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Objective  To evaluate the analgesic effect of intrathecal gabapentin therapy on secondary hyperalgesia in a rat 
model of persistent muscle pain.
Methods  Intrathecal catheters were implanted into rats. Mechanical secondary hyperalgesia was induced 
by repeated intramuscular injections of acidic solution into the gastrocnemius muscle. Gabapentin was 
administrated intrathecally. Rats were allocated to control and experimental (gabapentin 30, 100, 300, and 1,000 

mg) group. After gabapentin administration, mechanical withdrawal threshold was measured every 15 minutes 
and the motor function was measured 30 minutes later.
Results  Mechanical hyperalgesia was evoked after the second acidic buffer injection. There was a significant 
improvement on the mechanical threshold after administration of 100, 300, and 1,000 mg gabapentin compared to 
pre-injection and the control group. The analgesic effect continued for 105, 135, and 210 minutes, respectively. To 
discern side effects, motor function was measured. Motor function was preserved in both groups after gabapentin 
administration, except for rats who received 1,000 mg gabapentin.
Conclusion  Intrathecal gabapentin administration produces dose-dependent improvements in mechanical 
hyperalgesia in a persistent muscle pain rat model. This implicates the central nervous system as having a strong 
influence on the development of persistent mechanical hyperalgesia. These results are helpful in understanding 
the pathophysiology of secondary hyperalgesia and in the treatment of patients with chronic muscle pain.
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INTRODUCTION

Muscles account for 40% of body volume and are the 
most common site of pain. Virtually everyone has or will 
experience muscle pain. Musculoskeletal pain, such as 
myofascial pain syndrome and fibromyalgia, is clinically 
quite common. But, the pain can become chronic due to 
the lack of awareness of treatment and pain evaluation. 
Acute muscle pains caused by a musculoskeletal injury 
producing an afferent nociceptive stimulus commonly 
respond well to treatment. But, if allowed to become 
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chronic, unpleasant emotional responses are likely to de-
velop beyond the pathological damage of the pain itself 
[1]. Objective research on patients with chronic pain is 
difficult because of the variety of parameters like emo-
tional state, sleep, and medication dosages [2].

The intramuscular injection of acidic solution in ex-
perimental pain models have been developed as a 
method for chronic pain studies. Sluka et al. [3] induced 
a mechanical hyperalgesia lasting 3−4 weeks in rats by 
two intramuscular injections of acidic buffer in the gas-
trocnemius muscles. Similarly, Sohn et al. [2] produced 
a persistent pain rat model with the bilateral mechanical 
hyperalgesia lasting for about 4 weeks by two intramus-
cular injections of acidic buffer in the gastrocnemius 
muscles. These observations support the view that the 
central nervous system is responsible for the formation 
of the chronic pain. A follow-up study suggested that in-
creased activities of wide dynamic range cells and high 
threshold cells of the dorsal horn cause persistent muscle 
pain [4,5]. Presently, we specifically addressed this issue 
by assessing spinal level with intrathecal gabapentin ad-
ministration.

The medications for the neuropathic pain caused by 
a nervous sensitization primarily include non-steroidal 
analgesic drugs. Secondary drugs include antidepres-
sants and anticonvulsants, while tertiary drugs include 
baclofen, clonidine, capsaicin, and morphine [6]. Gaba-
pentin is an effective anticonvulsant drug that is structur-
ally related to γ-aminobutyric acid. The main targets of 
gabapentin binding are the α2δ-1 subunits of the voltage-
gated calcium channel located on dorsal root ganglion 
neurons. This binding subsequently reduces neurotrans-
mitter release and alleviates neuronal excitation [7,8]. 
Gabapentin is used to treat neuropathic pain, such as 
postherpetic neuralgia [9], neuropathic pain following 
spinal cord injuries [10], phantom limb pain [11], and 
diabetic polyneuropathy [12].

This study is designed to evaluate the analgesic effects 
of the intrathecal gabapentin therapy on secondary hy-
peralgesia in a persistent pain rat model.

