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Neuroprotective mechanism of tetrahydroxystilbene glucoside

on rats after cerebral ischemia-reperfusion

YANG Jie, ZHOU Zhiwen, YANG Qidong, ZHENG Lijun, ZENG Jin

( Department of Neurology , Xiangya Hospital , Central South University , Changsha 410078, China )

Abstract; Objective  To investigate the neuroprotective mechanism of tetrahydroxystilbene
glucoside ( TSG) , a Chinese medicine , on rats after cerebral ischemia-reperfusion. Methods A to-
tal of 96 Sprague-Dawley male rats were divided into 4 groups (n =24) : a control group, an ische-
mia-reperfusion (I/R) model group, a low dose TSG [ 60 mg/ (kg + d) ] group, and a high dose
TSG [120 mg/ (kg + d) ]group. After 6 days intragastric (ig) administration of TSG or natural sa-
line (I/R group) , reversible middle cerebral artery occlusion ( MCAO ) model was established by in-
traluminal suture technique. The rats of control group were operated on while the middle cerebral ar-
tery was not blocked. At 6 h, 24 h, 48 h, and 7 d after the reperfusion, behavior test was used to
evaluate the neurological deficiency of each group. The protein expressions of nerve growth factor

(NGF) , growth associated protein ( GAP)-43, and protein kinase A catalytic subunit ( PKAc) in
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the cortex were measured by immunohistochemical method. Results

Compared with the /R group,

the neurological defect scores of the 2 TSG groups were significantly lower except at 6 h after the

reperfusion. Compared with the I/R group, the protein expression of NGF, GAP-43 , and PKAc af-

ter the reperfusion of the 2 TSG groups increased significantly. Conclusion

The protein expression

of NGF may increase when treated with TSG after cerebral ischemia-reperfusion, which activates the

PKA pathway and increases the protein expression of GAP-43 that protects the neuron.

Key words: TSG;

— K & ¥ H ( tetrahydroxystilbene glucoside ,
TSG, fb¥ 40 2,3,5,47 -UERHE K LIH-2-0-
B-D - % M 1) AL GE 25l B 5 19 25 U o 2
— o BUARZEAE BF I TSG A B R Ak i
T SR R T IR | BT B Ko RE R AR | $2
2 ] AC AL BE ) L B A B R KA R R A
A ML R T BT R K B ( Alzheimer 7 s
disease , AD ) /N LN I8 M fi & 4E K B F ( nerve
growth factor, NGF ) ¥4 fin 09 1 Hl. i& 4F >k 19 oF
58T S B TSG X i dok o T E T 505 LA b 2 4R
7 (A E IR (E =N = R N 51 7 NG P N O v O 7 1
T HEE B AR K B, 60 1 120 mg/ (kg « d)
P2 R & TSG O 1 10 T B, 3l & W ¢ K B JR b
i fke 1ff, P E S5 R oM R NGE (2 UG A fiE b
I % ( protein kinase A catalytic subunit, PKAc ) N 4
K #H % & H -43 ( growth associated protein , GAP-43 )
BB RIE, WO TSG M & 4 9 4 "] B
BL o
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1.1 Shahhamlsss

W U Y% ME ¥ SD ( Sprague-Dawley ) i 4F K R
96 H, {k i 200 ~ 300 g (Mg [ i #4542 52
gt ) o BEHLAY X B2 R4/ )
TSG 4] . K| & TSG 41, & 41 24 H ., £ 41 % F
5 AL BE ] 43 N 6,24 ,48 h f 7 d dE 4 AR
LWL 6 K W AT T T R
Ve E R AL HE A 8 ~ 10 mm; K4 . ¥ 4 T A
A7 d JFRAHE T A 4k k S mL/ (kg - d) 87 K
WG 1 h R, LU R E N R AT
N R TSG 4 i BT R AT 7 KT WA TSG
60 5 120 mg/ (kg - d)"°" 257 REHJE 1 h i

cerebral ischemia-reperfusion injury ;

NGF; GAP-43; PKAc

B UGB RENES HEAM ., TSG B ¥ 5+
= WIF 5T 9T ) ) 2 4R AL 48 AR H 8 3 O R B A
B alifh, Mg H AN 70% 4 °C vk AR AE I i
il #5812 F 24 mg/ mL {3 W T .

