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W OE BN KAREFETRARELZHARKSEERMG (AKD MR ENH, ik BB r K EEHE AKX R
AR, A 2 B AR 0 K R AL A R A st B4R | 3h B N AR-E-4) 5 mg/kg 28 (rAMEsTER) R 6 H & 50 mg/kg 20 JR 36 F % 100 mg/kg
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B (MDA) \#2 2AH B ALEE(SOD) | -k H ik it AL 4 B8 (GSH-Px) & 24 h ki P & @ (UP) KT 53t L B RE 48 20 MR X R B4a
RIARIE TACH AT IR IL AR o 4 B4 28 2 B 8 = B fe Bk R & -3 (Caspase-3) \B 48 Ltk 298 2 X AR % X & & (Bax) & ik K
T, AR IR EAE BT B F 1(SIRT1) . AMP #E4L%E & 38 (AMPK) % & 69 B BR ALK T, SR SAA R, 84284 K R
SCr.BUN,UP MDA 7K-F, B L4520 , B4 BRI T4, B AR MR = R A& B 418 F Caspase-3 . Bax & & £ A K- 34 2 FHEAK,
SOD . GSH-Px 7K F 528 22 ¥ SIRT1 . AMPK & & ¢ 5 B2 ALK F 3 2 Z 9 3 (P<0.05) , BB .5 & 69 4F 44 7 SR B (P<
0.05); R 16H % 200 mg/kg 4115 2h 88 M ARE-F) 5 mg/kg 2L 0L 4k, LR 3547 £ F ¥ L4 FEL(P>0.05). &id RiLFH 4T AKI
KR BB A T A 5 A8 SIRT1/AMPK A2 5 3 %34t i 394 AL B 380R %
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Improvement mechanism of proanthocyanidins on gentamicin-induced acute kidney injury of rats through
SIRT1/AMPK signaling pathway

FU Meili', JIANG Qiang', FU Shengliang', FU Shushan', XIE Taomei®, LI Shanshan® (1. Dept. of Nephrology,
Danzhou People’ s Hospital, Hainan Danzhou 571700, China; 2. Dept. of Endocrinology, Danzhou People’ s
Hospital, Hainan Danzhou 571700, China)

ABSTRACT OBJECTIVE To explore the improvement mechanism of proanthocyanidins on acute kidney injury (AKI) induced
by gentamicin in rats. METHODS Gentamicin sulfate was injected intraperitoneally to construct the AKI rat model; the model rats
were randomly divided into model control group, benazepril hydrochloride 5 mg/kg group (positive control) , proanthocyanidins 50
mg/kg group, proanthocyanidins 100 mg/kg group, and proanthocyanidins 200 mg/kg group, with 10 rats in each group; in
addition, 10 normal rats were selected to be treated as the normal control group. The rats in each administration group were given
corresponding liquid intragastrically, and the normal control group and model control group were given equal volumes of normal
saline intragastrically, once a day, for 28 consecutive days. After the last administration, the levels of serum creatinine (SCr) ,
blood urea nitrogen (BUN), malondialdehyde (MDA ), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and 24 h
urinary protein (UP) were detected; the renal index was calculated; the pathological changes of renal tissue were observed and the
pathological score was calculated; the apoptotic rate of cells in renal tissue and the expression levels of Caspase-3 and Bcl-2
associated X protein (Bax), as well as the phosphorylation levels of silent information regulator of transcription 1 (SIRT1) and
AMP-activated protein kinase (AMPK) were detected. RESULTS Compared with the model control group, the levels of SCr,
BUN, UP and MDA, the renal index, the pathological score of renal tissue, the apoptotic rate of cells in renal tissue, the protein
expression levels of Caspase-3 and Bax in renal tissue of rats in each administration group were decreased significantly; SOD and
GSH-Px levels, phosphorylation levels of SIRT1 and AMPK
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* B—fEE A E . BFGC 0 B U R . E-mail: protein were increased significantly (P<<0.05), and the effect
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0.05). There were no significant differences in the above indexes between proanthocyanidins 200 mg/kg group and benazepril

hydrochloride 5 mg/kg group (P>0.05). CONCLUSIONS The improvement effect of proanthocyanidins on AKI rats may be

related to the activation of SIRT1/AMPK signaling pathway to inhibit oxidative stress.

