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Abstract

BACKGROUND: Establishing a stable and reliable animal model of acute pancreatitis is of great significance for understanding its pathogenesis,
pathophysiological characteristics, and clinical medication. Domestic and foreign studies have shown that cerulein, L-arginine, and sodium taurocholate can
induce acute pancreatitis, but their pathophysiological characteristics and model characteristics are still unclear.

OBIJECTIVE: To establish an acute pancreatitis rat model using cerulein, L-arginine, and sodium taurocholate and to observe the changing patterns of model
features at different time points.

METHODS: Ninety-six healthy male Sprague-Dawley rats were randomly divided into normal group, cerulein group, L-arginine group, and sodium taurocholate
group, with 24 rats in each group. Within each group, there were three subgroups (n=8 per group): 12-, 24-, and 48-hour subgroups. Cerulein was administered
via intraperitoneal injection six times with a 1-hour interval. L-arginine was administered through two intraperitoneal injections with a 1-hour interval. Sodium
taurocholate was injected for inducing acute pancreatitis models through retrograde injection into the bile-pancreatic duct. By examining the rat survival

rate, gross morphology of the pancreas, calculating the pancreatic organ index, and measuring levels of amylase, lipase, alanine transaminase, aspartate
transaminase, blood urea nitrogen, and creatinine, as well as observing pancreatic tissue pathological features through hematoxylin-eosin staining and
conducting a pancreatic injury scoring, we evaluated the changing patterns of model features at different time points.

RESULTS AND CONCLUSION: Compared with the normal group, the overall survival rate of rats was 100% in the cerulein group, 88% in the L-arginine group,
and 96% in the sodium taurocholate group. The pancreatic organ index was increased in all groups. Gross observation indicated that, In the cerulein group,
pancreatic edema, blurred lobes, and looseness were visible. In the L-arginine group, the pancreatic glands were enlarged and thickened with patchy bleeding.
In the sodium taurocholate group, pancreatic tissue showed varying degrees of congestion and edema accompanied by scattered flakes of hemorrhage and
necrosis. The levels of serum alanine transaminase, aspartate transaminase, blood urea nitrogen, creatinine, amylase, and lipase in rats exhibited consistent
changes. In the cerulein group, these parameters possibly peaked at 12 hours (P < 0.05) and then showed a declining trend. In the L-arginine group, they
reached the highest levels at 24 hours (P < 0.05) and significantly decreased at 48 hours. In the sodium taurocholate group, serum amylase and lipase remained
at higher levels at 12 hours with a slow decline trend (P < 0.05). Compared with the normal group, microscopic examination revealed mild acinar edema and
widened interlobular spaces in the cerulein group, with a higher presence of inflammatory cells. In the L-arginine group, there was widening of interlobular
spaces, extensive infiltration of inflammatory cells, and patchy necrotic areas. In the sodium taurocholate group, significant pancreatic edema, structural
disarray, extensive necrotic foci, and inflammatory cell infiltration were observed. Compared with the normal group, the pathological scores of induced acute
pancreatitis in all three models were significantly different at each time point (P < 0.05). Moreover, the pathological scores in each group increased over time,
indicating a gradual worsening of pancreatic tissue damage. When comparing different models at the same time, there were differences in pathological scores,
with the sodium taurocholate group having the highest scores, followed by the L-arginine group, and the cerulein group having the lowest scores. Analyzing the
three models at the same time point, the most severe condition was in the sodium taurocholate group, which was characterized by pancreatic hemorrhage and
necrosis, followed by the L-arginine group, which was characterized by necrosis, and the least severe condition was in the cerulein group, mainly characterized
by edema. The serum biochemical index levels of the cerulein and L-arginine groups decreased at 48 hours, indicating that these two models may have a
tendency to self-heal and belong to a self-limiting disease course. The serum biochemical index levels of the sodium taurocholate group decreased slowly after
12 hours. Therefore, pancreatic injury in the sodium taurocholate group might not be relieved after 48 hours or longer.
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1 #EFI7GE Materials and methods

1.1 %3 BEALY RRSIYsEEG, W5 2550 R R R R
995 [R5 BB AT AR P s 1 ) S R PRI 2 Bk ZE 90 BT (one-Way ANOVA), W LL R B LSD %5 B &
JK P I ZE IR AR A S BN . M R 2 AR L IR . SR, SRA Welch’s ANOVA, 5 EL R A Dunnett'T3 K .
RN FERE S P, H R REALE ARG 2, IR 1.2 B AURE SKIGT 2023 4F 7-9 A R BE 2 kAL
PTG ARG Z R, FUkH & e 5 AR 53 E .