1.2 #AH %

PL10% 17K & S (0.35 mL/100 g) | i 13
SRR T R B, % B Longa ' 2% 4% ¥ R 4% K K b 8h
kR ZERLAY R 2R AT 0. 234 mm FL 22 J¢ B4
g, BTN R RL A H LIk A iEA Y
(18 £5) mm BH ZE 45 M) K i o gl ik A B, Je Je 2k
RE2h RGN HEETE. FTRLE S TU
PR DR 7 R R 7E (37.0 £ 0.5)°C, Jf M i AT
W S B, TR R IG K Y ol TR
mOHEZEREE T UM, XA LT E R
8~ 10 mm, HAHAE R B AL,

1.3 #0258 5

K4 Longa "' 5 90 i¥ 4> 4% i, 3 4 95 R )5 TT 1R
HRED  EE YT S A IE, 0 43 IEH,
A DL AT o i 22 T RE BB R B 5 1 4« T 4 R Ik
M HT A RE 552 40« A7 5 B S5 4K 1] % M) 5% Bl
3 93 AT L I B A 1) X R B 4 57 A RE A K AT
EBEIHRER, BRIFESHO0 5384 4 A%
PRXE 2 1 A8 T B A B B & B A ke IS s S
Msh s 5 2 AN A F F AR i 2
SORSIE7/ R
1.4 S BRMBNFEE

i Fl SABC 7 #t 47 NGF , GAP-43 F1 PKAc (%
B e, HARD R U R T )5 A PBS
(0.01 mmol/L,pH 7.2 ~7.4) FEYPE ; i I f i
Hil i 3% H,0,, =ik T # 8 10 min DLK g N M
it F ALY ;0. 03 % Triton-100PBS 75 ¥ % il T #
B 30 min; M 10% 1E# L E Mg 37 CHEH
20 min 35t P B I, AR B TR 0 2RO ) 4 S A
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0.01 mmol/L. PBS #i B 1) 4 #1L K Bl NGF £ ¢ [ #it
4 ( Millipore 22 ] ,1:1 000) GAP-43 £ vi B i {k
( Millipore 22 7] ,1:1 000) J PKAc £ 78 fE i A ( 5%
P-4 ,1:100)4 CHCE 24 h, PBS HE L5 %
A R AL 1L BT TG PR (R D, 1
100) ,37 CHE# 1 h; PBS ¥ ¥ J5 7% i SABC & &
B et #1100 B AEACH) ,37 CRE
1 h; PBS ELVE J5 W% Jn DAB (b st 2 & 45 ) B A
(W52 8 AE B T 5 0 B b g 18] ), 28 1 K 2 1k
NE o BHPEXT BER ] PBS AU — B, R Al Bk AE
1.5 #R0E

2 B T B o AR B Uk o B
PEANL . >R A HPIAS-1000 5 1 Wi % €0, 9 21 181 18
SR R G (R AR LA m)) X80 Fr k47 KR
gy BEAS I A R A OB S 8 A BE P I
45k Y] -, B 5k U0 i Bl AL 28 BT R e i 2 RS A
AHEEWE, s 5T ( x400) WA B A M
S v B 20 B, B BOE D A& I R IR AR B
7 20 5
1.6 %hitsan

I FH SPSS13.0 48 3 1 1 A gk 47 g8 i 22 b B2,
B Y8 + ARE2E (X +5) o, H A 22 7 L8
Fi ANOVA J% Newman-Student £ & I # ¢ £ 55 4%
Mt , W4 B 18] A 5C 23 B >Rk F XU Pearson ™ s AH 3¢
B,P<0.05 N hERAGITFE L.

2 % R

2.1 TSG 3 kX R fioi bk do B 2 )5 AP 2 3 AL B B
AL

KRB MK B v gl bk B ZE 2 b S R E T, &
St 1M 21 Bl 4 4 B e 2 ) e R RE R, R
A B R B s I, X0 R P e 2 B O

P, LD B o B gl it 5 TR R R 2 C O
&R /N TSG 4 w2 T AR Bk AR A B, L
J1 W 4 55 A 4k g ) 4R R B A5 I R JBC T X AR
f14 A o) b T, A7 O HR T IE R BR 6 h I ] SR E R
T A8 A, AR 2% I ] 54T Oy 2 PR 0 2 B50RE 1 4
X, 2R ¥A S # R (P <0.05); P45l &
TSG [ 257 AW (P>0.05,%1),

F1 RMEERRBENEETIRILLE (X £5,n=6,5))
Tab. 1 Comparison of the scores of neurological function

of ischemic rats in each group(x +s,n =6,scores)

MThREIES
45
6h 2%h 48h 7d
g 2.00+0.89 2.67£0.52 2.33£0.52 1.50 £0.55
INF AL 2.00£0.63 1.67£0.52%  1.3320.52*  0.83£0.43*
kel 1.67£0.82 1.33£0.52*  1.17£0.41*  0.67£0.52*

