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FRSEIA L G BT AT 2450 (9 d a0 o o WS SR P e 3 R B AT 25 HEAT T, R I A S R Rl R (3
6. 12 h) 2520 K BUBAR 5 B BEZH S0 AR Ak . i R PR R /K F . AMY 5 LIPA XJR R A (BUN) 5
WUEF (Cr) KF. HEAHAERE 12 h B S, A A5 I NF-kB & caspase-3 1) 335 . TUNEL
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Abstract
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Background and Aims: Paeoniflorin is an important traditional Chinese medicine with broad-spectrum
anti-inflammatory properties. However, its role in protecting kidney function in acute necrotizing
pancreatitis (ANP) -related renal injury remains unclear. Therefore, this study was conducted to
investigate the effects of paeoniflorin on ANP-related renal injury and its action mechanism.

Methods: SD rats were randomly divided into a sham surgery group, an ANP model group (ANP
group), and an ANP model plus paeoniflorin treatment group (paconiflorin group). ANP was induced by
retrograde injection of 5% sodium taurocholate into the biliopancreatic duct, and paeoniflorin was
injected via the femoral vein after modeling. Initially, different doses of paeoniflorin (50, 100, 150 mg/kg)
were tested to determine the optimal dosage based on their effects on serum amylase (AMY), lipase
(LIPA), and liver function indicators. Subsequently, the optimal dose of paeoniflorin was used for
intervention, and at different time points after modeling (3, 6, 12 h), the groups were evaluated for
pancreatic and renal tissue histopathological changes, serum inflammatory markers, AMY, LIPA, urea
nitrogen (BUN), and creatinine (Cr) levels. In renal tissues 12 h after modeling of all groups,
immunohistochemistry was employed to examine the expression of NF-kB and caspase-3, TUNEL assay
was used to detect cell apoptosis, and Western blot was performed to analyze the expression of p38 and
phosphorylated p38 (p-p38).

Results: The dose-response analysis revealed that 100 mg/kg was the optimal dosage of paeoniflorin.
Subsequent experiments showed that compared to the sham surgery group, both the ANP group and the
paconiflorin group exhibited varying degrees of ANP and renal injury histopathological changes
(increased histopathological scores), elevated inflammatory markers (TNF-a, IL-1pB, IL-6), increased
serum enzyme indicators (AMY, LIPA) and renal function indicators (BUN, Cr) after modeling, which
worsened over time. However, the paconiflorin group showed significantly lower levels of all these
variables at each time point than the ANP group (all P<0.05). In renal tissues 12 h after modeling, the
expression of NF-«B and caspase-3, the number of apoptotic cells, and the p-p38/p38 ratio were
significantly increased in both the ANP group and the paconiflorin group; however, the extents of
increases in the paeoniflorin group was significantly lower than those in the ANP group (all P<0.05).
Conclusion: Paeoniflorin exerts significant protective effects against ANP-related renal injury. Its
mechanism of action involves inhibiting the progression of ANP on the one hand, and on the other hand,
it may reduce ANP-related renal damage by suppressing the cascade reaction caused by NF-«kB-related
inflammatory factors through the reduction of p38 pathway activity.

Pancreatitis, Acute Necrotizing; Acute Kidney Injury; Paconiflorin; Inflammation; p38 Mitogen-Activated Protein
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Ak RSB PE R IR 48 (acute necrotizing
pancreatitis, ANP) J2& — Ff " 5 (9 i 1k R G5
FOR e 2B L I RAE IR, B 5 T BB R A
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F) R R PE R 2900 71.2961 . R IE X T ANP AH G B

© WA )3 of [ FF I F A EPTA

TR0 iR 97 e b B, 2 HHT ANP A I 2%
O WEFE R EE AT AT R R 2R S P R G T e
JiR R RS S, AT (paeoniflorin) P
R M AT A AP I, R Z R AR,
WAt R . PO L BUR DL K e Y A £ RN )
AT AT LU i 22 W75 5 B0 Bk B A R LR 4
B RAE J NI B v HoAF % 38, (HORAE ANP A OCH
PO AT 2 R BRI R A LG B, IRE K

http://www.zpwz.net



oM

EHE, 3 A LR IR R IR AT K o B U R S LB 1351

EHAERT,  H B ARALE o] i oK DL AaE o R,
AW 5 18 5 A S ANP AR G B55 R BRUBE RS, N
AT LAY T, WAL AR, AR R
i H A AR R AT REPIL I .

