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INTRODUCTION
The progress of neuropathic pain, a refractory disease 

characterized by a decreased threshold to nociceptive 
stimuli and sensitization to innoxious stimuli, has an ex-
tremely complicated nature and needs a novel treatment 

Original Article

 This is an open-access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http://cre-
ativecommons.org/licenses/by-nc/4.0/), which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.
© The Korean Pain Society, 2020

Author contributions: Seon Hee Oh: Investigation; Hyun Young Lee: Writ-
ing/manuscript preparation; Young Joon Ki: Investigation; Sang Hun Kim: 
Writing/manuscript preparation; Kyung Joon Lim: Writing/manuscript 
preparation; Ki Tae Jung: Writing/manuscript preparation.

Gabexate mesilate ameliorates the neuropathic pain in a rat 
model by inhibition of proinflammatory cytokines and nitric oxide 
pathway via suppression of nuclear factor-κB
Seon Hee Oh1,*, Hyun Young Lee2,3,*, Young Joon Ki2, Sang Hun Kim2,3, Kyung Joon Lim2,3, and Ki Tae Jung2,3

1School of Medicine, Chosun University, Gwangju, Korea
2Department of Anesthesiology and Pain Medicine, Chosun University Hospital, Gwangju, Korea
3Department of Anesthesiology and Pain Medicine, School of Medicine, Chosun University, Gwangju, Korea

Received August 23, 2019
Revised November 2, 2019
Accepted November 3, 2019

Correspondence
Ki Tae Jung
Department of Anesthesiology and Pain 
Medicine, Chosun University Hospital, 
365 Pilmun-daero, Dong-gu, Gwangju 
61453, Korea
Tel: +82-62-220-3223
Fax: +82-62-223-2333
E-mail: mdmole@chosun.ac.kr
 
*These authors are co-first authors and 
contributed equally to this work.

Background: This study examined the effects of gabexate mesilate on spinal nerve 
ligation (SNL)-induced neuropathic pain. To confirm the involvement of gabexate 
mesilate on neuroinflammation, we focused on the activation of nuclear factor-κB 
(NF-κB) and consequent the expression of proinflammatory cytokines and inducible 
nitric oxide synthase (iNOS).
Methods: Male Sprague-Dawley rats were used for the study. After randomization 
into three groups: the sham-operation group, vehicle-treated group (administered 
normal saline as a control), and the gabexate group (administered gabexate mesi-
late 20 mg/kg), SNL was performed. At the 3rd day, mechanical allodynia was con-
firmed using von Frey filaments, and drugs were administered intraperitoneally daily 
according to the group. The paw withdrawal threshold (PWT) was examined on the 
3rd, 7th, and 14th day. The expressions of p65 subunit of NF-κB, interleukin (IL)-1, 
IL-6, tumor necrosis factor-α, and iNOS were evaluated on the 7th and 14th day fol-
lowing SNL.
Results: The PWT was significantly higher in the gabexate group compared with 
the vehicle-treated group (P < 0.05). The expressions of p65, proinflammatory cyto-
kines, and iNOS significantly decreased in the gabexate group compared with the 
vehicle-treated group (P < 0.05) on the 7th day. On the 14th day, the expressions 
of p65 and iNOS showed lower levels, but those of the proinflammatory cytokines 
showed no significant differences.
Conclusions: Gabexate mesilate increased PWT after SNL and attenuate the pro-
gress of mechanical allodynia. These results seem to be involved with the anti-
inflammatory effect of gabexate mesilate via inhibition of NF-κB, proinflammatory 
cytokines, and nitric oxide.
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with potent therapeutic effects according to its develop-
mental mechanism [1]. Not only the changes in the ner-
vous systems, but also neuroinflammation, are associated 
with the development of neuropathic pain [2]. 

Among those etiological mechanisms of neuropathic 
pain, the neuroinflammatory process, via cell-derived 
inflammatory cytokines and glial activation, is suggested 
as a debilitating factor in both the development and main-
tenance of neuropathic pain, which result in sensitization 
[3-7]. It is well known that the inflammatory mechanism of 
proinflammatory cytokines such as interleukin (IL)-1, IL-
6, and tumor necrosis factor-alpha (TNF-α) act a cardinal 
role in the production of neuropathic pain [8,9]. Therefore, 
inhibiting the inflammatory cascades by modulating pro-
inflammatory cytokines has been suggested to reduce or 
attenuates neuropathic pain following spinal nerve injury 
[10-12].

