along with these agents, newest drug com-
pounds like sodium channel blockers, trophic factors,
and new agonist of gamma-Aminobutyric acid (GABA)
receptors have also been introduced (12-14). One of the
type A of GABA (GABAAa) receptor agonists is muscimol
which is extracted as a psychotropic drug from a mush-
room named Amanita muscaria and used as a local an-
esthetic drug (15, 16). Efficacy of muscimol on reducing
the neuropathic pain symptoms has been shown in
some studies, while in most of them the peripheral
model of neuropathic pain has been used (15, 17). Since
the main cause of neuropathic pains is direct injury of
spinal cord, evaluating the effectiveness of intrathecal
pumps of muscimol in reducing the neuropathic pain
arisen from SCI has not yet been cleared. Thus, the pre-
sent study was performed to evaluate the pain alleviat-
ing effect of intrathecal injection of different doses of
muscimol as GABAA receptor agonist in spinal cord in-
jury (SCI) model of neuropathic pain.

Methods:

Study design and setting:

The present experimental study was conducted in ac-
cordance with guidelines of ethics for the evaluation of
pain in conscious animals (18) and approved by the
ethic committee of Iran University of medical sciences,
Tehran, Iran. The length of trials was kept short as
much as possible and the number of animals taken to a
minimum with all efforts made to minimize animal suf-
fering.

Animals and drugs:

Thirty male Wistar rats (10 rats in each group) weigh-
ing 140-160 g were used. Animals were maintained
under controlled laboratory conditions (temperature:
21 £ 1 C; 12 hour light/dark cycle; 4 rats per cage) and
had free access to water and food. All tests were per-
formed between 10:00 am and 02:00 pm, in a sound-
proof and air-regulated room. Muscimol (Sigma chemi-
cal company, St, Louis, USA) was dissolved in saline and
the animals received 0.01, 0.1 or 1 ug/10ul, intrathe-
cally (i.t.). Before muscimol administration and 15
minutes, one hour and three hours after on, behavioral
tests were evaluated.

Animal preparation

A compression injury model was used to induce SCI
This method was previously described by Hama and
Sagen (19). Briefly, after anesthesia [by a combination
of ketamine (80 mg/kg) and Xylazin (10 mg/kg)], dor-

sal laminectomy was performed at T6-T8 to expose the
spinal cord. The lower blade of the micro-vascular clip
(Harvard Apparatus, MA) was placed on the exposed
cord with avoidance of damage to the adjacent nerve
roots. After 60 seconds, the clip was removed, muscles
sutured shut, and skin closed. Three weeks following
compression, a PE10 cannula was placed intrathecally
at L5-L6 level of Spinal cord during deep anesthesia
based on the method introduced by Xu et al (20). For
this purpose, a longitudinal skin incision was made over
L4-L5 location and a 6 cm long PE10 cannula implanted
into the subarachnoid space and passed 1 cm rostrally.
Behavioral tests

A) Mechanical allodynia

The threshold of mechanical allodynia, as a behavioral
measure of neuropathic pain, was measured by as-
sessing hind paw sensitivity to innocuous mechanical
stimulation to third metatarsal bone area of the both
hind paw. The 50% paw withdrawal thresholds were
evaluated with a set of specific Von Frey filaments using
the up-down paradigm (21). Lifting, shaking, or licking
the paw and running away were considered as positive
responses. The 50% paw withdrawal thresholds were
assessed before and 15 minutes, 1 hour, and three
hours after muscimol administration. Only robust and
immediate withdrawal responses including lifting,
shaking or licking the paw and running away were con-
sidered as positive.

B) Mechanical hyperalgesia

Increasing mechanical pressure (48 g/s) was applied to
the hind paw by the Randall-Selitto mechanical hyper-
algesia test for the assessment of mechanical hyperal-
gesia. It can detect neuropathic pain in both fore paws
and hind paws (22). The mechanical force was applied
to the plantar surface of both hind paws (two trials per
each paw) until a withdrawal response observed. The
maximum applied pressure was 1000 g to evade dam-
age. The average score of two trials was used in analy-
sis.

