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Introduction: Ulinastatin, a broad-spectrum serine protease inhibitor, has been widely used 
to treat various diseases clinically. However, so far, the antinociceptive effect of ulinastatin 
remains less studied experimentally and the underlying mechanisms of ulinastatin for pain 
relief remain unclear. This study aimed to find evidence of the analgesic effect of ulinastatin 
on acute somatic and visceral pain.
Methods: The analgesic effect of ulinastatin on acute somatic and visceral pain was 
evaluated by using formalin and acetic acid-induced writhing test. The analgesic mechanism 
of ulinastatin was verified by detecting the peripheral inflammatory cell infiltration and spinal 
glial activation with hematoxylin-eosin (H&E) and immunohistochemistry staining.
Results: We found that both of intraperitoneal (i.p.) pre-administration and post- 
administration of ulinastatin could reduce the total number of flinching and the licking 
duration following intraplantar formalin injection in a dose-related manner. However, the 
inhibitory effect of ulinastatin existed only in the second phase (Phase 2) of formalin-induced 
spontaneous pain response, with no effect in the first phase (Phase 1). The formalin-induced 
edema and ulcer were also improved by i.p. administration of ulinastatin. Moreover, i.p. 
administration of ulinastatin was also able to delay the occurrence of acetic acid-induced 
writhing and reduced the total number of writhes dose-dependently. We further demonstrated 
that ulinastatin significantly decreased the local inflammatory cell infiltration in injured paw 
and peritoneum tissue under formalin and acetic acid test separately. The microglial and 
astrocytic activation in the spinal dorsal horn induced by intraplantar formalin and i.p. acetic 
acid injection were also dramatically inhibited by i.p. administration of ulinastatin.
Conclusion: Our results for the first time provided a new line of evidence showing that 
ulinastatin could attenuate acute somatic and visceral pain by inhibiting the peripheral and 
spinal inflammatory reaction.
Keywords: Ulinastatin, formalin, somatic pain, visceral pain, inflammation, antinociception

Introduction
Pain is an enormous global health problem and once became the greatest cause of 
global burden of disease. Epidemiology data suggest that about 20% of adults are 
suffering from pain and nearly 10% are newly diagnosed with chronic pain 
each year.1 Nevertheless, the pain management is still a huge medical challenge 
because of the unique nature of each sufferer and may be further complicated by the 
different anatomical region, etiology, intensity and pathophysiology. So far, there is 
no single treatment or approach that is going to be of benefit for all types of pain or 
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all people. Nowadays, nonsteroidal anti-inflammatory 
drugs (NSAIDs) and opioids remain the frequently used 
treatment for moderate to severe acute pain.2,3 However, 
their analgesic efficacy are still less satisfactory and their 
usage is accompanied by various side effects such as 
gastro-intestinal intolerance, organ impairment, opioid tol-
erance and misuse as well as opioid-induced 
hyperalgesia.4–6 Thus, it is urgent to investigate the under-
lying mechanisms of pain and to explore new effective 
strategies against pain.

In recent years, serine proteases and their correspond-
ing G protein-coupled receptors, proteinase-activated 
receptors (PARs), are considered to play a critical role in 
the modulation of inflammation and pain.7 Administration 
of endogenous serine proteases into peripheral tissues pro-
duced significant neurogenic inflammation, nocifensive 
behaviors and spinal Fos up-regulation in a PAR2- 
dependent manner.8,9 Colonic administration of trypsin- 
related serine proteases could induce significant inflamma-
tory reaction and cause significant somatic and visceral 
hyperalgesia and allodynia which were inhibited by serine 
protease inhibitors and a PAR2 antagonist.10−12 A recent 
study demonstrated that SerpinA3N, a serine protease 
inhibitor derived from dorsal root ganglion (DRG) neu-
rons, could attenuate neuropathic pain by inhibiting T cell- 
derived leukocyte elastase.13 As a broad-spectrum serine 
protease inhibitor, the analgesic potential of ulinastatin is 
gradually being uncovered. In vincristine-induced neuro-
pathic pain, ulinastatin exhibited synergistic analgesic 
effect when combined with dexmedetomidine.14 By down- 
regulating P2Y2 receptor and AMPK expression in the 
spinal dorsal horn, ulinastatin was effective to prevent 
the development of mechanical allodynia and thermal 
hypersensitivity in the rat sciatic nerve ligation model.15 

Likewise, ulinastatin also attenuated pain behavior via 
inhibition of the calcineurin-mediated inflammatory 
response in dorsal root ganglion (DRG) induced by lumbar 
5 ventral root transection.16 However, so far, the research 
on the analgesic effect of ulinastatin is still insufficient and 
the underlying mechanisms of ulinastatin for pain relief 
remain unclear.

