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Sappanone A attenuates renal ischemia-reperfusion injury in rats by
regulating JNK signal pathway
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(Suzhou Wujiang District Children's Hospital, Suzhou 215200, China)

Abstract: This study aimed to investigate the role and mechanism of sappanone A (SA) in regulating renal
ischemia-reperfusion injury (IRI) in rats. The animal experiment has been approved by the Ethics Committee of
Suzhou Wujiang District Children's Hospital (approval number: 2022010). First, hematoxylin-eosin (H&E) staining
was used to evaluate the effects of SA on IRI, and renal damage was scored. Serum creatinine (SCr), blood urea
nitrogen (BUN) and cystatin C (Cystatin C) were analyzed. The effect of sappanone A on the apoptosis of renal
tubular epithelial cells induced by IRI was analyzed by TUNEL staining. Protein expression levels of p-JNK/INK,
p-ERK/ERK, Bcl2, Bax and cleaved-caspase 3 in renal tissues were detected by Western blot. Finally, H&E
staining, serological analysis, TUNEL staining and Western blot were used to determine whether JNK activator
anisomycin could reverse the effect of SA on IRI in rats. The results showed SA significantly reduced the renal
tubule injury caused by ischemia-reperfusion, and decreased the level of SCr, BUN and Cys C in serum. TUNEL
staining showed that SA significantly reduced the apoptosis of renal tubular epithelial cells induced by IRI. Western
blot analysis of kidney tissue showed that SA significantly promoted the expression of apoptosis inhibiting protein
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Bcl2 and inhibited the expression of apoptosis-promoting proteins Bax and cleaved-caspase 3. Further analysis
elucidated that SA did not affect the phosphorylation of ERK but decreased the phosphorylation of JNK. Finally,
H&E staining, serological analysis, TUNEL staining and Western blot confirmed that JNK activator anisomycin

could reverse the alleviating effect of SA on IRI in rats. The above findings suggest that SA could alleviate IRI in

rats by inhibiting JNK phosphorylation.

Key words: sappanone A; renal ischemia-reperfusion injury; p-JNK/JNK; p-ERK/ERK; anisomycin

i 0L VR YA 453477 A O U ot U P A R O
5 TE BRI — B B [ 5 P S I E 9, R o [X 3 40 2R 457
1 0 B B AR AR A B IR B . B R L P R A
I PR WL P B AR BB 5, AR B AR A AL B A0
2R ML A AR B oo L 9 T AR RIT SR AR L A e L 55
00T 3R] AR o st L P A A A 1 A L B
T A 56 4 ) B, KA 7 38 B /N b R A R
ATP [ /b  E&R0AR D) Be B b5 L 40 i A A58 4 . K2R
H HI RN 98 PEAR B R 7 (19 77 A2 B VR4 i SR AR S5 8
2 5 R 5 BB B R AE AR Y. H T,
I PR I 25 2 36 o I 3R 92> 4 3 SURE L B E Y AT 45 T4
BEL BT 750 075 ok 420 11 B 2k 100 24 0 548 it R a2 5 U sl
FRETE A0, (R L 5] R I Sk B A% I s e A AR T
RAN R AN T, 5o B AR R AR I R
AR IAE R . DA UL, TR OB T B S It R AR A R
AR R SR IR, R T L IR DR 5 S I Y 45
1 (4 e LA o BB L.