KA SRS F 7R ARSI AR S R 1.3 A4t

IR 2 A ERRE . BAe T2t SRR & 8 131 seiesh 96 Wkt sD KR, SPF&%, L/VAR, 1k
S RBANERAR AN . SREAEES TS - R ERE. i (200£20) g, 1 RIS /R - DAEILSEES B PR A A 4
IR R K R R A v ik 0, RN A TR RE it [ RIES . SCXK( Y )2018-0006], i 3E T ki B 2K
RGPEREIR A, IR AT S R RIRER AN PO AT 2SS B [SYXK( ¥ )2020-0009], fAIFRIAE: S SELEE,
J A HEVE B IR AL L M IRET AR I S IR 21-25 °C, B 40%-70%. HIARIMESR, IEHUK,

0 5|= Introduction
SUME PR A A I R R DL 9 R M S RE PR, FR el

FUBEER . MEMEVESS L R B ATV R R B 3
P73 R R SRR A, LA [ I B i A AL fi
PREGASAL IR, RS IBRIIR A U PRAR AL FE AT B PR 7o
BURTVEAE T BN RGP T 3 Fho7 ikl 26 S IR R A Y
(KI5 R BGERTTIR IS5, JFE 5 T H I D RESR AR 152
Wi, R SE A BT FE S R AR 6 S AR S IR SO SR it S B B il o

12 h B, SEIORAS B R 25 R SR IR 25 2 ki,
SHEEHAES . PZSHUTCM2306150003.

1.3.2 EEAFIZ M S WER ( LEEAREE R
AT, $62702), L- Ki% i (Adamas, P2489825), -7 i i
#4 (Adamas, P2446564), FE bt ( L EHHCEARA A,
$10010533), ARF4r %0 4% Ho Pk WS VA VR ( WiV & AR R 2R
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MFARAIR A7, 20230503), AFERK (_EHFIEMAEPRHL
HIRAF, 122031604); K & (Amylase). g i B (Lipase)
W aGR & (R RTE A TR TR ).

FAREW ( LiERERERMARAR ), 2HE3ME
A ACAX (HITACHI A ], 7080, H A ); fi i % 5 % (Chemyx
/N7, Fusion 100X, 3E[H ); fMEM A (Eppendorf, £H );
EF 1% (Bio Tek, Synergy, ZE[H ); & .01 (Thermo Fisher,
ST16R, 2£[H ); iM% (Thermo Fisher, AMEX1000, 2£[H ).
1.4 FEI7ik
1.41 ZhW5r4H 96 WENE SD K RTE SPF g BRKE dhid B 1 1A
721G, RHEBEE R KRN A IER A, Wi
FA. - R FEEIRRRAA, A 24 1, FHANFE
FRYE 3 AN ] S5 BEHL 2 Bk 3 N TE4H (12, 24, 48 h), AT
48 H,
1.4.2 BURIECH] - KSR K 20 g 7T 100 mL &AL ANIA R
o, BRI pH AE A 7.0, FCRK 20% 1) L- K SRR VA
1 mg W F M R SCIRIEdRY, 2 MEERE, T 50 mL/E
LK, B RAT AT T —20 CUkFE; ARSI R E R
A 0.35g, T 10 mLAEEEEK, HoHR 3.5% 2- i HER AN 7A
W, 4 CUKFEIRAT &
1.4.3 A FrA RRIERLH] AT 12 h 28, AEEK.
IERARBARATEMAH; HoAx 3 AR Sk 77 v
) 4 BRI R A AR BT Ry 4 SR 50 pg/kg Wl
J RS 6 Uk, BEIRIEIRE 1 h; L= KRS SR 2H 1 s v 5 20%L- Fif
RIRIH, 5 2.58/kg, FFRE Lh S 10k, SEEG 2 4
FBE A L- RS R K B IR 22 B S AR
AT PR AE I K R U 350 B AR e Dy o A I R BV 4R FH S
BIEBNRE, R EF &R, B H 70% LB,
BUEHRIE R E— 9T Y] 1 (2.5-3.0 cm), FARBYBYTF K% )2,
oy ERER I, WYE IR MR B e, B i,
SR MR, TR R e i R I OC I, &
+ A8 B O BE AT BB 2 I ( NEFZ 0.6 mm),  FELL/MIfL
B e Ak, 2R 1 mL/ke( VES % 200 pL/min) 35 5] 4%
MRS 3.5% AHENHER AN, TS SERJE MEE 5 min, WL
JRRMR A AR, AR T, IR EE AT, AR
el R DR G, B g4, BECHERE. EERER
IE 1, SAER AN T 12, 24, 48 h #HATHUM .
1.4.4 IMFEEMAKTFRDN  EEBSEH 12, 24, 48 h % HL8
WK, PR sbe N R, I8 32 3 ik HfiL, 3 500 r/min,
4 C O MR 15 min, il # 2 M5, R AR A 177 S
TR FH BITE R — WL LE kA I e AT B /K. TR ISR B, 2R
P ER KM RE I 46, CERRFLER AR AR b 1 B e LA E 1L,
ISR IS, FHEEEAR 37 CKIG, #ERRY. 7.5 min 5, Kk
IO FHE . RGEK, TRA)E, R BEARACRN 660 nm 4
WOGREAE, THE TS e e R LIS I T KT I AR
P F R 1 RS, B b 5 &, TERFL B AR AR -
WET AL RAEFLRFEARTL, WIRARE, HIER 37 °C
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R TEAT PRIME S B A R U 358 G S P Ky s 2 AL A 2L 5 A5 76 1
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AR RN AR AL S FE V)

EEERYIALIE GRS 12, 24, 48 h RIS, JEEKIBO0L, HIBUEREIRE S,
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RIBERSHOE TG Bl rh B2 RA MR DI R, BRI
PZSHUTCM2306150003