SRR, * P<0.05,

2.2 TSG s+ K R &bk fo 3 V2 J5 B oo 8 31 R TR vt &
Ji NGF & g &k 49 %

St I PR JS 6 ho ke o SR 30 X T e T ph
JC NGF 25 [ BAPE R 5 38 i, 24 h 33K 35 m & (FH
PEAN MR e ) 48 h RIBA T T FE,7 d
P8 . B L 2 800 I 41 i 1A B K,
RUH 22 o0 IE 25, 40 0 5 R T M, LR A N ]
MM RE, HEEREEKE G, 2R E A
5T B L, ke i 4% 20 7 0T S 45 B TE) S NGF R
HEREm, ZER A5 2L (P<0.01); 5
BEASZH A LG, TSG 6 97 2H 5 9 13 4 I 8] s BE 1
KRR R RN 2, ERrASItEE X
(P<0.01), M50 & TSG 6 47 21 [a] . W & 22 S+
(P>0.05,%2,F1),

R2 J[AXRBRMMTIM Z B NGF EERIEHILE (X +5, n =6, FHIELHM)

Tab. 2 Comparison of NGF positive neurons in ischemic cortex of parietal lobe of rats(x +s,n =6 ,numbers of positive cells)

NGF & &Rk
251
6h 24 h 48 h 7d
papiskcl 0.68 £0.17 0.76 £0.24 0.71 £0.20 0.65 £0.19
[ EiE) 16.47 £1.54* * 27.02 £3.58* * 20.72+1.58* % 13.53 £0.89* *
INFIRE A 27.12 1,13 # 44,57 £3.25* *# 31.33 £1.21**# 22.12. £0.75* *#
K 4L 26.60 +1.75* ** 42.85 +3.41* ** 30.37 +1.28* ** 21.23 +0.64 " **

XTI LA, « + P <0.01; SEIRA LA, ##P <0.01,
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E1 S#EARA4FTARKROAET24 h FERIEDRIAMER#EZT NGF ZEERFRIE( x400) o A: XTI ;B ARAIH ;
Co/NAIRE TSG 415D K i TSG 41,
Fig. 1 Immunohistochemical labeling of NGF in the ischemic cortex of parietal lobe at 24 h after ischemia-reperfusion

( x400). A:Control group; B:Ischemia-reperfusion(1/R) model group; C:Low dose TSG group; D:High dose TSG group.

2.3 TSGR A Mk Bz 5o B Rrt k. SXILIE, BREIAIZ 6 h Sb, 4% it i 4% 41 7

Ji GAP-43 & & kA 89 %k A E L RR N, ZF H A% E X (P <
e I T VS 6 h BB ZH Bl A X TR gz 0.01) s SREERLZL L, TSG 3 JF 4L TE 45 I E]

A 4296 GAP-43 5 [ FH P 2 ik 5 X5 B 41 A0 L, PHPER R R B ML R A RIT¥E

24 h PHPEFRIAIG N, 48 h Rikkmig, 744548 X (P < 0.01), A5 & TSG i 7 4 18] & H] 2

WL ERE, CAP-43 EEMEML T EE I ER(P>0.05,K3,K2),

KA MR R 3 M A5 AT LR G BIR A A

®3 FHKXRRMMITM Z R GAP43 EARIZMLLE (X +5,n =6, M EELR)

Tab. 3 Comparison of GAP-43 positive neurons in ischemic cortex of parietal lobe of rats(x +s,n =6,numbers of positive

cells)
GAP43 3k
215
6h 24 h 48 h 74d
pogiEiik 9.65+1.38 9.70 +1.40 9.72 +1.51 9.68 +1.43
MRS 10.20 +1.46 17.00 £1.43** 19.98 £1.73** 16.75 £1.13**
JNFI R4 13.58 +1.32* *# 23.08 +£1.00* ** 33.35+£1.93* *# 28.20 +0.93 * **
KA 13.65 +1.33* ** 22.83 £1.33* 33.08 £1.62* 28.28 £0.93 * *

X IR EEE, + + P <0.01; SHRIL UL, ##P <0.01,
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B2 ®REHA ’I'KarriﬁﬁMEﬁEE 24 h J5ER 1 E] A E]ﬁﬂfﬂiﬁ?ﬁié’x‘m GAP-43 EEIH’J%% ( ><400)o A X IRZE s BRI

A5 Co/NJRIR TSG 45 D2 KR TSG 41

Fig. 2 Immunohistochemical labeling of GAP-43 in the ischemic cortex of parietal lobe at 24 h after ischemia-reperfusion

( x400). A.Control group; B:Ischemia-reperfusion(1/R) model group; C:Low dose TSG group; D:High dose TSG group.