1 #MREFE

1.1 FEMRSIEF

ATETT (C0uH, 5 43T it: 480.45; 4lifE>95%)
W F R mt AW S A, TNF-«, IL-18, IL-6 [
ELISA %51 & T SE A9 . Sbi-NF-kBp65 (1:200;
ab16502) . 4 % GAPDH (1:2 500; ab8245) Fi
Pi-caspase3 (1:100; ab2302) HL KM H Abcam 72y
Hl . AP p38 (1:1000; 8690) Fi4L # iz 1k p38
(p-p38) (2:1000; 4511) HiHK I [ Cell Signaling
Technologies. (3% [E il A 45 J& W N 5 F7 5 8 57 ) .
TUNEL A5 I 2 77 & 0 7% [R 3 ] .
1.2 Iz

DK 2 5250 s 4 b0 4 43 128 L SD KR
(A J5T 1 180~200 g ) o K R BB T4 2 1Y T Jat i
RUET, AT 12 h OEREIE IR, JEA MK, K
MARRZ & ShYmFl R F R F T F . A0
B K 2= S W e B 22 5L S HE( LS : WDRM
s (#8) 45202210058
1.3 s ES4bE

W40 LR RBENL O IS4, BEH8 H, 430k
e F AR . ANPHEIAIZH (ANP41) . ANP A A +A]
AR (AU, FEEATH A &
(50, 100, 150 mg/kg) 43~ 34, S50 AT — MK
AR H AT [ ARk o ANP R R SR P JE A AT 0 E
5 5% AR IRER A (1 me/kg) #EN, RTARLAL
SO 5 B S /N AL B . 3 AT 2451 2 AE ANP Y
T I I % 2 B 2 kAT 25T (v fa] [R] B
30 min) , BT AR5 ANP 20 LIAR [ #4 07 200 5 A=
PRER K o A2 K R ARG 12 h 5 98000 MR JRR i
Ji b FE S OB K I AH SC 8 A5, o BT % 4 R A
i BEE K 72 HOSD R BBENLY 3 4l, 4
o4, il HBFARL., ANPA . A5 4,
Ab B 5 vk TR HT AT 2 R e [ — 8 4 S g 45 R
WP, MTEERE 3. 6. 12h, HAHAKHE LK
FURKIR G ALSE, T RS ICR I, 1% FR A< # 1k 30 min
Jo B0 A B s, BUOR B Sk 4 S DL K A
W )5 1 2 K -80 C AT o
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1.4 F5kRAGI

1.4.1 migdasraen RHAS A SEMS I (-
M 2700, HAS) K il i 3 VE R B (AMY) |
JEWilE (LIPA) . N&EMREASFE N (ALT) . K1
KR MREAIEEFW (AST) . JREA (BUN) . HLEF
(Cr) K.

1.4.2 mEF 54 KRBBRASLFHRE LR
HEEEE S, AEE ., U, HEQ @, it
BELEE . AR AT Schimide 5E T £ 04 JBE AR 450 005 95 L
TEA3 XoF 18 R 2 20 00 A7 95 BRIE 43, AR 4f Paller 2512 i
& 1% B O B 6L 405 T 4 X ' A R AT BRI A
1.4.3 ELISA & 450 £ 7 ¥ TNF-a  IL-1B VA& IL-6 %9
Foik WU SRR B O, BT, 4% ELISA i 7
EULIA SRR EAS . YRR TR . AW R Richt
AR R L& . B A B A e SR R TAR
W, IEK LRl E = T OE 1, e,
37 CHEEBEE 2 h, S5 Ve A SRR i A AL W) il
FRid R TAEW 37 CHEEME 1 h, Ytk, MA
A, Zeab L, NP B AN A 4 A .
1.4.4 %o 5% A4 ) B IR 40 2% NF-kB YA & caspase-3
EOF S-S = ¥ AR R Rl D 8 S I € SN
g E . KB ANEE S AR . BHH . —5
4 Cat . R 9 A Akl ) & E AT ) 2 WY
(DAB & f5) . JRAK Yo, WK, &R, b
W B A0 A% N EE G S B R GR, OB BE T,
K 1] Image Pro-Plus 6.0 8K #4752 1t 43 B
1.4.5 TUNEL %1 e 8 = 55 % 5 15 4 48 A0 s ) 1
JEVIHEIL 3 pm YY) R s . KAIFEREIR T S5
EOAMK (R EEYREARAR) BE
15 min . F8 4% 20 PRAR 4l HE 72 % S A0 240 M 58 T A ) 3k
% & POD (Roche Diagnostics) #& it (1) 77 %8 # 47 .
DAB 3 6 J5 FH 75 ARG Y« (L 4 i A% . TUNEL 45 5
Olympus BX53 it 55 W4 . TUNEL FH 1 45 5 0 4t it
ks g