Gabexate mesilate, one of the serine protease inhibitors, 
is a drug with anti-inflammatory properties, which is used 
for the treatment of pancreatitis [13]. Its property of TNF-α 
inhibition via monocyte also provides effectiveness in the 
treatment of sepsis-associated disseminated intravascu-
lar coagulation [13]. Recent studies have shown that the 
inhibitory effects of serine protease inhibitor on the pro-
inflammatory cytokines can attenuate the development of 
neuropathic pain [2,14]. Gabexate mesilate also showed a 
protective effect after spinal cord trauma by inhibition of 
the increase in the myeloperoxidase activity in an animal 
model [15]. Moreover, gabexate mesilate has an inhibi-
tory property on the activation of nuclear factor-κB (NF-
κB) which plays a crucial role in inflammatory pain in the 
central nervous system [16], and can decrease monocytic 
TNF-α production [15]. It also has the effect of decreasing 
the release of nitric oxide (NO) by inhibiting the NO path-
way in rat C6 glioma cells [17]. NO is expressed in response 
to proinflammatory cytokines after spinal cord injury [18] 
and plays potential roles in neuropathic pain [19]. 

Thus, we hypothesized that gabexate mesilate can atten-
uate mechanical allodynia caused by spinal nerve ligation 
(SNL) by inhibiting NF-κB activation, as well as reducing 
the expressions of proinflammatory cytokines (IL-1, IL-
6, and TNF-α) and inducible nitric oxide synthase (iNOS). 
This study examined the effects of gabexate mesilate on 
the development of mechanical allodynia and the levels of 
expressions of NF-κB, IL-1β, IL-6, TNF-α, and iNOS in rats 
following neuropathic pain evoked by SNL.

MATERIALS AND METHODS
1. Animal preparation

This study was conducted after approval from the Institu-
tional Animal Care and Use Committee of the Chosun Uni-
versity (CIACUC 2017-S0041). This study also followed the 
International Association for the Study of Pain guidelines 
on ethical standards for the investigation of experimental 
pain in animals [20]. A total of 64 male Sprague-Dawley 
(specific pathogen-free) were purchased from Damul Sci-
ence (Daejeon, Korea) and used for the study. The rats 
(100-120 g) were housed in separate cages with free access 
to food and water and a light:dark cycle of 12:12. The cages 
were maintained with a temperature between 20℃ and 
23℃.

2. Introduction of neuropathic pain

Segmental SNL was conducted according to the experi-
mental model of neuropathic pain proposed by Chung 
et al. [21,22]. Forty-four rats were used for the segmental 
SNL. Under the general anesthesia with sevoflurane, the 
midline of the L5-S2 spine was incised and the left para-
spinal muscles were exposed. The left paraspinal muscles 
were dissected and separated from the spinous process. 
After exposure of the spine, the transverse process of the 
L6 spine was removed with a small rongeur, and the left L5 
and L6 spinal nerves were exposed. Each nerve was tightly 
ligated at the distal site of the dorsal root ganglia with 6-0 
silk. Then, the incision wound was sutured. After recovery 
from anesthesia, the damage to the L4 spinal nerve was 
examined and the rats with signs of motor nerve damage 
were excluded from the study. Altogether, 20 rats were 
used for a sham operation without SNL. The development 
of neuropathic pain was confirmed by the paw withdrawal 
threshold (PWT), which was measured using von Frey 
filaments (Stoelting, Wood Dale, IL) after three days. Rats 
showing a paw flinching response upon the application of 
a bending force of less than 4 g were defined as exhibiting 
mechanical allodynia and were used for the study. Four 
rats were excluded due to a failure to induce mechanical 
allodynia, and a total of 60 rats were used for the study.