KEYWORDS proanthocyanidins; SIRT1/AMPK signaling pathway; acute kidney injury; oxidative stress
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A PR 1 ™, B8 RO e 50 A G AKT Y 1 4H 41
S5 AR BT AR AR LT R AT ES . DUER{E R
P57 A 1 (silent information regulator of transcription 1,
SIRT1)/AMP i ft. 25 141 i# i (AMP-activated protein ki-
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FA ARG I 3750 & (A5 43931 4 BC3711-50T . PC0020-500)
Y A s AR AR R A s S b e K 2R -3
(Caspase-3) . B 4ff g itk [ 987 2 & K AH OC X & 1 (Bel-2
associated X protein, Bax) . SIRT1 ., #§ it ft. SIRT1 (phos-
phorylated AMPK, p-SIRT1) \AMPK ,p-AMPK 8-}l 5}
F (B-actin) LA T4 R 1gG T (A543 514 €2603
C2531.C4970,C9661,C2772.C9011,C4075,.C0012) 14
W H 9 E CST vl .
1.3 KIEEIY

SPF 44 it SD KRR, 10 JAI % , 14 J5t 4t 334~352 g,
W B LI DR B A BR A | s 7 AT iE S oy
SCXK (75 ) 2021-0014, K B W M 1 5% T il B 21~
25 °C AHXF 1 B 45%~55% 12 h I 15 32 BE i #F 55 v 1
Ji, H PO A5, SR RTAE R 12 he ShW LI 245
TN RS BE AR B 22 D1 S o, L UE S 5ol LS2022-
0345,
2 FHik
2.1 B HE5%Y

S 2% A SCHRT 5 vk 57, AKT R RBEAD . K Rl 42
7 d WS RS R R DX K B 2 (140 mg/kg) , 27 I3 7 SCr
BUN £ 24 h JRI& 1 UP 7KV [RI B ASIR T i 2 435 00 3%
W S5 A 1) o o o A 8 ) 1 R BB AL 4 Ay A 7R o) TR
21 EL 1R DI IR 5 mg/kg 41 (BHAE XS HE )™ | A6 2 50
mg/kg 41 |\ JFAE T 100 mg/kg 4 JRAEH & 200 mg/kg
A ARZH 10 H o 53 HC10 HUIEH KBRS IE % B4 .
5 25 22 K R HE 15 R I 20 (LR BRER AR ), 4R 21k
FUR 10 mL/kg, T 5 X R R AY X R 20 K Rl 1 24
FRUABRER K . A KRR R 452 1 IR, 1%L 28 d,
2.2 KR MFER AP EN ISR R M0E KU N HIER
el

RIRG 5, M 4K BUIE 8k ifi 3 mL, Pk 3 000
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r/min &0 10 min, BT, 1 4 A shA b AU
I 138 H SCr BUN 7K it T il SRS 0 1 5 4 Ak
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AT B R G v 5 A
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25 20K BRI, SUHE I F Ak BT, g A 0 0
JUE B, T B IR A B RS B = [ A () /R R
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4% 22 B W s b [ A2 24 h R K, A s U0 A (4
um) , it FH Z FH 2R T , 6 B £ BEAb P15 4T HE 4
@ K B, T AR T AR B 04 1 R E
FEBEAT G BRIy, PEAFR ™ C B 46403, 0 4% 5 B 45
A <10%, 143 ; B A A 53 1 11%~25%), 2
Ay 5 B TR T 20 L 26%~45% , 3 43 5 "B 45447 1T FR T
531 46%~T75% ,4 53 s BRI A 43l =T76% ,5 51
24 KREHRAMIATRKEN

HC“2.3" 0 R4 4R U UL A, e il BB 2,
Pist b B 5 FH W 2 4R 22 MR gk , A TUNEL %5 W0 5
1 h i R OR i 62 10 min, SR AKEE 4y, 3, 4l
FH 5B W5, ML 5 NPT 3150 1 20 0 (A
M ta) , FEH AR T AR T (%) = FH M40
B S A HEL X 100% 6
25 KXRBELAHEATHXEBMSIRTUAMPKIES
B EEXERRIERN

