
Pak. J. Pharm. Sci., Vol.30, No.3(Suppl), May 2017, pp.983-988 983

Ulinastatin alleviated Lps-induced injury of cardiac micro vascular 
endothelial Cell via NF-κB pathway 
 
 

Zhaoxia Yu*1, Aisa Rayile2, 3, Ying Li1, Qiang Zhao3 and Xiangyang Zhang3 
1The Intensive Care Unit, the First Affiliated Hospital of Xinjiang Medical University, Urumqi, Xinjiang Province of China 
2Department of Internal Medicine, Kuqa County Hospital of Uyghur Medicine, Kuqa, China 
3Cardiac Center, the First Affiliated Hospital of Xinjiang Medical University, Urumqi, Xinjiang Province of China 
 
 

Abstract: The aim of this study to investigate the effect of ulinastatin (UTI) on lipopolysaccharide (LPS) -induced injury 
of cardiac micro vascular endothelial cell, and explore potential mechanisms Primary cardiac micro vascular endothelial 
cells were harvested from neonatal Sprague Dawley rats. Cardiac micro vascular endothelial cells were prepared for 
further treatment after subculture. The experiment was designed into 4 groups: Control group, LPS (0.1U/ml) group, UTI 
(100U/ml) group and (UTI+LPS) group. MTT assay and scratch test were performed to assess cell viability of cardiac 
micro vascular endothelial cells. Flow cytometry was performed to examine apoptosis. Western blot was performed to 
examine expression of multiple proteins, including pAkt, Bcl-2, NF-κB, TNF-α and Caspase-3. Compared with control 
group, LPS treatment indeed increased protein expression of Caspase-3, and resulted in significant apoptosis of cardiac 
micro vascular endothelial cells. Compared with LPS group, UTI+LPS group had a higher level of cell viability, verified 
by MTT assay and scratch test. Moreover, expressions of pAkt, NF-κB and Bcl-2 were decreased after UTI treatment, 
suggesting UTI significantly alleviated LPS induced-apoptosis of cardiac micro vascular endothelial cell via Akt/NF-κB 
pathway. Ulinastatin could protect cardiovascular system by alleviating LPS-induced injury of cardiac micro vascular 
endothelial cell. The potential mechanism is Akt/NF-κB pathway. 
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INTRODUCTION 
 
Micro vascular endothelium is a novel research hotspot, 
which is recently considered as not only barrier of vessels 
but also organs with multiple physiological functions 
(Gutterman et al., 2016. In addition, studies have showed 
that dysfunction of cardiac micro vascular endothelial 
cells resulted in a series of cardiovascular diseases, 
including myocardial ischemia, angina and arrhythmia 
(Ter Maaten et al., 2016). Moreover, lipopolysaccharide 
(LPS)-induced injury mainly contributed to dysfunction 
of cardiac micro vascular endothelial cells (Huang et al., 
2015), however, detailed mechanisms are unclear on how 
LPS induced injury of cardiac micro vascular endothelial 
cells, and novel therapies were required to improve 
clinical treatment for micro vascular endothelium.  
 
As a Kunitz protease inhibitor, ulinastatin (UTI) is a 
glycoprotein widely distributed in urine and blood (Lv et 
al., 2016). Previous studies have proved that UTI was an 
important natural anti-inflammatory with effect to inhibit 
release of inflammatory mediators Wang et al., 2016. 
Clinical trials demonstrated that UTI alleviated immune 
response of patients with septicopyemia so as to shorten 
length of stay and improve prognosis (Wang et al., 2015). 
What’s more, UTI has been used as a therapeutic for acute 
pancreatitis with promising efficacy (Wang et al., 2016). 
There are reports that UTI could maintain intact micro 
vascular endothelium of multiple organs, but no evidence 

was about effect of UTI on cardiac micro vascular 
endothelial cells (Wang et al., 2016). In the aspect of 
molecular mechanism, both apoptosis and autophagy 
pathways were reported to be influenced by UTI, and 
expressions of NF-κB were decreased after UTI 
treatment, verified by animal experiments (Zhang et al., 
2016; Ma et al., 2016; Ouyang et al., 2016). All these 
indicated that UTI could be a potential therapeutic for 
injury of cardiac micro vascular endothelial cell. 
 
In summary, we hypothesized that UTI could alleviated 
LPS-induced injury of cardiac micro vascular endothelial 
cell via apoptosis or autophagy pathways and NF-κB 
might be a pivotal factor to understand cardioprotective 
effect of UTI. 
 