3. Assessment of mechanical allodynia

The measurement of mechanical allodynia was performed 
by the PWT using von Frey filaments. The rats were ac-
climated to the laboratory environment in the cages with 
a mesh floor for 30 minutes. The von Frey filaments were 
applicated vertically for 5 seconds to the plantar surface of 
the hind paw. The mechanical allodynia was determined 



32

https://doi.org/10.3344/kjp.2020.33.1.30Korean J Pain 2020;33(1):30-39

Oh, et al

and recorded by a positive response such as an abrupt 
withdrawal or flinching of the hind paw. The cut-off value 
was a negative response to 15 g. The PWT was calculated 
using the up and down method with an application of a 
series of eight von Frey filaments (0.4, 0.7, 1.2, 2.0, 3.6, 5.5, 
8.5, and 15 g) [23]. 

The change in mechanical allodynia across time, mea-
sured by a series of tests, was conducted on the 3rd, 7th, 
and 14th days following SNL.

4. Groups and drug administration

The rats were first randomized into two groups, and then 

underwent either a sham operation (n = 20) or SNL (n = 44). 
After confirming the development of neuropathic pain on 
the 3rd day following SNL, the rats who exhibited mechan-
ical allodynia after SNL (n = 40) were randomized into two 
groups, a gabexate group and control group (Fig. 1). Ran-
domization was done using the random numbers gener-
ated by a computer. Eventually, the rats were randomized 
into three group (each n = 20) and prepared drugs were 
administered intraperitoneally daily until the end of the 
study period, according to the group. Rats in the sham-
operation group underwent a sham operation without 
SNL and were not administered any drugs. The rats in the 
vehicle-treated group were administered normal saline 
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Fig. 1. CONSORT diagram of the study design.
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intraperitoneally daily. The rats in gabexate group were 
administered 20 mg/kg of gabexate mesilate (Foy®; Donga 
ST Pharm., Seoul, Korea) intraperitoneally daily [15]. 

5. Spinal cord sampling

On the 7th and 14th day, spinal cord sampling was per-
formed (total n = 24; n = 4 of each group for each day). After 
overdose anesthesia with sevoflurane, rats were eutha-
nized by decapitation. Immediately, an 18-gauge needle 
was inserted into the caudal end of the vertebral column 
which was flushed with ice-cold phosphate-buffered sa-
line. A 1-cm section of the lumbar spinal cord at L4-L6 was 
removed from the intact frozen cord and weighed. The 
tissue of the ipsilateral dorsal spinal cord at L4-L6 was ob-
tained and immediately stored at –70°C using liquid nitro-
gen until homogenization.

6. Western blotting 

Proinflammatory cytokines (IL-1β, IL-6, and TNF-α), a 
p65 subunit of NF-κB, and iNOS were measured by West-
ern blotting on the 7th and 14th day following SNL. Tissue 
samples which were obtained from the spinal cord at L4-
L6 were dissected (Fig. 1) and the ipsilateral dorsal horn 
of the L5 spinal cord were homogenized in a lysis buffer 
(Thermo Scientific, #89900, Waltham, MA) with a Dounce 
homogenizer (Bellco Glass, Vineland, NJ), and further 
lysed with RIPA buffer (Thermo Scientific) containing 
protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO). 
Cell lysates were quantified for protein content, separated 
by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) in 12%-15% acrylamide gels, transferred 
to polyvinylidene difluoride membranes (Millipore, Bil-
lerica, MA), and then immunoblotted with corresponding 
antibodies. The antibodies used were: IL-6 (R&D Sys-
tems, MAB5061, Minneapolis, MN), IL-1β (R&D Systems, 
MAB501), TNF-α (R&D Systems, MAB510), iNOS (Novous 
Biologicals, NB-300-605, Centennial, CO), and p65 (Cell 
Signaling, #8242, Danvers, MA). Chemiluminescence 
Western Blotting Detection Reagents (Millipore) were used 
for the visualization of the bands. Quantified densitom-
etry analysis was done with ImageJ densitometry software 
(National Institutes of Health, Bethesda, MD). 

7. Statistical analysis

The sample size was calculated using “G*Power3” software 
(available freely at http://www.psycho.uni-duesseldorf.de/
abteilungen/aap/gpower3). The effect size was calculated 
as 0.77 according to the results of the previous study which 
used another serine protease inhibitor [2]. Using α = 0.05 

with a power 95%, the total sample size was calculated as 
30 for the statistical analysis of three consecutive mea-
surements with PWT with repeated measures analysis of 
variance in three groups. After estimating the drop-out 
rate to be 20%-40% during the operation, we intended to 
include 12-14 rats in each group for the PWT, and 8 rats 
were added for the spinal cord sampling. In total, we in-
cluded 20-22 rats for the study in each group.

