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Background: 

Nerve injury sometimes leads to chronic neuropathic pain associated with neuroinflammation in the nervous 
system. In the case of chronic neuropathic pain, the inflammatory and algesic mediators become predominant 
and result in pain hypersensitivity following nervous system damage. It is well known that urinary trypsin 
inhibitor (ulinastatin, UTI) has an anti-inflammatory activity. Recently, the neuroprotective action of UTI on 
the nervous system after ischemic injury has been reported. Thus, we evaluated the neuroprotective effect of 
ulinastatin in a rat model of neuropathic pain.

Methods: 

Neuropathic pain was induced with L5 spinal nerve ligation (SNL) in male Sprague-Dawley rats weighing 
100−120 g. The rats were divided into 3 groups, with n = 8 in each group. The rats in the control group 
(group 1) were administered normal saline and those in group 2 were administered UTI (50,000 U/kg) 
intravenously through the tail vein for 3 days from the day of SNL. Rats in group 3 were administered UTI 
(50,000 U/kg) intravenously from the 5th day after SNL. The paw withdrawal threshold was measured using 
the von Frey test for 3 days starting from the 5th day after SNL. 

Results: 

The paw withdrawal thresholds were significantly increased in the rats of group 2 compared to the other 
groups (P ＜ 0.05). 

Conclusions: 

Ulinastatin, which was administered for 3 days after SNL, increased the paw withdrawal threshold and it 
could have a neuroprotective effect in the rat model of neuropathic pain. (Korean J Pain 2013; 26: 356-360)
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Fig. 1. Schematic diagram 
of study design. UTI: urinary
trypsin inhibitor.

INTRODUCTION

Neuropathic pain syndrome (NPS) can occur due to 

numerous causes, such as nerve damage caused by tu-

mors, trauma, diabetic neuropathy, herpes zoster and so 

on. Recent studies showed that microglial activation has 

an important role in the generation and progress of neuro-

pathic pain [1]. When nerve damage occurs, an immune- 

like glial response occurs and enhances neuronal noci-

ceptive transmission [1]. This enhances the production of 

various inflammatory factors including pro-inflammatory 

cytokines such as interleukin (IL)-1, IL-6, IL-10, and tu-

mor necrosis factor (TNF) [1-3]. Such cytokines may have 

important roles in the inflammation of the nervous system 

and in the development of neuropathic pain; thus, reducing 

pro-inflammatory cytokines with anti-inflammatory drugs 

could attenuate the development of NPS and decrease pain 

[1-3].

Ulinastatin, a urinary trypsin inhibitor (UTI), is a pro-

tease inhibitor which is purified from human urine [4]. It 

has an anti-inflammatory effect through the inhibition of 

inflammatory factors by suppressing polymorphonuclear 

leukocyte elastase, TNF-α, and IL-6 [4]. Such anti-in-

flammatory effect has been known to produce the pro-

tection of cells in the case of organ injury [5,6]. Recently, 

it has been reported that UTI has a neuroprotective effect 

against cerebral injury [7,8]. However, there are still no 

studies on the protective effect of UTI on peripheral neu-

ropathy caused by spinal nerve injury. In this study, we 

observed a difference in the paw withdrawal threshold to 

mechanical stimuli after spinal nerve ligation (SNL) when 

UTI was administered before or after neuropathic pain was 

evoked in rats. This result led us to the hypothesis that 

the anti-inflammatory effect of UTI can protect against 

inflammation caused by spinal nerve injury.

MATERIALS AND METHODS

After receiving approval from the Institutional Animal 

Care Committee, Research Institute of Medical Science, 

Sprague-Dawley male rats, weighing 100-200 g, were 

used for the experiments. All the rats were raised in cages 

under ideal conditions, kept at room temperature between 

20-23oC with food and water available ad libitum and on 

a 12 h：12 h night：day cycle for adaptation to the labo-

ratory environment for one week. 

The rats were anesthetized with sevoflurane, and spi-

nal nerve ligation (SNL) was performed to induce the neu-

ropathic pain model in rats [9,10]. A skin incision was made 

in the midline of the L5-S2 spine in the prone position and 

the left paraspinal muscles were separated from the spi-

nous process. After dissection, the transverse process of 

the L6 spine was removed with a small rongeur to isolate 

the left L5 and L6 spinal nerves. Each nerve was tightly 

ligated with 6-O silk suture distal to the dorsal root gan-

glia and the wound was closed. After the rats recovered 

from the anesthesia, signs of L4 spinal nerve damage in 

the rats such as dragging of the left hind limb were ob-

served to exclude them from the study. 

