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Ulinastatin Inhibits TLR4/NF-kB pathway-mediated inflammatory
response to improve acute pancreatitis-associated intestinal
dysfunction

ZHANG Siqi', GAO Ming?, WANG Qi*

(1. Department of Clinical Pharmacology 2. Department of Emergency Surgery, the Second Affiliated Hospital of Anhui Medical
University, Hefei 230601, China)

Abstract Background and Aims: Acute pancreatitis (AP) accompanied by intestinal injury and intestinal barrier
dysfunction can significantly worsen AP prognosis. Currently, there is no effective clinical treatment for
AP-related intestinal dysfunction. Ulinastatin (UTI) is a conventional drug used for AP treatment due to
its ability to inhibit trypsin activity and exert anti-inflammatory effects. However, whether UTI directly
improves AP-related intestinal injury remains unclear. Therefore, this study was conducted to investigate
the therapeutic effects and potential mechanisms of UTI in AP-related intestinal dysfunction.
Methods: Thirty rats were equally randomized into three groups and received intraperitoneal injections
of PBS (control group), 20% L-arginine (AP group), or 20% L-arginine + UTI (UTI group). Tail vein
blood samples were collected at 0, 24, and 48 h after the initial injection of L-arginine (or PBS), and the
rats were euthanized after the final blood collection to obtain pancreatic and terminal ileum tissues.
Serum levels of amylase, lipase, intestinal fatty acid-binding protein (I-FABP), and diamine oxidase
(DAO) were measured using ELISA. Histopathological examinations of the pancreas and terminal ileum
were conducted. Western blot was used to detect the protein expression levels of tumor necrosis factor o
(TNF-a), interleukin 6 (IL-6), interleukin 1B (IL-1B), and interleukin 10 (IL-10) in terminal ileum tissue.
Western blot and qRT-PCR were used to assess the protein and mRNA expression levels of Toll-like
receptor 4 (TLR4) and nuclear factor kB (NF-xB) p-p65 in the terminal ileum.
Results: Compared with the control group, both the AP and UTI groups exhibited significant AP
changes (elevated serum amylase and lipase levels, pancreatic histopathological damage) and AP-related
intestinal injury (decreased I-FABP and DAO levels, ileal histopathological damage). However, these
alterations were significantly less severe in the UTI group compared to the AP group (all P<0.01).
Compared with the control group, both the AP and UTI groups showed significantly increased protein
expression of pro-inflammatory factors (TNF-a, IL-1f, IL-6) and the anti-inflammatory factor IL-10 in
the ileal tissue; however, the UTI group exhibited significantly lower levels of pro-inflammatory factors
and higher levels of IL-10 compared to the AP group (all P<0.01). Additionally, compared with the
control group, both the AP and UTI groups displayed significant upregulation of TLR4 and NF-kB p-p65
protein and mRNA expressions in ileal tissue, but the upregulations were significantly lower in the UTI
group compared to the AP group (all P<0.01).
Conclusion: UTI can inhibit the activation of the TLR4/NF-«B signaling pathway in the ileal tissue of
AP rats, thereby reducing pro-inflammatory cytokine levels and increasing anti-inflammatory cytokine
levels. Therefore, in addition to its anti-pancreatitis effects, UTI may have a direct therapeutic effect on
AP-related intestinal dysfunction.
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wmEINREEE ( multisystem organ failure, MSOF) 4
SFAIE Y HORE 201 R BR % (severe acute pancreatitis
SAP) P2V AP FR AR B ) DA AE B 07 AT HY B
J i, 51 i 5 R S RE IR 5 e i 3 40 TR 5 L
B, RPN IPN I L IE R e, RIT
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A B JRAEFH BB B AL R oL, B0 2 B B
IE ity g O A R, b Toll A 32 1A 4
(Toll-like receptor 4, TLR4 ) ¥ F kB (nuclear
factor-x B, NF-xB) i %4 5 0 FL 0k 41 i 3% 16 0]
& 3 98 Pk 4t B S B Rd SR BE K~ (tumor necrosis
factor, TNF-a). MY % 6 (interleukin 6, 11-6) .
40 4 & 1B (interleukin 18, IL-1B) MY =4,
b — 2P R B RE R I, DT b R i i
(intestinal epithelial cells, TEC) 5155 F1 7 5t Bt 2 g
BE A

5 E T (ulinastatin, UTI) Y —Fh 8 (3 i
P R0, R e e R SR 2R A 2 D R
PO R, O RO A g A8 A0 L T AR D B Y
iR, WD R PEAN MR, T A A Al i
T, Al e B A 2 A B I DT ke #4470 % A R
M7 UTE X 2538 AP AH G 8 0 9 AE T F S 620, AR
WFFEHJH LK =R 5 T 7 AP KRB AY , 2545 A
RAGHR MG # A . 202000 327 P74l . Western blot
J qRT-PCR K I 45 J5 3%, DABG UE UTI 2038 AP J H:
AH K i Ty RE Bt B 1) ¥ 7 ARCR S AL, O UTI
TE AP Je o 22 Fh 3 & AE 1Y 47 I 4 f R g e
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BER 2= s Wy A4 5 i F 25 00 5 A G 48 AR AT &
SPD ¢ A B M 52 50 K Bl A T I8 TR AE A ER
B A BRA R (3~4 % 1R i 250~300 ¢), &
T2 . 50% W . 12 W12 h B A8 B IVC 7
WA G YRR, 4T A AR OK R R R R
WKE.
1.2 AP KRIEEIE T K L5 4H

