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[ Abstract ] Objective; To investigate the protective effects of resveratrol ( Res) on pancreatic cell
oxidative injury in gestational diabetic rats. Method: The 100 rats with gestation for five days were injected STZ
(35 mg-kg™') by intraperitonal to make gestational diabetic model, which were randomly devided into five groups:
normal gestation group, gestational diabetic model group, Res (60, 120, 240 mg-kg ') 'reated groups and
metformin hydrochloride 200 mg-kg ~'treated group, which was 20 expremental animals every group. And selected

20 rats with gestation for five days as normal gestation control group and another 20 rats with no gestation as normal
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control group. Before the drugs were given and 7, 14 days after treated, the level of plasma glucose and insulin
were determined. Two weeks later, the content of malondialdehyde ( MDA) and reactive oxygen species ( ROS)
were detected ; the activity of superoxide dismutase (SOD), glutathion peroxidase ( GSH-Px), catalase (CAT)
in pancreatic tissue were detected, and the content of MDA was also detected; the histopathological changes of
pancreatic tissue and pancreatic cells apoptosis were observed, and the apoptosis index were analysised. Result;
Compared with normal control group, the level of plasma glucose and insulin of the normal gestation control group
was not significantly different, the content of MDA, ROS in serum was not significantly different, the activity of
SOD, GSH-Px, CAT and the content of MDA in pancreatic tissue were not significantly different, the level of
pancreatic tissue histopathological changes and hepatic cells apoptosis were not significantly different. Compared
with the normal gestation control group, the level of plasma glucose in gestational diabetic model group was
significantly increased and the level of insulin was significantly decreased (P <0.01) ; the content of MDA, ROS
in serum were significantly increased (P <0.01); the activity of SOD, GSH-Px, CAT in pancreatic tissue were
significantly decreased and the content of MDA were significantly increased (P <0.05, P <0.01), the pancreatic
tissue histopathological changes and hepatic cells apoptosis were obviously improved, the Al were significantly
increased (P <0.01). Compared with the estational diabetic model group, the content of MDA, ROS in serum in
Res (60, 120, 240 mg-kg ') treated groups were significantly decreased (P <0.05, P <0.01), and the
content of MDA in pancreatic tissue were significantly decreased (P <0.05, P <0.01); the level of plasma
glucose in Res (120, 240 mg-kg ') treated groups were significantly decreased and the level of insulin was
significantly increased (P <0.05, P <0.01), the activity of SOD, CAT in pancreatic tissue were significantly
increased (P <0.05, P <0.01), the Al of pancreatic cell was significantly decreased (P <0.05, P <0.01) ; the
activity of GSH-Px in pancreatic tissue of Res 240 mg-kg ™' treated group was significantly increased (P <0.05) ;
and pancreatic tissue histopathological changes and hepatic cells apoptosis were significantly improved, especially
the level of Res 240 mg-kg ' treated group. Compared with the Metformin hydrochloride treated group, the level of
insulin in Res 240 mg-kg 'treated group was significantly increased (P <0.05), the content of MDA, ROS in
serum were significantly decreased (P < 0.05), the activity of SOD, GSH-Px, CAT in pancreatic tissue were
significantly increased (P <0.05, P <0.01), the Al was significantly decreased (P <0.01). Conclusion: Res
could effectively improve insulin secretion, lowering blood sugar, improve antioxidant ability, reducing the damage
of free radical, depress the pancreatic tissue histopathological changes and hepatic cells apoptosis, suggesting that
Res had dose-dependent protective effects on pancreatic cell oxidative injury in gestational diabetic rats, and these
effects of Res was better than Metformin hydrochloride except lowering blood sugar.

[ Key words |

resveratrol ; gestational diabetes; pancreatic cell; oxidative stress; protection

IT IR W) B R % ( gestational diabetes mellitus,
GDM) 2 & 9 9 fie UL 1 I R hE 2 — , 72 3K B 1Y &
THARLIN 6. 6% o WEURIIBE PRI BEAOR Ok B8 TT BLAE
PRI B BLR B B3 I, OF B L B 09 & A %02 I
W3 ~4 50 L DR, Bt A R0 4 A R 0 i R
IR (180 i A e o B R R L 1 £t ok 0 LA Al v Tl
R o BRI R b X e Ui 4000 R R 16 97
DA 5% 28 R0 TR A 245 — OB IDIR 288 A v e g ]
2o F EEERIE I BOR B A 5 i i G 55 B
KA %08 55 R j LI A — @i fa s ™, M3
PR — R I AR AE T A SRR B AR SRR ) B
REPHRAZ B 2RAEY, BABR SLE BT