The rats were divided into three groups: the control 
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Fig. 2. Withdrawal thresholds of paw in rats were observed
for 3 days from 5th day after spinal nerve ligation. The 
withdrawal thresholds were significantly increased in the 
rats of group 2 than those of group 1 (P ＜ 0.05). *P ＜
0.05 compared with the group 1. Group 1, Sham group; 
Group 2, UTI 50,000 U/kg administration from the day of
SNL for 3 days before neuropathic pain has evoked; Group
3−15 min, withdrawal thresholds were assessed 15 minutes
after UTI injection, UTI 50,000 U/kg administration was 
started from the 5th day after SNL, which is after neuro-
pathic pain has evoked; Group 3−30 min, withdrawal 
thresholds were assessed 30 minutes after UTI injection, 
UTI 50,000 U/kg administration was started from the 5th

day after SNL, which is after neuropathic pain has evoked;
Day 5, 5th day after spinal nerve ligation; Day 6, 6th day
after spinal nerve ligation; Day 7, 7th day after spinal nerve
ligation. Values are mean ± SD of withdrawal threshold.

Fig. 3. Percentage of maximal possible effect (%MPE) 
according to the groups. Group 2 showed the largest MPE
at the 5th day after SNL. Group 2, UTI 50,000 U/kg 
administration from the day of SNL for 3 days before 
neuropathic pain has evoked; Group 3−15 min, withdrawal
thresholds were assessed 15 minutes after UTI injection, 
UTI 50,000 U/kg administration was started from the 5th

day after SNL, which is after neuropathic pain has evoked; 
Group 3−30 min, withdrawal thresholds were assessed 30 
minutes after UTI injection, UTI 50,000 U/kg administration
was started from the 5th day after SNL, which is after 
neuropathic pain has evoked; Day 5, 5th day after spinal 
nerve ligation; Day 6, 6th day after spinal nerve ligation; 
Day 7, 7th day after spinal nerve ligation. Values are mean
± SD of withdrawal threshold.

group (group 1) who were administered normal saline for 

3 days after SNL; UTI 50,000 U/kg administered before 

neuropathic pain was evoked (group 2); and UTI 50,000 

U/kg administered after neuropathic pain was evoked 

(group 3), with n = 8 for each group (Fig. 1). In group 2, 

50,000 U/kg UTI (UlistinⓇ, Hanlim pharm co., Seoul, 

Korea) was administered through the tail vein right after 

SNL for 3 days and mechanical allodynia was assessed 

starting from the 5th day after SNL for 3 days. In group 3, 

50,000 U/kg UTI was administered and the behavioral test 

was done starting from the 5th day after SNL for 3 days. 

Mechanical allodynia was assessed 3 times in one day: be-

fore UTI injection, 15 minutes after UTI injection, and 30 

minutes after UTI injection. 

The mechanical allodynia was assessed with the paw 

withdrawal threshold starting from the 5th day after spinal 

nerve ligation [9]. After acclimation to the test chamber 

for 20 min, mechanical stimulation was applied using a 

series of von Frey filaments. Filaments were applied verti-

cally to the plantar surface of the hindpaw for 5 seconds 

and abrupt withdrawal or flinching was considered a pos-

itive response.

All data are expressed as the mean ± standard devi-

ation. The percentage of maximal possible effect (%MPE) 

was calculated according to the following formula [11]: 

%MPE = 
Postdrug threshold - baseline threshold

 × 100
Cut-off threshold(15) - baseline threshold

Behavioral experiments, which were nonparametrically 

distributed, were analyzed by the Kruskal-Wallis test for 

between-group comparisons, as well as the Mann-Whitney 

U test for comparisons between pairs of groups. Values 

with P ＜ 0.05 were considered statistically significant.

RESULTS

Spinal nerve ligation produced mechanical allodynia 

and reduced the withdrawal threshold of the left hind paw 
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after 5 days. Administration of UTI 50,000 U/kg for 3 days 

after spinal nerve ligation, which was administered before 

neuropathic pain was evoked, increased the paw with-

drawal threshold significantly (P ＜ 0.05) (Fig. 2). Admini-

stration of UTI 50,000 U/kg starting from the 5th day after 

spinal nerve ligation increased the paw withdrawal thresh-

old after 30 minutes. However, there was no statistical 

significance when compared to the control group. The 

largest MPE was 44% in group 2 on the 5th day compared 

to 21% in group 3 on the 7th day (Fig. 3).

DISCUSSION

The main result of this study is that UTI administered 

right after SNL increased the paw withdrawal threshold. 

