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Abstract ;

coside (TSG) on neuronal cell apoptosis in rats with Alzheimer’s disease.

Objective To investigate the inhibitory effects of 2,3,5,4’-tetrahydroxystilbene-2-O-3-D-gly-
Methods SPF-grade SD rats aged
24 months were randomly divided into 7 groups, including the normal group, sham operation group. model
group, positive drug group (0. 150 mg/kg huperzine A), low-dose TSG group (0. 033 g/kg TSG), medium-
dose TSG group (0. 100 g/kg TSG), and high-dose TSG group (0. 300 g/kg TSG). The model group, positive
drug group, and TSG groups were injected with Af,; 35 solution in the hippocampus region using a rat brain ste-
reotaxic instrument to establish an Alzheimer’s disease (AD) rat model, while the sham operation group was
injected with an equal volume of physiological saline, and the normal group received no treatment. After pas-
sive avoidance test, the successfully modeled SD rats were orally administered with the respective drugs once
daily for 4 weeks. TUNEL apoptosis assay was used to observe the apoptosis of neuronal cells in hippocampus
and cortical areas of rats. Real-time quantitative polymerase chain reaction (qRT-PCR) was used to detect the
expression of Bax and Bcl-2 mRNA in rat brain tissues of each group, and immunohistochemical staining
(IHC) was used to detect the expression of Bax and Bcl-2 proteins in rat brain tissues of each group. Results

Compared with the normal group, there was no significant change in the apoptosis of neuronal cells in the
hippocampus and cortical areas, as well as the relative expression levels of Bax and Bcl-2 mRNA and protein in
the brain tissues of the sham operation group and positive drug group. In the model group, the apoptosis of
neuronal cells in the hippocampus and cortical areas increased significantly, with increased relative expression
levels of Bax mRNA and protein ( P <C0.01), and decreased relative expression levels of Bcl-2 mRNA and pro-
tein ( P <C0.01). Compared with the model group, the positive drug group and TSG groups had varying de-
grees of improvement in the apoptosis of neuronal cells in the hippocampus and cortical areas, and had de-
creased relative expression levels of Bax mRNA and protein ( P <Z0. 05) and increased relative expression levels

of Bel-2 mRNA and protein ( P <<0. 05).

protection of the nervous system by regulating the apoptotic pathway involving Bax and Bcl-2 factors, and may

Conclusion TSG may reduce neuronal cell apoptosis and increase
have the potential to alleviate the symptoms of Alzheimer’s disease.

Key words: Alzheimer’s disease; 2,3,5,4’-tetrahydroxystilbene-2-O-f-D-glycoside; Bel-2-associated X
protein; B-cell lymphoma-2

B IR o 1 2R Calzheimer disease, AD) & — i L) s LW I8 & AL R R 22 B sh ) SC i (e B 2=

R B S5 i b 58 fith ) B B A5 i 22 T A0 L 25 R Ol Ry
TR B AT PR 23R AT O B L TE I AR L BT 5 R R
I 2% B A T R R A DA B AR AR, ER,
X AD (% & i AL AR 58 4 WA, b Bk 2 4 i R
A F#H2¢ X 2 H (Bel-2-associated X protein, Bax) . B
B 48 B 988 -2 (B-cell lymphoma-2, Bel-2) 4 b | T A
T AL ET ) Z Y B
Al REE XS AD W A 19 25 W)t AN ] BHL 1k 380306 2 HE 5
kg Hoa UAE — & 2 B 22 i AD 1Y Il IR R AR o B X%
AD PR IR TT - T 2% 22 F v /5 245 kA7 i 5T S 5, HL
WA T DU &5 57, S A S B kTR S AT (2,
3,5,47-tetrahydroxystilbene-2-O-p-D-glycoside, TS
G XoF BT 7R 2 T 3R A 28 0 4 6L 90 T g 0 o 5 OO AR AT
TV, R AD P IR SR E Z T RE 0,