In the present study, we used two classical pain model, 
formalin and acetic acid-induced writhing test, to evaluate 
the anti-nociception effect of ulinastatin on acute somatic 
and visceral pain. In addition, the anti-inflammatory activ-
ities of ulinastatin in peripheral and central were addressed 
to further understand the mechanisms of ulinastatin.

Materials and Methods
Animals
Experiments were performed on male Sprague–Dawley 
rats (200–250 g, provided by Laboratory Animal Center 
of 900 Hospital). The animals were housed in plastic cage 
under specific pathogen-free conditions with a 12 h light/ 
dark cycle and with free access to water and food. This 
study was carried out in accordance with the recommenda-
tions of the Animal Care and Use Committee of 900 
Hospital of the Joint Logistic Support Force 
(Authorization No.: 2020–063) and performed in accor-
dance with the National Institutes of Health Guidelines for 
the Care and Use of Laboratory Animals. The number of 
rats used and their suffering were minimized. Total num-
ber of 96 rats were used in the present study. During the 
whole experiment, the rats were randomized.

Formalin Test
The acute somatic pain was induced by intraplantar for-
malin injection as previous studies, which consisted of 
administering 100 μL of 5% formalin in the subplantar 
region of the right hind paw. Before formalin injection, 
each rat was acclimated to the testing chamber for at least 
30 min individually. Immediately after the formalin injec-
tion, the rats were returned to the testing chamber and 
spontaneous pain behaviors were observed for 60 min. 
The number of flinching (an elevation and shrinking 
back of the injected paw) and the duration of spontaneous 
licking of the injected hindpaw were recorded during 5 
min intervals. The first 10 min post formalin injection is 
known as the first phase (phase 1) and the period between 
15–60 min as the second phase (phase 2). For evaluating 
the preventive effect of ulinastatin on formalin-induced 
acute somatic pain, ulinastatin (2000, 10,000 and 50,000 
U/kg) or saline were i.p. administered 10 min prior to 
formalin injection. For evaluating the therapeutic effect 
of ulinastatin on formalin-induced acute somatic pain, 
ulinastatin (50,000 U/kg) or saline were i.p. administered 
5 min post formalin injection.

Acetic Acid-Induced Writhing
The acute visceral pain was induced by i.p. acetic acid 
injection refer to previous studies,17 which consisted of 
administering 10 mL/kg of 0.6% acetic acid into the 
abdominal cavity of animals. Before acetic acid injection, 
all rats were acclimatized to testing chamber for at least 30 
min individually. Immediately after injection, the rats were 
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returned to the testing chamber and spontaneous pain 
behaviors were observed for 60 min. The number of 
abdominal writhing episodes (contraction of the abdominal 
area with elongation of hind legs) were recorded for 60 
min starting from 5 min after acetic acid injection and the 
latency from acetic acid injection to the first writhing were 
also recoded in each rat. In the present study, we per-
formed acetic acid-induced writhing assay to evaluate the 
effect of ulinastatin on visceral pain because this assay has 
been widely used to determine the degree of anti- 
nociception of opioids and NSAIDs, and it has been sug-
gested as a screening tool for assessing the analgesic or 
anti-inflammatory agents.18–21 For evaluating the preven-
tive effect of ulinastatin on acetic acid-induced acute visc-
eral pain, ulinastatin (2000, 10,000 and 50,000 U/kg) or 
saline were i.p. administered 10 min prior to acetic acid 
injection. For evaluating the therapeutic effect of ulinasta-
tin on acetic acid-induced acute visceral pain, ulinastatin 
(50,000 U/kg) or saline were i.p. administered 5 min post 
acetic acid injection.

Measurements of Paw Edema
Formalin-induced paw edema was calculated by measur-
ing the foot thickness in the dorsal-plantar axis with 
a caliper. According to previous studies, the magnitude 
of paw edema was calculated as the mean difference of 
paw thickness (paw thickness of injected side–paw thick-
ness of contralateral side)/paw thickness of contralateral 
side.22,23 In addition, formalin injection also produced 
ulcers on the plantar surface of the injected paw character-
ized as tissue damage, inflammatory exudation and scab.23 

In the present study, the incidence of ulcers in formalin- 
injected paw and percentage of ulcer healing were also 
determined by one analyst blinded to the experimental 
treatments.