- 150 -

Wi a5 2 Fh 2 B AR O BT BESE & B,
P 2 T R 0 A R W T i K BRURE g A B R
FARPTAEAIR FLAE 25 45 W5 S R A 22 1 B g %
192 R AV AT R R PR R R ot B 7K - 8L i S Sk
I8 AR T G O BB B e R R By A SR A A
AR AER . A SE8 R ] — Wk ip STZ (1) J7 ¥ 1l
28 1 U R SR DR s K RS AR R 5 1 22 M B AT iR
O b i X BRI (5% A4t S A 107 A A O ) f e R o

1 #

1.1 zh¥ SPF g ik SD KB, f& & 200 ~
240 g, T b4 SE g dh W bl A A% IE S SCXK
(3£)2014-0012, ¥ N T s B g 52 50 4% 3 49 s 1)



222 B 16 1)
2016 48 H

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 22 ,No. 16
Aug. ,2016

FRIF AT IR ] £, 1R 3R A BE O TR 23 ~ 25 °C
FEXTIRE 65% ~70% ,JGREF I 12 h:12 h,

1.2 259 Koo e e (B v AR T &
AR S 120917, F i N 17 Ao BE B i ) %
OYMERE I, 45 =98% ) , £h R L H UMK (b 5T b
2l A BRA | L 445 20130524 ) 5 9 [ (MDA) i
PEEFE (ROS) | E AL AL (SOD) , 48 It H ki
ALY (GSH-Px) , o A AL 20 (CAT) A 3t 75 &2
(FE mt A4 TARME ST r , L5 435 o 20131109,
20130815,20140106, 20131220, 20130719 ) ; J§ & 2
it 15 B 922 VR S 3000 ( ELISA ) A i 3a50) & ( 52 [ 4% B
N AL HEE 1309015) , TUNEL 41 Jid 98 7 J5 4 46
KAl & (B EEY TRARNA, #tS
131123) 45k 45 T/ & (STZ, 35 [H Sigma 2 ], fit 5
046K1206) , & $i 31 (db 5 b 2% 3K 7 2~ /), it %
130124 ) , H AR 3 hy 43 Br 4k

1.3 {X#%  UV-1200 79 % 4h-0] 0L 43 66 3 (&
26 % A A AR A IR A F]) , F50 Al AR A (H
Tecan /A7) ) ,FA25 BIZP ML ( A LSS BB A
PR H]) , TDL-50C AU 8 5 0 HL (11 2 BRI AR 1%
BABRAF) M (B2 RA ) o

2 Ak

2.1 BEREIE S H SRR S R i 7
1% ) 2% 4 O BB PR s R BRUBE B, S 55 FH E 4 SD R
R m gk &msE 8 ia, 4% 1:2 W il 5 1 A&
GERL I, WK H B B IE P Tk A, AR EIRE T B B
R, AR IREE 1 R, (RS d J5, — kM ip STZ
35 mg- kg5 P 4T R UDRE RO K RUBEAL 72 h R K
3 d i E 2 I I B R SR R E AE 13,5 mmol - L7 A B
AR BN R b s AR . B 100 A R A R HIL 4
R 5 A, 43 0 R U iR s DR A 2 1 AR R 60,
120,240 mg-kg "G 7 20 FIER R — FH UK (200 mg -
kg ™) BHAEZGAL A 20 H 5 H 20 R A 4R
5dSD KFBAERNIEH TR, YA K 20 H A% 3E T IR
W K BV M IR W AR I R AL . 45 20 K B4 i S 4
252 8 R 1K, IE R SR R AL | IE R 4T Uk 41 A AT
IR SUTA DR g A5 0 21 4 1) 405 T S R R A LR UK o
2.2 BRI S ROKSER IR YT RT R4S 25 IR YT
JE 55T, 14 K43 500 38 ik i BE A o A% 4R B A IR I
WK 5 4 6 e 28 A6 T 4k 7 8 45 1 O vk 28 R
JiR 5 R 43 WK

2.3 (i MDA I ROS & &R 4253897 2
JE G ip 5 HE St PR I , 28 0 3= B ik i, 2 000 -
min " B0 5 min J5BCE 2 I 8 i 240 -] Aok

6 BE I A2 45 41K BRI H MDA Rl ROS & 4
2.4 JEE4140% SOD, GSH-Px, CAT i ¥ f1 MDA
PRI AIRYT 2 G ip LR S R
AT 361 5, FF M Bt A AL 480, B9 R I A A S
W, WFEE AT, L 3 000 remin ' B0 10 min J5 B 1
T, A% i BRI R G A AP 3R 8 4] DLy
B T A% 2H K BRBE R 4 41 rp SOD, GSH-Px,
CAT i MEF1 MDA &,
2.5 RIRAZURIEFE BB M HAIRIT 2 A
J5 1% 2. 4 TRUBR AR 4120, 28 4% 22 5 B I T A2
JG BEAT A WAL AN Y] (R S ), B B IR R 3R -
AT (HE) Yoo, Fol 2% iR T 0088 45 4K B
U5 2H £ B A IR
2.6 5 A A TR B8y W £2 K P T 4R 2K
(apoptosis index, AL) (3158 B 2.5 il & i £1 55 D)
J, 4% 18 TUNEL 40 8 7 J5L A0 4G 3 577 £ $4 O ik
A BRIEAT YR ARG R R UL B P i
Y N B E A f, B R T a4 . 8 TR A
B AR D) R BEAL B 4 A PLET BRSO AR
O P BH A 9 T 0 2 R R A L S, AR A O T A
T B8 e A0 M A ARy b AE AL