BNE R A TR H AT s 2S5
25 B S I PR R A B QB AL 2 — o ERK FITINK
E 2 MAPK 38 % 1) 2 RS 53 1, 2 VR 22 40 B 0 2 11
HEEREEKC, HAr, ERK B AESE F BRI R
P 0055 240 R O O O R, B TRR Ak 1) ERKC AT DAE T 1 %
N ST (0 Creb AT Stat3 25) &P, IR
T A (40 Bad) B b #0098 T 2 K (40 Bel2 #1 Bel-x1
25) mRNA 7K [ 22k, AT 400 i) 248 i i) 9 T2 [
I, WL A0 B ERK AR D iyt T DLE o B8 1 A A2 1 O
P98 T2 AH ¢ & 1 (W Bad. Bim Mcl-1 il caspase-9
&), AT AR 36 240 M A7 0% o A e, TNK Bl 8 A0 R0 32
BN R IE L A0 AR E T RO /E A, AT DO s
UL SR (W c-Jun/AP1 R p53 45), {2 T
(41 Bad F1 Bim %5) mRNA /K- [ %3, M1 /2 3E 48
MRUET . R, BEER AL F) INK A DL i R L 15 1
HRE T < A (40 Bad A1 Bim A1 Bel2 £5), i i3
A T B, A B T R I ERK (R I T
AINK 098 T4 F AT BE 5 A [ 00 30138 5% A A 2H 21
FAA K,

3 AW A (sappanone A, SA) 7& —Fh MAE I #57 K
SR e e v b, B PUA AR AER . AT

WY, G T I AR A TR BE AT DL 1 PKC Bl PI3K/
Akt I8 PR IEOTE Nrf2, M AE 748 S Of 470 JUL Sk i P 98 3
M R, FRARER A &2 5 AT DL LS AMPK
SR 1 SR A 5T B, N T ESCE o JUTL AR I P 3 457 A A
LRRThRekEaG" s A AN SRR RS LR
B A B JRE 4 L (PC12) S 4 250 4 i g ST S5l B o A 1
TEREAL (OGD/R) B i ik I P E 93 403 A A B, 00K
Wi A Kb AT, 25 5 IR R AR R A T DAIE R 0 1) 2ok
A5 1] caspase i 7215 5 38 B R 37 1 28 41 B 4 52 B
SR ML P REVE S A . SR, H AT T IR A 7R B UE
SR ML PR VR VA 41407 Hh = 7 B DR AP R F B R SE BLARATL )
i ANTE A

AW FE B AL I A K SR R P AR, A
A5 MLIE 0 15 2 A LR U5 R A X 5 sk
L P VB Y 5 4 TR A PRI R A U 5 AL ), Ay R oL PR
AR IR T SR AT 0 R

MR5RE

MR 5F  PVDF i (03010040001) 1 H &
Millipore 24 & ; DMSO (30072418). 767K Z. B (10009218)+
T HIE (10023418) S AL 2270 B E 25 4 10 24K
7 BR A & 75 AR - 4L (hematoxylin-eosin, H&E)
e ta iR 5 & (C0105S) RIPA & [ /i (PO013B). &
1T 41081 77 (STS05) % B g 4101 771 (P1081). 2R T 44
Pk iz 6 Jiz e & 75 & (POO12A) A1 TUNEL 48 it 7 T
for R (C1086) 19 H R IE 3 = RAEMH AR F IR
AN HE] G JROREA A (HY-113556) . T4 75 %5 2 (HY-18982)
M F & 7 ¥ (montelukast, HY-13315A) 4 1 3
MedChemExpress 23 ] ML AL MLET (serum creatinine,
SCr) M 5 ik 7 £ (CO11-2-1). R & & (blood urea
nitrogen, BUN) ll i & (CO13-1-1) F1 it #l & C
(cystatin C, Cys C) & 2 A& (A126-1-1) b H 7 mi g
AW TRERE 7T FiT; GAPDH (#2118) ERK 1/2 (#4695)-
p-ERK1/2 (#4370).JNK (#9252).p- INK (# 4668).Bcl2
(#3498).Bax (#2772) # cleaved-caspase 3 (#9664) —#1T
4 H 3€ [ Cell Signaling Technology 2 & ; 1l 2F $T fie
IgG ¥ (ab6721) Il H J[H Abcam A ] .