MATERIALS AND METHODS 
 
Isolation of cardiac micro vascular endothelial cells 
Neonatal Sprague Dawley rats were purchased from 
Guangdong medical experimental animal center. Isolation 
of cardiac micro vascular endothelial cells was performed 
as described previously (Zhu et al., 2016). Briefly, the 
neonatal heart tissue was dissected and homogenized in a 
sterile environment with cold Phosphate Buffered Saline 
(PBS) treatment. The tissue homogenate was filtered 
through a 41 µm nylon mesh (Spectrum), and the nylon 
mesh was washed three times with PBS. Micro vessels 
retained on the mesh were then washed off and pelleted 
by centrifugation at 4000g for 10min at 4°C. The pellets *Corresponding author: e-mail: zhangxy_heartres@yeah.net 
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were resuspended in 15% dextran T-500 and then added 
onto 20% dextran T-500, followed by centrifugation at 
25,000 g for 10 min at 4°C. The pellets were collected to 
harvest cardiac micro vascular endothelial cells. 
 
Grouping for cardiac micro vascular endothelial cells  
Cardiac micro vascular endothelial cells were cultured for 
48 hours in routine medium. Cardiac micro vascular 
endothelial cells were randomly assigned into four 
groups. Control group was normally cultured for further 
experiment. Add LPS solution (0.1U/ml) to induce injury 
in LPS group. UTI+LPS group was treated with LPS 
solution (0.1U/ml) and UTI solution (100U/ml), 
respectively. UTI group was treated with UTI solution 
(100U/ml) as positive control. Continue culture cells in 
four groups in the same condition (37o, 5%CO2). 
 
MTT assays 
MTT (5mg/ml, 30µl) reaction solution was added into 
four different Cardiac micro vascular endothelial cell 
groups, cultured at 37  for 3h. Rinse cells for 3 times, 
then add DMSO into cardiac micro vascular endothelial 
cells to terminate reaction for 10min. In the end, the 
optical density was detected for squamous carcinoma 
cells Colon16 at 492nm in micro plate reader. 
 
Scratch test 
Digest cells into single cell suspension. All cells were 
inoculated into a 6-well plate with a concentration of 106 
cells per well overnight, and scratched vertically with a 
100µl micro pipette tip on the next day. Thereafter, cells 
were rinsed twice with PBS and placed in serum-free 
culture medium. After 24 h and 48 h, cells were counted 
under an invert phase-contrast microscope in five random 
fields. Every migration test was performed in triplicate. 
 
Flow cytometry 
Flow cytometer was performed according to the 
introduction of kit, detailed protocols were as following: 
Adjust the treated cell concentration at 105/ml. Cell 
suspension was mixed with reaction solution and FITC-
Annexin V reagents by ratio of 250: 50: 1, reacting for 
15min at room temperature. Then expression of 
phosphatidylserine was detected in different group. 
Emission and absorb wavelengths were 488nm and 
625nm, respectively. 
 
Activity assay was performed according to the 
introduction of kit, and specific steps were shown as 
following: Adjust the treated cell concentration at 105/ml, 
then chromophoric substrate were added into the lysis, 
culturing 30min at 37o. Finally, absorbance value was 
assessed at 490nm, which indicated the relative activity of 
caspase-3. 
 
Western blot 
Culture primary cardiac micro vascular endothelial cells 
were further cultured for 48 hours. Western blot was 

performed to examine expression of micro vascular 
endothelial cells. The protocol was as follows: Lyse cells 
with RIPA Lysis buffer. Transfer protein with PVDF 
membrane after SDS-PAGE gel electrophoresis. Block 
transferred PVDF membrane with defatted milk (5%). 
Incubate with CXCR7 antibody. GAPDH was used as 
internal control. Examine specific protein bands with 
chemiluminescence. Gel imaging system was used to 
analyze relative expression of specific protein bands. 
 
STATISTICAL ANALYSIS 
 
All results were analyzed with SPSS16.0. Single factor 
variance was applied in the inter group analysis. P<0.05 
was considered to be statistically significant. 
 
RESULTS 
 
LPS induced injury of cardiac micro vascular 
endothelial cell 
Compared with control group, LPS group had a higher 
ratio of apoptosis, verified by flow cytometry (fig. 1). In 
addition, Western blot showed that LPS treatment 
significantly increased expression of Caspase-3 (fig. 2). 
All these indicated that LPS treatment indeed caused 
remarkable injury of cardiac micro vascular endothelial 
cell, suggesting LPS-induced injury model was 
successfully established. 
 