AL = (T 20 M0 R 50/ 5 S A ML) x 100%
2.7 GEilEEHT SR SPSS 17.0 #iATGE i by,
THGHE L % £ Fom, 4] HLBCR B BN 5 22 4%
Mr, LA P <0.05 N2 RA 525 L,
3 #R
3.1 XFAE R RE PR K BB B K s 5 IE
AR R4 H A, TE W A R 4 K RRUBE ) 2 R0 23 1 b
KT TG ik 2 AR A 5 5 4 R 30D B DR s A5 T LA 4T R
O DR A AR A R BRI AT R 2 1 5 R OK T
REEARS 25 I It A /K P 35 T (P < 0.01) , 28 (A 3E 7
(120,240 mg-kg ™" )BT 2 G, 55 FK K F 1 &
Fh 25 b K7 B R BE AR (P <0.05,P <0.01) ;
5 ER IR = SUNKIA I 20 LL 42, 138 749 1 240 mg-kg ™'
IRYT RS A B TR (P <0.05), WK 1,
3.2 XFAE R BIBE R R K BRLIMLYE Hh MDA F1 ROS &
R 5IEH AR E R4 e, 1E W 4 R4l R R
I3 MDA 1 ROS £ & G & 3 P A8 1k 5 4 4R 3] b
PROPGREAY 2 K BRI I MDA Fil ROS & 2 8 1E # 4T
R4 1 .35 T (P < 0. 01) 5 55 SR 4R 401 WH A g A5 2 L
B4R (60,120,240 mg-kg ™' ) IRIT 2 G,
THEISEVBEN(P <0.05,P <0.01) ; 5 —H
RSUIRIAYT 4 HLHE , 132 B 240 mg-kg ™' JA YT 41 MDA
I ROS W FEAIR(P <0.05) , LK 2,

- 151 -



55 22 %55 16 ] FEXEAFFESRSE Vol. 22, No. 16
2016 4 8 A Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2016
*1 BEFBENTREBERFARBEEE . SEOLEKFEHZM(z+s, n=10)
Table 1 Effects of resveratrol on level of insulin in gestational diabetic rats(x +s, n=10)
BT CHIPN ®14 X
- Biilhere
iR Jmgkg ! ey % 25 1L i i £ % 25 I 1L Jik £ % 25 I 1L
/U-L7! /mmol-L ™! /U-L7! /mmol-L ™! /U-L7! /mmol-L ™!
N - 13.7 £1.7% 5.8+0.7% 13.8 £1.9% 5.9+0.6% 13.6 £1.7% 5.9+0.7%
1EH 4T IR - 13.2 £2.0% 6.1+0.9% 13.3 £1.8% 6.3 +0.8% 13.0 £1.9% 6.2 +0.8%
1T Ui 390 0% R s A5 7 - 5.9+1.0 15.8 +2.4 5.8+1.1 15.6 £2.3 6.0+1.0 15.5£2.5
[ 3 60 5.8%1.1 15.6 £2.5 6.7+1.3 15.3+2.3 7.0+1.4 14.5£2.3
120 6.0+1.0 15.6 £2.3 7.5+1.6 13.7 +2.2Y 8.4x+1.7" 12.4 1.9
240 5.9+0.9 15.7 2.4 10.6 +1. 8% 11.2+1.9Y 11.8 £1.7%% 9.6+1.7%
R R ORUIK 200 6.0+1.1 15.8+2.3 7.4+1.3 10.4 +1.5% 8.3 +1.4Y 8.7+1.2%

T 5 U RSB TR 2 LR P <0.05,%) P <0. 01 ;5 £ 5 = H SUNKBIPE 25 40 LB P < 0. 05 (K 2 ) o

F2 BEAENEIRAERBARLE S MDA 71 ROS £ 2K
M (x+s, n=10)
Table 2  Effects of resveratrol on content of MDA and ROS in

serum of gestational diabetic rats(x £s, n =10)

