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Mo Ak LR AMEERRESESHEMERE S FAESHRGEIHM &2 R,5 d 5 R p 6 &k #H X (STZ,
35 mg-kg ') BRSNS B AN A4 D5 i 5 T 4040 DR R B, 1 B 80 LA R A UM 40 i 4 2K S Bl BIL 43 S AR R AL | B B 60,
120,240 mg-kg ™' ZHYA YT ZH A ERTR — FF XA (200 mg-kg ™) PHEZG 20, 3 53 B 16 RESERYR 5 d RBRAE R IE W EIRA, LI K 16
L[] A O 00R 1 BV S IE R AE G UR 2 H B I 5 SE B dg 2525, K 1 R IR 2 B SR 53R T R FIA YT 58 UG 4
TR 4% 2 K B — BRI 5 36 7 58 AU DU A2 45 21 K BR 2 I8 I /K 7, 0 2 24 h JR &1 52 24 h JREE & (UPro) , K I IfiL ¥ +h
I FR 2 & (BUN) LT (SCr) , JRIEZ (UA) & 3, i 5 PAS Yo €0 00 5% 15 Ik 4 2005 4%, 38 3 5 A0 A o 5% % i A7 ic 1% ( TUNEL ) % 8
WL 20 220 08 T AR 0 O R T R DU 1T B AR BE 77 (T-AOC) KT i WE 41 21 b AR Ak P 8 AL (SOD)
B R AL W 6 ( GSH-Px) |, b 480 fb S0l (CAT) 3% M LA B 79 8 (MDA ) &5 4, &) if 2% o 28 9 Rl 5 C-J2 i 2 &1 (CRP) |, i
FBEH F-o(TNF-a) , A4S A F-18(TL-18) , 240 f A -6 (TL-6) , 4 Jfa A1 24 B 53 F -1 (ICAM-1) 7K -, 5 R« IE W UL IR 41K
A bR 5 ERF I IRA LR TR EW 2R SIEH T IRA i BRI R R = 2 — /A 5k W, il B K F 3% 7
5,24 h R B EH £, UPro 234 5, 1L 1 BUN,SCr, UA & & W 35 FH 8, 52 B0 WD I %) 5 Ok 4 0005 72 R i B 98 o LR T 4
Bt 3 T I T T-AOC 7K SF-F1 B ELL 21 i SOD, GSH-Px, CAT 75 ¥4 3 i F &K, MDA & & B & T 5, Lk 2R W HEA 53t
FHE L (P<0.05,P<0.01); 5EIBIZH AL, AP BT H R B — BRI W ok, =2 — 7 ik B sl H 2 i
120,240 mg-kg ™" A7 41K BLAS G B K F B 3 B AK,24 h SR8 F W, UPro 1 35 WX, 1L 3% o BUN, SCr, UA & it 8 3 %
I, B U 2 2P0 70 R 200 0 TR A0 38 ) B IR O TR B S R A, W 4 £ b SOD, CAT % 4 35 F i B MDA & & 8. %
FEAR , 3 H 240 mg-kg ™" IA YT K BUMLTE 37 T-AOC AF I WA 4 b GSH-Px [ W B E T H, LA 2R EGSIT¥E X
(P<0.05,P<0.01) . Z5if: 2P B0 I R S04 PR K BB T 20 R Bt S8 fb T 4% BB 0 B B AR T
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[ Abstract | Objective; To investigate the anti-oxidation and anti-inflammatory effects of resveratrol
(Res) on renal tissues in gestational diabetic rats. Method: Female rats were fed with high fat and high sugar diet