SR FH G BN Ik R A TR o BC“2.37 30 4% 2 el 4
5 HRRMBAL, &R MW A MG IRIAEN, &
BCA Al B A & i i B i S IR A S
100 °CZEM: 5 min, PABEFL 40 pg 19 HEA TEERS LK , (K
MR 2RI MR L, 5% (W B RR WA 4 1 h
J& , AT Caspase-3 . Bax ,SIRT1 ,p-SIRT1 ,AMPK . p-
AMPK . B-actin — i (F5 B L1 34y 101 000) , F &
(4 °C) 31K s TR RER 22 IR0 Uk 3 U IS R 1gG
TP RE LB 1:3 000) 09 F 2 h, 6, THER AR
A8 . SR HH Image JE 5307, L HINEE A SN S
M (B-actin) 19 K BEAE LB TN B A8 F 9 3RIB7KF,
FE LA p-SIRT1 5 SIRT1 . p-AMPK 5 AMPK 1) % ik /K -
HAETEHT SIRT1 . AMPK & [ 1R (b K-
2.6 HritF4bE

K JH SPSS 26.0 Geit- A A T A I 43 b . TR BTk}
PLx s 3R, 2410 EECR RN 2 5 225007, i — 20
IR HL AR H] SNK-g K5 o 856 7K 1fE = 0.05,
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3 H#HR
3.1 FEBEI AKI KR ILEMRKKENIER R
55 1E 6 R Ee g, B X6 B 2] K Rl 3 H SCr,
BUN 7K1 24 h JRI H UP /K34 8 3 TR (P<<0.05) 5
SRR R LA, 4% 25 25 2K BRI 5 i SCr . BUN 7K
SR 24 h PRI H UP KP4 i 25 IR (P<<0.05) , H 54
T 2 AEFAEAE R AR (P<<0.05) ; 5 R 2 DUIR-E
Fi| 5 mg/kg 21 HL 3L, IR AE T 2 200 mg/kg 41K BRI IS
SCr BUN /K1 24 h pRE H UP K- 22 B T Ge i 2#
BX(P>0.05), giRILFEL,

®1 FREBTHEX AKIXRIMEFRiKELIEIREIE 0

(x*s,n=10)
415 SCr/(pmol/L) BUN/(mmol/L) UP/(mglL)
IR 50531541 5104112 1243517
FI 13580 £8.72° 1678+ 141° 1980.15304.83*
HRNTIRER S mgkgl 59.57+5.06% 6194155 824,63 £37.00%
JREH % 50 mgkg A 109.33+6,09° 14024166 443,444 249 500
JHEE Z 100 mgkg §7.09+ 5 44" 1063% 1,14 1073274 130.19*
5L 15 %200 mgkg Al 6105476 6.824 152 83024 £35.15%

a: 5 IE# 0 2 LA, P<<0.05;b: SR80 %) IR 2H 114, P<<0.05;
c: HIFAET 50 mg/kgl 4L, P<0.05;d: 55467 %100 mg/kgdl 1
#5, P<<0.05,
32 BEHEBFREI AKIKRIME RN HIEIRAIRMm

55 1E % B A e A, A5 B 441 K BRUIML 375 H MDA
JK - 5.3 TF i, SOD . GSH-Px 7K - 27 5 3% F& Ik (P<
0.05) 5 AT REZH LA, 45 45 25 40 K BRUIMLE H MDA
TRV 58 2 4K, SOD . GSH-Px /K - 34 i & T} i (P<
0.05) , HJFAET 2 BVE FIAAAE R AR PE (P<<0.05) 3 5
ERTR DUARREF] 5 mg/kg 2H FLEE, JRAE TS % 200 mg/kg 241K
FRLIML 7 " MDA . SOD . GSH-Px 7K - 22 3 ¥4 LG8 124 =
M(P>0.05), Z5HRILFE2,
F2 BEEBFEN AKIXR ME A S KIS RA R0
(x*s,n=10)

4 MDA/(nmol/mg)
EXTRAL 2584034
ol 6314063
HRIAER S mgkgdl 3044040+
JEfE % 50 mgkg#l 530035
FEEH £ 100 mghg 41 4254039 101,05 £ 6.4 3234231
FIEEE 200 mgkg L 3044025 11828931 $B9843.17
a: 5 IEH 0 BRZH H A, P<<0.05; b: SACRIXT BRA 4%, P<<0.05;
c: 5IFAET 350 mg/kel AL, P<<0.05;d: 5567 % 100 mg/kel .
5, P<<0.05,