20 5 #4%/mg-kg ™' MDA/nmol-L~" ROS/U-mL ™!
EH AR 4 % - 2.41 £0.237  194.2 +15.3%
1EH I Uik - 2.56 £0.24%  203.5 £19.4%
YT 0 390 R s 455 751 - 8.97 £0.75 386.1+42.7
P 2 i 60 6.92 +0.70"  332.5x30.6
120 5.63 £0.62%  285.9 £24.2"
240 4.35 +0.34%% 241.6 +20.3>Y
R AR — HSUIR 200 6.71 £0.58"  293.4 £25.1"

3.3 S U BB PR K BRUJBE AR 4 21 b SOD, GSH-
Px,CAT {5 PEFl MDA & &2 m 5 1E % JE 4 IR
L, I U IR 4K BRUBR AR 40 2L rh SOD, GSH-Px,
CAT %M F1 MDA & & JC &8 25 1 A8 b 5 4F U 191 % IR
I A5 78 20 KRR R AR 4 4L rf SOD, GSH-Px, CAT 3% 1
BOEH GE IR 20 W 35 BRI, MDA & & i FH FH i (P <
0. 01) ; 5 4T B S b o A5 7Y LU 4%, 28 22 i i (60,
120,240 mg- kg™ ') JAJT 2 JAJG, MDA & & B & [%
I, Ho (2 (120,240 mg-kg ') JAYT 41 SOD,
CAT,GSH-Px J&E B B F+ &5 (P <0.05,P <0.01);
BER R W OSUIIG 7 A, L B 240 mg-kg YA
J7 2H K B SOD, GSH-Px, CAT 3% M B i F+ 5 (P <
0.05,P<0.01), %3,

#3 AEABIITIRAERKXRERAEL S SOD,GSH-Px, CAT jEEF1 MDA £2MZM(x+s, n=10)
Table 3 Effects of resveratrol on activity of SOD, GSH-Px, CAT and content of MDA in pancreatic tissue of gestational diabetic rats(x s,

n=10)

21 5 Fl 4t/ mg kg ™! SOD/U-mg " GSH-Px/U-mg ™' CAT/U-g~! MDA/ pmol - g~
1EH AR 4T YR - 19.6 +1.9% 49.5 +5. 4% 573.9 £48. 5% 0.91 +0. 13%
1EH 4T IR - 19.3 +£2.2% 48.6 +5.8% 562.4 +43. 8% 0.98 0. 16%

BT R S8 DR g A 7Y - 6.2+1.2 35.4 +4.3V 294.6 £31.7 4.37 +0.39
1 A0 75 60 8.3+1.4 37.2 +4.5 331.8 +32.6 3.68 +0.37"
120 11.7+1.6" 39.0 +4.9" 405.7 £34.1" 2.74 +0.32%
240 14.8 1.7 41.2+5.1"% 490. 3 +38. 524 1.86 +0.24%
LR R — FOBUIK 200 10.8 +1.4" 36.9 £4.3 327.4 £26.5 2.95 +0.37%

T S AT IR DR PR BT Y P <0.05, P P <0.01; 540 M — R OBUNKBH 25 41 e P <0.05, ¥ P <0.01,

3.4 X ERIIRE R R BB IR 2 U0 B 24 BE Y
MR IER G R ALK BB IR 4L SR UL S, R I 4
MR 2, R/Ah—2, HEPV B S, r A ). ATk
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Fig.1 Effects of resveratrol on pancreatic tissue histopathological changes of gestational diabetic rats( HE, x200)
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KB, U 4R 2 BRI I T LA 2 R L U
2 PO 5 3T 0 S0 DR A T80 2 A B IBE 5 R T 4 i
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W VLPE 2. A% AR B K 0 O T Rk
B, JeF 0 S0 A 75 201 U T B O S R L T e
2 R TRE 120,240 mg-kg T VAYT 2 U A TSHR AL
AR B TR WY U A T 4L, 1 BE 2 i 240
mg-kg T ALATT IR B AT, WR S KA 2,

x5 BEAEINEIRAERFEXRESEE AL AR (25,0 =10)
Table 5 Effects of resveratrol on apoptosis index of hepatic cells in

gestational diabetic rats(x +s,n =10)

217 F 4/ mg-kg ™! AL/ %

EH E 4T U - 1.12 0. 14"

1E TR - 1.26 £0.17"

B i S0 Ak DR i A5 A - 34.92 +3.85

EE J2) 60 29.63 +3.28
120 24.79 +2.87"
240 16.83 +2.51"%

Th R — W RUIR 200 29.67 £3.24

T ¢ 50 YR DR SRR A AR P < 0. 01 5 £h R — T RSUNK B
PEZG 4 LY P <0.01,

o e N LA ol
o o “ . [ e L2

2 BEAEINFEIREMERR KBRS HEEETHRMm(TUNEL, x200)
Fig.2 Effects of resveratrol on hepatic cells apoptosis of gestational diabetic rats( TUNEL, x 200)
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