SRR RN A YR INKC I F AR K BB U . PR 4 © 1641 -

EE & X m A EE O (5804R, fH
Eppendorf 2 #); AEP4H 23 A 3 i ZKHL (KD-TS3A). Ak
YA 2 AL N (KD-BM), WiTT 4 He R A 4% ¥ %
PR ] B AR (AMR-100, A0 9 B8 % A3 28 45 PR 2
w)); I H H K R S8 (VE-180). 4 H 4k 2% KOG & 4y
Mt 245 (Tanon-4160), i K RERIHE A PR A A .

SCIEENY  SPF 4% /it 1% SD (Sprague-Dawley) A
B, R 180 £ 20 g, W H AL i B B AR G H
FR A, YFAfIE S : SCXK () 2019-0008. Zi 4 5L 4
CLIRAS 5N T SRV IX L 2 P Bt A2 B 25 o 2> b i, T H
&35 42022010,

RS REMEEFRGREMNMEE Sham 4l
(n=5): BUMEME SD K &R, A HT Y 55 K BT F R
MFEREG . KEFREEF RPN REE . KR
BN E & T F ARG S, 378 & 5, MR 3 Jpk,
WG EAT AP O, B Z V) Rk TR, 785
T 5 B E, AN 70 B35 R A2 1A, 45 min 5 GRS S -
IRIH (n=5): FARITTIEIEA R Sham 4, VIR E 70 &
FEE AR, I MG F 45 min, SR 5 KA T 5 ik il
2% B R P VE S B Y . IRIZDMSO 4 (n = 5):
FARTT LR IRLAH, T&E AT 2 h 28 7 Jl 73 565 0k HE 3 77
DMSO. IRI+SAZ (n=5): FARJIEF IRIA, T
BT 2 h 28 I8 Jis v 4 75 K i A (1020 5% 30 mg-kg)-
IRIF-MK 4 (n = 5): FARTVEFIRIA, TR 2 h &
I s v S o R R (10 mgekg!). IRI+SA+Ani 4 (n =
5): FARITIEF IRILL, 75 AW A (30 mg-kg) 516 & 5
£ (20 mg-kg!) TEBAT 2 h &I AT A
7 B R M i & A R LU DMSO % . B EYE
24 h J5 B EULIE K B SR A, 3EAT A S FR A

MERENFAGM  RRIh A @R 5, 2015 3 3 ik
Kl 3 mL, b FAZEENRS 3~5%, 3 000 r-min’'
B0 15 min, WA EiE W IF 5 3, -80 °CR 4% . SCr.
BUN Al Cys C 2 & R4 ) S i 1t B 45, F HH a7 &k
AT

H&E $ 60 °CHLAE 1 8CE 30 min, — H 28
JBi it 5 min, 4 FH BT 6 ) — RO, FEIBLES S min, JEIK &
%2 5 min, 90% & %% 5 min, 70% Z B 5 min, 25 18 /K
5 min, F KK B 1 min J5 75 K FE G5 min, [ KK
Mg 1 min, AR I3 A F YL (IR HEAT A Ak, B
K W PE 1 min, #E IR WAL HE S min, H KK M
1 min J5 2044 4 2 min, H R/K ML 1 min, 5K
#EWH (70% L EE 5 min, 90% LB S min, Jo/K L 5 min,
T W25 min), feJa R PER AR B, B T OUER .

BNERGITS K H&E Q60 A #E S 5K
200 5 B2 AL ET I B VR4l B ANE B . VP R

FR A B /INE 20 IR FE RIDIR 253t 2k L T I AN
TR Ay AT, 090 TG 148 < 10%; 2 93 1%~
25%; 373 26%~45%; 473 46%~T5%; 5531 > 76%.