The data are expressed as the mean ± standard error of 
the mean. The differences between groups in the PWT test 
were analyzed by repeated-measures two-way analysis of 
variance and Scheffe’s posthoc test and analyzed by a t-
test according to the day. The densitometry data obtained 
from Western blotting was analyzed by a two-tailed t-test. 
Results with P < 0.05 were considered statistically signifi-
cant.

RESULTS
At the 3rd day after the SNL procedure, significant de-
creases in the PWT were observed (P < 0.001) in the rats of 
the vehicle-treated group and the gabexate group com-
pared with the sham-operation group, and the develop-
ment of mechanical allodynia was confirmed (Fig. 2). The 
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Fig. 2. Paw withdrawal threshold (PWT) across time. The PWT was ob-
served from the 3rd day until the 14th day following spinal nerve ligation 
(SNL). On the 3rd day after SNL, mechanical allodynia was confirmed. 
The rats of the gabexate group showed higher PWT than those of the ve-
hicle-treated group during the observation period (P < 0.001). The sham-
operation group, sham operation only without SNL or drug; the vehicle-
treated group, the control group treated with intraperitoneal normal 
saline daily after 3rd day following SNL until the end of the study period; 
the gabexate group, the experimental group treated with intraperitoneal 
20 mg/kg of gabexate mesilate daily after 3rd day following SNL until the 
end of the study period. *P < 0.05 compared with the vehicle-treated 
group.
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mechanical allodynia was not observed in the rats in the 
sham-operation group. The rats of the gabexate group, 
which were administered 20 mg/kg of gabexate mesilate 
intraperitoneal daily after 3rd day following SNL, showed 
a higher PWT than those of the vehicle-treated group dur-
ing the observation period (P < 0.001). These results indi-
cate that gabexate mesilate attenuate the development of 
mechanical allodynia induced by SNL.

The inhibitory effect of gabexate mesilate on the acti-
vation of NF-κB was confirmed by Western blot analysis 
(Fig. 3). The expression of the p65 subunit of NF-κB were 
signifi cantly increased in the vehicle-treated group and 
the gabexate group, which underwent SNL, compared 
with the sham-operation group (P < 0.001) at both the 7th 
and 14th day after SNL. The expression of p65 was mark-
edly decreased in the gabexate group, which was adminis-
tered gabexate mesilate intraperitoneally, compared with 
the vehicle-treated group (P < 0.05). 

The effects of gabexate mesilate on the expressions of 
proinflammatory cytokines such as IL-1 (Fig. 4A), IL-6 (Fig. 
4B), and TNF-α (Fig. 4C) were also confirmed by western 
blot analysis. The expressions of IL-1, IL-6, and TNF-α 

were significantly increased at both the 7th and 14th day 
after SNL in the vehicle-treated group and gabexate group, 
compared with the sham-operation group (P < 0.05). 
However, the expressions of IL-1, IL-6, and TNF-α were 
attenuated at 7th day after SNL significantly in the Gabex-
ate group compared with Vehicle-treated group (P < 0.05). 
Moreover, there were no significant differences at the 14th 
day in the expressions of IL-1, IL-6, and TNF-α between 
the vehicle-treated group and the gabexate group (P > 0.05), 
even though the levels of protein expression were lower in 
the gabexate group. These results indicate that gabexate 
mesilate has an inhibitory effect on the expressions of pro-
inflammatory cytokines after SNL for a short-term period.

The effect of the gabexate mesilate on the expression 
of iNOS is shown in Fig. 5. The expression of iNOS was 
significantly increased at both the 7th and 14th day after 
SNL in the vehicle-treated group and the gabexate group 
compared with vehicle-treated group (P < 0.05). The levels 
of iNOS were significantly decreased at the 7th and 14th 
day after SNL in the gabexate group compared with the 
vehicle-treated group (P < 0.05).