C) Cold allodynia

The application of a drop (0.1 ml) of acetone to the cen-
ter of plantar surface of hind paw was performed to
measure cold allodynia (23). Rats were located on a
mesh floor cages and acetone pushed to center of plan-
tar surface of hind paw. This test was repeated five
times per foot (3-5 min between each test) and with-
drawal responses calculated as the percentage response
frequency using following formula:

number of paw withdrawals
number of trials

100

D) Heat hyperalgesia
Responses to noxious heat (Hargreaves method) were
evaluated using a radiant heat source (24). Animals
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LEL)EWE Effectiveness of muscimol prescrition on neuropatic pains in different times {+

Type of test Before administration After 15 minutes The first hour Thl?otll::rd
Thermal hyperalgesia (second)
0.01pg 10.4 (0.12) 12.8 (0.4)" 10.2 (0.4) 10.1 (0.4)
0.1pg 10.5 (0.3) 13.04 (0.5)" 9.6 (0.35) 10.4 (0.55)
lug 10.2 (0.4) 12.9 (0.8)" 10.1 (0.5) 10.2 (0.4)
Mechanical hyperalgesia (gram)
0.01pg 5.2 (0.2) 6.9 (0.2)" 5.8 (0.25)# 5.7 (0.2)#
0.1pg 5.1 (0.1) 6.6 (0.3) 5.8 (0.2)* 5.9 (0.1)*
lug 5.2 (0.3) 6.8 (0.2)* 5.7 (0.2)" 5.9 (0.1)*
Cold allodynia (%)
0.01pg 87.5 (13.9) 52.5(10.3)# 65.0 (13.9)# 72.5(5.9)
0.1pg 97.5 (10.3) 62.5 (7.0)* 68.8 (10.8)# 76.3 (1.8)*
lug 96.3 (5.9) 62.5 (11.5)* 71.3 (5.8)* 77.5 (4.9)*
Mechanical allodynia (gram)
0.01pg 8.8 (0.55) 14.75 (0.25)" 13.4 (1.1)* 12.2 (1.8)*
0.1pg 9.3 (0.7) 14.6 (0.3)" 14.3 (0.4)* 13.1 (1.4)*
lpg 8.5 (0.8) 14.9 (0.1)" 14.4 (0.5)* 13.0 (0.2)*

“have a significant difference in p<0.001 with before administration time:#shows a significant difference in p<0.05 with before administration
time. The findings was extracted in terms of repeated measures ANOVA test.

were placed in a transparent Plexiglas box and allowed
to adapt within 20 minutes. Time to initiating the ther-
mal stimulation to paw withdrawal response was de-
fined as withdrawal latency. A cut-off time was set at 25
seconds to prevent tissue damage. Each hind paw was
tested Three times. Finally, the average of three trials
was used for statistical analysis.

Statistical analysis

Data were entered to SPSS version 20 and expressed as
Mean * SEM (standard error of mean). One-way analy-
sis of variance (one-way ANOVA) was used to compare
the difference among three groups before administra-
tion of muscimol. Repeated measures ANOVA was car-
ried out to change the pain over time among before, 15
minutes, 60 minutes, and 180 minutes after treatment
to clear the time of peak effect. For assessment of dos-
age effect, analysis of covariance (ANCOA) adjusted for
mean pain score before muscimol administration was
performed. Because the maximum effect was observed
at 15 minutes, two-way ANOVA was performed to eval-
uate the significant difference among three doses of
muscimol in this time. P <0.05 was defined as the signif-
icance level.

Results:

Muscimol administration causes to reduce the symp-
toms of neuropathic pain, noticeably. As shown in Table
1, thermal hyperalgesia, mechanical hyperalgesia, cold
allodynia, and mechanical allodynia decreased after 15
minutes. Except thermal hyperalgesia (df: 24, 5; F=1.1;
p=0.12), other neuropathic pain symptoms had signifi-
cant improvement after one hour and three hours of

muscimol administration.

Using muscimol with the dose of 0.01 pg/kg in 15
minutes caused to improve the thermal hyperalgesia
(df: 24, 5; F= 6.6; p<0.001), mechanical hyperalgesia
(df: 24, 5; F= 7.8; p<0.001), cold allodynia (df: 24, 5; F=
6.96; p<0.001), and mechanical allodynia (df: 24, 5; F=
15.7; p<0.001). Muscimol with a dose of 0.1 pg/kg also
led to improve the thermal hyperalgesia (df: 24, 5; F= -
5.9; p<0.001), mechanical hyperalgesia (df: 24, 5; F= -
7.2; p<0.001), cold allodynia (df: 24, 5; F= -7.03;
p<0.001), and mechanical allodynia (df: 24, 5; F= -13.4;
p<0.001) after 15 minutes of administration. The signif-
icant effect was also seen with a dose of 1 pg/kg (Figure
1). The analysis of covariance showed that the efficien-
cy of various muscimol doses was similar in reducing
the symptoms of pain in different times. Based on this
result, the efficacy of different doses of muscimol did
not have difference on thermal hyperalgesia (df: 24, 5;
F= 1.52; p= 0.24), mechanical hyperalgesia (df: 24, 5; F=
0.3; p=-0.75), cold allodynia (df: 24, 5; F= 0.8; p=-0.56),
and mechanical allodynia (df: 24, 5; F= 1.75; p= 0.86)
(Figure 2).