Hematoxylin-Eosin (H&E) Staining
After the rats were sacrificed, tissues from the plantar skin 
or peritoneum were harvested, rinsed, fixed in 4% paraf-
ormaldehyde overnight, dehydrated and embedded in par-
affin. Next, the tissues were sliced and subjected to 
standard HE staining, and the sections were imaged 
using an Olympus BX51 microscope for evaluating the 
inflammation infiltration. Three samples were selected 
from each group, and two regions were selected from 
each sample, which were observed blindly by three inde-
pendent observers. Based on previous studies,24 inflamma-
tion infiltration was analysed by four-grade semi 

quantitative scoring: 0, no inflammation, 1, weak, 2, mod-
erate, 3, strong.

Immunohistochemistry Staining
Rats were deeply anesthetized with pentobarbital (100 mg/ 
kg, i.p.) and perfused via cardiac puncture initially with 
0.1 M PBS (pH 7.4) and subsequently with 4% parafor-
maldehyde in 0.1 M PBS. The lumbar spinal cord segment 
was quickly removed and soaked in the 4% poly formal-
dehyde overnight at 4°C. After tissue dehydration/rehydra-
tion, spinal cord segments were paraffin embedded. The 
lumbar enlargement region was sectioned into slices 5 μm 
in thickness by microtome. Immunohistochemistry stain-
ing for Iba-1 or GFAP was performed with an avidin- 
biotin-peroxidase complex (ABC) method. In detail, the 
sections were deparaffinized in xylene and hydrated 
through a graded series of ethanol. Endogenous peroxidase 
was inhibited with 3% H2O2 in 100% methanol for 20 
min. Antigen retrieval was carried out by microwaving in 
10 mM citrate buffer (pH=6) for 10–30 min to activate the 
antigens. After being rinsed in PBS, the sections were 
incubated with normal goat serum for 1 h at room tem-
perature and then incubated overnight at 4°C in humid 
chambers with the primary antibody (anti-GFAP, 1:1000, 
rabbit, Abcam; anti-Iba1, 1:2000, rabbit, Abcam). After 
that, the sections were washed and then incubated with 
biotinylated anti-rabbit secondary antibody (1:500; 
AP182B; Millipore) diluted in PBS for 3 h, and sections 
were finally incubated in a solution containing 0.05 
M Tris-HCl, 0.13% diaminobenzidine, and 0.005% hydro-
gen peroxide for 20 to 30 min in order to complete the 
diaminobenzidine reaction. After dehydration in graded 
alcohol and xylene, the sections were coverslipped with 
Permount mounting medium. Slides were examined with 
light microscope (Labomed, USA) and images were cap-
tured. The density of GFAP and Iba1 immunostaining was 
assessed quantitatively by a blinded experimenter with 
Image J software.

Experimental Design
The experimental procedure is shown in Figure 1. After 
arriving, the rats were allowed to acclimate to the experi-
mental environment for 5 days before test. For evaluating 
the effect of UTI on the acute somatic pain, UTI was either 
intraperitoneal administrated 10 min before or 5 min after 
formalin intraplantar injection. Behavior test (flinching and 
licking) was performed during the 1 h immediately after 
formalin injection. Evaluation of paw edema and ulcer was 
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conducted at 2 h, 1 d, 3 d, 5 d, 7 d and 10 d after formalin 
injection. Some rats were sacrificed at 1 h after formalin 
injection to collect plantar skin (from formalin-injected 
paw) and lumbar spinal cord (L4-L5) for HE and immuno-
histochemistry staining separately (Figure 1A). For evaluat-
ing the effect of UTI on the acute visceral pain, UTI was 
either intraperitoneal administrated 10 min before or 5 min 
after acetic acid intraperitoneal injection. Behavior test (wri-
thing) was performed during the 1 h immediately after acetic 
acid injection. Some rats were sacrificed at 1 h after acetic 
acid injection to collecting peritoneum (parietal peritoneum) 
and spinal cord (T10-L2) for HE and immunohistochemistry 
staining separately (Figure 1B). The time point for behavior 
test and tissue collection was based on previous studies.23,25

Statistical Analysis
Data were analyzed using GraphPad Prism version 7.0 
(GraphPad, San Diego, CA, USA) and all data were 
expressed as means ± SEM. Differences in changes of 
values of each group were tested using t-tests and one- 
way or two-way ANOVA, followed by individual post hoc 

comparisons (Tukey’s test). A level of P < 0.05 was 
accepted as significant.