1 #RE5HEE

1.1 SEge bRk

1.1 SEmMshy TRV REEWHARAGRA
W3k SPF G MEE R RL .24 H e A5k 650~850 g. 3
YIVE AT IES o SCXK (D 2019-0014 , 31 4> #4248 3% T
JUVE A AT A TL R B 2E B SPF s ¥ 5 g vl i
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L1.2 25950 ¥R eZRkEN Gg6)
—¥i (3£ ProteintechGroup A A, 1t 5 :20000174) ;8
VE MY FETE 1 25-35 (B-amyloid protein 25-35. ABys 55 )
(EE SIGMA 28 Al 5 118M4893V) 3 — 7K Z M i
BB 538 3 A BB AT FR A A L ik 5 CHB180810) 5
AR R B R K25 B A R 2 /] it 5 [ 25
F H20093133,50p/g ) 5 = AR50 e 5 PR R (R L
gyt B A BR A A i 150613) 5 B Ak g ok ik
qPCR mix (R SE 4 £ W L A R A AL it 5.
140606) ; TUNEL 4l ffd 8 1= & il 28 550 & (VL 95 P 5 AR
WE AR A BRA F] L5 :20221129-1)

11,3 SERAE  ZH-# A2 B/S 8K/ UK 57 14
FEALAL CZBIE AR A AL A% 1 & A BR A |DD s ZH-KES
R 7 S R (R BB AR R AR s A IR A A
PAT-8R % 2 ik ik 2 11 46 Ol AR 28 B 1A BR A 7D 5
Histo Core PEARL #! [ g 245 i /K HL, EG1150C #4
H sl AL (F5 E A K s Neofugel 5R I 155 73 ¥ 4 5 0>
Bl; LightCycler96 I 5Z B % )t % 2 5 A Bl % =0 & b
RGP,



EERANEY PRV SR

% 2 ]

2023 4F
1.2 ik
1.2.1 MBAURIAE &M PEMESE 2 BB SD K EUBE

Lok 7 A 15 HL a5 o i H A R TR B
RUZH B 25 40 . TSG ARG i 41 . TSG il 41 . TSG
A AL, SD R BUPRE , 2R EWR (8 mg/ke) I i 7
SRR B K2 o LR 1 2 T i 37 A4 S o7 {0 1 3
Z ] ARAFRT S KA — 7K P B 75 %6 £ P ] AT
B KBRS TR A8 Bz IX ek, B A7 TR T d kT,
W OOREEM — K 29 3 cm WY U] 1, F2H S [ 2 3 ) e
2 T B R U) T, B R T A S M A 2 2L LUK
BRI X1 2y D a5, 2 2% R B A% o o7 A T 33 328 L
KB (AT RS 3.5 mm, TZEAMI 2.0 mm) , BUF BHAG
3 T AV B X3 /N L R R g A
2.7mm, ¥ T 37 CHEH 1 MR EIKERN 5 pg/pl
(9 ABos o MR LA 0. 2 pL/min 45 B 28 18 57 38 1 A
MG 2 AR 1w, SB[ 29 5 min, 3 49 56 1%
JE A S min, BT AR FETVREL, 2218 BT . K
FARY P AF A B K, IE R AN A B, R 5 X
L RS B HESIES T HRER Gl0H
By, L T d, T TR U A UYL

1.2.2 OREshPBim 47 4 2l ]k 52 50 47 Sy 2
T, DA AE by 0 15 3h 4 455 78 3 B R D 5 45 ) b o . 3R
— B Bt S 38 R B 58 A A SR AR A AT T 5
FHREEZE T, A E 4T 10 min PR IE N S
P LI R ARG Z I W EZ BT, & 10 s
AT IE L R B SGEAZ . 58 Bt Ak, e
ORI St N e L I R e R N 4 e
32 L REE S B R R BRI ok A SR 6 42 0 v AR
W15 5 min WIS DRIREL . B RIEAT 3 IR 1542 7
d 5255, DATE 5 41K B AR 0 e [ A A7 o L % 45 21 K B
TR AR SR AT 23 BT« HE B3 365 A5 2R I ) Sl R 7Y, 45 281 i
10 HRRAEN G Lm X 4.

1.2.3 #h¢) WFAREREEAG LR ARG E, B
S R B W3R, ) FE T, Jr LA 2 4 5 Il ikt 52 55 i
PEH 10 RS K BE A S BASE I . X % Y S5
S HEATHE A 2, IE R A R OR A AR (R
7K 30 mL/kg) . FHYEZ A CHAZ B 0. 150 mg/kg) .
TSG ik #) H# 4 (TSG 0. 033 g/kg), TSG 7| & 4
(TSG 0.1 g/kg), TSG EHNEH(TSG 0. 3 g/kg) , 5
HEBHEFHN LR, ELLH 4,

1.2.4 HUR JEBAHEERIG . A KRB HLE 5
U, 28 8 i 1 9 2R R (8 mg/kg) HEAT RRIE . 4 T2 7K
ARG 2 B i S 2 — 80 CIAfER L TR
IR DN PR M R A . AR 5 HOR R T O ERE I
B 58 5 K 4 200 F TUNEL 8 15 52 56 955 23 G
A 9% 4 2 Ak = S g A ]