for 8 weeks and then kept in the same cage with male rats to prepare pregnant rats. After 5 days, the pregnant rats
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were injected with STZ (35 mg-kg ') by intraperitonal to make gestational diabetic models. 80 model rats were
selected andrandomly devided into model group, Res (60, 120, 240 mg - kg ') groups and Metformin
hydrochloride (200 mg-+kg ') group. Another 16 gestational rats in the same batch were selected as normal
gestational group, and 16 non-gestational female rats at the same age were selected as normal non-gestational
group. After successful modeling, the medicines were given by intragastric administration for 2 weeks, once a day.
Before and after treatment, the general status of rats in every group were observed. After treatment, the levels of
blood sugar were determined; the level of 24 h urine protein ( UPro) was determined; the levels of blood urea
nitrogen ( BUN ), creatinine ( SCr), and uric acid (UA) in serum were determined; the renal tissue
histopathological changes were observed by periodic acid-schiff staining ( PAS) method; the renal cells apoptosis
was observed by terminal-deoxynucleoitidyl transferase mediated nick end labeling ( TUNEL) staining method, and
the apoptosis index was alculated; the levels of total antioxidative capacity (T-AOC) in serum and the activities of
superoxide dismutase ( SOD ), glutathione peroxidase ( GSH-Px), catalase ( CAT) as well as the content of
malondialdehyde (MDA) in renal tissues were determined; the levels of C-reactionprotein ( CRP), tumor nerosis
factor-a ( TNF-a ), interlukin-18 (IL-18), interlukin-6 (IL-6), and intercellular cell adhesion molecule-1
(ICAM-1) in plasma were also determined. Result; There were no differences in various monitoring indexes
between the normal gestation group and normal non-gestation group. As compared with the normal gestation group,
the blood sugar level was significantly increased in model group (P <0.01) ; the 24 h urine volume, UPro and the
contents of BUN, SCr, UA in serum were significantly increased ( P < 0.01); with obvious histopathological
changes in renal tissues and renal cells apoptosis, and the apoptosis index was significantly increased (P <0.01);
the level of T-AOC and the activities of SOD, GSH-Px, CAT in renal tissues were significantly decreased, and the
content of MDA in renal tissue was significantly increased (P <0.01). As compared with the model group, the
general status of the rats in Res groups were improved ; the symptoms were relieved ; the levels of blood sugar in Res
120 and 240 mg - kg ' groups were significantly decreased; the 24 h urine volume and the UPro level were
significantly decreased, and the contents of BUN, SCr, UA in serum were significantly decreased; the
histopathological changes in renal tissues and renal cells apoptosis were significantly improved, and the apoptosis
indexes were significantly decreased; the activities of SOD, CAT in renal tissues were significantly increased, and
the content of MDA was significantly decreased; the levels of T-AOC and the activity of GSH-Px in renal tissues of
Res 240 mg-kg ' group were significantly increased (P <0.05, P <0.01). Conclusion: Res had anti-oxidation
and anti-inflammatory effects on renal tissues in diabetic rats.

[ Key words ] resveratrol ; gestational diabetes; renal tissue; anti-oxidation; anti-inflammatory
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1.2 259 Kok A AE i (B v AR ) T &
FHBRA TS 120917, 46 =98% ), [ 22 75 W %
FECE (R [ B 25 0 K AF 9% BiE, it 5 107948-
305021, 21 B 99. 4% ) , 8 R — H WU b 3 v B 24
WA R 2\ (45 20130524 ) 524 h JR HE H &
(UPro) , ML R & (BUN) , JJLIEF (SCr) K JRFR (UA)
B & (PR YN B 4= 9 B2 7 7 I A BR A AL it
2% )k 131106004, 140417009, 140921011,
131015007 ) 5 S 40 48 Ak fE 71 (T-AOC) i A Ak ¥ B b
fiti (SOD) , 7% It 1 Ak ik %Ak 4 W ( GSH-Px) , & %4k
S (CAT) 3 PE L KN 8 (MDA ) i3] & (7 5t
AR TR BF R P, #it S 4 Bl Rk 20140517,
20141024 ,20131205, 20140107, 20150311 ) ; C-JZ 1/
I (CRP) , M98 3K 58 B F-a (TNF-a) , [ 40 i 41
F-1B(IL-1B) , 1 4 i A 25 -6 (1L-6) Kz 4 A [ i Bt 43
F-1(ICAM-1) Jifg 5K %o 95 W FfF 0 22 ( ELISA ) A6 ] 2
A& (ALnT i 2k A TR A R A AL S 2 508
131107,140523,140419,131228,130915 ) ; PAS 4 &
B & A TUNEL A8 I 38570 & (38 B % B 28 W), it
B4 Bl ok 51320-5371, 43220-6420 ) 3 STZ (3 [H
Sigma 2% 7], it 5 040M1367 ), H: 4% ik 7 5 4>
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B e R 102 B LM G a7, IR H R W %% 3
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WAk ip [STZ(35 mg-kg ") WE IR 6 & B 40 i 1 1 4F
O S5 B 6 R R 24 h J5 T 72 h JE I 25 I I
WK R EFE 13.5 mmol- L' L b (9 B A G hy 1 AL
BLY) . e H 80 FUAE A R FUAR 4 ifn 4 /K V- BE BL A R
U UR M OBE DR N OB AL 4, (B ZE M BE 60, 120,
240 mg-kg RYT L AER R — H WK (200 mg-kg ")
BIFH” BE16 RUEYR S d K RAE R IE# 4, U
Ko 16 FLa) % Al 4 Ui e Ve K BRVE S 1 8 3R AE Ok 4 .
g 1B IR, BRI R RO Sk g 42 2 T,
BER T WG IE R AR AR R A | 1E K 4 I 28 R4 0 300 % R
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2.2 IAEACERSI BT SR UG & H R RIS AR
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R, 38 o8 1t KL 7K A% R 1 & UPro fH .
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SE ORI SE NG L ip b HE S R I A0 057 & s, T
i 2516 3 B kil , 15 000 r-min ™' 8.0 10 min, B
MY 88 5+ B0 & B VR Oy b 3R i ok 4 A 3l AR
A3 B A0 2 4% 41 K BRI E Hh BUN, SCr, UA & &,
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B 2H 2055 B P 2 2 A8 Ak T BRAR AR A
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YEJ5 ¥ 5841 TUNEL B 5 8K 5 38 2ok o't 2% 18 1 i W
FEA A R BV /N IR 20 ML U TR B (4 B A% 1 e R B
PEE ) o ATIYTHR B sk g U] Jr X B AL ik B 6
ASPREF T8RS L b 240 B S EIOR BE M 3 4
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SR e fF 2.5 W 5E AL , B DB 2
21, By 5 OGS B 2L WS B AT B A1,
3000 r-min "' B0 10 min, BU W, 2R 5 4% TR )
SR TR 8 I 5 A 0T WA 00 BE AT I E 4
K BB E 2 250 3 h SOD, GSH-Px, CAT 1
1 MDA & £,
2.9 (i3 CRP,TNF-a,IL-18,1L-6 ,ICAM-1 /K
FIME RIT R RS H IR 2.5 R Oy AR UL, %
HECELISA A6l 1270 & 45/ 20 B¢ A A i g A
FUOR IR 0 2k R e A A A
SE A4 K BRUM K h CRP, TNF-a, IL-18, 1L-6 , ICAM-1
Ko
2.10  HEitsarbr SRR SPSS 17.0 #4748t
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HEST, AP <0.05 2R EAS T FE L, B S50 Ll T
3 #R 3.2 XA R AR IR v K B S IR I b, 24 h R