TUNEL & K& S E Y] 5 i TUNEL 4% 4 H]
FH 28 2 K TUNEL 2 98 T2 K6 038 70 85 56 B, BUAS [A] Ak
R R AU, = 2R B 5~ 10 min, 4 A BT
M) F A, FBE 5~10 mine JG/K 4B 5 min, 90% &
fiZ 5 min, 70% B 5 min, 7518 7K 5 min, F i 142 18
A, N 20 pg-mL' A E DNase & B K, %=
T AE ] 30 min Ji5 PBS P4 3 ¥R 4% 8 TAT il : % Y6 b
0¥ TUNEL &0 LL 129210 [ EL 5 il & TUNEL T
VBV, FERE & _En 50 pL TUNEL TAEW, 37 °C it i
H 60 min, PBS ¥ 3 I, HHL 96 K i s
POt BB N W ER, T e U )t M A% B B 14 41 A .
K H Image J3#AF 32647 40 Mo v 4, DA TUNEL FH 74 24 fi
B SRR P B N b R A R T A

AANEAIREL FREL 200 mg 4148, N 2 mL &
O VR AR BT T BT R . 3% BB RIPA L 2 H i
U081 71) © Tl T TG 3100 4] 751) L 1002 11 8 B A5 T o) 2 A,
TN 1 mL 8 A 2200, FHZH U R A3 L 60 Hz B % 60 s
ZHA TR, BALHEELICHAT. HEE
12 000 r'min™ .4 °C 0> 20 min, Y5 IS HE®E 25K
1.5 mL &0, 3T BCA & K s s A, il se
HAWRE G, #4111 K EBIINN 5x EREZEmil, A
P, TR1ET-20 °C.

EBRGZEENESLIE & I 10 AR A
10% 1) SDS-PAGE HL ik 43 & J& H i %% 7% %% % PVDF
o 5% FIZF LTS A & A (BSA) # R E 1A 2 h, iR¥EA
AU R BIPE E ARMRER, 544 °CRE I K .
0.2% TBST Z& /il B % 25 3 Ik, &KX 10 min, % A
[ 47044 P B i B A RO I AR P Bl b 1) — e, 5 5%
W H T E 1 h, 0.2% TBST 22 MR BE I 2617 3 K, BRIk
10 min, ¥ 5 F ECL &G 5 i A A iE i 101 i
BRI ECL TAEM R . ¥ 54 K5 H Image J 5K
PEREAT K BE AT - 4e it .

FITFES A sS4 R L E + bR
e 22 R oR, P43 %04 K FHl GraphPad Prism 7 #4745 i1
FVER . BRI 7 2 0 M R B /N S 2 1 22 S0 T4
U2 HBURMZESR, P<0.05 N ERE SR L.

ZR

1 77KE A AT ARA RASIER A E 5 R S/ Ve A
N T RZRE TR AL Wk i F I B2 45 T A

HL, AR 78 S AT SD oK B i Sk 15 A5 45 min, £

VEVE 24 h KA B R I AR EVE A . W UKL, 5 Sham



1642 -

Zj% %4k Acta Pharmaceutica Sinica 2024, 59(6): 1639-1646

I ) B /N S R AR EE, TRTZH K IRI+DMSO 4115 /)N
B N K B | S A VR AR SR, 4
BANE IR SR, BANERG R R T
Sham 41 (] 1A.B), 1M IRT 4 & IRI+DMSO 418 £ 4t it
2, U B4l DMSO Ab 7R 5 i B i 7 v 5
IR NE BT, X5 Kar P 50 & 1 4R0E — 2
0 30 I Y S A [ A B T R T A i T A 2R
5 IRI+DMSO 4 AH Eb, 75 A Hd A Ak 3 41 /N8 451495 B
SR, B NEBEVE S B B RS (B 1B). PR
R BRI v A I ' 1 REAH G i b R B, TRTZH % IR T+
DMSO 41 SCr.BUN Al Cys C % & % Sham 2 1 =,
M 75 AT A TR AL 22 BF S 9 4% 7 B 0 0 4 R 2 A A, If
7EH SCr.BUN M Cys C 1) 7 4L IRI-DMSO 4 F#1IS, H.
53R A B2 IEAHS (B 1C~E). i 7 FfE
SR 7S SEZ R T PH A 6 R, 3R L X R L 9 Y 4 4%
HIERE 1 5 REAERT AR 2518 — B0 (B1A~E)',