1.2.5 TUNEL T8 HIE S WL vk E#AE
B 58 45 M AL 2L )5, T 4 %6 22 58 I 6 7 Vi 5 1R %) i
U IEATE S8 24 b, T HE AT 0K B B K L A 0
WU R EE N 4 pm, A 8 Y) 5 4% S 5, 4 IR
TUNEL #i i 8 7~ & 038 70 &5 20 BR ik A7 45 0E v M A
et R G BE T SR Bk 41 20 I X B e 2 DX R 0T
i M PR T AE O
1.2.6 SR 2¢O E i 2R A B =X R % (qRT-RCR)
it B Trizol 1270 & 52 50 20 BRI AT B A L 48 K B
AP RNA 2 0 58 40 0 66 B 1A I RNA ¥k
BE L4, OD260/0D280 HAETE 1. 8~2. 1 o FEl N 1
RNA FEA T QRS2 A7 100 55 S 5000 . 3% cDNA 3 % 5%
R S8 2 BRI AT R AE B RNA 3 5% 5% cDNA,
Bc i 52 AR R (3 20 pl) e B/ FBI#4 1 pL AR
cDNAZ2 pL 38 H AP N SYBR 4 (8,98 56 YL kR
AW 10 pL  EEK 6 pl, RN M 95 C A 600
$,95 ‘CAEPE 10 5,60 CHEff 30 s, 3t 40 A9 FF , 8 &oF
qRT-PCR AL % 7471 . UL GAPDH i N
2,2 COEHFE A I mRNA AN RBE, 510
Fe 84 1 a4 T B AR 9 TR A BRS W SE R 519
FPAIILEE 1,

®1 PCRII¥EZS

GlL7] Al

Bax Fi% 5 -GAGGATGATTGCTGATGTG-3'
T 5'-CAGTTGAAGTTGCCGTCT-3'

Bel-2 ¥ 5'-CACAGAGGGGCTACGAGT-3'
Tt 5'-GGCTGGAAGGAGAAGATG-3'

GAPDH i 5'-GACATGCCGCCTGGAGAAAC-3'

T 5'-AGCCCAGGATGCCCTTTAGT-3’

1.2.7 AIEALEEG A% HC) 8 R A i R
AT R U BB 4 pm, 60 CHE R 2 he AEEY A
SIS, BB R, U R A & B i A
Byt W T, AT HURAE E 2 min, B Y RO
50 pL 3% EA S, ZIR TIEE 10 min, LABH Wy K
PR E AL Y B9 05 P U0 R i 50 pL 9 Bax,Bel-2 —
PO (% 1+ 100 BB L 7E 4 CIRIE T E 8 —
YU T 45 o5 BRI N 50 pL e 4l Ak iR &
Y 40, F IR T E 15 mins 2 DAB XK B 6, B
TR T WL L 3 I 28 1k N L ZR AR K VR I8 R R
YL 30 s, A RIK IR s BB BEIORS W K . —H2RE I L h
PEAS IS Bt R s S O UL B 1 ) X e 2 DX R AR AR
k.
1.3 GEit2Erik R SPSS 20. 0 X %k #4720 Hr
F (et ) R s Z2 20 0] LA ol B IR 2R O 22 40 # O 22
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Fe Pk B 2 0] LAk FH LSD K5 5 24 5 25 AN FE R 3R
A Tamhane’s T2 4, P <{0.05 #TREFHABSKIT
2 BHR

2.1 TSGX#HFHKMMAITLMPIA T LI B
YL I Xl 2 T A0 M HE S A T L A0 5 B v R A D
PR N B 2 XM 2 o i s - AR RN

35 1B R AL XM B JZ X U (BT A A R B A 2
LR DL WY 8 728 b 5 A5 TR 21 A 0 B N T L T AR T
LT 245 TR e BR G i 22 T A0 M R0 S Bl A A0 ¢ B
PERLIR . 5 A 2 T T DN B JZ DX LU, BRI 25 4
5 TSG #7541 BA [F) e B i 4 B B4 L B (8 B
A [ 2 Uk 553 ot 422 0 240 i S0 o T 094 T 0 5 R A
BRI . WK 1A 2,

O
o 2
s q‘:n}.‘e‘s‘; ¥ 2
Far i
ot L P ‘\:'\'