Results
Analgesic Effect of Ulinastatin on 
Formalin-Induced Acute Somatic Pain
As previous description, intraplantar formalin injection 
evoked significant biphasic spontaneous pain-related 
behaviors, consisting flinching and licking/biting of the 
injected paw.23 During the 1-h time course of formalin- 
induced spontaneous pain-related behaviors, the first 
transient phase lasted for the first 10 min and which 
was followed by the second prolonged phase from 15 to 
60 min. As shown in Figure 2A and B, ulinastatin 
(10,000 and 50,000 U/kg) i.p. pre-administration resulted 
in a dose-related suppressive effect on the development 
of licking behavior relative to the saline group, while the 
lowest dose (2000 U/kg) had no significant effect. It was 
noted that ulinastatin only had a suppressive effect on the 
licking duration in phase 2 with no influence in phase 1 

Figure 1 Experimental design and timeline. (A) Schematic diagram for exploring the effect of UTI on formalin-induced somatic pain. (B) Schematic 
diagram for exploring the effect of UTI on acetic acid-induced visceral pain. i.p. intraperitoneal; i.pl. intraplantar; UTI, ulinastatin.
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(Figure 2A and B). Moreover, ulinastatin (10,000 and 
50,000 U/kg) i.p. pre-administration also dose- 
dependently prevented the development of formalin- 
induced flinching behavior and the inhibitory effect 
only significantly presented in phase 2 (Figure 2C and 
D). There was no group difference in the number of 
flinches in phase 1 and the lowest dose (2000 U/kg) 
had no inhibitory effect during the 60-min time course 
of formalin-induced flinching behavior (Figure 2C 
and D).

Next, we sought to identify the therapeutic effect of 
ulinastatin on formalin-induced spontaneous pain. As 
shown in Figure 3, ulinastatin (50,000 U/kg) i.p. post- 
administration resulted in a profound suppressive effect 
on licking and flinching behavior in phase 2, but not 
phase 1, in comparison with the saline group.

Analgesic Effect of Ulinastatin on Acetic 
Acid-Induced Acute Visceral Pain
Intraperitoneal injection of 0.6% acetic acid induced visc-
eral inflammatory pain in rats, as indicated by the contrac-
tion of abdominal muscles accompanied by extension of 

the forelimbs and elongation of the body. Ulinastatin 
(10,000 and 50,000 U/kg) i.p. pre-administration signifi-
cantly prolonged the latency to first writhing and reduced 
the number of writhes during the 60-min time course in 
a dose-dependent manner, while the lowest dose (2000 U/ 
kg) of ulinastatin had no significant effect on the latency to 
first writhing and the number of writhes (Figure 4A and 
B). Giving the mean latency from acetic acid injection to 
first writhing was about 10 min in saline group, we per-
formed ulinastatin (50,000 U/kg) i.p. administration at 5 
min after acetic acid injection to examine the therapeutic 
effect of ulinastatin on acute visceral inflammatory pain. 
As shown in Figure 4C and D, ulinastatin (50,000 U/kg) i. 
p. post-administration caused prolongation of the latency 
to first writhing and reduction of the number of writhes 
induced by acetic acid injection.

Effect of Ulinastatin on the Paw Edema 
and Ulcer in the Formalin Test
In line with previous study, the intraplantar injection of 
formalin into tissues induces local edema and ulcer in 
the ipsilateral paw.23 As shown in Figure 5, the paw 

Figure 2 Effects of i.p. ulinastatin pre-treatment on formalin-induced spontaneous licking and flinching. (A) Curve graphs showing the effect of i.p. ulinastatin (2000, 10,000 and 
50,000 U/kg) pre-treatment on the licking time at each 5 min interval during 60 min immediately after intraplantar formalin injection. (B) Column graphs showing the effect of i.p. 
ulinastatin (2000, 10,000 and 50,000 U/kg) pre-treatment on the mean total licking time in 60 min course immediately after intraplantar formalin injection. (C) Curve graphs 
showing the effect of i.p. ulinastatin (2000, 10,000 and 50,000 U/kg) pre-treatment on the spontaneous flinches at each 5 min interval during 60 min immediately after 
intraplantar formalin injection. (D) Column graphs showing the effect of i.p. ulinastatin (2000, 10,000 and 50,000 U/kg) pre-treatment on the mean total flinches in 60 min course 
after immediately intraplantar formalin injection. n=8/group, #P < 0.05 vs Saline, &P < 0.05 vs UTI 10,000 U/kg, two-way ANOVA followed by Tukey’s post hoc test.
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edema rapidly occurred at 2 h, peaked at day 1 and 
maintained at least for 10 days. Ulinastatin (10,000 
and 50,000 U/kg) i.p. pre-administration significantly 
suppressed the magnitude of paw edema compared 
with the saline group, with the lowest dose (2000 U/ 
kg) showing no suppressive effect (Figure 5A and B). 
However, ulinastatin (50,000 U/kg) i.p. post- 
administration could not reverse the formalin-induced 
paw edema compared to the saline group (Figure 5C 
and D). Similarly, ulinastatin i.p. pre-administration 
markedly inhibited the incidence of paw ulcers at day 
3 and day 7, and increased the incidence of ulcers 
healing at day 10, compared with saline group (Figure 
6A and B). Ulinastatin (50,000 U/kg) i.p. post- 
administration was also able to reduce the incidence of 
formalin-induced ulcers at day 3 and day 7, and the 
incidence of ulcers healing at day 10 was also higher 
in ulinastatin post-administration group, compared to the 
saline group (Figure 6C and D). All these results 
strongly suggested that ulinastatin could act on the 
inflammatory phase of formalin test.