2.4 TSG K R B e - 2 )G B ol B 12 X TR PR
JR PKAc & & &k 09 %

S It E VR J 6 h S i R 2 X TR R R R M 4
JC PKAc 2 1P PE R IR B IE #4114 Jn, 24 h &35
KR, 48 h RIKA T FRE,7T AU ERIK,
PKAcEEEH@%%ﬂ%EW%Eﬁ Jﬂ?‘&%t%%ﬁ
BH P 40 16 4 B A K, M R i 22 00 T 3 B A N 58
RO, 55X AL, ﬂm%éﬁﬁfé&%m‘
[ SRR I, ZRARITFEE L (P <
0.01); 5HERIY] L, TSG JA 7 4 P98 1 4% i) ) o
PHYE R YRS Z 2R A58 %E

X (P < 0.01), P45 & TSG i ¥7 41 [\ JC W] &
ZR(P>0.05,%£4,K3),
2.5 AAxMELH

PR BY 4] A5 TSG Qﬁﬁ?@?_f}:iﬁﬁﬁﬂhlﬁl
JER 1 BH 20 8K 4y 0 X R 3E 4T AR Pearson ” s
AR AL B, Ho o NGF 5 PKAc EEI%%LZIE—IJ 4+
KEBN0.923(P<0.01),P#HEEFIEMRK
P PKAc 5 GAP-43 3 [ 3R 5 Z 0] Y AH & R %R
0.589(P< 0.01),FF IEAH K ;NGF 5 GAP-43
HHRBZBAE KR NO0.570(P < 0.01),
PIEEMK (K 4) .

x4 FHAXRBRMMTIMER PKAc EEREHLLE (X £5,n =6, HIELHE)

Tab. 4 Comparison of PKAc positive neurons in ischemic cortex of parietal lobe of rats(x +s,n =6, numbers of positive

cells)
PKAc H KX
2
6h 24 h 48 h 7d

X HEZH 4.12+1.00 4.53+1.06 4.23+0.98 4.05+1.18
HERIZH 8.28+1.17% " 15.90 +1.82** 12.27 £1.62** 15.75+0.68* *
N 17.03 £1.39* *# 25.68 £2.10 " *# 19.35 £1.40 *# 15.75 £0.68 * **
KA 17.08 £1.48* ** 25.78 £2.13* ** 19.17 £1.06* ** 15.83 £0.75* **

Lins WA e,

% P <0.01; SREIEIZ AT, #4P <0.01 .
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B3 SERAALFRARRMEETE24 h FERIEZDXTMERHZT PKAc ERRRIA( x400) , A X IH; B A

21 C./hi&: TSG 415 D K57& TSG 41,

Fig. 3 Immunohistochemical labeling of PKAc in the ischemic cortex of parietal lobe at 24 h after ischemia-reperfusion

( x400). A:Control group; B:Ischemia-reperfusion(I/R) model group; C:Low dose TSG group; D :High dose TSG group.

351 1=0.923 407 1=0.570 41 1=0.589
30 35 3
30 3
25
I I
a 25
20 bl i 2
5 $ 20 %ﬁ 2
15 % 9
15
" 10 e 3!
10 1
5 5 5
A B @l
0 1 1 G 0 Il L i L i 1 J
0 10 20 30 40 50 60 0 10 20 30 40 50 60 o s 1 1 2 2 3 3

PKAc EH

B4 NGF,PKAc #1 GAP43 EHRIZMWELMERX S A: NGF 5 PKAc; B:NGF 5 GAP43; C.PKAc 5 GAP43,
Fig. 4 The linear correlation among NGF, PKAc, and GAP-43. A. NGF and PKAc; B:NGF and GAP43; C.PKAc and GAP-

43.

3 i i

NGF J& —Ff 22 ML fy M 22 8 95 N 7, o 5 i
MAERERIMM KR H 4 Z B EHW. A NCF
ERORU T M 200 7E I Bk A% P, NGE X
T Al 2 T AR A L B A T R R A0 R A
TR M G B o 98 4 A LB i B
NGF e W M3 ik, I A M 2 on Ry AE . — i
B, RIS 6 h R B NGF 2 123k, i ik 1fi