E 2%

G

FAEFUHBBFARM;CHEAM;D. MM 4E TSG & A &4 ;F. TSG ## E4:G. TSG 5 A &4,
A1l Z24AARWALNEDRXHEZTHEAET % LTUNEL £ £, X400)

E F

G

ELACEF A B BFARL;CHEAEL ;D A4 E TSG KA E4F. TSG #HE4;G. TSCHHE4A,
2 AAKRMALNEERMHZI %A AT I (TUNEL 2%, X400)

2.2 TSG X £ 4 K RM4121 7 Bax.Bel-2 mRNA %
KR 5IEE A A TR 4 Bax mRNA A X
Feak 0 B E AL PHE 254 Bax mRNA A X} £ 15 &
BN C P <<0. 05) , B4 Bax mRNA MIXF %k &
WP E RN P <0, 01); SRR A b A, PHAME 25 40
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Fl TSG 455741 Bax mRNA AHXF 235 5 90 A 7] 2
FERII /> (P <<0.05) ; 5 FHPEZ5 4 L&, TSG K Hr 7
it 2 Bax mRNA AH X355 & B3 I ¢ P <<0. 05),
TSG #5784 Bax mRNA X % 35 & 6 8 25 1k,
LA 3,
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%2 4

2.0+

#*

BAXmRNAM X Fik &
a &

A B c D E F G
EACEW 4B BF AL COEA 4D, B4 E TSG K
FEHF.TSGH A EL:;G TSCHmAEL., 5% AR,
FP<0.0l;5BFARALEK, P <<0.0l; 5HAMLEK,P
<0.05; E# A& 44 mRNA KK EH N 1, (2 =5),

K3 £A4KHRK4AY Bax mRNA 0y & % B R

SE®WHE . FARA Bel-2 mRNA HH X £k
IR E AL, FYEZG 2 Bel-2 mRNA A7 X 2% 35 B
PEEHNC P <<0. 01) . BEAIZH Bel-2 mRNA FIX 36 1k &
W A (P <<0. 01) s SR A HL B, TSG i 7
2 Bel-2 mRNA FHXF 3R 35 & B/ g 3 . (AR B
it X Y241 TSG L @il i 4 Bel-2 mR-
NA FXF Rk a AR FE B E AR InCP <0.0): 5
PHAEZ5 41 L, TSG 47l it 41 Bel-2 mRNA FHXF R K
M P <<0.0D), WL 4,

2.3 TSG X541 K Ul 40 21 b Bax.Bel-2 8 [ % ik
MR 5 0E H 4T S ORI )2 X 3R T AR R
PHPEZG 21 Bax 1 H £k U0 B 3 20U B AT 4 Bax &
Pk ] BB ( P <0, 01) ; S5 A5 7 4 5 T [X
Rz JZ X H 8 BHPEZG 240 A TSG 45548 41 Bax & 14 %
TR B [ R B s/ ( P <<0. 01) s 5 FHPE 25 411
I X RN 2 X A, TSG IR i 41 Bax 2K (1 £k 1

E F

AN, TSG P mFIE 40 Bax EH EHL BT BN
A, WER2. K5 E 6,

=) 2]
[ | [ |
<
<

BCL-2mRNAfE X Rk &
? -
H

0.0~
A B C D E F G

HA B 4B BF AN COHEA LD, %S4 GE TSG
FIEH;F.TSG # A EH;G. TSCEmA &L, 5% 4L,
FP<0.0l; 5BFARALK, P <0.0l; SHAALK,VP
<0.01; E¥ A& 44 mRNARKER N 1, (n=5),

B4 &M ARMASF Bel-2 mRNA B9 % 3£ 1 5L

F2 TSCHBFAKRRMALRR Bax Bcl-2

EARENEMER

205 n 01X KIRX

IEH A 5 0.55970.005 0.5530.011
(CER N 5  0.569740.008 0.56240. 004
MR 5 0.631%0.013"  0.65340.014%
FHEZ5 5 0.57840.005¢  0.574240.009°
TSG k71 &2 4 5 0.60340.009¢  0.62220. 008
TSG i) & 4 5 0.59240.010°  0.59840.015°¢
TSG & 4 5 0.590420.006°  0.589740.016°

FOXNHEABHEEUGEDXT; Q5 E¥ 4 LK,
a: P<<0.01; 5B FARALK.b: P<<0.01; 5# A H % .c: P
<0.01,

EAEHABBFAA;C. EARAH ;D MR 4;E TSG KA EL;F.TSG FH&E4H:;G.TSCHH &4,
A5 £AKRMALNED R Bax & @ %k %k (410, X400)
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EAERE A B BFARYE;CHEAEA D, A 4E TSG KA B 4;F. TSG ## E4;G. TSCHHEA
A6 £HAKRMALNKEER Bax & @AWk % (£ 41, X400)