Anti-Inflammatory Activities of 
Ulinastatin in the Formalin Test
We next sought to explore the effect of ulinastatin treat-
ment on the local and central inflammatory reaction 
induced by intraplantar formalin injection. As shown in 
Figure 7A and B, ulinastatin significantly reduced the 
degree of inflammatory cell infiltration in formalin- 
injected paw skin confirmed by H&E staining. In sham 
group, the Iba1-positive cells in the ipsilateral lumbar 
spinal cord maintain a resting state characterized as 
a small soma bearing thin-branched or ramified processes 
(Figure 7C). After intraplantar formalin injection, Iba1- 
positive cells in the ipsilateral lumbar spinal cord dis-
played as a significant activated morphology with marked 
cell bodies hypertrophy and retraction of cytoplasmic pro-
cesses (Figure 7C). Quantitative analysis revealed that 
ulinastatin treatment dramatically reduced the number of 
activated microglia (Figure 7D). Moreover, the GFAP 
immunoreactivity in the ipsilateral spinal dorsal horn 
from intraplantar formalin injection group was also sig-
nificantly increased compared with sham group 

Figure 3 Effects of i.p. ulinastatin post-treatment on formalin-induced spontaneous licking and flinching. (A) Curve graphs showing the effect of i.p. ulinastatin (50,000 U/kg) 
post-treatment on the licking time at each 5 min interval during 60 min immediately after intraplantar formalin injection. (B) Column graphs showing the effect of i.p. 
ulinastatin (50,000 U/kg) post-treatment on the mean total licking time in 60 min course immediately after intraplantar formalin injection. (C) Curve graphs showing the 
effect of i.p. ulinastatin (50,000 U/kg) post-treatment on the spontaneous flinches at each 5 min interval during 60 min immediately after intraplantar formalin injection. (D) 
Column graphs showing the effect of i.p. ulinastatin (50,000 U/kg) post-treatment on the mean total flinches in 60 min course after immediately intraplantar formalin 
injection. n=8/group, #P < 0.05 vs Saline, two-way ANOVA followed by Tukey’s post hoc test.
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(Figure 7E). The quantitative analysis showed that ulinas-
tatin treatment remarkably reduced the number of GFAP- 
positive astrocytes in the ipsilateral spinal dorsal horn than 
that of saline treatment (Figure 7F).

Anti-Inflammatory Activities of 
Ulinastatin in the Acetic Acid Test
In the H&E staining assay, acetic acid i.p. injection 
induced prominent inflammation in the peritoneum tis-
sue manifesting as the more inflammatory cell infiltra-
tion, and which was distinctly alleviated by ulinastatin 
treatment (Figure 8A and B). As shown in Figure 8C 
and D, acetic acid i.p. injection significantly induced the 
microglial activation in the spinal dorsal horn compared 
to sham group reflecting as the marked Iba1-positive 
cell body hypertrophy and retraction of cytoplasmic 
processes, while ulinastatin treatment was sufficient to 
reduce the number of activated microglia induced by 
acetic acid i.p. injection. The GFAP-positive astrocyte 
in the spinal dorsal horn was also increased after acetic 
acid i.p. injection, and which was prominently reduced 
by ulinastatin treatment compared with saline treatment 
(Figure 8E and F).

Discussion
It is well recognized that inflammatory somatic and visc-
eral pain remain challenges in modern medicine. To help 
bridge the gap between preclinical knowledge and clinical 
management, several experimental animal models have 
been developed attempting to mimic human pathological 
pain syndrome.26 By using two classical pain model, for-
malin and acetic acid-induced writhing test, we evaluated 
the antinociceptive effect of ulinastatin on acute somatic 
and visceral pain, and the underlying mechanisms were 
also investigated. We for the first time found that both the 
pre-administration and post-administration of ulinastatin 
could significantly attenuate intraplantar formalin injec-
tion-induced acute somatic pain in a dose-related manner, 
and the formalin-induced paw edema and ulcer were also 
improved by ulinastatin. Furthermore, acetic acid i.p. 
injection-induced acute visceral pain was also prevented 
and reversed by ulinastatin. We further demonstrated that 
ulinastatin could significantly inhibit the local inflamma-
tory cell infiltration in the injured paw and peritoneum 
tissue, and the microglial and astrocytic activation in the 
spinal dorsal horn induced by formalin and acetic acid 
were also dramatically prevented by ulinastatin, 