1.4.6 Western blot 2 #7  fifi il RIPA #4 3¢ 24 % K [
B 2H 210 $E R B 1, BCA KK I 2 R
e LUK 4> B A 10, I 38 1 Bio-Rad #% 5 R 4o
E S PVDF I, HH2hEH®ES G, A
p38 (PUHHE 1:1000) . p-p38 (PLiHSE 1:1000)
DL K& GAPDH Hifk (HiiR¥E B2 1:2500) 4 CHFE
o B RIMAZN b, WEWE1hE, T
HURE, N BEAEFE LT AR R BRI
WK, Quality One 314 R 58 0 M KB
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1.5 SritELE

TR R Y B« An il 22 (R xs) Bow,
i 3 SPSS 19.0 4t i 2 B F ok F 5 IR R O 22 43 b i
PTG A, 40 H B R Tukey 2 8 AR, P<
0.05 8 25 BA G X,

2 &H B

2.1 AEFEAZHEX ANP KR AMY.LIPA 7k F
R RFThRERI 720
AN T 780 ek ) AT 25 9 3 BE B I AR ANP K RRUIfL
7 AMY . LIPA K (¥ P<0.05), Jf5— & M
FIE AR B, H 150 mg/kg A5 25 1F 419 ALT | AST
T 50, 100 me/kg AT2GTFAL, H AL 100 mg/kg 24,

KB AR AMY K LIPA KSF (1), # ik $
100 me/kg AT 245 H T Ja 2252 5
2.2 AAEXTANP KRERIRS B I RIEFRI 00
S8 TFARHLE, ANP 4 5 AT 25 1 24 g i 40
LU BB S 0 e B2 O LR TR AR ] 5T K
BOANP 98, e 2, R AR B 2 0T 4 AE 4%
A-BF R AS T ANP AL (35 P<0.05) (E 1), 5EF
AR B, ANP 2H 575 25 91 20 X WL 45 31 ' JiE 4H 21
AR, RPN R [R R B Y B R R & &K L 4l
7 NP AN N =l s O SN = U A = S
Pk, LB B IR 04 HE B BT 4 % AL T
ELAT 25 4 210 5 W B 2 DF 43 7E 45 A I 1) Y0 T
ANP 4 (¥ P<0.05) (K2),

F1 HAXRMBEAMY. LIPA, ALT. AST/KE (% +s)
Table 1 Serum levels of AMY, LIPA, ALT, and AST in each group of rats (x + s)

fFARA 1755.7+214.0 4417.9+553.1 40.1+4.8 127.9+37.2
ANP 4 8 287.5+1 394.5" 14 599.5+1 741.5" 183.5+54.6" 618.8+165.7"
AT 4 (mg/kg)

50 7244.1£793.2"2 14 190.3+803.1" 158.6+24.8" 480.3+70.4"

100 6333.1+683.9"2¥ 12 67507352123 114.1£9.41-2:3) 357.6£51.7":2)

150 5244.3+445.8":2) 11 362.8+905.0"-+% 275.2484.5":23 514.0+65.6"