DISCUSSION
In this study, the PWT increased in the rats who had been 
administered 20 mg/kg of gabexate mesilate intraperitone-
ally daily after the 3rd day following SNL in comparison to 
the controls. And, the expression of p65, proinflammatory 
cytokines such as IL-1, IL-6, TNF-α, and iNOS has been 
attenuated at the 7th day after SNL in the gabexate group 
compared with the vehicle-treated group. These results 
indicate that gabexate mesilate ameliorated the develop-
ment of SNL-mediated mechanical allodynia induced by 
the attenuation of proinflammatory cytokines and NO 
production for a short-term period via an inhibitory effect 
on the activation of NF-κB.

In terms of neuroinflammation, serine protease inhibi-
tor has inhibitory properties on the proinf lammatory 
cytokines and has the effect of attenuating the develop-
ment of neuropathic pain [2,14]. Gabexate mesilate is one 
of those serine protease inhibitors with properties of anti-
inflammation and TNF-α inhibition by the suppression 
of NF-κB and the NO pathway [13,15,17] which are closely 
related with an inflammatory response and the develop-
ment of neuropathic pain after spinal nerve injury. Thus, it 
was hypothesized that gabexate mesilate, likewise a previ-
ous serine protease inhibitor, can attenuate the develop-
ment of neuropathic pain caused by SNL by inhibition of 
the neuroinflammatory process in a spinal cord injury.

After the nerve injury, the activation of the neuroin-
flammatory process at the peripheral nerve and spinal 

2.0

1.5

1.0

0.5

0.0

SNL
Gabexate mesilate

Day 7 Day 14

Sham-operated group
Vehicle-treated group
Gabexate group

+ + + +
+ +

< 0.001 < 0.001

0.005

0.002

0.004 0.035

p65

-actin�

R
e
la

ti
v
e

p
ro

te
in

le
v
e
l

Fig. 3. The expression of p65 subunit of nuclear factor-κB at the ipsi-
lateral dorsal horn of L5 spinal cord across time. The levels of p65 were 
significantly increased in the vehicle-treated group and gabexate group 
compared with the sham-operation group (P < 0.001). The expression of 
p65 was markedly decreased in the gabexate group compared with the 
vehicle-treated group (P < 0.05) throughout the experimental period. The 
sham-operation group, sham operation only without spinal nerve ligation 
(SNL) or drug; the vehicle-treated group, the control group treated with in-
traperitoneal normal saline daily after 3rd day following SNL until the end 
of the study period; the gabexate group, the experimental group treated 
with intraperitoneal 20 mg/kg of gabexate mesilate daily after 3rd day 
following SNL until the end of the study period.
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cord starts within 1-3 days [5]. Immune-like glial cells and 
astrocytes in the dorsal root ganglia and spinal cord are 
activated and this facilitates the release of proinflammato-
ry cytokines such as IL-1, IL-6, and TNF-α [5,24-26]. Previ-
ous research provided the evidence that proinflammatory 
cytokines play a crucial role in the process of neuropathic 
pain development. The release of TNF-α and overproduc-
tion of IL-1β following peripheral nerve injury are related 
to a rapid immune response [5,27,28], the development 
of neuropathic pain, and allodynia [29,30]. IL-6 was im-
plicated with the maintenance of neuropathic pain [31]. 
Moreover, studies show that regional or intrathecal injec-
tion of IL-1β and IL-6 induced hypersensitivity to stimuli 
in rodents [32,33].