UTI improved migration of cardiac micro vascular 
endothelial cell 
Cell wound scratch test demonstrated that UTI treatment 
improved migration of cardiac micro vascular endothelial 
cell, and alleviated negative impact of LPS. At 24-hour 
after culture, migration distances in four groups were 
4.23±1.13µm (LPS), 24±6.85µm (UTI), 7.61±2.65µm 
(LPS+ UTI) and 10.32±3.13µm (control), respectively. At 
36-hour after culture, migration distances in four groups 
were 7.23±2.46µm (LPS), 38±7.14µm (UTI), 
14.62±1.97µm (LPS+ UTI) and 18.32±3.41µm (control), 
respectively (fig. 3). Such findings elucidated UTI 
treatment significantly promoted migration of cells 
(P<0.05), while LPS-induced injury significantly 
attenuated migration of cells (P<0.05), suggesting UTI 
could improve migration. What’s more, effect of UTI on 
migration was time-dependent, verified by cell wound 
scratch test at different time points. 
 
UTI treatment decreased apoptosis of cardiac micro 
vascular endothelial cell 
Compared with LPS group, LPS+ UTI group had a lower 
ratio of apoptosis and better cell viability, verified by flow 
cytometry (fig. 1) and MTT assay (fig. 4), respectively. 
Western blot also showed that UTI+LPS group had a 
lower level of Caspase-3 than LPS group (fig. 2), 
suggesting UTI treatment abrogated apoptosis-promoting 
effect of LPS on cardiac micro vascular endothelial cells. 
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Fig. 1: (A) Cell distribution in control group. (B) Cell distribution in LPS group. (C) Cell distribution in UTI group. 
(D) Cell distribution in LPS+UTI group. (F) Analysis of apoptosis in four groups.*Compared with control, P<0.05; 
**Compared with LPS, P<0.05. 
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UTI decreased expressions of Akt/NF-κB pathway 
related proteins 
Western blot showed that, compared with control group, 
LPS increased expressions of pAkt, NF-κB, Bcl-2 and 
TNF-α (fig. 2). Increased expressions of pAkt, NF-κB and 
Bcl-2were significantly abrogated after UTI treatment, 
while no difference was observed in expression of TNF-α, 
suggesting UTI decreased expressions of Akt/NF-κB 
pathway related proteins (fig. 2). Moreover, there was no 
difference between control group and UTI group, 
suggesting UTI did not influence baseline state of cardiac 
micro vascular endothelial cells. 

 
Fig. 2: Western blot for multiple proteins in four groups. 
 

DISCUSSION 
 
Our study confirmed that LPS indeed contributed to 
injury of cardiac micro vascular endothelium. What’s 
more, we proved that ulinastatin in vivo alleviated LPS-
induced injury of cardiac micro vascular endothelium via 
Akt/NF-κB pathway, suggesting ulinastatin could be a 
potential therapeutic for cardiovascular disease.  
 
Ulinastatin has been widely used for treatment of 
pancreatitis in clinical scenario due to its promising 
apoptosis inhibiting effect (Liu et al., 2014; Abraham et 
al., 2013). Considering such effect, researcher further 
explored the role of ulinastatin in endothelium, and found 
some hints that ulinastatin protect intact structure of 
endothelium (Zhang et al., 2016; Zhu et al., 2016; Atal et 
al., 2016). However, it is still unclear whether ulinastatin 
protects cardiac micro vascular endothelium. Previous 
study indicated that Akt/NF-κB pathway was under 
regulation of ulinastatin. In another hand, Akt/NF-κB 
pathway indeed influenced cardiac micro vascular 
endothelium (Jiang-Ying et al., 2016). Our study 
demonstrated that ulinastatin protected cardiac micro 
vascular endothelium via Akt/NF-κB pathway, verified by 
flow cytometry, scratch test and Western blot. Intriguing, 
it has been proved that ulinastatin improved healing of 
pulmonary micro vascular endothelial cells (Li et al., 
2015), and we broadened roles of ulinastatin in cardiac 
micro vascular endothelium. 
 