D) S ETFARLIEE, P<0.0552) 5 ANPA AL, P<0.0553) 55 50 mg/kg AT25 141 4%, P<0.05
Notes: 1) P<0.05 vs. sham surgery group; 2) P<0.05 vs. ANP group; 3) P<0.05 vs. 50 mg/kg paeoniflorin group

W R
0 ANP]
RS ECR i

EFAL

R

P<0.05
—

P<0.05
[

B1 KRBEREALRERN

Figure 1 Pathological examination of rat pancreatic tissues

o ;;

A ReBUR 4 I AR AT s Br JREUE 12 h % 4UMIRAL ST HE 2, (x200)

A: Pancreatic histopathological scores at various time points after

modeling; B: HE Staining of pancreatic tissues in different groups at 12 h post-modeling (x200)
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AL NP o ML

B2 AREHARREBRN A RS WE L g JUHE Je (x200)
Figure 2 Pathological examination of rat kidney Tissues A: Renal histopathological scores at various time points after
modeling; B: HE staining of renal tissues in different groups at 12 h post-modeling (x200)

2.3 &4HIM;iEAMY . .LIPA.BUN X CrkE BUN DL} Cr K Ve s H I E LS 12 h i3, {H
TE BG4 W) ST, ANPZH 5425 H A AJ 25 21 1Y 45 T 38 b 7E 45 B 1] S 44 B B AIC T ANP
B AMY ¥ 7E AR 5 6 h ik fe i {E, 1 P 4119 LIPA | 41 (¥ P<0.05) (K 3),

AL
I ANPZL
AT AL

AL
W ANPZL
ERSELYEi

o TR
[ ANPZL
WAL

3 RABHEEAFEMESMEAMY, LIPA, BUN, Cr/kFibE
Figure 3 Comparison of serum AMY, LIPA, BUN, and Cr levels at different time points after modeling among groups

2.4 HHTNF-o.lL-1B K IL-6 7K T, AT 2545 A0 LA E A8 AR 2K S A 4% B ] A5 2
ELISA Z5 3 7%, ANPZH 525 25 41 1L 7 TNF-a | BALTF ANPA (¥ P<0.05) (K4).
IL-18 . IL-6 7K V- 76 & A5 5 349 B of (] 428 < 1 328 ¥
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B4 JAMETNF-0. IL-1p. 1L-67KFLLAL

Figure 4 Comparison of serum TNF-a, IL-1f, and IL-6 levels among groups

2.5 &AEHEALA B NF-«B K caspase-3 B RiE fe PR B B AR T ANP 40 (45 P<0.05) ; TUNEL %%
RAARATIER AR IR, ANP 20 5 AT 245 1 4 A4 4 i 04 T 34 1)
A H KRGS 12 h 95 A S bR A, WA, AE A A T B AT E (3 e

o AL B R, ANP 2 5 A 25 1F 40 NF-xB 5 0.05) (Kl5),

caspase-3 [ R IR BT, (HAT 25 FH AL 19 T

) ) ANPZH ) ‘

SECE

4.' R .1;; .~‘¢ 3 °
o R B

NF-kB

. Ve o e .‘W.
PG Yo i BT
S ok AR v et

caspase-3

SR e\

5 5 B0 R R R T 1B

Figure 5 Expression of NF-kB and caspase-3 in renal tissues and assessment of cell apoptosis

2.6 BAGAALRFP-385p-38HIFKIE T 2H p-p38/p38 L il #4 W i Tk, S i TF e R
i 17 Western blot K I £ 41 35 A5 f5 12 h ‘B E 41 BB AR TRTH (¥ P<0.05), ANP ZH % 80%,
41 p38 5 pp38 ik, LR WK, ANPA 54525 A4 Rh60% (K6),
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559 1] My, T2 A7 2 0 AOME R B M JRR R R AR K M A 09 1 R B AL AT R 1355
R F AL ANP 41 ~EGHH 1.0 <005
P<0.05
p-p38 0.8
%‘; 0.6
p38 _ E 0.4_
0.2+
El6 &ASAEAL p38.5 p-p38i&ill K p-p38/p38 LLHtL %k
Figure 6 Detection of p38 and p-p38 in renal tissues and comparison of the p-p38/p38 ratio in each group
3 i i o 0 i R bR EL A B T R B A I AR A, R

