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Effect of Yisui Jiedu Prescription on Apoptosis of Hippocampal Neurons Based on
PI3K/Akt/Bad Signal Pathway in Rats with Vascular Dementia
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[ Abstract] Objective: To investigate the effect of Yisui Jiedu prescription on hippocampal neuron
damage in vascular dementia (VD) rats and to regulate phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(Akt)/recombinant Bcl-2 associated death promoter (Bad) mechanisms of signaling pathways of neuronal
apoptosis. Method: The 40 SD rats were divided into sham operation group, model group, donepezil
hydrochloride group and Yisui Jiedu prescription group, with 10 rats in each group. VD animal model was
prepared by bilateral carotid artery permanent ligation (2-VO) method.The sham operation group and the model

group were intragastrically administered with normal saline, the donepezil hydrochloride group was
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intragastrically administered with donepezil hydrochloride 0.52 mg-kg"'. The Yisui Jiedu prescription group was
administered with Yisui Jiedu prescription (11.11 g-kg™'), 1 time/d . After 30 days, Morris water maze was used
to test the learning and memory ability of rats, hematoxylin-cosin (HE) staining was used to observe the
histomorphological structure of hippocampal CA1 region. Ultrasound of neuron in rat hippocampal CA1 region
was observed by transmission electron microscopy (TEM).Real-time fluorescent quantitative (Real-time PCR)
was used to detect the Akt, Bad mRNA expression. Western blot was used to detect the Akt, p-Akt and Bad
protein expression in hippocampus. Result: Compared with sham operation group, the learning and memory
ability of model group decreased significantly (P<0.05). The pathological structure and neuronal ultrastructure of
the hippocampus were changed obviously. Hippocampal tissue Akt mRNA and the Akt, p-Akt protein expression
level decreased significantly(P<0.05), and the levels of Bad mRNA and protein were significantly increased ( P<
0.05). Compared with model group, Yisui Jiedu prescription group can significantly improve the learning and
memory ability of rats, improve the neuronal cells and ultrastructural changes in hippocampal CAl area, and
increase the expression of Akt mRNA and Akt, p-Akt protein in hippocampus. Decreased Bad mRNA and Bad
protein expression levels (P<0.05). Conclusion: Yisui Jiedu prescription can significantly improve the learning
and memory ability of VD rats, improve the ultrastructural pathological changes of hippocampus and neurons,
and repair damaged neurons, which may promote Akt phosphorylation and activate PI3K/Akt/Bad. The signaling
pathway plays a role in the defense of neurons against apoptosis.

[Key words] Yisui Jiedu prescription; vascular dementia; phosphatidylinositol 3-kinase; protein

kinase B; pro-apoptotic protein Bad; cell apoptosis
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SR L. R BRI, BES K WIRAR
P2 S, { ARG IR IR B 18~23 °C, 1 i 50%~
70%.
1.2 259 Rk o5 WE AR 7 B KRR 15 g, 5 B
{215 g, INZEW 15 g, S 15 g, 404E 15 g, B 15 ¢,
AEM30 g, M 25 g, Wik 1Sg, M KEFETEZ
K2 B s s B AR AR Ty 24 o B Ak A TC 5 UKL . R TR
ZRWEF R EMPE) A RAA,#S
1702011 ] 5 % B4 b 22 494 (i1 b 5 1 B kG 4 Ak T BR
o8, #H 5 57-33-0) 5 Akt, p-Akt, Bad $i A& (3 [H
Abcam 24w , fit 5 43 il & GR3192605-10,
GR240003-H,GR106731-30) ; H i /% - 3-8 152 i 2 ity
(GAPDH) Hit #4 (b 37 1 38 2% A= Wy He R A BRA =L 4t
5 AH09048902) ; AR 1o Ak 9 i b 32 1L E B e —
P, BCA B [ v B I a2 3K 7] & (39 o AL ) |, 4 8 B
ECL fb 22 & it & ( i3 = RAEYHE AR GRA
"o, it 5 4 B A 040818180801, 62118181011,
82418180930) ; & [ i %t Marker ( 3% [ Thermo 2%
AL, 26616) ; trizol i 1] ( 3£ [# Invitrogen 22 7 , it
5 14105) ; i 5% SR &, SE R 2O 2 i PCR(Real-
time PCR) {5 & ( L3 7 B A R A | L it 5 43
S 0510791, 0511171 ) 5 95 A NS Ye (0 0%, 20 e (4
W B WEELRSMARAR,HTH R
171007) .
1.3 fX#%  MT-200 %! Morris 7K 2 ‘& (8% # %= 23 &)
BA PR 7)) ; LEICA DM500 %Y 1F & 1 8 55 (i [
Leica {X #%4 R 2\ ) ; H-7650 %I 5 5F iy, 1 B 3 45
( H 7k Hitachih 24 7] ) ; Nano Drop2000C % 43 3¢ 5 &
i1, PIKOREAL96 %l 52 [} ¢ )t % it PCR (Real-time
PCR) ¥, 1510 &I 4= K B b5 (¥ , Legend Micro 21R
T VA Vi e o B O AL (35 [E Thermo 23 ] ) ; TL2010S Y
e i LA (dE S R R A R A F )
TS-8 B LR i (4% K (- Fiz 8l ), TS-2 B & H i (4
P2 PR (I8 J 32 3l ) (1117 JHE AR DL )R ASC 285 i 3 A7 BR 2
7)) ; VILBER Fusion FX7 SPECTRA % i i 1% % 4t
(¥ H Vilber Lourmat A ] ) o
2 Ak
21 h¥ordl ER KRG 40 LR BB
R B FARA ALY IR L RURFTA 2536
fife 1 A, A 10 Koo S ESCER 1] )5 vk,
2-VO Ll /E VD R BB AL, @RIZ5REH 2 K, T
BT AR RN TR 21 45 BE LI 2 R B R A7 7K o B il
B, AR 2 2H O Bk sl v AR 0 ) 1R) AT S T2 A T
FIR BRI 56", RIGHE2RFHES 52
. 60 .