 
B 

 Control UTI LPS UTI+LPS 
24 hour  10.32±3.13µm 24±6.85µm 4.23±1.13µm* 7.61±2.65µm** 
36 hour 18.32±3.41µm 38±7.14µm 7.23±2.46µm* 14.62±1.97µm** 

Fig. 4: (A) Image of cell migration. (B) Analysis of migration distances in four groups.*Compared with control, 
P＜0.05; **Compared with LPS, P<0.05
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As a novel field in cardiovascular diseases, cardiac micro 
vascular endothelium has been proved with pivotal role in 
protection of heart. Although multiple factors could cause 
injury of cardiac micro vascular endothelium, 
lipopolysaccharide (LPS) was a leading factor which 
contributed to the most injury cases (Nickols et al., 2015; 
Fan et al., 2016). LPS is mainly distributed in cell wall of 
gram negative bacteria, and always has biological toxicity 
to host (Nickols et al., 2015). Further degradation of LPS 
produces endotoxin, and such substances jeopardize our 
cardiovascular system (Appleby et al., 2016; Gao et al., 
2016). Our study proved that ulinastatin could alleviate 
LPS-induced injury, consistent with previous report. 
Moreover, we found that ulinastatin inhibited ill effect of 
LPS via regulating Akt/NF-κB pathway. Our study also 
showed that ulinastatin did not influence expression of 
TNF-α, but decreased pAkt, Bcl-2 and NF-κB. These 
finding suggested that ulinastatin might influence 
autophagy to maintain protective effect, specifically, 
ulinastatin regulated Akt/NF-κB pathway.  

 
Fig. 4: MTT assays for percentage of living cells in four 
groups. *Compared with control, P<0.05; **Compared 
with LPS, P<0.05 
 
In summary, ulinastatin is beneficial for cardiac micro 
vascular endothelium, and can alleviate LPS-induce 
injury via Akt/NF-κB pathway. Further animal experiment 
should be performed to explore detailed effect of 
ulinastatin for a better understanding. 
 
CONCLUSION 
 
Ulinastatin alleviated LPS-induced injury of cardiac 
micro vascular endothelial cell via Akt/NF-κB pathway. 
Ulinastatin can protect cardiovascular system 
promisingly, and is a potential therapeutic for 
cardiovascular diseases. 
 
ACKNOWLEDGEMENTS 
 
This study was funded by Graduate Innovational Fund of 

Xinjiang Medical University (CXCY002) and the 
Research and Innovation Project for Graduates of 
Xinjiang (XJGRI2016069). 
 
REFERENCES 
 
Abraham P, Rodriques J, Moulick N, Dharap S, Chafekar 

N and Verma PK et al (2013). Efficacy and safety of 
intravenous ulinastatin versus placebo along with 
standard supportive care in subjects with mild or severe 
acute pancreatitis. J. Basic Clin. Physiol. Pharmacol., 
61(8): 535-538. 

Appleby SL, Mitrofan CG, Crosby A, Hoenderdos 
K, Lodge K, Upton PD, Yates CM, Nash GB, Chilvers 
ER and Morrell NW (2016). Bone Morphogenetic 
Protein 9 Enhances Lipopolysaccharide-Induced 
Leukocyte Recruitment to the Vascular Endothelium. 
J. Immunol., 197(8): 3302-3314 

Atal SS and Atal S (2016). Ulinastatin: A newer potential 
therapeutic option for multiple organ dysfunction 
syndrome. J. Basic Clin. Physiol. Pharmacol., 27(2): 
91-9. 

Fan J and Fu BM (2016). Quantification of Malignant 
Breast Cancer Cell MDA-MB-231 Transmigration 
Across Brain and Lung Micro vascular Endothelium. 
Ann Biomed Eng., 44(7): 2189-201. 

Gao F, Yang YZ, Feng XY, Fan TT, Jiang L and Guo R et 
al (2016). Interleukin-27 is elevated in sepsis-induced 
myocardial dysfunction and mediates inflammation. 
Cytokine, 88: 1-11. 

Gutterman DD, Chabowski DS, Kadlec AO, Durand MJ, 
Freed JK and Ait-Aissa K et al (2016). The Human 
Microcirculation: Regulation of Flow and Beyond. 
Circ. Res., 118(1): 157-172. 

Huang Y, Tan Q, Chen R, Cao B and Li W (2015). 
Sevoflurane prevents lipopolysaccharide-induced 
barrier dysfunction in human lung micro vascular 
endothelial cells: Rho-mediated alterations of VE-
cadherin. Biochem. Biophys. Res. Commun., 468(1-2): 
119-124. 

Jiang-Ying R, Hai-Dong X, Dai S, Jun-Bo P, Xiao-Jin P 
and Yan-Fen W (2016). Blockade of NF-kappaB and 
MAPK Pathways by Ulinastatin Attenuates Particles-
Stimulated Osteoclastogenesis in vitro and in vivo. 
Biosci Rep., 36(5): Online.  