3.3 EFEBFE AKI KRB IS A8 0m

G IE R X R oA, AR X IR K U R i
HEHN(P<<0.05) ; SRR HR AL b A, 4545 2 20 K BB
FE B0 B 25 AR (P<<0.05) , HLIR AL R BAE A7 57
HARH I (P<0.05) 5 5 R 2 DU 5 mg/kg 40 HL3L,

SOD/(Ulmg)
12571£10.12
71.636.14°
120.16 £ 10.23*
86.08+5.57

GSH-P/(Uimg)
4633430
214£203
44554340
26174206
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JFEAET & 200 mg/kg 41K R S8 22 R LGt iT27 3 X
(P>0.05), Z5HILE3,

#x3 EFERBFEXAKI KR EHEEHMNEHRARFEES
I35 (x +s)
ik BEER%(n=10) TN (n=5)
TR 2724020 0.17+0.02
R 5364024 3.634049°
BRIIRER)S mgke 3104020 0.59+0.08¢
i % 50 mgke L 465£026" 260+032
JEAEH 100 mgkgd 3884022 1.61£023"
JEAE# 2 200 mgkg 3214025 063£0.10%
a: 5 1EH X IR L #, P<<0.05;b: SIS B2 [, P<<0.05;

c: 5 FAET 250 mg/kgdl HL#K, P<<0.05;d: 5 546 T 3 100 mg/kg4l
% ,P<0.05,
34 BFREBEX AKI AR EHLRERSH R

TE K X EZE R BV /N BB /N BREE RE T AT L TR
A H B A0 MR | 2R RS A A7 0 5 A AR X R 4 R B
B 2GR AN R R R AR G T NV SR
B RS AR R K B /INER I AR DO 2 R O | I A
FE L 5 7525 245 4 K BB AL SUARE A R L BNV Rz
20 0 2 0 P R i G 5 P G 4 A A T R e
AR L,

5IEH T B Hedss, B B2 R R 2 2 BE T
A3 RGN (P<<0.05) ; SRR BRZH LR, A A 25 AR
B 20 2L BT 43 4 1 3 AR (P<<0.05) , HIFAE T R
(AR FH A7 A 70 MO (P<<0.05) ;55 R R DUAIR F1) 5
mg/kg L, JFEAETT R 200 mg/kg 2 Bl B 2 4 Ui BT
SRR TG FRE L (P>0.05) . 45RILFE S,
35 BERBEMNAKIKREHLMMBTERATHE
XEARIKHZIT

5 IEH 6 B He s, AR R A R U 2 2 4 it
TR HE 421 h Caspase-3 . Bax 85 [R5 K 71 W 35 7
1R (P<<0.05) ; SRIRIXT REZH Hds, & 45 25 41 R RV 4140
2 U T S AN 412 rh Caspase-3  Bax 8 136 157K -1
AR (P<<0.05) , HFAETT 2 19V A A6 70 1t
£ (P<<0.05) ; 5 £ R DUIREF1] 5 mg/kg 41 L3¢, AL 75
200 mg/kg 40K BB A LA R TR A EF 41 21 b Cas-
pase-3. Bax &5 1 R iA KV 22 R B LG 122 & X (P>
0.05), Z5ALULIE 2 K 3 Fi 4,
3.6 BFRIEBFEX AKI AR EHLHSIRT/AMPK 55
BEREXEBRIENZM

5IE & X R4 LR, B A X R R R 41 4rh
SIRT1. AMPK 25 [ [ 8 iR 1k 7K °F- ¥ i 3 IR (P<
0.05) ; 5 A5 R X MR L A, 45 4R 25 ] K RV 41 48
SIRT1. AMPK 25 H 1) 8 iR 1k /K °F- ¥ | 2 & (P<
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F.JRAEH % 200 mg/kg

Iy
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Caspase-d _ 92D

poc | e D e D S —  0:

1 Il 1 v A% A\l
o 0E B B 5 T o ASER RS HR 2 5 T < 3k % DUTIR S ) 5 mg/kg 4
IV : JFAE T 250 mg/kgdl; V : AL T 3£ 100 mg/kgl s VI JF4E T % 200
mg/kg# .
B3 EFE#RBFZEMNAKIARBALAFATHIAXERRIEE
Mo ) BB i =

F4 BERBENAKIKARBARBRATRERFATH

N

XKEAFRIEHFM(x+s,n=5)