Figure 4 Effects of i.p. ulinastatin administration on acetic acid-induced spontaneous writhe. (A) Column graphs showing the effect of i.p. ulinastatin (2000, 10,000 and 
50,000 U/kg) pre-treatment on the writhes latency from i.p. acetic acid injection. (B) Column graphs showing the effect of i.p. ulinastatin (2000, 10,000 and 50,000 U/kg) pre- 
treatment on the mean total writhes in 60 min course immediately after i.p. acetic acid injection. n=8/group, #P < 0.05 vs Saline, &P < 0.05 vs UTI 10,000 U/kg, one-way 
ANOVA followed by Tukey’s post hoc test. (C) Column graphs showing the effect of i.p. ulinastatin (50,000 U/kg) post-treatment on the writhes latency from i.p. acetic acid 
injection. (D) Column graphs showing the effect of i.p. ulinastatin (50,000 U/kg) post-treatment on the mean total writhes in 60 min course immediately after i.p. acetic acid 
injection. n=8/group, #P < 0.05 vs Saline, Student’s unpaired t-test.
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suggesting that the antinociception of ulinastatin was 
attributed to its anti-inflammatory activities peripherally 
and centrally. Our present work provides scientific basis 
for the clinical use of ulinastatin for pain relief.

Pain is one of the most common symptoms of 
inflammatory disease which seriously affects patient’s 
daily activities and quality of life. In the past decade, 
accumulating evidence demonstrated that various pro-
teases participated in the pain modulation.12,27–30 

Therefore, inhibition of protease may provide a new 
strategy for the treatment of pain and studying the 
modulatory effects of protease inhibitors on pain is 
considered an emerging area of interest.31 As a broad- 
spectrum protease inhibitor, ulinastatin has been 
revealed to inhibit multiple pain-related proteinase such 
as trypsin, chymotrypsin, elastase and matrix metallo-
proteinase (MMP) and it was suggested to be a potential 
ideal pharmacological candidate for the treatment of 
severe neuropathic pain13,33–36. However, the research 
of ulinastatin on visceral pain is very limited, except 
for a clinical trial found that somatostatin combined 
with ulinastatin significantly shortened the duration of 

abdominal pain in acute pancreatitis compared with 
somatostatin alone, but the mechanism remains 
unclear.37

In this study, we for the first time used formalin test to 
investigate the therapeutic effect of ulinastatin on acute 
inflammatory somatic pain. We selected formalin test here 
because it has several advantages over other models, in 
that little or no restraint is necessary, and no additional 
stimulus is required to evoke nocifensive behaviors, and 
behaviors can be scored over a prolonged period such that 
the precise onset and duration of analgesics can be 
assessed. We found that both pre-administration and post- 
administration of ulinastatin were effective to reduce for-
malin-induced paw flinching. In addition, the time spent in 
licking the injured paw was also significantly reduced by 
systemic administration of ulinastatin. It was notable that 
ulinastatin exerted function only in second phase (phase 2) 
of formalin-provoked spontaneous nocifensive response 
with no significant effect in first phase (phase 1). 
Fundamentally, the two phases of formalin-induced pain 
response are considered to be associated, at least partially, 
with distinct mechanisms. The first phase of activity (0–10 

Figure 5 Effects of i.p. ulinastatin administration on formalin-induced paw edema. (A) Curve graphs showing the effect of i.p. ulinastatin (2000, 10,000 and 50,000 U/kg) pre- 
treatment on the paw edema at 2 h and day 1, 3, 5, 7, 10 after intraplantar formalin injection. (B) Area under the curve (AUC) for different pre-treatment groups was 
calculated for statistical analysis. n=8/group, #P < 0.05 vs Saline, one-way ANOVA followed by Tukey’s post hoc test. (C) Curve graphs showing the effect of i.p. ulinastatin 
(50,000 U/kg) post-treatment on the paw edema at 2 h and day 1, 3, 5, 7, 10 after intraplantar formalin injection. (D) Area under the curve (AUC) for post-treatment groups 
was calculated for statistical analysis. n=8/group, Student’s unpaired t-test.
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min; neurogenic pain) occurring immediately following 
injection reflects a direct activation of peripheral nocicep-
tors, while the second phase of activity (15–60 min; 
inflammatory pain) is associated with the development of 
an inflammatory response and the release of nociceptive 
mediators which are responsible for sensitization of pri-
mary and spinal sensory neurons and subsequent activa-
tion of the nociceptors.26,38 The inhibitory effect of 
ulinastatin on phase 2 of formalin test strongly suggested 
that its activity could be resultant from the anti- 
inflammatory action. Moreover, we found ulinastatin 
could also persistently inhibit formalin-induced paw 
edema and ulcer which corroborated the anti- 
inflammatory effect of ulinastatin. Based on these findings, 
we tried to clarify the analgesic mechanism of ulinastatin 
by detecting the glial activation in the spinal cord and 
inflammatory cell infiltration in injured paw. We verified 
that systemic administration of ulinastatin noticeably pre-
vented the activation of microglia and astrocyte in the 
ipsilateral spinal dorsal horn induced by intraplantar for-
malin injection. Actually, a large number studies have 