301 FEE T G IR IR IO K B — AR AL B2 UPro MYSEMA IE W AR UR ZH K B2 I 1M Ak , 24 h R &
Wi AR A WSS K B, G YR IR PR A B B R B A1 UPro B0 0E W AF AR R 20 TG i 38 22 3 5 4R RV IR
I D] ARG P ZE BRI R = 2 — D IR R AR R R B s R LB , 24 h SR BRI UPro B2IE 4T
FOBE W AT A B T R ERYT 2 AR IRARRIRETHE (P <0.01) , 8 R M B (120,
B U0 IR R BURE MR ZS B A B, =2 7 RE 240 mg-kg ') AT 2 JEUG A5 MR LME, 24 h SR R
R R BT, b 240 mg-kg AYFAIAL UPro B EFRK(P <0.05,P <0.01), WE 1,

F1 BEAEXNERAEREXRZEMEKRTF,24 h REF UPro fFM (x 5,0 =16)

Table 1 Effect of resveratrol on blood sugar level, 24 h urine volume and UPro in gestational diabetic rats(x +s,n =16)

215 # 48 /mg-kg ™! 1ML 8% 7K 5/ mmol - L ! 24 h JR % /mL UPro/mg- (24 h) ~!
IEH ARG IR - 5.5+0.9% 14.0 +1. 6% 9.9 +1.7%
EH 4T Uk - 5.7 +0.8% 14.4 +1.9% 10.2 +2.1%
B e S0 i DR i 455 751 - 15.4 2.3 95.1+8.3 21.4 4.5
[ 28 1 A T 60 14.8 £2.9 82.4 +10.7 19.0 £5.2
120 11.6 +2.2" 63.5+8.4" 14.8 +4.6"
240 9.7 +1.8% 48.2 +6. 1% 12.2 +£2.9%
R ORUIIR YT 200 10.3 £2.0% 67.3 £7.5" 16.5 5.1

e 5 AT R DR RS R AL B P <0.05,7 P <0.01(F2~5 ),

3.3 AT R WUBE PR R BUIMLTE T BUN,SCr, UA & A KRB ZTE (P <0.01) i 2 (132 i (120,
W IE % & IR 41 K B 7% & BUN, SCr, UA 240 mg-kg ') A¥7 2 JAJ5 ,BUN,SCr, UA &8 8
GRBEWIEEIRA T B EE 2 S IR IR G FRK, ZSBEASI#E X (P <0.05,P<0.01),
B2 K BRI 7 R BUN, SCr, UA S BARIE W IR W 2,
R2 BAEAEMNITRAERBARIME S BUN,SCr,UA SE/MFM(x £s,n=16)