ZPEERE % (acute pancreatitis, AP) JEHfL R
Gih WL, BT A BRSO — R, H2E Y
67 7715 25 BCH A i D S 036 7 SE ORI ) 5 2L
ANP 1 & A1, ANP B9 PR 32225 98 E P i B0y
PR BEAT SN AR I B g T
BRI 2 9 45 22 o B A BAL RO, H b RO T
JIT S K 1 A S AT B4 B RV OV £ AR,
S EOBR RSP A T, B A D L A AR g
B, Wb 2 B SRE K TR, TS B I 2
REREfY, HEMoI K ZHENREE, FEUNHEGE
HANE BT J R AR S TR
i IR SRR DL ROE 1R B R g M I R RE 1Y 5
i 2R TT ANP (9 H 2R R, DR SR — FORT B9 BT
RS T ANP SAH O 1B R A1 OF & 9 A Y
B

AT AR g A5 e v 25 AT 2 A RGR L),
YAz, T AR Ok HAE UM R DA S Bt 4 A5 T
T P9 24 AR A VB e 25 112201 o A5 24 7 I e 2T 4
e . 25 B iE . A B e vk e . B
975 1 45 o & VA A8 PR b XA —E sk, T
A7 25 TR ANP AR 5 500 b g /R AT an ey . AR
YE A AL v T8 B B 5 38, 7E A BF 58 b i o 1 gt
ANP+ 5 45 3 R BB RL, a] DAL £ ) AT 25 1 B A
2 ANP B S AE I, A 3 30y [ A1 T iR s BT
gy, HOXF RTS8 B, R AR LA AR E 45 AR a0
TNF-o, IL-1B LA K2 TL-6 7K o JBR AR A A7 2% B B9 2D
RE LR 37 X5 T ANP B3R YT 0 B2, e R AnfE
I PR AP DR R I RE L 3305 53 1k S LR T AR B S
HAREZEZE L, A ANP Z I LR 1% fa & 76 T H
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BOi e v . AR R BN, AT RS
K M, NS R, BRI TIRE
YEF . ANP J5 B 458 45 1) — A~ 3 AL 2 B IR &
P BRI 200 B R ST AN AR A 94 T, &k TUNEL 4
TS 5 WL %% B N AT 251 IR 9T S B DR B 5 40 i
TUNEL FH P 41 it #¢ ANP 20 0 (g B4, 1M AT 25 17 41
NF-«kB [ 2 35K T ANP 24 (1L 35 br S LIk A 1k
MK, B AT 25 1 B AR B AL T R Sk o B
il 42T 1 3T R A B T, DA 3R B AR
B o 3 2 4 AR A DU R T 38 R caspase-3
RGO E ], NHAT G HIRIT IR, E R
21 caspase-3 [ 3 15 1f L 5 ANP 20 B & [ IS .
I, %54 caspase-3 M 235 DL S TUNEL 52 56 11 45 - |
AT 2 AT BE TE S 4 0 AR O Tk B OR 4 T RE Y
EH .

B 200 R T D R AN L SROIE T B R R Nk
T M A T B A P RIAE ], RAEFE AR TNF-a. IL-1B
DL % 1L-6 7T DL 3 3455 NF-« B 9 AT K -« B, i
5 1- « B B R AL IE i NF-x B-I-k B & & 1K, M1 S5
RAEM K AETERE, T p38 15 S, M R
PRI R L9 AR Tk A R ORI, p38 Bk i
TG W TR AL IS O R RS B A0 M A% b o p-p38 AT LA B
i 1-k B JF 5% NF-kB {5 5% S 20, AR5
FEH ANP 4 NF-«B 9 £ 35 B 8 & F IR F R4,
N A5 25 1 3R 97 J5 NF-«B (7K S F B, i 3@ &
Western blot % A& 73 #r p38 AW IR AL O, AT LA ER
) ANP 21 85 2 1k K SF- f s, TR FHAT 251 T TS
B I 20 21 p38 Wi IR Ak 7K 7 W W 1K T ANP 4 .

g b, A2 e L U ANP I B0 2tk B 0
i, HATaE WML H 5 38 i 0 P3SMAPK {5 5 1 i
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