MATERIALS AND METHODS

Intrathecal catheter insertion
Male Sprague-Dawley rats, 8 weeks of age, weighing 

250−300 g were the experimental animals. They were 

housed at a temperature of 23.0oC±1.0oC and humidity 
of 50%±3% with alternating 12-hour light-dark cycle and 
had free access to food and water. A mixture of ketamine 
and xylazine was injected into the abdominal cavity of 
each rat as anesthesia, while the head was fixed in posi-
tion using a stereotactic head holder. For the catheteriza-
tion, the occiput and posterior neck region were shaved 
and sterilized with povidone-iodine. A dural incision 
was made at the atlantooccipital membrane, into which 
a polyethylene catheter was inserted 8−8.5 cm to lumbar 
enlargement as described previously [13]. The tip of the 
catheter was plugged with a 28-gauge short steel wire and 
was fixed at the upper skull (Fig. 1). The incision area was 
sutured with silk before awakening the rats. 

Modeling persistent muscle pain
Rats with the inserted plugged catheter were observed 

for 4 days of their recovery. Any rat showing motor dis-
turbance after 4 days was excluded. All remaining rats 
were anesthetized by inhaling halothane. Each left hind 
limb was shaved and sterilized with povidone-iodine. In-
tramuscular injection of 250 mL of pH 6.0 phosphate buff-
ered saline was done in the left gastrocnemius muscle. 
Secondary injection was conducted with the same solu-
tion 3 days after the first injection. Behavioral examina-
tion was carried out (see below) 4 hours after the second 
injection. After examination, the mechanical thresholds 
of select rats were 32−40 mN.

Fig. 1. Intrathecal catheter insertion for the administra-
tion of drugs into the subarachnoid space.
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Behavioral examination
Behavioral examinations in assessing the mechanical 

thresholds were conducted through the von Frey fila-
ments. For evaluation, rats were transferred to steel cages 
and were allowed to acclimate for 10 minutes. Mechani-
cal withdrawal thresholds were assessed through the 
responses of rats with a series of filaments with the bend-
ing forces of 8, 32, 60, 75, 120, 187, and 358 mN. The fila-
ments were applied vertically to the left hind paws for 4 
seconds while the filament was bent. Brisk withdrawal or 
paw flinching was considered to be a positive response. 
In the absence of a response, the filament of next greater 
force was applied. The mechanical stimulus producing 
a 50% likelihood of withdrawal response in 10 tests was 
determined using the up-and-down method [14].

Administration of gabapentin
Twenty-four hours after the second injection of acidic 

buffer, rats were divided into the control and experimen-
tal groups. Within the experimental group, subgroups 
were formed on the basis of gabapentin dose (30, 100, 
300, and 1,000 mg, respectively). Each dose of gabapentin 
(Sigma-Aldrich, St. Louis, MO, USA) was dissolved in 10 

mL of normal saline and was injected through the cath-
eter in each experimental group. The control group was 
administered 20 mL of saline. Each group was composed 
of eight rats. The behavioral examination was conducted 

before and every 15 minutes for 4 hours after the intra-
thecal injection.

Motor function test
Each group was tested for the motor function with the 

treadmill (Daejong E&C, Daejeon, Korea) before and 30 
minutes after receiving gabapentin. The treadmill was 
equipped with electrified steel bars on the lower part to 
make rats continue running forward (Fig. 2). As a pre-
liminary exercise for adaptation to the treadmill, all rats 
were subjected to a daily 5-minute exercise at 5o inclina-
tion and a treadmill speed of 15 m/min for 2 days prior 
to the first gabapentin injection. In the motor function 
tests, the treadmill was slowly sped up to 17 m/min at a 
5o inclination, which was then maintained. The run times 
were measured, and the test was ended if a rat ran more 
than 150 seconds.

Statistical analyses 
Non-parametric testing was done using SPSS ver. 18.0 

for Windows (SPSS Inc., Chicago, IL, USA). Wilcoxon 
signed-rank test was used to determine the statistical 
significance of the mechanical threshold and motor 
function. After gabapentin administration, Friedman test 
was conducted within groups and Kruskal-Wallis test 
was conducted between groups. If there was a statistical 
significance, the Dunnett test was conducted for multiple 
comparisons.