Table 2 Effect of resveratrol on content of BUN,SCr,UA in serum of gestational diabetic rats(x +s,n =16)

20 51 F 4 /mg-kg ™! BUN/mmol-L ™! SCr/wmol - L ™! UA/mmol - L ™!

NG E Y - 5.2+1.3% 24.6 +3.8% 68.3 +11.7%

1E # 4T Uk - 5.4+1.6% 25.1 +4.4% 69.4 +13.5%
ST R S DR A A 7Y - 16.8 +3.7 49.3 6.8 97.2 +£20. 1
P 3 75 R YT 60 15.0 £4.2 45.5£7.2 91.5 +21.6

120 13.4 £3.8" 40.1 £5.7" 82.6+19.3"

240 9.2 +3.5% 33.9 £5.4% 74.9 +16.2%

WA T 200 14.1+4.3 43.2 6.8 81.3 £20.8"

3.4 SHERURIIBE RO K BB IR LSO B A 2 305 AR IRV DR s K BUE DT 2 4L B O S o
AR 22 PAS e )5 @ad ot BB Mg AR R 4 TUNEL 3 8 o ) 8O B
B IE AR SRR A R BRI IE % A R A R BB E A B S B, E A A iR 4 R BRI I A R 2 K B
BUR/NERESA B R UL 52 6 AR R PR A R 2 O W R 2300 nT DAk A0 S 5% A1 o 4 G, 7 e R 3 R
B R 4 2 5L BB S i R A e R A R R R AL O B U A O T R ] s e R
PRERSE G G R IS, B /N RN R AE A ERAYT 2 RS I T A0 e R B s b, H b L
P EL A IR A s 2 VR TR YT 2 RS L HERR 240 mg-kg T RYTALRUR O B, LI 2535 A
010 PR e R B IR 2H 20 8 B e B, b DL TR BCR I, IE R I IR 2 K B A AT BLGE H IE
240 mg-kg VAITAACR N BE . W 1, YRR 2H TG 0 35 M 25 S, T A R 3 W DR O A Y 2 R
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ALE# ARG IR ;B IF 3 AR IR 4 C. 4F R MIB PR G R0 4 5 D. (132 Y 60 mg-kg ™' 2H;E. (132 120 mg-kg ™' 41 F. (13 B} 240 mg-kg '

56 = H BT 200 mg-kg ™" 41 (& 2 [7])

Bl BESEXNTRBERFRAREEAAREMHESZTHHBIM(PAS, x400)

Fig.1 Effect of resveratrol on renal tissue histopathological changes of gestational diabetic rats (PAS, x400)

AT IERERHAE ET® (P <0.01) , 213

FEE (120,240 mg-kg ™) IAIF 2 R, W UR R IR

Joa R RUE A AT B S5 BRI (P <0.05,P <0.01),
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M IEH A AR 20 K BRI v T T-AOC 7K P35 0E Ak
YRR 2 TG 0 35 P 25 S T R SR DR 9 A RS 21 A Rt
B T-AOC KP4 IE F T IRA W F K (P <
0.01), T £ 1 22 77 B 240 mg- kg ' 697 2 AT,
T-AOC/K V-4 T (P <0.05) . L3k 4,

G5 Bassd 3
o

3 LS

B2 BESEXEREERRBRRSHEAZLAEATHZNIE(TUNEL, x400)
Fig.2 Effect of resveratrol on renal cells apoptosis of gestational diabetic rats ( TUNEL, x400)

x3 AFAEBEMNEIRABRFT AR S AR AL
n=16)
Table 3

R (v £ s,

Effect of resveratrol on renal cells AI of gestational

diabetic rats(x £s,n =16)

259 il /mg-kg ™! AL/ %
IEW AR IR - 1.7 +0.5%
1E AT iR - 2.1+0.9%
BT 1 391 i DR i 455 75 - 52.4+6.8
28 P R T 60 46.1+7.5
120 34.7+5.9Y
240 20. 8 +4.3%
bR RUIIR T 200 22.4 +3. 8%