TEELF A 3-5 min, IIAZIEIR, FIH AR ORI 580 nm 4k
FESRATI 2 min ZFLWOGEE, HEILERE S E. Pk
gh e, RRATE 3 ANEFL. S BUMLIE 150 pl 2% i
HREE 25K 2 254 2 A VPR B 9 b0 F 4 B Bl i3 AR AR
TIMGE PN =R AR JREA. UK.
145 REFIEECIE WBDOKRBEMRAN, R4 B KSR
HiEVE, WOKARI TR IR K2 JE AR B, SR %k = 285
B /R E

1.4.6  FFAKG — e et g R AR SV B 2L UK R
RS, BARRR S 4% P S E 72 h S, RN
YrE A ST IS, MGEERRE CBERK, —HRIEN,
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UM AR, ST HA A, I PLS um JB R ESR
YIA, WM, RS ORISR R, AT
HAKS — e gett, WoKmoe, R, —HREWE,
R R ], 10x20 £85I I A .

1.4.7 JRIRA SRRy RAR U0 4R A o R
Kusske YE43 b ", WLER 1, VRO AR KoK, i, 3R
Yo SOEANMURIE, S538 4 DI afets e M. K E &%,
M2 A ERRNE T R, AR PR 1 P43 20 o) g iR 28
SUIATIE S, MEKBEIR A ZUREL D) o BON 2 AL T 45
RHFIME .

1.5 EZIRIEHF ICFESHRNRGEHR)G 12, 24, 48 h Fi%
RFET A HUR 5 W E2 AN [R] I ) s i AR T 25 T ST
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AR TRARKE — FP AT Y 0 0 52 iR £H 2R HE AR Ak X R
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1 | BRERLALDFFIZIE AN (Kusske 3% )
Table 1 | Detailed rules for pathological scoring of pancreatic tissue (Kusske
method)

V5 7K i Y4 9% M4 s

0 L Tk i TCRBE KL 0-1

1 WM< 25%  RREA SRFEH 1%-10% 2 PE4niu% 2-10
7K i

2 MR 26%-50%  HRiEME/NeFE] PRAETHAN 11%-20% 48 PEANA %L 11-20
K

3 LA 51%-75% BRiE34K, /N IRSEIHAR 21%-30% 4 R4 %L 21-30

I i B 5
B/ B SRS > 30%

4 H AL > 75% JPEANH AL > 30

1.6 &t FoH NLEGUFTECE R EGKFEST
A KW, K SPSS 25.0 B AR HEAT HUHE A Hre LA x£s 1)
T RFR SRR, R S Y IS AR IR 0T %
FERTES, 7SR, RABRER T Z9Hr, PR ECR
LSD ¥:; 7 ZEAFKH, K Welch’s ANOVA, 15 % Lt 4% 5% H
Dunnett'T3 f 4. P < 0.05 WA 2 g Ve o bk
SIS F i3 8] iR ARG K .

2 Z5E Results

21 RRAMRTE [ AFE EFH. WEERASA RS
THETS, FHi5 % 100%; L- FEE R4l 12 h JET- 1 H, 24 h 3E
22 H, 48h JLAbT:, 7GR 88%; FfifIHEREA4] 12 h 3t
T-1H, 24h f148h TTIET:, SAFIEZ 96%.

2.2 FRMRABENR ERE 12, 24, 48 h J5HUM, 1B
HIRMR LA R I, JRJE o IH S A, e T s P oK AL
7K RUBEEAL 12 h RARAEEn] WL IR R R FE K iy 3 i A
B BRA, 24 h JBESKIR R R KB 2, 48 h Bk KA
FT 2R AR - KSR IR 12 h ] DUBRAR K Bl BE &2, 24 h R iR
PRI R IE JEIE AT S AR I, 48 h AR AR AR, fE b
BEK; AFRERHER AL 12 h B IER. RS SRR,
J e i o BRI 07 A 2R IRBE S B AL B, 24 h IR 2 B
AN[FIRE B2 78 K B AR B 5 R Rt LIRS, 48 h iR £ 58
SR, WE 2.

23 IEHEBHEETAL HIEWAML, WiExd 12, 24,
48 h 3 AN ) £ JRR R A 2% AR B 2 1 H 2B R BE (P <
0.001); SIEWAMEL, - MR AR SEIEEE FE
#, 48h EZR7 T3 (P<0.001), H5IEHWHAMLIL, FHEAHRRPIH,
12, 24, 48 h JHRNEZE R RN, H24h ZREEE
(P<0.0001), WE3 K% 2.

2 | SEARRRAEFIEHLE (xts, mg/g)

Table 2 | Comparison of pancreatic organ indices in rats among groups

ZH 5 12h 24 h 48 h

IEH A 2.46+0.11 2.57+0.07 2.43+0.12
R A 4.3210.20° 3.67+0.10° 2.7840.07°
L- KSR R 2.92+0.08 3.85+0.65 6.68+0.59"
AT IH R A AL 3.48+0.17° 4.23+0.33° 3.7440.09°

Fn: HIEWAMLIL, *P<0.05, °P<0.001, P<0.0001.