Particularly, TNF-α is a major proinflammatory cyto-
kine that not only initiates chronic neuropathic pain by in-
ducing a cascade of additional cytokine production, but is 
also associated with maintenance of chronic neuropathic 
pain [5,28]. Targeted intervention using a TNF-α neutral-
izing antibody in rats with neuropathic pain showed the 
effect of ameliorating mechanical allodynia and thermal 
hyperalgesia [34]. Secreting a cascade of proinflammatory 
cytokines promotes a release of inflammatory mediators 
such as prostaglandins, bradykinin, and serotonin, which 
are involved with hypersensitivity to pain by affecting 
afferent nociceptive neurons [35]. These neuronal activa-
tions lead to sensitization which enhances the responsive-
ness of nociceptors to mechanical stimuli. In the current 
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Fig. 4. The levels of interleukin (IL)-1 (A), IL-6 (B), and tumor necrosis 
factor-alpha (TNF-α; C) at the ipsilateral dorsal horn of L5 spinal cord 
across time. The levels IL-1, IL-6, and TNF-α were measured at the 7th 
and the 14th day following spinal nerve ligation (SNL). The expressions 
of IL-1, IL-6, and TNF-α were significantly increased in the vehicle-treated 
group and the gabexate group compared with the sham-operation group 
at both 7th and 14th day after SNL (P < 0.05). After administration of 
gabexate mesilate, the expressions of IL-1, IL-6, and TNF-α were sig-
nificantly attenuated in the gabexate group compared with the vehicle-
treated group at 7th day after SNL (P < 0.05). However, there were 
no statistically significances in the expressions of IL-1, IL-6, and TNF-α 
between the vehicle-treated group and the gabexate group at 14th day 
(P > 0.05). The sham-operation group, sham group; the vehicle-treated 
group, the control group treated with intraperitoneal normal saline daily 
after 3rd day following SNL until the end of the study period; Group E, the 
experimental group treated with intraperitoneal 20 mg/kg of gabexate 
mesilate daily after 3rd day following SNL until the end of the study pe-
riod.



36

https://doi.org/10.3344/kjp.2020.33.1.30Korean J Pain 2020;33(1):30-39

Oh, et al

study, the expressions of IL-1, IL-6, and TNF-α in the 
dorsal horn of the spinal cord were significantly increased 
as well as the decrease of the PWT appeared to be promi-
nent at the 7th day after SNL. In addition, the mechanical 
allodynia was reduced after treatment with gabexate 
mesilate, as the expression of proinflammatory cytokines 
decreased.

Neuroinflammation is regulated by multiple molecu-
lar mechanisms and regulatory factors, and NF-κB is the 
primary regulator of inflammatory responses [16]. After 
nerve injury, the NF-κB signaling pathway in the glial cells 
at the dorsal horn of the spinal cord plays a crucial role in 
the development of neuropathic pain. The NF-κB signal-
ing pathway regulates the expression of proinflammatory 
cytokines, adhesion molecules, chemokines, and pro-
algesic molecules [36]. The activation of the NF-κB signal-
ing pathway begins with the phosphorylation of inhibitory 
NF-κB inhibitors (IκB), and degradation of IκBα leads 
to translocation of NF-κB to the nucleus [37]. These se-
quences promote transcription of pro-algesic target genes 
such as IL-1β, IL-6, and TNF-α, and lead to upregulation 
of those downstream target genes [38]. These processes 
also promote NO expression, one of the potential media-

tors in the development of neuropathic pain [19]. Selective 
inhibition of NF-κB activity in glial cells showed anti-
hyperalgesic and antiallodynic effects after spinal cord 
injury by inhibiting IL-6 and iNOS expression [39]. Inhibi-
tion of astroglial NF-κB facilitates functional recovery by 
reducing inflammation following injury of the spinal cord 
[40]. These reports suggest that NF-κB plays a primary role 
in the development of mechanical allodynia after SNL. 

During the process of neuroinflammation, NO is re-
leased into the dorsal horn of the spinal cord [35,41]. As 
inflammatory and proinflammatory mediators are upreg-
ulated during chronic inflammation, the primary active 
form of NO (iNOS) is induced [19,42]. NO reacts with super-
oxide and produces peroxynitrite, which leads to central 
sensitization consequently by enhancing phosphorylation 
of N-methyl-D-aspartate receptors [43]. These responses 
have been suggested as one of the mechanisms of inflam-
matory neuropathic pain [43]. Previous studies showed the 
relationship of NO with the inflammatory pain response. 
Intrathecal administration of NO produces nociceptive 
behavioral responses [44] whereas NO synthase inhibitors 
showed an analgesic effect in pain models [35,45]. 

The results of the current study, which showed increases 
of p65, IL-1, IL-6, TNF-α, and NO after SNL, were consis-
tent with previous findings. Administration of gabexate 
mesilate following SNL decreased the expression of the 
p65 subunit of NF-κB compared with the control group, 
which was administered normal saline. The inhibitory ef-
fect of gabexate mesilate on the expression of NF-κB and 
iNOS persisted throughout the experimental period. These 
results agreed with previous reports about gabexate mesi-
late, which demonstrated the inhibitory effects of NF-κB 
and the NO pathway [13,15,17]. However, the consequent 
inhibition of expressions of proinflammatory cytokines 
(IL-1, IL-6, and TNF-α) lasted only for a week. The reason 
for the inconsistency is unclear but is thought to be due to 
the involvement of several mechanisms in the develop-
ment of neuropathic pain [42]. 