W FE A RO 2 RO RN 5 KRR 3% T AR BE AT
B g 25 B A B T N RN 1.778 g-kg ' d!, R
FRAE T kg oM N8B 1 kg FH A9 6.25 15, BIK R
FEEFIE 1111 g-kg'-d", LA 100 CCZEM K I it &
Jr s e B . BT AR ST A o T R R OK ER TR
ZRNRFFHLL T 0.52 me-kg' HIER IR £ 45Uk IR,
R BEIR T T ALY T 1111 g-kg' By 25 B i 15 7 R
W ARG IRBES  #8 K10 mL-kg' #
B, 1R/, ESRYT 30 d.

2.2 fEARA I
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s AR IR, WK Ry & S AHdizae . &
DLATAT SE 5 K Morris K 2K B 43 4 MR B85 34 (R
WL B & K AL T 5 29 2 om, 8 TR @ R il
ATKH IR FE R 5] o 15 B Noldus SR FE 7, fF KR
T B R BN 90 s, - B 15 B I (R RN
3s. ANZRIREEHLAK , B H KB R 2
VIR #2424 d, il g K BRAREE & BB ], DURAE R
KEEMAAT LIRS 565 S KMET6, 7%
[ R 2R L8 , 0 S KR 90 s N £ G2 B {55 B 1) 1] K
TR B OB AR S 2 R B PEAN HE A

2.2.2 KR W U B E R BB g A B L B
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0.9% I3 [ b 22 A M s T2 S5 JRR 8, T i 2 & -3l 15 0
BE, T4 0 & 4m AER AR IR S A O H T
HE 4 CCTC TR 1 A B LK 5 BT 46 4 °CHE R 4, o
2 HVE 4% Z R WS W T3 K% -DH2L(HE ) ¢
0,2 D 4% Z R P BRI S 4% I 3 WA
EC 1 (IR AV, T R R AR . HE TR A R, vk
F B K By, 4% Z R RS [E A2, 4 °C UK A [
24 h DL BAT ARSI . Ha T 6 KR BRUEUE
IF T WA ORAT , AT 5 B2 AR AL AR R A I
223 HEREMERKRELSHLIES HBDHEMN
B RE SRR K W RAE W] A 438 Y) . HE ¢
(U R 4 wm), ZH RS BB 2B 2K, I3
ARZEY A, Y dh TR Lo Ak, AT g £ B
K, ZHIOREB], R R A

224 HBEHARMWEREDSEMSNE  KiE SR
T 2.5% I T, 1% kR [ e, H R4 3
Yl R, B IR SRl e i R 4 4 B e £, L UL 4
Vi Th b 28 70 J AL A5 )

