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Effect of Bushen Tongluo Prescription on Synaptic Plasticity of Hippocampal Neurons of
Vascular Dementia Model Rats Based on PI3K/Akt/mTOR Pathway
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[Abstract] Objective: To explore the effect of Bushen Tongluo prescription (BSTLP) on the synaptic
plasticity of hippocampal neurons in vascular dementia (VD) model rats and its mechanism. Method: SD male
rats of SPF grade were selected. The rat model of VD was established by permanent bilateral ligation of the

common carotid artery several times. The model rats were randomly divided into a model group, an insulin-like
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growth factor-1 (IGF-1, 20 pg-kg"') group, high-dose (3 g-kg'), medium-dose (1.5 g-kg"'), and low-dose
(0.75 g-kg"') BSTLP groups. A sham operation group was also set. Drugs were administered to rats by gavage
once a day for four weeks. The model group and the sham operation group received the same volume of normal
saline. After the last administration, all the rats were detected for spatial learning and memory by the Morris
water maze. The apoptosis of hippocampal neurons was detected by terminal deoxynucleotidyl transferase ( TdT)
dUTP nick-end labeling (TUNEL) assay. The changes in synaptic morphological structure and the number of
dendritic spines in hippocampal neurons were detected by Golgi's method. The expression levels of
phosphatidylinositol 3-kinase (PI3K) , protein kinase B (Akt) , mammalian target of rapamycin (mTOR) ,
synaptophysin (SYP), and amyloid precursor protein (APP) in hippocampal neurons were detected by Western
blot. Result: Compared with the sham operation group, the model group showed prolonged escape latency,
lengthened swimming distance, dwindled the number of times for the platform crossing after platform removal
(P<0.05) , increased apoptotic cells (P<0.05), declining synaptic dendritic spines (P<0.05), down-regulated
expression levels of PI3K, Akt, mTOR, and SYP proteins, and up-regulated expression level of APP protein in
hippocampal neurons (P<0.05). Compared with the model group, the BSTLP groups and the IGF-1 group
showed shortened escape latency and swimming distance, increased number of times for the platform crossing
after platform removal (P<0.05) , declining apoptotic cells (P<0.05) , up-regulated expression levels of PI3K,
Akt, mTOR, and SYP proteins, and down-regulated expression level of APP protein in hippocampal neurons
(P<0.05). Compared with the IGF-1 group, the high-dose BSTLP group showed no significant difference in the
escape latency, swimming distance, the number of times for the platform crossing after platform removal,
apoptotic cells, synaptic dendritic spines, and expression levels of PI3K, Akt, mTOR, SYP, and APP proteins
in hippocampal neurons. However, the differences were significant in the medium-dose and low-dose BSTLP
groups (P<0.05). Conclusion: BSTLP can improve the learning and memory of rats with VD. The mechanism
is presumedly related to the activation of thePI3K/Akt/mTOR pathway and improvement of synaptic plasticity of
hippocampal neurons.

[Keywords] vascular dementia (VD) ; Bushen Tongluo prescription (BSTLP) ; phosphatidylinositol
3-kinase (PI3K)/protein kinase B ( Akt)/mammalian target of rapamycin (mTOR) pathway; synaptic plasticity
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Th 1 (P<0.05) ; 5 IGF-1 41 Hu# , #h B 3 4% 7 i 7]
20 3 VAR U Uk I AR B B 5 R, 25
Geat o 2 AN AR 4 v IR B 2R B A (R 2
SJICACRE T3 T B, 306 3k T AR U0 UK R RE A B
JESE- B U £ (P<0.05), W1,
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Table 1 Effect of Bushen Tongluo prescription(BSTLP)on escape

latency, times of crossing platform and swimming distance of VD

rats (x+s,n=10)

3 b/ B 0 %2 2 VN ] Tie vk i AR B 57 &
/g kg’ /s /em K
% FA 25.0043.27  128.40+9.91  9.30+1.64
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T 5P AR A E VP<0.05; 588 4 H 452 P<0.05; 5 IGF-1
2 18 Y P<0.05(3 2~4 ) .
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W2 (P<0.05), WLE2,K 1,
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Table 2  Effect of BSTLP onnumber of apoptotic cells in

hippocampus neurons of VD rats (x+s,n=10)