Li W, Qiu X, Jiang H, Zhi Y, Fu J and Liu J (2015). 
Ulinastatin inhibits the inflammation of LPS-induced 
acute lung injury in mice via regulation of AMPK/NF-
kappaB pathway. Int. Immunopharmacol., 29(2): 560-
567. 

Liu R, Qi H, Wang J, Wang Y, Cui L, Wen Y, et al. 
Ulinastatin activates the renin-angiotensin system to 
ameliorate the pathophysiology of severe acute 
pancreatitis. J. Gastroenterol. Hepatol., 29(6): 1328-
1337. 

Lv ZT, Huang JM, Zhang JM, Zhang JM, Guo JF and 
Chen AM (2016). Effect of Ulinastatin in the Treatment 



Ulinastatin alleviated Lps-induced injury of cardiac micro vascular endothelial Cell via NF-κB pathway 

Pak. J. Pharm. Sci., Vol.30, No.3(Suppl), May 2017, pp.983-988 988

of Postperative Cognitive Dysfunction: Review of 
Current Literature. BioMed Res. Int., 2571080. 

Ma L, Li C, Wang S, Wang J, Shao R and Hang C et al 
(2016). Ulinastatin ameliorates gastrointestinal injury 
sustained in a 2-hit porcine model of septic shock. Am. 
J. Emerg. Med., 34(8): 1497-1504. 

Nickols J, Obiako B, Ramila KC, Putinta K, Schilling S 
and Sayner SL (2015). Lipopolysaccharide-induced 
pulmonary endothelial barrier disruption and lung 
edema: critical role for bicarbonate stimulation of 
AC10. Am. J. Physiol. Lung Cell Mol. Physiol., 
309(12): L1430-7. 

Nickols J, Obiako B, Ramila KC, Putinta K, Schilling S, 
Sayner SL (Year). Lipopolysaccharide-induced 
pulmonary endothelial barrier disruption and lung 
edema: Critical role for bicarbonate stimulation of 
AC10. Am. J. Physiol. Lung Cell Mol. Physiol., 
309(12): L1430-1437. 

Ouyang H, Nie B, Wang P, Li Q, Huang W and Xin W et 
al (2016). Ulinastatin attenuates neuropathic pain 
induced by L5-VRT via the calcineurin/IL-10 pathway. 
Molecular Pain, 12. 

Ter Maaten JM, Damman K, Verhaar MC, Paulus WJ, 
Duncker DJ and Cheng C et al (2016). Connecting 
heart failure with preserved ejection fraction and renal 
dysfunction: the role of endothelial dysfunction and 
inflammation. Eur. J. Heart Fail., 18(6): 588-598. 

Wang FY, Fang B, Qiang XH, Yu TO, Zhong JR and Cao 

J et al (2016). The Efficacy and Immunomodulatory 
Effects of Ulinastatin and Thymosin alpha1 for Sepsis: 
A Systematic Review and Meta-Analysis. BioMed Res. 
Int., 9508493. 

Wang G, Liu Y, Zhou SF, Qiu P, Xu L and Wen P et al 
(2016). Effect of Somatostatin, Ulinastatin and 
Gabexate on the Treatment of Severe Acute 
Pancreatitis. Am. J. Med. Sci., 351(5): 506-512. 

Wang LZ, Luo MY, Zhang JS, Ge FG, Chen JL and Zheng 
CQ (2016). Effect of ulinastatin on serum 
inflammatory factors in Asian patients with acute 
pancreatitis before and after treatment: A meta-
analysis. Int. J. Clin. Pharm. Th., 54(11): 890-898. 

Wang X, Xue Q, Yan F, Liu J, Li S and Hu S (2015). 
Ulinastatin Protects against Acute Kidney Injury in 
Infant Piglets Model Undergoing Surgery on 
Hypothermic Low-Flow Cardiopulmonary Bypass. 
PloS one, 10(12): e0144516. 

Zhang H, Tan C, Wang X, Kang D, Chen Y, Xiong J, et al. 
Preventive effects of ulinastatin on complications 
related to pancreaticoduodenectomy: A Consort-
prospective, randomized, double-blind, placebo-
controlled trial. Medicine, 95(24): e3731. 

Zhu Y, Lu H, Huo Z, Ma Z, Dang J and Dang W et al 
(2016). MicroRNA-16 inhibits feto-maternal 
angiogenesis and causes recurrent spontaneous 
abortion by targeting vascular endothelial growth 
factor. Scientific Reports, 6: 35536. 

 