T 5 NGF 2k i 8] 52 1E A1 G , {5 R 2 850 -l [u]
BB IE F K, 45 i 1) 850 Ak LI X Bk L 453 45
14 i 22 0 Ak ) I A AR AR AR T, I, R
FH AT RS2 42 Bt NGF 335§ 36 7 15 it , XF 1% Sk 1M J5
LD R DR N Sl - D S G N o R
SRR Bk R TE 6 b S, Bk T B AT
JLNGF FHPE R ik, 5 8B4 A0 LG, P50 & TSG
AR MR T BRI T R NGF R BH R R A .
Ui B TSG W] LA Py U5 M NGF 7E g ik i P 98 142 i)
AR AR N, X T R o 5 £ A A 2R o, 2
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171 IR S e I 2T = N S S P A (S
WE 5 i F 75 % W1 . NGF a] R 38 13 5T B h 2% L K
D 24 PN R 2R Y A M R, AT DR R
P2 TG I 5 38 A B SR WK - NGF RE % 42 2 fix
B Il P JE B R AR AR AR Y GAP-43 PR A
o, BB BE R MR - W A (cAMP-PKA)
SRR X A o A R AR

80 4E 4R HI, Skene 250 A i 4 2R Ah A w22
GRS M AR B RE AT
Bl GAP-43 . GAP-43 N 2 {8 frE 4, L1
TR o0 KER 3 VR TG Y B BT 4 ML AN S5 RE TG 40
A 92 2 24k 2= G £ BH P 40 i 32 2o R % A
Jifg A4 A 28 B PT AR Y . GAP-43 Xt #h 48 &F 4
K ORE A DL RS fil T RE 4k RF A T RE ik AR
EEZEMN., EENMERENGEY, £ s
TR A MR AE KB mKE RIS, EMRE N
BERE MR K ZFH N, cAMP-PKA {5 %5 ik 12 76
Bl o€ By AE S o AR i 2R, PKA g 1
iy P I8 15 F 2L ( PKAr, Protein kinase A regulative
subunit ) F1 P A~ i fk 2 3 ( PKAc ) 21 B, B 4> 8 57
W R A WA cAMP %5 4 v 5, PKAr 5 cAMP
a5 4 G Bt BA A TE PR 1Y PKAC, fiE £k T B
PKAc il i i A6 IS W) 25 5 o0 O S8 Ry o8 22/ 05 R
5% L A oK R 4 A0 M R R . R 2R A N
i % T8 5F NGEF (1 52 46 J5 ¥, WF 58 NGF i 3 i ik
I P R B %€ 15 2R 5 cAMP-PKA {7 5 ik 12
1)K &R G & B, NGF RE % {2 2 il % 1l 5 3 13 J5 %l
PR AR Y GAP-43 (1 3K 15 fm, T A 2 pf
SR ER, H cAMP-PKA {55 & 12 78 X 4> o
o AR, & NGF i o i Bk I f5 pf 28 75 45 1
G SE K o A, KRR A s g
KB cAMP-PKA il f% £ NGF #f 28 {7 4 i 2 e
BAEH . b A7 2 E N BER A NGF i 7
PC12 4l fits ( Wg 4% 20 M 988 4 ff ) 1) i 28 o0 o Ak, I9F
ol Ll % T A 0 S 5% b, R PKA B4 R S
NGF {i¢ il 5¢ 15 4= 19 18 32 2 40 0, 0 A 30 & Ak
(PKA 3l 7) J5 , H A2 il o€ 7 26/ T W) Gk 48 5
A AR BN 5B A A L, A A &8 TSG
2H 4 B [8] 55 NGF , PKAc Jz GAP-43 25 [ FH % % ik
ST | IS I IP U e < el =1 W i =2
Pearson’ s AHOCHKT B0 , K M HAAETEAH R C R . 45
G bR SO 5T, 2 A HE I TSGR RE 8 o 75 5 Ak
it I P B 3 50 K B TR e NGEF Rk 1, WiE
PKA G B% , fie 3 il 58 715 4 b5 & ) GAP-43 | 3R

kR B R R .

TSG 15 o i fie T R BB 25, R BOC RO 1
W . B ST ARt AE Bl K o RE A 1k R R R
t, 0 60 mg/ (kg - d) Y TSG JE B HA K i s 5
BB, 30 mg/ (kg - d) DU I A 1 RS W5 AR
KB AR P i o 45 8, RGR) 9 [ 120 mg/
(kg « d) 1% 30 ¥ i 28 A8 AR 9 28035 96 A 18 T /0 591
60 mg/ (kg - d) ], H K& XF b X % 4 fig
A M PR Y . A BF 5T b R 60 A
120 mg/ (kg « d) WAL & T 00, 45 R B, A
MEAEMZES AW E (P >0.05) . FjEX ] b
15 9 21 590 R 2 [ R B Bl R A R, R P
FR 3 T % 25 1 10 IR T R RS R 2 A, o AL
SE B WG ) R ROR AR o A TSG A O il O 37 59
3 AR R A it — B BRI .
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