Even though TNF-α and IL-1β are the primary cytokines 
responsible for iNOS induction, which acts through NF-κB, 
multiple mechanisms such as neuroinflammation, neuro-
immune response, ion channels, and other responses are 
related with the neuropathic pain [42]. According to a pre-
vious study about temporal expression of cytokines in the 
neuropathic pain model, inflammatory cytokines mainly 
affect neuroinflammation in the early phase. After SNL, 
maximal increases of IL-1 and TNF-α were shown at the 
3rd day after spinal nerve injury and decreased to control 
levels by the 14th day [46]. Thus, inflammatory cytokines 
might have the principal role in the initiation of neuro-
inflammation [2]. Moreover, maintenance of mechani-
cal allodynia from neuropathic pain is also associated 
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Fig. 5. The expression of inducible nitric oxide synthase (iNOS) at the 
ipsilateral dorsal horn of L5 spinal cord across time. The levels of iNOS 
were significantly increased in the vehicle-treated group and the experi-
mental group (group E) compared with the sham-operation group (P < 
0.05). The expression of iNOS was markedly decreased in group E com-
pared with the vehicle-treated group throughout the experimental period 
(P < 0.01). The sham-operation group, sham group; the vehicle-treated 
group, the control group treated with intraperitoneal normal saline daily 
after 3rd day following spinal nerve ligation (SNL) until the end of the 
study period; Group E treated with intraperitoneal 20 mg/kg of gabexate 
mesilate daily after 3rd day following SNL until the end of the study pe-
riod.
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with histological changes caused by T cell infiltration or 
complement and macrophage activation in the peripheral 
nerve and spinal cord, besides inflammatory mechanisms 
[5,7,9,47]. These multiple mechanisms of neuropathic 
pain also seem to be responsible in the stagnation of the 
increase of the PWT despite continuous use of gabexate 
mesilate at the 14th day. Though our results demonstrated 
suppression of NF-κB activity by gabexate mesilate in the 
dorsal spinal cord sufficient to attenuate the mechanical 
allodynia, and the neuropathic pain induced by SNL, the 
antiallodynic effects of gabexate mesilate were mediated 
by consequent inhibition of the expressions of proinflam-
matory cytokines and iNOS.

The limitations of the current study are as follows: First, 
we only assessed the effects of gabexate mesilate on neu-
ropathic pain for a short-term period. Long-term investi-
gation should be done. Second, only one dose of gabexate 
mesilate (20 mg/kg intraperitoneally daily) was used ac-
cording to a human study [15]. Therefore, it is necessary to 
evaluate various concentrations of gabexate mesilate, and 
dose-finding evaluation is needed. Third, we focused only 
on the involvement of NF-κB, proinflammatory cytokines, 
and the NO pathway in the influence of gabexate mesilate. 
Further molecular research about the effects of gabex-
ate mesilate on the mechanisms of neuropathic pain are 
needed. Fourth, further histological analysis of microglia 
activation such as immunohistochemistry are needed to 
confirm the hypothesis of the current study that gabexate 
may attenuate the development of mechanical allodynia 
via involvement in the regulation of the pro-inflammatory 
cytokines. And, quantitative analysis of nuclear p65 with 
nuclear fractionation is needed to confirm transcriptional 
activation of NF-κB precisely. Finally, gabexate mesilate is 
not yet an analgesic drug for neuropathic pain treatment. 
Further evaluations of its clinical applications are needed. 

In conclusion, gabexate mesilate increased PWT and at-
tenuated the development of mechanical allodynia after 
SNL. The effect of gabexate mesilate on neuropathic pain 
seems to be involved with consequence anti-inflammato-
ry effect by inhibiting expressions of proinflammatory cy-
tokines and iNOS via inhibition of the expression of NF-κB 
in the dorsal spinal cord. Further evaluation of gabexate 
mesilate at molecular levels on the development of neuro-
pathic pain is needed.
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