A ~ Sham

Kidney injury score

2000

BUN/mmol L'
Cys Clug-L"

Figure 1

2 HAREIA R AR EHIGI G M BE S RN NE
ARRRET

B /N 20 9 T R I 9 4547 1 R
AEVS, AR — DI T IR A A KB /N A
FT-R5m . 38T U8 Sham 4 \IRI 4 . IRI+DMSO 4.
AT AR A KB AL S 4238 Fr 347 TUNEL 4Lk
I, 5 Sham ZH 1E 5 (1) 5 /N & 45 89 A B, IRTZH )% IR+
DMSO 4B /N F Rz 41 B 8 T LA B R 3G 2 i oK
i A AL BN B R A0 B R T B B (B 2A
B), X HHLEMME F AR —8. LEFRERN
ARSI B BH X Bt W R AR T S i R B A
SEAHE NG R A TR, X BE AR A 4
g,
3 FARER A BTLAEIS HIE INK BB ER (L s B N B
HABAR T

YARRYE TRt 2 A E TR E R B (Bax.Bak.Bok.

IRI+DMSO
e ST =

[S)
=3
S

SCr /pmol-L’
g 2

[
=

Sappanone A (SA) significantly alleviates the renal ischemia-reperfusion (IRI) injury. A, B: Representative H&E staining

pictures (A) and kidney injury score (B) in rat kidney from Sham, IRI, IRI+DMSO, IRI+SA (10, 20 or 30 mg-kg") and IRI+MK (10 mg-kg™)
groups. Scale bar: 200 pm; magnification: X200; C-E: Serum analysis of SCr (C), BUN (D) and Cys C (E) of rats from Sham, IRI, IRI+
DMSO, IRI+SA and IRI+MK groups. n = 5, X £ 5. P < 0.001 vs Sham; "P < 0.05, P < 0.01, P < 0.001 vs IRI+DMSO. MK:

Montelukast; SCr: Serum creatinine; BUN: Blood urea nitrogen; Cys C: Cystatin C
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Figure 2 SA significantly inhibits the renal IRI induced apoptosis of renal tubular epithelial cells. A, B: Representative TUNEL staining
pictures (A) and statistical analysis (B) in rat kidney from Sham, IRI, IRI+DMSO, TRI+SA (10, 20 or 30 mg-kg") and IRI+MK (10 mg-kg™)
groups. Scale bar: 200 um; magnification: x200. n=5,Xx+s. " P <0.001 vs Sham; P < 0.01, P < 0.001 vs IRI+DMSO
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Figure 3 SA significantly inhibits the renal IRI induced apoptosis by repressing JNK phosphorylation. A: Expression of p-JNK, JNK,
p-ERK, ERK, Bcl2, Bax, c-caspase 3 and GAPDH in rat kidney from Sham, IRI+DMSO, IRT+SA (30 mg-kg") and IRI+MK (10 mg-kg™)

groups; B: Statistical analysis of protein expression. n =3, x £s. P < 0.05,

0.001 vs IRI+DMSO
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Figure 4
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JNK activator anisomycin could reverse the alleviating effect of SA on IRI in rats [IRI+DMSO, IRI+SA (30 mg-kg") and IRI+

SA (30 mg-kg") +Ani (20 mg-kg"') groups]. A, B: Representative H&E staining pictures (A) and kidney injury score (B) in rat kidney; C, D:

Representative TUNEL staining pictures (C) and statistical analysis (D) in rat kidney. Scale bar: 200 pm; magnification: x200; E: Serum
analysis of SCr, BUN and Cys C of rats (n = 5); F: Expression of p-JNK, JNK, Bcl2, Bax, c-caspase 3 and GAPDH in rat kidney; G:
Statistical analysis of protein expression (n = 3). “P < 0.05, P < 0.01, P < 0.001 vs IRI+DMSO; *P < 0.05, P < 0.01, %P < 0.001 vs IRI+
SA. Ani: Anisomycin
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