demonstrated that peripheral formalin injection signifi-
cantly evoked spinal microglial and astrocytic 
activation.39 The analgesic potential of ulinastatin 
observed in present investigation is consistent with earlier 
reports on glial inhibitor, like minocycline, L-α- 
aminoadipate and fluorocitrate, that largely attenuated 
the second phase of formalin-induced pain 
responses.40–43 Previous studies have demonstrated that 
ulinastatin protein could be found in the brain tissue and 
cerebrospinal fluid in human and rodents but its mRNA 
has been detected mainly in the liver, suggested that sys-
temic ulinastatin was able to enter the central nervous 
system to play a role.44–46 The inhibitory effect of ulinas-
tatin on glial cells in the central nervous system observed 
in the present study was consistent with previous reports 
of its effect on other models. In the rat sciatic nerve 
ligation model, ulinastatin was able to down-regulate 
P2Y2 receptor and inhibit the abnormal microglia activa-
tion in the spinal dorsal horn and thus prevented the 
development of mechanical allodynia and thermal 
hypersensitivity.15 In experimental autoimmune 

Figure 6 Effects of i.p. ulinastatin administration on formalin-induced ulcer forming and healing. (A) Column graphs showing the effect of i.p. ulinastatin (2000, 10,000 and 
50,000 U/kg) pre-treatment on the incidence of ulcers at day 3 and day 7 after intraplantar formalin injection. (B) Column graphs showing the effect of i.p. ulinastatin (2000, 
10,000 and 50,000 U/kg) pre-treatment on ulcers healing at day 10 after intraplantar formalin injection. (C) Column graphs showing the effect of i.p. ulinastatin (50,000 U/kg) 
post-treatment on the incidence of ulcers at day 3 and day 7 after intraplantar formalin injection. (D) Column graphs showing the effect of i.p. ulinastatin (50,000 U/kg) post- 
treatment on ulcers healing at day 10 after intraplantar formalin injection.
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encephalomyelitis and cecal ligation and puncture model, 
systemic administration of ulinastatin could also decrease 
the activation of microglia in the spinal cord and exert its 
anti-inflammatory effects.47,48 It is well known that ulinas-
tatin could inhibit inflammation by suppressing the infil-
tration of neutrophils and release of elastase and 
inflammatory mediators from neutrophils.49 As expecting, 
our result showed that the local infiltration of inflamma-
tory cells induced by intraplantar formalin injection was 
also prevented by systemic administration of ulinastatin 
which might be related to the effect of ulinastatin on 
relieving paw edema. The effect of ulinastatin on improv-
ing formalin-induced ulcer might also be attributed to its 
inhibition of inflammatory cell infiltration, because in 

ulcers caused by other causes, it has been confirmed that 
the degree of neutrophil infiltration is related to the sever-
ity of ulcers.50–52

The acetic acid-induced abdominal writhing behavior 
is a typical model of visceral pain employed as a screening 
tool for the assessment of antinociceptive activity of new 
analgesic agents.53 It has been suggested that acetic acid 
injection into the peritoneal cavity led to inflammatory 
reaction in visceral organs and peritoneum by provoking 
the release of inflammatory mediators, such as prostaglan-
dins, bradykinin, substance P and cytokines, which could 
directly activate visceral and somatic nociceptors innervat-
ing the peritoneum and eventually resulted in the develop-
ment of pain and the behavior of abdominal 