Discussion:

The findings of the present study showed that using
muscimol in each of three evaluated doses leads to re-
duce the acute neuropathic pain. Peak alleviating effect,
was observed within 15 minutes and gradually de-
creases in three hours. However, except heat hyperal-
gesia, intrathecal administration of muscimol could re-
markably relief the other symptoms. This effect has
persisted until three hours after administration. It
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should be noted that mechanical allodynia (tactile allo-
dynia) is one of the annoying pain which always SCI
patients complain of it (25, 26). Therefore, Muscimol
administration could be able to control mechanical al-
lodynia. Neuropathic pain in human has presented in
the first days, especially in mechanical allodynia and
those of SCI which have an incomplete injury (27). Alt-
hough mechanisms responsible for neuropathic pain
are not fully understood, but it seems that increase in
glutamate and decrease in GABA content have critical
role in excitotoxicity, cell death and inflammation, neu-
ronal plasticity and hyperstimulation (28-34). There-
fore, using GABAa agonists like muscimol could reduce
these pains. The findings obtained in the present study
confirmed it. Intrathecal administration of medications
in SCI patients could decrease their systematic effects.
Consequently, in recent years some methods like in-

trathecal pumps have been used (7, 9, 13). In this re-
gard, the present project was evaluated the effect of
intrathecal injection of muscimol on pain symptoms in a
central neuropathic pain model. This method, which
has favorable outcomes, has been used in controlling
the acute and chronic pains. However, there are some
risks aligned with using intrathecal therapy such as
catheter or pumps dysfunction, catheter removal, caus-
ing inflammatory reactions, and etc (35, 36). Therefore,
the investigation on this issue is still on. There are just
few studies, which have evaluated the effect of musci-
mol administration in reducing the neuropathic pain.
Among these studies, Naik et al. revealed that using
muscimol in dorsal horn of the spinal cord avoid hyper-
algesia. This animal study used a peripheral injury
model showed that muscimol causes to improve nerve
regeneration in addition to decreasing the acute
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toms {+

hyperalgesia (37). These researchers also displayed in
another study that muscimol causes to reduce the
thermal and mechanical hyperalgesia (38). In addition,
Baba et al showed that using muscimol leads to de-
crease irritability the A and C sensory fibers (39). These
results support the present findings. Some studies eval-
uated the effectiveness of this drug on chronic models.
For instance, Miletic et al revealed that muscimol can
improve the nerve plasticity in posterior horn of the
spinal cord (40). Such effects aligned with sedative role
of muscimol, causes to reduce the acute neuropathic
pain with neuronal growth and synaptic connections,
too. The outcomes of these changes lead to improve the
sensory motor function. Finally, it was found that using
muscimol causes to decrease the neuropathic pain.
Moreover, the efficiency of this drug progressively re-
duces after 15 minutes for thermal hyperalgesia. As a
result, it may be possible to use muscimol combined
with a long-acting drug, endomorphine, or clonidine in

treatment of neuropathic pains. Of course, more studies
are needed to determine the efficiency and effective-
ness of this combination therapy.

Conclusion:

The finding of the present study revealed that using
muscimol with doses of 0.01pg, 0.1pg, and 1 pg causes
to reduce the symptoms of neuropathic pain. Neverthe-
less, its effectiveness gradually decreased after 15
minutes. Thus, combination therapies could be an ap-
propriate option for compensation of this limitation.
However, further studies are required to confirm this
hypothesis.

Acknowledgments:

The authors appreciate the insightful cooperation of
animal lab of Iran University of medical Sciences.
Conflict of interest:

None

Funding support:

This experiment was funded by Iran University of Med-

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Copyright © 2014 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: www.jemerg.com



Hosseini et al

ical Sciences.

Authors’ contributions:

FN designed the study and MY analyzed data and devel-
oped first draft of the manuscript. MH and ZK inducted
the animal model of SCI. A] and ZH contributed in were
assessed behavioral tests. All authors contributed sub-
stantially to its revision and take responsibility for the
paper as a whole.