B R REEHL R 34 (410 ). ME S
WEIR AR 22 sl W (PBS) (XFHRAL) | 20% L-A5 &
(AP#H) . 20% L-K5 2 +UTI (UTI#H). &1 PBS i
B 20% L-A5 E RV W, AP 41 UTI 41 K B F2 I
2.5 okg B2 U0, [EIFG 1 h iEATIE B T A,
SEAP KRR, X BEA R A [ 2 1 o A 4
HPBS. UTIZH K RUE G 1K L-A5 &R i 41 )5 57
B[V #% HE 10 000 U/kg 71 5 I 1 73 53 UTL, (A f% 24 hJ5
EEEF 1K, AP KRIER —IF R S5 T %5
PBS.
1.3 ELISA#&i

SR BUSE H CO, TIURR B, 11 1 7 4 3% 1%
EL b 2 A R AT R . 4 5 T S L- S R e
H0. 24, 48 h I Z AL i g4 R ICR # ki, IF
T4 CEAFTF L4 000 v/min 5 5 5.0 10 min 23 55 H
I8 J5 6 T EP & IR AE-80 CI A A7, iF
T8 — K o R FH ELISA 328 70 & 46 00 1M 375 3E 9 1
JIE Wi W . fz YN U7 PR 245 45 85 11 (intestinal fatty aid
binding protein, I-FABP) F1 — & & L i (diamine
oxidase, DAO) 7KF,
1.4 fRIEBZHEN

ST K BRI VR 5 3% 1B 2 )R AR BT, G
R 45 T WA S i JR R R R i [l i 1 2, O 4%
ZRWEBIRRAES CRIFTREE, A, v
F s, 5 AORS — O 1 5 T G o J B R K ity [
LY R, U)K G F G 2 BB ORS00 %
£ 100 £% F1 200 % S 2% B F 1 i858 T UL4E HE 4 £
JIR M 0 K i 1] gy 20 2806 B 27 28, AR 4fE Schoenberg
VE43 8 G0 T g i g R4 03 A B AT 43T (R 1),
R4 Chiu ¥F 43 28 48 % 2 i 111 fizy 20 4035 B 453 495 2
AT (£2).
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#1 Schoenberg iEfRIRELRIEFITH

Table 1 Schoenberg method pancreatic histopathological score
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0 b & o &
1 P[] B k18 D i S F45(<5%) 1~4 SRAEA it
2 1(+) /N (TR R i M gk ST (<509% /) SRkt (5%~20%) 5~10 I FEAH
3 2(+) Al ki e 5k SEIR (51%~75% /) PR12 (21%~50% ) 11~16 RFE41 i
4 3(+) 4UU it feT  R T P SEJR (>75% /i) AT (>509%) >16 5L

R2 ChiniE/NNHARKEFITS
Table 2 Chiu method intestinal histopathological score
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4 A 2B, B A R ET Y 5K, WA 2 A 2
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1.5 Western blot #

A5 A ity ] g 2 ZPUR0F S S FH RAPT 2 P 2 fige i 54
fift, AT BCA B RS IR 3R] & o0 B B (Y
K, PR A SDS-PAGE Hi Pk 2 h 47 26 1 43 3
FEHE R ED 3L B PVDF I8 1o 8K 5 4 0= i 76 Tris 28
MR K 5% AR 4R W b OFAE = IR T B 2 h, &
FHSUTHRESIFEL CEETRRELHR, @
15 Bl £ ST B ¥T TLR4 . NF-«kB p-p65. TNF-«. IL-
1B, IL-6. F 404 % 10 (interleukin 10, IL-10)
DL B BLBR v B GAPDH Bt f& . H TBST 2% b i Uk %
3 W5 B HRP A5 i i o i 1l S 40 5 1eG I 76 %
W E2h, S5, i H Immobilon™ Western
HRP Ji& 47 3 1 & W %2 & 4 ; R H Quantity One
version 4.6.9 17 % & & & 0. LL GAPDHAE N N
Z X I
1.6 qRT-PCRi#&

W R o 17 i 20 ZABF S Ll 1] TRzl 3050 24 I
B IUR RNA,  JFF H PrimeScript RT Master 1 &
Py 39 %% 5 i cDNA,  F{li il SYBR Premix Ex Taq™ix
FHEFT qRT-PCR &I, i H GAPDH 1 A I 2%t iR

SR 27886k AG I AR X 355 DL . qRT-PCR Hh fE ]
512 5 5 WL 3 .