55 UE K 2T DXORI R )2 DXL A BT R A B 3 BEAKRMARS Bl BAMRKE

2520 Bel-2 R0 FE WU B Bel-2 A 241 5 g T X KRX

Tk B B (P <<0.01); SHERIAH &2 X L T 5 0.61740.024  0.648%0.009
B PHYEZG 4R TSG #4551 # 4 Bel-2 R R A& 1 BF R4 5  0.61240.010  0.63540.008
ANFRIFERERYIE I C P <<0. 01) 5 54 B 4 76 3 X HE 42 B4l 5 0.5492£0.009" 0.534£0.021"
BPEZ5 4R TSG o .25 5 4 Bel2 & [ £k 5 Bt PR P25 4 5 0.58940.008°  0.6114-0.006°
5
5
5

=

P || = c
IR BT C P <0, 01) s 55 B PE 25 4116 75 15 il i TSG i ik 4 0.564+0.012  0.56340.007

oy TSG EP%UEQE 0.5864+0.008  0.5924+0.011°
JZ XA, TSG & 7 & 4 Bax 25 R A & T i TSG 75 7 & 0.596-+0.009°  0.602-0.012¢
hAr, WLER 3V 7.A 8,

‘]i:@%)*ﬂﬁiyﬁfﬂﬁ%%(;is)%ﬁﬁ@iﬁ A -
a: P<<0.01; 5 FARALEK.b: P<0.01; 5HEA A HK ,c. P
<0.01,

EACER A B U BFARYL;CHEAA D MM 4E TSG KA E4;F. TSG ## E4;:G. TSCHHE4,
B5 #AKBRMALNEDKX Bel-2 & & 8 %K H & 411, X400)
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AL EFABBFRACOEA M ;D G HGE TSG KA E
H6 HUAKBEWALENEERK Bel-2 & & thkik (&E 41, X400)

3 g

AD J&—Fh 22 K R 5 2R , AL AT R AL
A AR YL Tau & M FEEBERR AL . A b L4510 . JIE B8 ke
Z R R i T R A 25 R R R A R BORh 22 T A
MRS T AD B AR BRSBTS 1)
LR N Z —, B A TR E N D8 ny i, 95 2
2050 4, IR EPK A L 1 507 J7 B R AE BB L X A4S
N HIHE 2R 2 BRI 4 3% RS o7 gt S AD
M IR IT 259 © R 4 3R 3 W] OC U i 0E A 2 —,
Bel-2 # FH MG 2 Fir A i T2k A2 v i R R AR R A
A Bel-2 Ml Bax, T 177 A Bel-2 2 T K+
Bax j2— A TR H F . Bel-2 /2 410 il 40 M 58 12 59 5%
R BRSO B A N2 2 b B RS L R &
TC 4N AL, Yok /b b 28 T 4 M R TS Bel-2 Sk AE
1984 4F B W & B, R U5 T bk B b i — b BRI
BT TR 20 0 A R 1 A B R B ARG RS i
PR T4 D L P R 3R R0 Bax 38 2 1 5 4RI
HMIE Y I A AN AR C 2R A R A R BTN
FEAMENEEA T, A SR IE, R A L
i 89 Bel-2 F1 Bax & H AR A8 %E AD Bg Y
FERDO FEASZES p L3 i kE TUNEL 52560 08 7 41 fifd
FOWLEE SN 528 5 it 3R 6 1l B X S L v R B 32 2H 41
o2z ik R I, 5 BB A A, TSG 4% ) 1 4 19 pf 48
JC I T B0 52 BUAS ) 2 B2 79 4 5% . Bax mRNA A Xf 2%
ik B Bax & H 19 8 5 UK [E] FE R AR, Bel-2m
RNA X} 3235 5 F1 Bel-2 25 119 35 52 A [F] 72 B2 11
Tt o HL 2 R 0] B 4RO P X SE 25 R4 s, TSG AT LA
F—ERE il Bax 1 Bel-2 mRNA #3231k,
W 28 O AN L T A I L

L5 BRTR TSG o UAE — @ 2 B 8 T fs

G

4 ;F. TSG o #| &4 ;G. TSG & 7 & 41,

) R % i 4L 2R O A0 R 1R O T 3k B 2%
AD JEAR 19 AT BE
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