References:

1. Mann R, Schaefer C, Sadosky A, et al. Burden of spinal cord
injury-related neuropathic pain in the United States:
retrospective chart review and cross-sectional survey. Spinal
Cord. 2013;51(7):564-70.

2. Wolfe MD, O’Connor AB. Management of Neuropathic Pain
in Hospitalized Patients. Hosp Med Clinics. 2013;2(4):e587-
e602.

3. Schug SA. Drug synergy and therapeutic combinations.
Neuropathic Pain: Causes, Management and Understanding.
United State: LANGE; 2013. p. 290.

4. Wiffen PJ, Derry S, Moore RA, et al. Antiepileptic drugs for
neuropathic pain and fibromyalgia-an overview of Cochrane
reviews. Cochrane Database Syst Rev. 2013;11:CD010567.

5. Moore RA, Wiffen PJ, Derry S, Toelle T, Rice AS. Gabapentin
for chronic neuropathic pain and fibromyalgia in adults.
Cochrane Lib. 2014;16(3):CD007938.

6. McNicol ED, Midbari A, Eisenberg E. Opioids for
neuropathic pain. status and date: Edited (no change to
conclusions), published in. 2013;8(9):CD006146.

7. Hayek SM, Hanes MC. Intrathecal Therapy for Chronic Pain:
Current Trends and Future Needs. Curr Pain Headache Rep.
2014;18(1):1-9.

8. Kumar A, Maitra S, Khanna P, Baidya D. Clonidine for
management of chronic pain: A brief review of the current
evidences. Saudi Journal of Anaesthesia. 2014;8(1):92-6.

9. Sindou M, Georgoulis G, Mertens P. Intrathecal Baclofen
Therapy. Neurosurgery for Spasticity: Springer; 2014. p. 69-
101.

10. Karanikolas M, Aretha D, Tsolakis I, et al. Optimized
perioperative analgesia reduces chronic phantom limb pain
intensity, prevalence, and frequency: a prospective,
randomized, clinical trial. Anesthesiology. 2011;114(5):1144-
54.

11. Andreae M, Andreae D. Regional anaesthesia to prevent
chronic pain after surgery: a Cochrane systematic review and
meta-analysis. Br ] Anaesth. 2013;111(5):711-20.

12. Giuggioli D, Sebastiani M, Ferri C. Phantom limb pain in
patients with severe cryoglobulinemic vasculitis: Usefulness
of long-term pregabalin treatment. ] Musculoskelet Pain.
2012;20(4):306-9.

13. Ruan X. Novel epidural baclofen infusion trial for
intractable spasticity with long-term follow-up observation
and a focused review of the literature. ] Pain Relief.
2013;2:121-7.

14. Pope JE, Deer TR, Kramer ]. A systematic review: current
and future directions of dorsal root ganglion therapeutics to
treat chronic pain. Pain Med. 2013;14(10):1477-96.

15. Yowtak J, Wang ], Kim HY, Lu Y, Chung K, Chung JM. Effect
of antioxidant treatment on spinal GABA neurons in a
neuropathic pain model in the mouse. Pain.
2013;154(11):2469-76.

16. Ghoshal N, Vijayan RSK. Pharmacophore models for
GABAA modulators: implications in CNS drug discovery.
Expert Opin Drug Discov. 2010;5(5):441-60.

17. Munro G, Erichsen HK, Rae MG, Mirza NR. A question of
balance-Positive versus negative allosteric modulation of
GABAAx receptor subtypes as a driver of analgesic efficacy in
rat models of inflammatory and neuropathic pain.
Neuropharmacology. 2011;61(1):121-32.

18. Zimmermann M. Ethical guidelines for investigations of
experimental pain in  conscious  animals. Pain.
1983;16(2):109-10.

19. Hama A, Sagen ]. Behavioral characterization and effect of
clinical drugs in a rat model of pain following spinal cord
compression. Brain Res. 2007;1185:117-28.

20. Xu F, Li T, Zhang B. An improved method for protecting
and fixing the lumbar catheters placed in the spinal
subarachnoid space of rats. ] Neurosci Methods.
2009;183(2):114-8.

21. Chaplan S, Bach F, Pogrel ], Chung ], Yaksh T. Quantitative
assessment of tactile allodynia in the rat paw. ] Neurosci
Methods. 1994;53(1):55-63.