Despite the many good study designs and investigations, 

the mechanism of chronic neuropathic pain is still not com-

pletely understood because of its complexity [1]. Advanced 

studies showed that the pathogenesis of neuropathic pain 

consists of complex changes of neuronal systems, in-

flammatory immune responses, glial cells, inflammatory 

cytokines and so forth [1,3]. Under these circumstances, 

there have been efforts to explain neuropathic pain using 

the concept of neuro-immune disorder [1]. In this respect, 

nerve injury can cause an imbalance between pro-in-

flammatory and anti-inflammatory mechanisms, and this 

is one of the factors of NPS. Thus, promoting anti-in-

flammatory processes could prevent conversion of acute 

nociceptive pain to chronic neuropathic pain.

Ulinastatin is a serine protease inhibitor which is ex-

tensively used clinically in patients with pancreatitis, hem-

orrhage, shock, or undergoing surgery because of its an-

ti-inflammatory and cytoprotective effects [4,6-8]. Such 

effects include inhibition of proteases, stabilizing lysosomal 

membranes, and inhibition of inflammatory cytokine pro-

duction such as IL-6, IL-8, or TNF-α [6,12]. Recently, its 

anti-inflammatory effects have focused on neuroprotection 

after brain injury caused by autoimmune myelitis or cere-

bral ischemia/reperfusion injury [7,8]. In addition, it has 

been known that activation of proteinase-activated re-

ceptors (PAR) play a role in neuronal sensitization [13]. 

Under inflammatory condition, serine protease shows a 

proteolytic activity, which initiates the signaling of PAR. 

Activation of PAR-2 signals, which are expressed in DRG 

neurons, has pro-inflammatory effects that play a role in 

the pathogenesis of inflammatory pain by mediating pe-

ripheral sensitization of nociceptors. Thus, we hypothe-

sized that UTI, a serine protease inhibitor, also inhibits the 

inflammatory response after SNL which may attenuate the 

progress of NPS.

According to the literatures, activation of immune cells 

and inflammatory processes starts in the first 24 hours 

after nerve injury. Allodynia and hyperalgesia develop after 

3 days, and thereafter, maintenance of allodynia and hy-

peralgesia starts [1]. A decrease in the withdrawal thresh-

old occurs roughly 3 to 5 days after SNL [10]. Therefore, 

we administered UTI for 3 days after SNL in group 2 to 

identify the preventive effect of UTI against the develop-

ment of NPS. Additionally, we also injected UTI starting 

from the 5th day after SNL to determine if there were any 

pain reducing effects through the anti-inflammatory effect.

As mentioned earlier, when spinal nerve damage oc-

curs, activation of microglia and astrocyte begins during 

the first 3 days after the damage, and algesic mediators, 

which enhance neuronal nociceptive transmission, and an-

algesic mediators, which decrease pain, are released by 

activated immune and immune-like glial cells [1]. During 

this stage, pro-inflammatory cytokines such as IL-1, IL-6, 

IL-10, and TNF have an important role in the development 

of neuropathic pain. If the balance between algesic media-

tors and analgesic mediators breaks down and pro-in-

flammatory cytokines become predominant, pain hyper-

sensitivity and propagation of persistent pain states could 

occur and NPS may develop [1,2]. Lee et al. [14] have in-

vestigated the induction of mRNAs for pro-inflammatory 

cytokines in the dorsal root ganglia and spinal cord after 

spinal nerve injury. Their results showed that TNF-α and 

IL-1β have key roles during the initiation phase of persis-

tent neuropathic pain, while IL-6 has an important role 

during the maintenance phase. 

In this view, UTI may have great advantages as an 

anti-inflammatory effect that inhibits pro-inflammatory 

cytokines production such as IL-6, IL-10, and TNF-α  
[5,6,12]. In this study, the paw withdrawal threshold, which 

was observed for 3 days starting from the 5th day after 

SNL was significantly increased in the rats that were 

treated with UTI right after SNL. Whereas, when UTI was 

administrated starting from 5 days after SNL, the paw 

withdrawal threshold increased 30 minutes after injection 

to some degree but there was no statistical significance 

compared to the control group. The results suggest that 

UTI, administered right after SNL, has a protective effect 
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against the development of allodynia and hyperalgesia. 

Such a protective effect is thought to be the result of the 

inhibition of IL-6 and TNF-α which have roles in the ini-

tiation of persistent neuropathic pain. In addition, UTI that 

was administered in group 3 may have an analgesic effect 

after 30 min by inhibiting IL-6α which has roles in its 

maintenance.

The absence of any actual measurements of pro-in-

flammatory cytokines or immunohistochemistry was a lim-

itation of this study. However, we conducted this research 

as a preliminary study, and further evaluation such as re-

sponses according to the dosage, administration duration, 

measurement of cytokines, and long-term follow-up 

should be done.

In conclusion, ulinastatin, administered for 3 days after 

SNL, increased the paw withdrawal threshold and it could 

have a neuroprotective effect in the rat model of neuro-

pathic pain.
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