24 ik P, R R BRI L HIEW AN,
VEN B AT G B AR 3 B S PR SR R W T, R

E A HER REUA R AR WEERATHEE. IR
B KPR REAE 12 h ik BIEAE (JE¥lE P <0.000 1; g7 P <
0.000 1), BEJ5 2 N - FR R4 IFEErEE. Be
BEETE 12 h IR TH R, 24 h A3 (JEk B P < 0.001;
G/l P <0.01), 48 h B T, HTIEHEK: A-REAAER
WAL AS R IRITERAE 12, 24, 48 h BRI T IF
HAEZE TR . WE 4 3% 3.
%3 | BAARMBETHES. PEIEIK TR

Table 3 | Comparison of serum amylase and lipase levels in rats

(xts)

2H 5 I ] VERYEE (U/dL) Jig il (U/L)
IEHH 12h 2059.16+149.25 12.29+1.15
24 h 1925.75+161.00 12.21#0.25
48h 2 088.53+108.33 10.69+1.15
e AL 12h 4502.87+122.87° 111.84+9.78°
24 h 2 651.80486.97° 19.06+1.51°
48h 2 578.64+89.38" 18.54+2.94°
L- & 12h 4037.35+389.21° 79.84+25.51°
24 h 5154.86+777.75° 176.27+86.39"
48h 3030.124315.54 45.35+22.52°
AR R AL 12h 6142.37+214.45° 102.08+18.05*

97.82419.67°
84.44423.24°

24 h 5627.11576.07°
48 h 5522.18+753.79"

Lk HIEWAHMEL, *P<0.05, "P<0.01, P<0.001, ‘P<0.0001,

2.5 PRI SIEW A, WiER
H 12 h A AB K RH 2 544 (P<0.01), FHEEH
B A HERS B R RS BREEN. REA. WIEKF
BRI, PRI ThRER A . 5 IER AL AL,
L- KR 24 h RN E KPR H 8 f5 /A4 (P < 0.001),
B G 2 B, REEEN. JREE. WK rES5ERE
REKCP R 8, 24 h KBRS, WER TREH. 5
EH AL, AREIRERENZE 12 h B R AR R I 9 5 /2
£ (P<0.001), BHJGZEME TR AEEN. JRER. WL
KT 58 R EREAKT 5, 12h &E, BEEZE T .
L% 4.

#4 | BEKRMERSIHAIEIRLE (xts)

Table 4 | Comparison of rat serum liver and kidney function parameters
among groups

ZH 5 WfE BNEEN AERERE RER JULEF
(1lu/L) (1U/L) (mmol/L) (umol/L)
EH4l 12h  43.50%4.20 149.50+11.80  6.00+0.39 26.25+0.63
24h  37.40+2.00 125.60+11.10  5.16+0.32 27.80+0.58
48h  36.40%1.70 101.8046.00  4.92+0.18 23.4040.51
WkEZ  12h 87.0045.40° 183.6045.60°  6.61+0.29 28.14+0.94
4H 24h  81.2043.60°  142.80+5.40  4.74+0.14 24.40+0.68°
48h  53.20+4.40°  112.80#6.50  5.64+0.28 27.20£1.07°
L- K% 12h  64.259.84° 164.25425.85"  8.63+0.27° 28.60+0.51°
[ipedih 24h  248.00£34.31° 268.40+17.42° 10.70%3.68" 31.1740.79°
48h  95.5046.73°  187.50+13.32  9.80+0.80° 29.00+0.45°
e 12h 394.80457.74°  705.20432.55° 22.3345.13° 55.17+25.16"
FREAZHL 24h  292.80£44.00° 671.70¢51.30° 17.0847.94°  40.00+12.29
48h  97.83+12.74°  299.50+43.16° 13.80£2.26°  36.17+4.36°