RESULTS

Mechanical hyperalgesia
All subjects were measured of their mechanical thresh-

olds with von Frey filaments. The mean threshold at the 
limb was 336.63±9.06 mN before acidic buffer injection 
and decreased to 39.70±2.00 mN by 4 hours after the sec-
ond buffer injection (p<0.05). Mechanical hyperalgesia 
was induced in ipsilateral limbs.

Effect of gabapentin on mechanical stimulus
Significant changes were evident in the thresholds af-

ter administration of 100, 300, and 1,000 mg gabapentin. 
Each group showed improvements in the mechanical 
threshold after 15 minutes. The improvements lasted for 
105, 135, and 210 minutes, respectively (p<0.05). No sta-
tistical significance was apparent using 30 mg gabapentin. 

Fig. 2. Treadmill motor function test determined by mea-
surements on exercise time at 5o inclination and 17 m/
min speed.
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Compared with the control group, rats receiving 100, 300, 
and 1,000 mg gabapentin showed significant changes in 
the threshold (Fig. 3).

Motor function test
The motor function showed no significant difference 

following injection of 30, 100, and 300 mg gabapentin. In 
rats who received 1.000 mg gabapentin the run time of 
the subjects on the treadmill was significantly decreased 
(p<0.05) compared with the prior preliminary exercise 
test and the control group (Fig. 4).

DISCUSSION

Several methods employing agents including hyper-
tonic saline and hyaluronic acid have been developed 
to derive experimental models on musculoskeletal pain. 
These models showed that pain can be induced imme-
diately following injections and persisting for 15 to 20 
minutes [15,16]. In one study [3], the authors claimed 
that two injections of pH 4.0 acidic saline given 2 and 5 
days apart produced a significant mechanical hyperalge-
sia that lasted 4 weeks. Hyperalgesia was not maintained 
with injections given 10 days apart. Similarly, Sohn et al. 
[2] developed a persistent pain rat model with mechani-
cal hyperalgesia in the bilateral hind limbs that could 
persist about 4 weeks through two injections of pH 6.0 
acidic buffer given in 3 days apart. This model did not 

produce an electrophysiologic dysfunction. In this study, 
mechanical hyperalgesia was provoked through injec-
tions of acidic buffer [2].

Gabapentin is generally used to treat neuropathic pains 
in both the central and the peripheral nervous systems 
[8]. In the peripheral nerve system, the pain inhibitory 
mechanism consists of several steps. Gabapentin is an-
chored with α2δ-1 subunits of voltage-gated calcium 
channel in the dorsal root ganglion, and effectively 
blocks the influx of Ca2+. This binding reduces the secre-
tion of glutamate, aspartate, and P substance, which 
leads to the inhibition of α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid and N-methyl-D-aspartate 
receptors, and disrupts nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB), which is involved 
in the generation of cytokines [7,8,17-19]. In the central 
nervous system, gabapentin reduces the presynaptic 
secretion of gamma-amino butyric acid, while increas-
ing the secretion of glutamate and noradrenaline. This 
mechanism alleviates pain by stimulating the descending 
inhibitions [20].

Central sensitization represents an enhanced function 
of neurons and circuits in nociceptive pathways caused 
by increased membrane excitability, synaptic efficacy, 
and reduced inhibition. It demonstrates the remarkable 
plasticity of the somatosensory nervous system in re-
sponse to activity, inflammation, and neural injury [5,21]. 

Fig. 3. Withdrawal thresholds of the hind paw to the von 
Frey filaments with respect to give to the amount of intra-
thecal gabapentin (GPN) injections. *p<0.05, compared 
with that before the injection. †p<0.05, compared with 
the controlled group.
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Microglial cells are involved in the formation of central 
sensitizations. The cells release mediators that modulate 
spinal cord synaptic transmissions and increase the ex-
citability of dorsal horn neurons [22]. Also, gabapentin 
reverses microglial cell activation, and alleviates hyperal-
gesia [23,24].