45 R 1% Caspase-3/B-actin Bax/B-actin
A 094+0.18 0654010 052£0.11

e 46304587 155034 149029
BRIIRERS mgke 6404101 0.6640.11% 0.54£0.13
JEHEE % 50 mgkel 3345508 120£021° 121+020°
FEHE 100 kgl 2124481 0890.14% 0,95+ 0,14
FIEEE 200 mgkg L 6714160 0674012 0.56:+0.11

a: SIEH X R L, P<<0.05;b: SHEEHIS B4 HLdR, P<<0.05;
c: 5JE LT 250 mg/kgl HAL, P<<0.05;d: 5J54E T 2100 mg/kgl
%, P<0.05,
0.05), HJRAET 2 M1E FAAAE R A (P<<0.05) 3 5
ERIR DU 1) 5 mg/kg 41 LA, I AETE &= 200 mg/kg 2K
SUEF 4140 SIRT 1, AMPK 25 [ AU R fb K F- 22 2440
GiiterE L (P>0.05), Z5RK4MFES,

120 kDa

1 i i W v VI
I B X HEAL; T AR B2 5 T - ER 7R DU R 5 me/kg 4 ;
IV JFAEHE %50 mg/kgdl ; V : JRAET K100 mg/kgdl ; VI JRAEH K200
mg/kg4l .
B4 RESFEN AKI KRS HL H SIRT/AMPK 15
SEREXERIEZMABEKE

K5 ERHFTEIAKI KRS HEAF SIRTI/AMPK {5
SEREXEARENZE (X ts,n=5)

4 p-SIRTUSIRTI p-AMPK/AMPK
R 1624030 1.54+0.24
{RAITHiR 0.55+0.09° 068£0.11°
HRIAER S mgkgl 160026 1532025
JEfEE % S0 mgkg#l 082£0.12° 090£0.14°
A % 100 mglkg 12240.19 123£0.18"
JEEE 200 mgkg 41 1582035 1524027

a: 5IEH XYL L #E, P<<0.05;b: S5HIAIXT B4 L4, P<<0.05;
c: 5B AET 250 mg/kgdl HL#E , P<0.05;d: 55 4L 2100 mg/kgil [t
&, P<0.05,
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FAENE HWPUER Y Z — ST LR S 3
AKI R A: , 33 AT B H: 38 A 240 M U8 T A S AL oA
SR, PRI AT BB R DR 21 155 9 AKT AR Bl PRI
Wl CAPIEER, HRR VUSRI BEAS AR /N ak
PN, HEMTBEEE R X B haeA PR, AR
B R BIE S B B XS BR2G ™ e DL, AR IS py
AKI R B R, DLER R DUTIR K AT R BH A X B 254, 1R
FEIRAEH Z0F AKUR YA o 45 2R s, AN TR 57
AL T 2R AR I 3 IR AKT K BRI H SCr . BUN A&
24 h PRI UP K- B RS 2, ' A S U B o), ' A
LI A T8 & Caspase-3 . Bax 2 1 £ A K, FH k%
GO BB G  R WAL 200 AKUR BRUBA B
1, H.200 mg/kg JRAETE F A E -5 BEE X 245
ERFR DUARE AR Y , 3278 JEAE T A W 1o AKTRYYR
SIRT1 A= Sy — Tl A 0 T A Tt i i MR e — A% TR
(NAD") H i £ TBE 1t , £ 200 1 0 T L 9 0E P HAT 31 224
JH ;s AMPK A —F AMP B A% It , 7E4EHF A L AE 5
FRASHH R B SCHEME ] . SIRTL BB 1 #0E IF I B, ok
fie il AMPK 7% , i SIRT1/AMPK {5 538 s 2 fre /4
PRI R ) R, AT 123 f T ol 9 R A M S R
iE SR AERS B A AR S o ARTSEAE R W , A TR
R AR T 2R 2 B 2 7 IR AKT R BRUALYE * MDA 7K
-, F+5 SOD . GSH-Px 7K K JFF 2141 SIRT1 F1l AMPK
(R ALK -, HL 200 mg/kg S A6 24 AKT K BRL_E i
FER AR B XS R 254 ER 1R DUIRE A .
ZE TR, JRAE T 20 AKL K R SGEE R T RE S
HOE SIRT 1/AMPK {5 538 e i T ) S AR oA G
JE Sf i 1o IS 1) 98k S 90— 25 Wl SIRT1/AMPK {5
I T JRUE T 2R EE AKTRYFE FIALEI A G
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