Fvk: HIEWAEME, *P<0.05, P<0.01, P<0.001, ‘P<0.0001,
2.6 MIRALREFEA JeBE FWER L, 1EH 45

RBHRBRIL IR, [P Sy A5 M 5E 48, ot A, R /N [A] B
BE9E, R RVEANE. P4 12 h BRI R A E K,
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E 1 | 4EERm A SRR EE
Figure 1 | Schematic diagram of modeling in the sodium taurocholate group
itk WA - R4l ARl AT AR R B2
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Figure 2 | Gross changes Figure 5 | Pathological changes in rat pancreatic tissues at different time
in rat pancreatic tissues at intervals (hematoxylin-eosin staining, x200)
differenttimeintervals 2.7 MUMAALRRILIES LR LR LGRS IR A 5 3
, ’ ' , AN A R TR (P> 0.05). SIERAMEL, 3 Ff
: B 3 T MR MR A% o P 4 7 2% AN I 1) 22 53 3
FHVER (P <0.05), H.[FIZHBEAG I 8] (1) HE A% o BEVF 23 39
3 ° ~ i 3 | BEARBIEE VLU BRGSO R AR R B AR L,
3 kAL
= ° wipumn  FEORSERmiggege e H DA RNALRN B R, L R
£ 4 —~ gyl Figure 3 | Comparison R
ﬂﬂTﬂ of pancreatic organ Méﬂ.{}\zy ﬁﬁm%%’%éﬂﬂi,ﬂi9 lﬁ%q:ﬁﬁﬁﬂﬁgﬁéméﬂﬂﬁﬂi?ﬂ{ﬁﬂijﬂ
D-——O‘-\‘\_.O . .
E 2 indices of rats among  jEE [l 5,
. 12h 24h 48h groups N -
R5 | BHEXRRRALFEITI LR (xts)
Table 5 | Pathological scoring results of rat pancreatic tissue in each group
A 8000 R
2 6000 o TR A5 12h 24h 48h
s T o pEma )
Powg s vmmnn T
£ N I 204 .2540. .2320. .000.
2000 — o — L- KRl 5.50+0.64° 6.41+0.64° 7.5040.65
= o AT IR R A2 7.00£0.41° 8.00+0.41° 9.25+0.85"
h un “en Ea | RAKARMF &E: SEWAMEL, P<005, °P<0.001, P<0.0001,
® a0 - E TG (N RAERE
S 150 M (B) 7k P ELA 3 11i£ Discussion
= - L- FRRA - . IO N s
= o P8 | Comparisen SR 96 J — o 5 8 S B 1A I S R M S
o= of serum amylase . , .
= and lipase levels (8) in ‘L%ET el SRR BRI R 4 B B R R 5
o= h - rats among groups o FREEVE A VR JORE I N ER G LS A 2 L A8 ' DI e
12 24 48
b MR A e RIS T 3208 %0, Mgk A, R BEARIE. iR
ANIF TR BRI B8, RVEANIE 2 24 h /NIF SR 3R EL S /N[ W%ﬁm%i»ﬁ%%m%i%ﬁﬁ“ TE SRR 2 AR O

(AIREAE 58, TR R RIRSEAE, ARG MR 48 h [ fiiiR
YK, SRiE A 5 RN M 5 K R IRSE b%bM@nh
BRI SE IR, NI TR LK, SRR BRAE 20 A o /b B
ﬁ%%&@;Mh¢ﬁ@@@ﬁ,kﬁxﬁﬁﬁﬁm,ﬁ%
AR 48 h RERIRESERERE, KA KSR AL K S MR IR
o ATEAHRRANAL 12 h AN BRIE 58, IRSEIEHLE 0 A, K
ERIEANIRIE; 24 h AR FORIRSE Kb i e, KR
RIEANIZIE; 48 h AR K] 25K 25l KBRS
L RAPERNEIRE . WLE 5.

5484 | PEPLTIEHR | 55285 | 53457 | 2024F128

BRI FE A, AT i R 12 52 10 A R lad id B 5 i - B
%E%ﬁﬁﬁ&ﬁ%@ﬁ%%i%%ﬁ,E%ﬁ%ﬂﬁ@ﬁ
JRAR IR AR IR SESET, R i R 7 A, B
EWEAAE, it 7 AE Al SRE bR B AL A R L
F. AR 7 10 A4IEA R 1. AR 8. B
IHEHF . M/MRIE AL TSR ™, AT 808 £ K
PRI EE 2 JB R () O S N3k FE R IS, 75 R 4 B M RO
RILEFEAE 28 B REFRAS LR A AE S BURF SET: ™, T4
Ky WETEN GO T SRR 2 A AL B FE MR 1R, B



HAREE

PEARTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

AEAE AL M 75 S50 AF FUoR D0 DAE s A B, BRI b i) 45 F e
AT EEI VR R R AN T AL R R B E K
=8

1977 4F LAMPEL 25 9 1 Y i 4 Fik V0 5 79 ek 32 10 7 vk
R 5K R B SR R 2 A o T e 22— E S 4
= - RS, REus I BN RN R W . YR S
TR 2 AR AL R TE A B, — Pl i 2 52 IR
FERIL 1) A o e 25 4 S U 52V 4 34 A e ) 4 1 g 0 o 2
FIg, IXUCE LB R AR R R AR, SRR B BH
™, Hil, WEHRCLRIEEMAT AR AR, & M
T T Rk IR A B fy g S PO, AR (R A R
5N SRR A A H AR Y, iz R R T AR R A,
EFFAR, EEANGEHESTET LT, faett L EE M
Uf o YR SIIG A B s vE S R B 3R 50 pg/(ke-h), ESE 6 IRE
SFRRBMEFER T, gL ER, WHRIE AT,
R BGAE 12 h b TR E K, MG 2 R B, 5 CHkE
75 B HAZ Ak R R AR LS R R 3 B
JRFEE WEFACEFEMEN, $ERZ T S ThRe i fn i
No TRERZE SRR, BEERT MIHERS, §YIE R AR & A 2
ZUKMY, SRIRTANZE K. g B ikl e KPR R
BRI B B BRI oy 5 3, MR IR AR SIS
FRAR S N T S BER 2%, 9978 9 E R 14 L DAZK i Sy 32 TRy
fiE