Figure 7 Effects of ulinastatin on formalin-induced local and central inflammation. (A) Representative H&E staining of the plantar skin taken near the intraplantar injection site 
from sham group and formalin group receiving saline or ulinastatin treatment. Scale bars, 50 μm. (B) Quantitative scoring showed ulinastatin treatment dramatically reduced 
intraplantar formalin injection-induced inflammation infiltration in plantar skin. #P < 0.05 vs Sham, &P < 0.05 vs formalin+saline. (C) Representative immunohistochemistry 
staining for Iba1 in ipsilateral spinal dorsal horn (L4-L5) from sham group and formalin group receiving saline or ulinastatin treatment. (D) Quantitative analyses showed that 
ulinastatin treatment significantly reduced the number of activated microglia in formalin group compared to the saline treatment. #P < 0.05 vs Sham, &P < 0.05 vs formalin+saline, 
one-way ANOVA followed by Tukey’s post hoc test. (E) Representative immunohistochemistry staining for GFAP in ipsilateral spinal dorsal horn (L4-L5) from sham group and 
formalin group receiving saline or ulinastatin treatment. (F) Quantitative analyses showed that ulinastatin treatment significantly reduced the number of activated astrocyte in 
formalin group compared to the saline treatment. #P < 0.05 vs Sham, &P < 0.05 vs formalin + saline, one-way ANOVA followed by Tukey’s post hoc test.
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constrictions.54–58 Our present study showed that systemic 
administration of ulinastatin not only reduced the total 
number of writhes but also delayed the occurrence of 
writhing. These data supported the potential of ulinastatin 
in visceral pain probably involving an anti-inflammatory 
component. Even though we did not detect the changes of 
inflammatory mediators in the abdominal cavity, we here 
observed that acetic acid-induced infiltration of inflamma-
tory cells in the peritoneum tissue decreased significantly 
after systemic administration of ulinastatin in H&E stain-
ing assay, which reinforced previous study that ulinastatin 
ameliorated the number of infiltrated inflammatory cell in 
cecal ligation and puncture induced sepsis.59 In addition to 
the local inflammation evoked by acetic acid, the role of 

spinal inflammatory reaction, including glial activation 
and pro-inflammatory cytokines release, in acetic acid- 
induced writhing response has also been reported.60–62 

Previous studies verified that both minocycline and fluor-
ocitrate were able to markedly reduce acetic acid-induced 
acute visceral nociception.62,63 In this point, we for the 
first time provided evidence that ulinastatin inhibited the 
activity of microglia and astrocytes in the spinal cord with 
visceral pain.

Indeed, the beneficial effect of ulinastatin on other types 
of pain, such as neuropathic pain, myocardial infarction and 
chronic pancreatitis, has also been reported.14,64,65 In our 
recent unpublished study, we found that ulinastatin could 
also alleviate postoperative pain without side-effects, 

Figure 8 Effects of ulinastatin on acetic acid-induced local and central inflammation. (A) Representative H&E staining of the peritoneum tissue taken from sham group and 
acetic acid group receiving saline or ulinastatin treatment. Scale bars, 50 μm. (B) Quantitative scoring showed ulinastatin treatment dramatically reduced intraperitoneal acetic 
acid injection-induced inflammation infiltration in peritoneum tissue. #P < 0.05 vs Sham, &P < 0.05 vs acetic acid+saline. (C) Representative immunohistochemistry staining for 
Iba1 in spinal dorsal horn (T10-L2) from sham group and acetic acid group receiving saline or ulinastatin treatment. (D) Quantitative analyses showed that ulinastatin treatment 
significantly reduced the number of activated microglia in acetic acid group compared to the saline treatment. #P < 0.05 vs Sham, &P < 0.05 vs acetic acid +saline, one-way 
ANOVA followed by Tukey’s post hoc test. (E) Representative immunohistochemistry staining for GFAP in spinal dorsal horn (T10-L2) from sham group and acetic acid group 
receiving saline or ulinastatin treatment. (F) Quantitative analyses showed that ulinastatin treatment significantly reduced the number of activated astrocyte in acetic acid group 
compared to the saline treatment. #P < 0.05 vs Sham, &P < 0.05 vs acetic acid + saline, one-way ANOVA followed by Tukey’s post hoc test.
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including sedation and tolerance, which is common in the 
use of opioids.66 Even for the high-risk patients, such as 
shock, severe sepsis, acute respiratory distress syndrome 
and renal failure, ulinastatin was also recommended and 
showed obvious therapeutic advantages.67–69 Collectively, 
ulinastatin might be a potential ideal analgesic agent with 
broader spectrum of indications and more safety over 
NSAIDs and opioids.

In conclusion, the results of the present study demon-
strated, for the first time, that ulinastatin has a dose- 
related, analgesic action in formalin test and writhing 
test, suggesting that ulinastatin might represent potential 
therapeutic options for the treatment of acute somatic and 
visceral pain. In addition, we verified that the analgesic 
effect of ulinastatin attributed to its inhibition on both of 
the peripheral and spinal inflammatory reaction, which 
might shed light on the mechanism of somatic and visceral 
pain.
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