3.7 AT R IME IR BN R BB IE 4 41+ SOD, GSH-
Px,CAT {5 ¥ il MDA & B0 IE & EIR4 K
FUBHEZH 2 h SOD, GSH-Px, CAT & ¥ F1 MDA & &

BEOEH ARG IR 2 34 0 b 2 1k 25 5= 5 4 R 0D PR s L
R R EUE BE2H 21 rh SOD, GSH-Px, CAT 3% M 48 1E
WITIR A B E ML H MDA S B B EF & (P <
0.01), 28 (3 i 120,240 mg-kg ™ " 3BJ7 2 A5,
SOD,CAT 7% % & 3 F+ = H MDA & & I 2 [ A%
(P<0.05,P<0.01), H 240 mg-kg 'J4J7 41 GSH-
Px G PE S E T E (P <0.05) , Wk 4,

3.8 04T 4R IBE PR 9% K BR il b CRP, TNF-a, IL-
18,1L-6 , ICAM-1 7K V- [ 82 W IE 4 Uk 41 K B
g CRP, TNF-a, IL-18, IL-6, ICAM-1 7K 3F % 1E
AR GE R A1 ¥ 0 1 3 M 25 5 5 5 E R AR R AL LU AR, i
R I HE R A K R i 3 48 P A 5 : CRP, TNF-a, IL-
18,1L-6 ,ICAM-1 7K V-3 i & Fh =5 (P <0.01) , &
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*4 BRAEXNERAERRZXR

& T-AOC /K FEFH EREA 8 s SOD,GSH-Px,CAT iE 4% MDA S 2 &M (x +s,n =16)

Table 4 Effect of resveratrol on level of T-AOC in serum, activity of SOD, GSH-Px, CAT and content of MDA in renal tissue of gestational

diabetic rats(x £s,n =16)

20 5 FH/mg-kg ™! T-AOC/U-1.~! SOD/U-mg GSH-Px/U-mg ' CAT/U-g"~! MDA/ pmol-g ™"
EH A 4 Yk - 14.1 +2.3% 12.5+1.6% 9.6 +0.7% 3.7 +0.4% 3.3+0.5%
1E 8 AT IR - 14.6 +2.4% 11.8 +2.4% 9.1+1.2% 3.4 +0.7% 3.8 +0.7%
BT I 391 DR i 455 75 - 9.0+2.1 6.0+1.7 6.0+0.9 2.1+0.7 12.5£2.1
1128 15 VA T 60 9.6+2.5 7.121.9 6.3+1.4 2.6+0.9 10.7 £2.4
120 10.7 £3.1 8.6+2.3" 7.0+1.2 3.0+1.1" 8.3 +2.0%
240 12.6 =3. 5% 10.4 +2.5% 7.9+1.5" 3.4 +1.0% 6.5+1.7%
e —H WGE T 200 9.9+2.8 7.5+1.6" 6.5+1.1 2.8 +0.9" 9.1+2.3"

AL 120,240 mg-keg AT 2 A, 4 R 08 IR
KBS H CRP, TNF-a, IL-18, IL-6, ICAM-1 7K 3¢

0.01),

WS,

x5 BRAEXNERAERRXRMDRH CRP,TNF-o,IL-18,IL-6,ICAM-1 K FEH#IE (x 5,1 =16)
Table 5 Effect of resveratrol on level of CRP, TNF-a, IL-18, IL-6, ICAM-1 in plasma of gestational diabetic rats(x +s,n =16)

YRR, 2R Y BA G (P <0.05,P <

21 %3] Fi 4t /mg-kg ™! CRP/mg-1 ! TNF-o/pg L' IL-18/ng L~ IL-6/ng-L~" ICAM-1/ng-L""
EH A 4 Y - 4.2 +1.3% 1.09 +0.26% 103.7 £16. 4% 59.3+ 8.7% 30.5 3.7
IE 4T R - 4.9 +1.6% 1.15 +0.30% 108. 1 £18.5% 62.4 +11.2% 32.4 £4.2%
T 0 300 i PR 4SS A4 - 17.5 +4.2 2.64 0. 52 169.4 £27.3 135.6 +27. 1 61.8+7.5
1138 15 A T 60 15.6 4.7 2.31+0.65 161.5 +32.6 117.4 +£26.8 53.6 +6.2
120 11.8 £3.4" 1.93 +0.50" 138.9 £24.7" 104.5 £23.9" 46.3 +5.4"
240 9.5 +2.8% 1.61 £0.37% 125.1 +23. 8% 88.1 £20.7% 40.7 +4.6%
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