1984 4£, MIZUNUMA % B9 5 5 i Ji v 5 K 77 B L
FR, LT —FOCAN ERE R ST, - RS IR DR
g it U7 0 BB AR AN R AE RS S, - RER
3 T Sk R A AT, RTHLA AN 2 . TAND 25 B
WNHENLHIFE T I B IR D T 2GR, A
TR AR A e AR A TR 7E R AR AR v 20 i
BOEER, BHEMER TR R R E RIS EW R — A, 33
AVESIAIE. BEEMFTRERN, - BRI S SRR
VEFIMLEITT e 540 E s, — bR, SO RS o6 B,
AR PG . AR, R BRI NG A, @t eg
A L= R R IR L . IR SR BRI FE . kT AR
H 20% L- K52 B4% 2.5 g/kg 7 2 MGG, 45 R SR fiF
VEMEE. EITEETEVELE 12 h SEEHN, 24 hiAF|IE(E, 48 h
AR NBE, SHISCCHRIRER R B iR SR B A R R,
SRR IR BEIEBAE 0 A, RE R IR, A EER
PERRNR RALTYRRAE . BhAl, SWERAML, AR s A
WM. RELEN. JREA. WIE 24 h EFA S, 48h
BE TR, BRI eE. Hob, LR RER,
AT A AR PR K PTE 1224 h s, 48 h T NBE, B
JRNRA R EL VT 3 7E 48 h e, (HARILIRIFFL A 45T 48 h
WILEAEL, R/ E S R CAZE R A 58 A H A i .

REFR A 300 AT 98 SV 2 5 S PR A0 S i R 8 K R A 2
1 77, 12 TR ROz v I S A B ZE I, IR N R
PRI, 2 BATTHDL A0 2 H 5P SO JR AR 28 R R L

T JIEL 050 2 e R R 28 A 0 36 7E M JE R 9% v BT o 1 Bl A3
50%, MLZ AN B Joa s Y E il AN
WIE R AR BR AN S St IR SR, I B TR,
IR, 13 AR RN T St AR A B i
B FE N 3.409% . EH R T R 5% FREHER N, &
PAE T M, PG 5%, 4.5%, 4%, 3.5% -t 0 R 4N
Xof LL S, f 24 B 3.5% A IH R EA T LA 0.2 mL/min i
SRR BERE R ThiIE SR, FETRMAG T PR, SLIRLE R R
N 12 h S eI R W B B KT, bS8 NI E
SXRAM L B Bt ER, SIS R .
5 - AL, MiERNEEEN. BEEai. JREA.
WIEFFE bR B BT, AR R AE R 5, & T A
R P R R 98 AL

EEZ . - KA. FRHRMNE 2 S KR SR
R AT () R 7. IR S SR R I EEE,
M M BV, (R TR B RIS, R ALK -
R T SR AR R R B, pRBIRR, AN,
HAEBERGE R, arE R - &R I AN 7 A
JERRIRGRERE , B ABON 2, (H 2 AR SO0 1 W
HAAEREHERN; 5 e A - RS SR AT L, 25 T I R
3 AR R B TG s R, B EE B, H21Z%
TR R AT RHIR P SRR R R 6 97 2 3% B ThRefi 4 A 2 AR
77k Bz KRS R, BARERR. Retns
AT, HLBRARZE 25 78 58 R A I A AR IE . MR S50 4L
PRI LA B, 3 Fhd 7 vE T TS ¥ vT A & Ve i I
BT, JEREE A AR RIS . iR
KERMIBEVEREE. TRl T Al GE7E 12 h IARIE(E, )5 2
RS, 48 h BT IEH 4K - RRERALK R I 24h
ISR, PG 2 FREESA, XPFMETITE 48 h I & g
TR, MR KT EEEER A, ik, fEE VNI R
R T 00 2RI 2% PTREAT B @i . AR A R AN 4 KRR i
TEUEMEE . JERTEEACT Rl RELE 12 h ey, BEJG 2220 N %
o 3 B KRR I i AT S REFE bR S UE A S AR T B K T
A —F, WEERAT SRR, RHITE
TR, SHIEEZRAMEL, - K RRALT S SRS e bR &
Tha, ARR TR ACEA B AR R AN, BEIHTEIX 3 Fft
b AR RN T BT i, - R R R IR, MR
. WBERASIEEERE, WikRFES SRR % DUEIR
(7K Ry 32 BERRAE, L b R A0 AP s E R LA TR BE hy 3 AR
fiE o X 3 AR A i it 28 205 B 5% K s BR VT 7y 45 RO, Bl
FEFA] RS, 3 R R BRAR L AU W BN, 45 A e AT
(7 B 1) 5 JR B 4 P03 B4y, 3 PR AR 4% 5 A ek i 4% LA 2R
WENHRRANA RS R, - R IR, Wik R R,

gE LR, SRV TOE R 3 FhE R A S SR
REAY,  TEAH R 8) 0 Lo s LA R R A AR A A, £ 6 VTN 3
Tl K SRR IR A TR SRR P S AR 25, it — B 7T Ak
JR IR 4 SR KA RO SEGHERl . (HU, iZWE RAFAE— 2 R ER

Chinese Journal of Tissue Engineering Research | Vol 28 | No.34 | December 2024 | 5485



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

P, FHRRAiEET 12, 24, 48hiX 3 MEFEIEEARUESLE,
X ERATI 12 h J 48 h DUJA 3 A 24K AR I () F 7

Bifl: Bt L EHKFEY o NHR T SIMBELIT, RHE
AR, BRRALE I I GG A B, A6 A B TR 3% T R AT AHAF
TR AE.

e mk: 4 RHAT R
VEIE 8o i, FRARHLA T 5%
FeFA L2

FIEHZR: X Fee3EH B, ERAARTALTHRE 2T R
B R,

FHORBUERR: X2 — B3O, RIE (Frindk 25T
“E L - A ALMARR - AR F KEF 4.0 Kk, ESHIIRGHALT,
AAFAA T Ltk B 9K F RN Z%E. ST A, R AFE
TR F . T8 #0. A, 376, k. RAMEIZ Lk, HH
2SR, ARSI AR R T AT AR A IR,

MiAREE L 3 AT AR b R 3 E T LE AR g ik .