Intrathecal gabapentin administration was used in 
several animal models to relieve neuropathic pains. Rat 
models of thermal injury under the inhibition of hyper-
algesia, the spinal nerve ligation under the reduction 
of mechanical and thermal hyperalgesia, and the nerve 
ligation-induced pain with the prevention of hyperalge-
sia effects have been reported prior to our study [25-27]. 
In these models, intrathecal gabapentin given at doses 
of 100 and 300 mg alleviated hyperalgesia for about 60 
minutes [25,26]. Our study demonstrated significant im-
provements of the mechanical threshold in rats receiving 
100, 300, and 1,000 mg compared with before administra-
tion and the control group. The analgesic effect at the 
respective doses continued for 105, 135, and 210 minutes.

Suppression of hyperalgesia was also observed in stud-
ies involving the systematic injection of gabapentin. In-
travenous injection of 90 mg/kg gabapentin reportedly 
alleviated mechanical hyperalgesia for 120 minutes [28]. 
The relief could be extended to up to 140 minutes using 
an intraperitoneal injection of 100 mg/kg of gabapentin 
[29]. In our study, the suppression of hyperalgesia could 
have been preserved much longer than prior studies with 
smaller injection doses.

Intravenous injection of various doses of gabapentin 
reportedly elicited a dose-dependent attenuation of allo-
dynia in nerve-injured rats, while a high dose (90 mg/kg) 
had a sedative effect [28]. In our study, 1,000 mg gabapen-
tin decreased motor function at a dose of 3.3 mg/kg. This 
implies that intrathecal administration has more potential 
of complications than intravenous administration. Rats 
given 1,000 mg gabapentin displayed a shorter treadmill 
exercise time, but exhibited the same withdrawal response 
from the 358 mN von Frey filament as rats receiving 100 
and 300 mg gabapentin. Higher doses up to 1,000 mg did 
not increase the pain threshold but did worsen the motor 
function, which is a hallmark of the ceiling effect [30].

Ipsilateral painful stimulus leads to the mechanical hy-
peralgesia of bilateral limbs in the persistent muscle pain 
model. Wide dynamic range neurons and high threshold 
neurons of dorsal horn cells in the spinal cord are sensi-

tized in the persistent muscle pain model [4,5]. The af-
ferent nociceptive stimulus flows in the dorsal horn cells 
and passes through the spinothalamic tract to the supra-
spinal level. Hence, intrathecal injections were adopted 
to treat persistent muscle pain. But, the supraspinal level 
can mediate the sensitization. Further studies are re-
quired to investigate the changes of them.

In our study, intrathecal gabapentin was employed as 
a neuropathic pain treatment in persistent muscle pain 
and to alleviate hyperalgesia. Symptoms of chronic mus-
cle pain, such as hyperalgesia, formed through simple 
muscle injury and nervous sensitization. Neuropathic 
pain medications could have an important role in the 
treatment of patients with persistent muscle pain.

Limitations of our study were the small number of sub-
jects due to the large number of subgroups with varying 
doses, and the large dose interval between 300 and 1,000 

mg. Further study with more subjects and smaller dose 
intervals for assessing the reasonable therapeutic range 
without complications is required. Another limitation is 
that the study was conducted quite promptly before the 
definitive confirmation on the progress of muscle pain 
on the subjects. The progress of muscle pain had been 
confirmed in prior studies of a persistent muscle pain 
rat model, and thus the duration of muscle pain was not 
monitored in this study. Further research with the con-
firmation of the pain progress could be considered more 
suitable for the study on chronic muscle pain.

In conclusion, intrathecal gabapentin administration 
showed a dose-dependent improvement of mechanical 
hyperalgesia of ipsilateral limbs in the persistent muscle 
pain rat model. This means that the central nervous 
system is responsible for the formation of the persistent 
mechanical hyperalgesia. These results are helpful in 
understanding of the pathophysiology of secondary hy-
peralgesia and in the treatment of patients with chronic 
muscle pain.
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