21 51 /g k! Al/%
BFAR 13.00+1.70
157 39.40+1.17"
N =RiEL Y 3.0 26.20+3.43%

1.5 30.90+2.64*%
0.75 32.80+2.94%
IGF-1 0.000 02 22.50+3.03%

3.3 X VD K RUIEE B d 2R o0 4 i 2R ik B A5 o R R
FEEH T LB, T ARA M E TR G TEI),
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Fig. 1 Effect of BSTLP onnumber of apoptotic cells in
hippocampus neurons of VD rats (TUNEL, x400)

M ITTW RIS IER 0 L WMo %
58T AR YL B, B 4 g ) p 2 00 B 2 o AR
WG RS A B B, B SO E R ST R
S (P<0.05) ; 515 B2 4, IGF-1 41 b ' 3l 4 7
1R AR AR A ] G £ (P<0.05) 5
IGF-1 40 Lb A, &b ' 38 4% J7 e 711) ik 20 R 58 8% ik 22
IR VES W M cb s AR N = 3 AN ) B S S
BRI /> (P<0.05). WL 3,2,
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Table 3 Effect of BSTLP onnumber of synaptic dendritic spines

in hippocampus neurons of VD rats (x+s,7=10)

i 4 /g kg 28 BB /10 wm
IEERN 31.20+4.02
HLHY 11.30+2.67"
=Rk 3.0 24.10+3.34Y
1.5 19.60+2.41%%
0.75 17.4.50+2.46>
IGF-1 0.000 02 26.60+3.37%

3.4 % VD Kk Bl & X PI3K, Akt, mTOR, SYP,
APPE I EE W  HEFARH i, F A4 K

(Golgi,x100)
Fig. 2 Effect of BSTLP on synaptic morphological in
hippocampal neurons of VD rats (Golgi, x100)

W T X PI3K, Akt, mTOR, SYP & [ & 35k 1H Wik 2L,
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M2 (P<0.05), W34, 3,
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*4 FIEBLKFX VD AR PI3K,Akt, nTOR,SYP,APP & B RZEHHIE (F+s,2=10)

Table 4 Effect of BSTLP on PI3K, Akt, mTOR, SYP and APP expression in hippocampus of rats (x+s,n=10)

2153 it /g ke PI3K/GAPDH Akt/GAPDH mTOR/GAPDH SYP/GAPDH APP/GAPDH
BFA 0.96+0.01 0.83+0.02 0.83+0.02 0.91+0.03 0.43+0.02
LAY 0.44+0.02" 0.45+0.03" 0.38+0.03" 0.390.03" 0.89+0.03"

N -BLE Y 3.0 0.86+0.03 0.73+0.01% 0.73+0.03>% 0.73+0.02% 0.52+0.02%
1.5 0.82+0.04*% 0.70+0.03%* 0.69+0.04** 0.70+0.02** 0.56%0.02**
0.75 0.80+0.03*% 0.68+0.03* 0.67+0.02** 0.68+0.03%* 0.58+0.02**

IGF-1 0.000 02 0.89+0.02% 0.76+0.03% 0.77+0.02% 0.75+0.03% 0.49+0.02%

.
PI3K ‘.—. ..- W 126 kDa

AKE  — . A o - 56 KDa

SYP s s . w— w— —

GAPDH ™ s . s— —w. m—
A B C D E F
A BT ARA;B. BRI C. IGF-1 41 ; D. #b '3l £ 7 i 7 i 4
E. MBI 2% 7 R R 4L F kb B % 07 IR 4
E3 ARiEDRKPI3K,Akt, nTOR,SYP,APPE B &KXk
Fig. 3  Electrophoresis of PI3K, Akt, mTOR, SYP and APP

289 kDa

34 kDa
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proteins in hippocampus of rats
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