HARHISE: ZAFREETTAREZHAHEEN S (FRHR
T 5REREFHFAHEL R RGBFNLY . XFhmiTegids
bR B 5 X kA A G HATIREE, LFLDFTIF EEREIF,
AT BUAA LFEA SR FLIGFEE.

Rt FREEAIEES, R, M
LR FRANCE, WA FERATT

4
<

4 £#E ik References

[1] SONG Y, ZHANG Z, YU Z, et al. Wip1 Aggravates the Cerulein-Induced Cell
Autophagy and Inflammatory Injury by Targeting STING/TBK1/IRF3 in Acute
Pancreatitis. Inflammation. 2021;44(3):1175-1183.

[2] DING SP, LI JC, JIN C. A mouse model of severe acute pancreatitis induced
with caerulein and lipopolysaccharide. World J Gastroenterol. 2003;9(3):
584-589.

(31 HhZedr, MR, A, & PR SPEBRIR 2120 HE G (2019 4, TLFH )
1. PR IFFIIESR 24 & ,2019,35(12):2706-2711.

[4] XIAO AY, TAN ML, WU LM, et al. Global incidence and mortality of pancreatic
diseases: a systematic review, meta-analysis, and meta-regression of
population-based cohort studies. Lancet Gastroenterol. 2016;1(1):45-55.

[5] BOXHOORN L, VOERMANS RP, BOUWENSE SA, et al. Acute pancreatitis.
Lancet. 2020;396(10252):726-734.

[6]  HEL, WANG L, HOU H. Bicarbonated Ringer’s solution improves L-arg-
induced acute pancreatitis in rats via the NF-kB and Nrf2 pathways. Scand J
Gastroenterol. 2023;58(3):276-285.

[71  ZHANG L, SHI J, DU D, et al. Ketogenesis acts as an endogenous protective
programme to restrain inflammatory macrophage activation during acute
pancreatitis. EBioMedicine. 2022;78:103959.

[8]  LIUX, LUO W, CHEN J, et al. USP25 Deficiency Exacerbates Acute
Pancreatitis via Up-Regulating TBK1-NF-kB Signaling in Macrophages. Cell
Mol Gastroenterol Hepatol. 2022;14(5):1103-1122.

0] 2, i, XImNEE , 55 . KRSk SR A S AL Y 57 ()]
rp [ b A 2 2 24 36 ,2003,13(6):358-361.

[10] LINR, LI M, LUO M, et al. Correction to: Mesenchymal stem cells decrease
blood-brain barrier permeability in rats with severe acute pancreatitis. Cell
Mol Biol Lett. 2019;24:56.

[11]  LEE PJ, PAPACHRISTOU GI. New insights into acute pancreatitis. Nat Rev
Gastroenterol Hepatol. 2019;16(8):479-496.

[12]  NEPOMNYASHCHIKH LM, LUSHNIKOVA EL, VISKUNOV VG, et al. Ultrastructure
of acinar cell injuries in experimental acute pancreatitis created by common
bile duct ligation. Bull Exp Biol Med. 2011;150(6):747-752.

[13]  JAWOREKJ, SZKLARCZYKJ, KOT M, et al. Chemerin alleviates acute pancreatitis in the
rat thorough modulation of NF-kB signal. Pancreatology. 2019;19(3):401-408.

[14] ABDELZAHER WY, AHMED SM, WELSON NN, et al. Vinpocetine ameliorates
L-arginine induced acute pancreatitis via Sirt1/Nrf2/TNF pathway and
inhibition of oxidative stress, inflammation, and apoptosis. Biomed
Pharmacother. 2021;133:110976.

[15]  #FtF, sMER, I, 4% 5T PISK/AKT {3 Sl s 1 K s 4t Pzt 2k
JiRe B 5% O BRI 2EL 24 PR T B S S SR B (1], R ] e R 2 S
£ ,2022,29(7):73-79.

[16] EL-ASHMAWY NE, KHEDR NF, EL-BAHRAWY HA, et al. Suppression of
inducible nitric oxide synthase and tumor necrosis factor-alpha level by
lycopene is comparable to methylprednisolone in acute pancreatitis. Dig
Liver Dis. 2018;50(6):601-607.

5486 | DEHERTIEHER | 5528% | 55345 | 2024F 128

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

KUSSKE AM, RONGIONE AJ, ASHLEY SW, et al. Interleukin-10 prevents death
in lethal necrotizing pancreatitis in mice. Surgery. 1996;120(2):284-288,289.
EL ME, AHMED M. Carvedilol attenuates l-arginine induced acute
pancreatitis in rats through modulation of oxidative stress and inflammatory
mediators. Chem Biol Interact. 2020;327:109181.