&3 qRT-PCR3|#FE7
Table 3 qRT-PCR primer sequences

S 519751
5':AGT GGG TCA AGG AAC AGA AGC A

TLR4
3":CTT TAC CAG CTC ATT TCT CA CC
5":ACC TTT GCT GGA AAC ACA CC
NF-kB p-p65
3":ATG GCC TCG GAA GTT TCT TT
5":GGA GCG AGA TCC CTC CAA AAT
GAPDH

3":GGC TGT TGT CAT ACT TCT CAT GG

1.7 RitFALE

JIt A B3 349 1 Excel 2019 #PFiE 5%, % FH IBM
SPSS 21.0 # ¥ it 47 4 31 73, i ] GraphPad Prism
8 KA A W IEIE o IR IE 25 43 A B 34 B 45 2 LA
FEIE £ bR (2 xs) FRono H T BB XY
ORI R J7 2200 BT, P<0.05 O 22 52 A GE it o

=9

2 & R

2.1 UTIX AP E1ER

AP 2] J UTI 20 K BRI 38 JE ¥ 1 7 05 7 7K
FESS 24 h Je 48 h 34U & TR R A, {H UTI 4 8¢
AP ZH B AR (34 P<0.01) (J811), XfBE4H 4,
AP 41K FUBE R 240 U0 405 = B RO LUK B . &
SE AN IR . 25 WY B IR BE, UTI 4 i iR 4 2
PRAGA0 B AP IR 0 i, L BRI 2H 2450 1 i B
P4 BAL T AP (P<0.01) ([K2).
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Figure 1 Serum amylase and lipase levels in each group
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Figure 2 Pancreatic histopathological examination and scoring in each group
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AP M UTIH L R P F TNF-a . IL-1B. IL-6
EEHBUPE & TXRA, M5 APALE, UTIH
() TNF-a, TL-1B. IL-6 & FH /K FB B FEAL (¥ P<
0.01); AP 211 UTI 4L/ Bt & 7 1L-10 B & /& F X
HEZH, 1M UTLAL IL-10 KB = T AP 4 (3% P<
0.01) (El5),

100
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80— et 1
P Lz
T 60 =
s 218
& . 212
S
= 404 =
a 7 2 ®
20
0 T T T
0 24 48

] (h)

3 #£4AMmi5EI-FABP X DAOKFE
Figure 3 Serum I-FABP and DAO levels in each group
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Figure 4 Ileal histopathological examination and scoring in each group
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Figure 5 Protein expression levels of TNF-a, IL-1f, IL-6, and IL-10 in ileal tissue of each group
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2.4 [EIfFZHL TLR4A/NF-«BIBEREX S FRIZER

AP 41 1 UTI 20 TLR4 } NF-kB p-p65 ) & 1%

KK B 5 PR 41, 1 UTI 41 TLR4 & NF-«B

p-p65 B FE 11335 K 45 AP 4 B L B4 (39 P<0.01) .
X iR 2l AP4 UTI4H

TIRA  — A —

AP 2 F1 UTI 4 TLR4 K2 NF-«B p-p65 () mRNA 3 ik
KOV B 6 B4, 1 UTI 41 () TLR4 K NF-kB
p-p65 ) mRNA £ 357K V-85 AP 4H I R (35 P<
0.01) (#l6),

El6 KRAMDFALDTTLR4, NF-xB p-p65%E A5 mRNA RikkFE
Figure 6 Protein and mRNA expression levels of TLR4 and NF-kB p-p65 in ileal tissue of each group
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KV 2 AP M G I H 8V . if — B R K
B, UTIE B BRI AL 80 {2 48 (] F TNF-a . IL-1B.
IL-6 {9 3R 3K 7K 7 I Tt i 90 & B IL-10 (19 R 35 K F
Ak, UTI A] &A% TLR4 F11 NF-k B (19 2K 1 1 mRNA 2
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SUMEE B R 2 2 T RR B A 25 A IE S L LA,
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AHIF 5T IR E B UTIL 38 1 LA REAR i T 6 361 403 A i
I-FABP F1 DAO [ 7K ¥, 8052 7 B B 41 212 44
M 0 AP H O 180149 9 & JE . Wenying 451 [f) £
PR, UTLIE 35 97 4 TLR4/MyD88/NF-« B #i 4 15 53
% 5 5 IF 0D R RRE S, NI & X B B
R BRI BB B s 1) O AP VE

PR B, AP h TLR4 32 /K95 #4006 IR 3G 6 T
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NF-« B 15 53} 7 2 P g 5 v i) & 45 5 5 RAE
o Cao ZEP70HF 58 ok, UTIIRITY W & AR T
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FIRKT- BB, b, AP KRR i 91 i 2 20
R S E T TNF-o . TL-1B . 1L-6 7K B i [ A%,
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