22. Santos-Nogueira E, Redondo Castro E, Mancuso R, Navarro
X. Randall-Selitto test: a new approach for the detection of
neuropathic pain after spinal cord injury. ] Neurotrauma.
2012;29(5):898-904.

23. Yoon C, Young Wook Y, Heung Sik N, Sun Ho K, Jin Mo C.
Behavioral signs of ongoing pain and cold allodynia in a rat
model of neuropathic pain. Pain. 1994;59(3):369-76.

24. Hargreaves K, Dubner R, Brown F, Flores C, Joris ]. A new
and sensitive method for measuring thermal nociception in
cutaneous hyperalgesia. Pain. 1988;32(1):77-88.

25. Peyron R, Faillenot I, Pomares F, Le Bars D, Garcia-Larrea
L, Laurent B. Mechanical allodynia in neuropathic pain. Where
are the brain representations located? A positron emission
tomography (PET) study. European Journal of Pain.
2013;17(9):1327-37.

26. Hulsebosch CE, Hains BC, Crown ED, Carlton SM.
Mechanisms of chronic central neuropathic pain after spinal
cord injury. Brain res rev. 2009;60(1):202-13.

27. Finnerup NB, Baastrup C, Jensen TS. Neuropathic pain
following spinal cord injury pain: mechanisms and treatment.
Scand ] Pain. 2009;1:S3-S11.

28. Baron R, Binder A, Wasner G. Neuropathic pain: diagnosis,
pathophysiological mechanisms, and treatment. Lancet
Neurol. 2010;9(8):807-19.

29. Finnerup NB, Baastrup C. Spinal cord injury pain:
mechanisms and management. Curr Pain Headache Rep.
2012;16(3):207-16.

30. Bareiss SK, Gwaltney M, Hernandez K, Lee T, Brewer KL.
Excitotoxic spinal cord injury induced dysesthesias are
associated with enhanced intrinsic growth of sensory
neurons. Neurosci Lett. 2013;542:113-7.

31. Zhang N, Yin Y, Xu S-J, Wu Y-P, Chen W-S. Inflammation &
apoptosis in spinal cord injury. Indian ] Med Res.
2012;135(3):287-96.

32.D’Angelo R, Morreale A, Donadio V, et al. Neuropathic pain
following spinal cord injury: what we know about
mechanisms, assessment and management. Eur Rev Med
Pharmacol Sci. 2013;17(23):3257-61.

33. Cadotte DW, Bosma R, Mikulis D, et al. Plasticity of the
injured human spinal cord: insights revealed by spinal cord

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Copyright © 2014 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: www.jemerg.com



Emergency (2014); 2 (4): 151-157

functional MRI PLoS One. 2012;7(9):e45560.

34. Ultenius C, Song Z, Lin P, Meyerson BA, Linderoth B. Spinal
GABAergic mechanisms in the effects of spinal cord
stimulation in a rodent model of neuropathic pain: is GABA
synthesis involved? Neuromodulation: Technology at the
Neural Interface. 2013;16(2):114-20.

35. Chai T, Bruel BM, Nouri KH, Driver LC. Complications after
intrathecal drug delivery due to the underlying malignancy in
two patients with intractable cancer pain. Pain physician.
2013;16:E107-11.

36. Williams BS, Wong D, Amin S. Case scenario: self-
extraction of intrathecal pump medication with a concomitant
intrathecal granulomatous mass. Anesthesiology.
2011;114(2):424-30.

37. Naik AK, Latham ]R, Obradovic A, Jevtovic-Todorovic V.
Dorsal root ganglion application of muscimol prevents

hyperalgesia and stimulates myelin protein expression after
sciatic nerve injury in rats. Anesth Analg. 2012;114(3):674-
82.

38. Naik A, Pathirathna S, Jevtovic-Todorovic V. GABAa
receptor modulation in dorsal root ganglia in vivo affects
chronic  pain  after nerve injury. Neuroscience.
2008;154(4):1539-53.

39. Baba H, Ji R-R, Kohno T, et al. Removal of GABAergic
inhibition facilitates polysynaptic A fiber-mediated excitatory
transmission to the superficial spinal dorsal horn. Mol Cell
Neurosci. 2003;24(3):818-30.

40. Miletic G, Draganic P, Pankratz MT, Miletic V. Muscimol
prevents long-lasting potentiation of dorsal horn field
potentials in rats with chronic constriction injury exhibiting
decreased levels of the GABA transporter GAT-1. Pain.
2003;105(1):347-53.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Copyright © 2014 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: www.jemerg.com