SENDLER M, VAN DEN BRANDT C, GLAUBITZ J, et al. NLRP3 Inflammasome
Regulates Development of Systemic Inflammatory Response and
Compensatory Anti-Inflammatory Response Syndromes in Mice With Acute
Pancreatitis. Gastroenterology. 2020;158(1):253-269.

LI XY, HE C, ZHU Y, et al. Role of gut microbiota on intestinal barrier function
in acute pancreatitis. World J Gastroenterol. 2020;26(18):2187-2193.
NOHOMOVICH B, SHAH A, HUGHES N. Severe, Complicated Pancreatitis
With an Unclear Etiology. Cureus. 2023;15(5):e39011.

THIEL FG, ASGARBEIK S, GLAUBITZ J, et al. IRAK3-mediated suppression of
pro-inflammatory MyD88/IRAK signaling affects disease severity in acute
pancreatitis. Sci Rep. 2023;13(1):10833.

TOCOGLU AG, KOKSAL AS, TOKA B, et al. Validation of the Revised Atlanta
Criteria in determining the severity of acute pancreatitis. Eur J Gastroenterol
Hepato. 2023;35(10):1137-1142.

LAMPEL M, KERN HF. Acute interstitial pancreatitis in the rat induced by
excessive doses of a pancreatic secretagogue. Virchows Arch A Pathol Anat
Histol. 1977;373(2):97-117.

RART, SAEAE . Sk 5 sh s R @ R AL D). 18 A
24 2% % ,2020,29(4):388-391.

GUL M, ESREFOGLU M, OZTURK F, et al. The beneficial effects of
pentoxifylline on caerulein-induced acute pancreatitis in rats. Dig Dis Sci.
2009;54(3):555-563.

LIU LW, XIE Y, LI GQ, et al. Gut microbiota-derived nicotinamide
mononucleotide alleviates acute pancreatitis by activating pancreatic SIRT3
signalling. Br J Pharmacol. 2023;180(5):647-666.

YOTSUMOTO F, MANABE T, OHSHIO G. Bradykinin involvement in the
aggravation of acute pancreatitis in rabbits. Digestion. 1993;54(4):224-230.
KLAR E, SCHRATT W, FOITZIK T, et al. Impact of microcirculatory flow
pattern changes on the development of acute edematous and necrotizing
pancreatitis in rabbit pancreas. Dig Dis Sci. 1994;9(12):2639-2644.

SONG R, YU D, PARK J. Changes in gene expression of tumor necrosis factor
alpha and interleukin 6 in a canine model of caerulein-induced pancreatitis.
CanJ Vet Res. 2016;80(3):236-241.

BACHMANN K, FREITAG M, LOHALM H, et al. Effects of hydroxyethyl starch
and cell-free hemoglobin on microcirculation, tissue oxygenation, and
survival in severe acute porcine pancreatitis: results of a randomized
experimental trial. Pancreas. 2014;43(6):855-862.

DABROWSKI A, KONTUREK SJ, KONTUREK JW, et al. Role of oxidative stress in
the pathogenesis of caerulein-induced acute pancreatitis. Eur J Pharmacol.
1999;377(1):1-11.

B, ST, B, & L AR R R A T I 35 5 S M AR S AR B fr ke
FUF 7 [0, BUARAE MBS 5238 i ,2012,12(15):2810-2813.

MIZUNUMA T, KAWAMURA S, KISHINO Y. Effects of injecting excess arginine
on rat pancreas. J Nutr. 1984;114(3):467-471.

TANI S, ITOH H, OKABAYASHI Y, et al. New model of acute necrotizing
pancreatitis induced by excessive doses of arginine in rats. Dig Dis Sci. 1990;
35(3):367-374.

ABDELMAGEED ME, NADER MA, ZAGHLOUL MS. Targeting HMGB1/
TLR4/NF-kB signaling pathway by protocatechuic acid protects against
|-arginine induced acute pancreatitis and multiple organs injury in rats. Eur J
Pharmacol. 2021;906:174279.

CZAKO L, TAKACS T, VARGA IS, et al. The pathogenesis of L-arginine-induced
acute necrotizing pancreatitis: inflammatory mediators and endogenous
cholecystokinin. J Physiol Paris. 2000;94(1):43-50.

M AR KDY, L ORI ORI ST EBOC R S
PESRBENE TR SRR KR A ). B AR RER 5544 ,2000(4):322-324.
LERCH MM, GORELICK FS. Models of acute and chronic pancreatitis.
Gastroenterology. 2013;144(6):1180-1193.

AR, e, SAE 5, 4 . ZFREAR R AN AE R R S IR 2 A2 o )
LR (LDSO) WF AT [J]. BACAE M) B 2433k g ,2011,11(19):3618-3620.
Aps AR AT, A5 SRBTIE IO USRI BAE SRR AT R
BURTR T E RIIT AT D] T 2525 38 SR IR ,2018,34(6):169-172.

( FeAT4a4: GD, ZN, WL, Y))