2.2.5 Real-time PCR ;i K FR i & 20 41 Akt, Bad
mRNA %35 BORBERE DA 2, R trizol 617
S RNA 2 HU, NANO-DROP 1 #§ 46 1 i RNA ¥ J&
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F2ERE e B30 e S50 & AT R AE L SO R A
50 °C 25 min, 75 °C 5 min, & [k & , vk &4,
F-80 °CLRA7E#5 o PCREIYE IR LA T
i, Akt F i 5-GGCAGGAGGAGGAGACGATGG-
3", N iif 5-TTCATGGTCACACGGTGCTTGG-3', K
f£ 109 bp, Bad [ Ji¥ 5'-CGTACAGCGTTGAGT
TCCTTCCG-3', F {if 5-CCAGGACTCGCAACT
TAGCACAG-3', K J# 172 bp, GAPDH [ i 5'-
GTTACCAGGGTTTCCCGT-3', T ¥ 5-GATGGT
GATGGGTTTCCCGT-3', K & 177 bp. #%& M PCR X
7 £ 3k 47 # /E , 2xNovoStart SYBR Real-time PCR
SuperMix Plus 10 wL,PCR 5|4 F #il PCR 5| ¥ R 4%
1 wL,cDNABLH7 1 wL,RNase Free Water 7 wL, JX
M AR F A 95 °C i 25 ¥4 1 min, T Real-time PCR {¥ it
fT=29 1, &1 095 °C 20,60 °C 205,72 °C
30 s, LHEAT 40 G ER | SN 58 IS 1 4 A B 1 4% 3
B, LU HEBR R4 S D 1S . L) GAPDHAE I N 2
FEP R 2 B mRNA A X Rk &

2.2.6 S BN IR (Western blot) 6 ] K BT
4] 41 Akt, p-Akt, Bad 25 [ B 35 Ul 41 41
100 mg, 25 510 B4# )5 .4 °C, 12 000 r-min”,
B0 10 min( B0 K42 8 em) , B E3E , BCA B K 5E
PR . SRIAE B & i kA7 3R T M I e 68
HLK o BFFL _EFE 15 pL, AR SE PRk e i ik &5 10 )5
VKIS PR EE T 55 155 5% RS W k3 B4 HT 1 b, J5 23 S A
2 GAPDH(1:1 000) &% Akt(1:1 000),p-Akt(1:
100),Bad(1:2 000)—¥i,4 CHERFHF LR, K H
TBST & Uk, LA Z 5L (1: 1 000) % i 4% K &
1 h; N ECL CARE W, 76 & R AT B 6 A%, 115
Bl Image J 445347 H 0 8 11 5% K BEAA .

2.3 Siitbsa Mt R SPSS 21.0 B 4F k47 a0 Mt
MORCHE AT G R AR RS 22 55 A B0 B BOHE ) Xt
FeoR UL A) F R TR IR R U7 25 43 07, DL P<0.05
ZERAEGITHE L,

3 BB

3.1 X VD KRATH¥EMFEW S5E\EFARLALEK,
VD 5 41 K BT 34 39k sk AR 00 B A K T 2 R T
B DXUREL T 5 G BR A5 B I ) ] f 020 (P<0.05) 5 5
B2 LA, Eh R 22 2% WR 5% 4 R 25 6 A 7 0 4R R
B G R A5 B ) R 2 ] Y 22 (P<0.05) . WK 1,
3.2 X VD REIESHALUL S LM Zm X5
A HEAT HE Y 0, O 2% 3B T W8 K BRI 5 X
B 1) T S A5 4, AT AR T AR A v S 21 225 R T b

®1 HEMBAX VD RKRITAZMHM(I£s,2=10)
Table 1 Effect of Yisui Jiedu prescription on behavior of VD rats

(x+s,n=10)
o 23 AR R S50
_ FEE/ AT S — = —
2 ) grkg! P RS FHAEG FESREE
Bk B
BFAR - 23.80+14.65  7.33+1.02  53.19+13.44
iy - 48.33+21.97") 2.28+1.30" 24.06+12.35"

R ZRURSFT 5.2x10 28.38+17.42"9 5.55+1.73"+3) 44.37+14.23"9

5 B AR 11.11  30.19£17.95"% 5.41£1.22"% 45.02+10.77"%

5T R4 VP<0.05,2P<0.01; 5 B 4] [ # D P<
0.05,9P<0.01(F2~41A)).

SERE 4 A HE SR, A B ML SRR AT
DA R D, 5 A5 78 2 T L 248 i HE 50 AN R0, A HEER AL L 4
IEL 5 S ASEA AN L K B T R R AT L, R
TR 22 2% R 55 41 15 [X i 28 0 25 W M X 52 3 T S 4
FILU, 240 A 18] 5T 7K b AN B B RS 2 W W S R R 4 L
B, A% B T O 4L T 4 4095 HE ek AR 15 B B Bk
Mo WET,

ABTARA ;B AR  C. W8 £ ZXWR 57 41 s D. i B % 24 Jr 4 (18]
2,30)

E1 #HEEREAX VD XRIEDRFEEEMHHIE(HE, x400)
Fig. 1 Effect of Yisui Jiedu prescription on morphology and
structure of hippocampal region in VD rats(HE, x400)

3.3 X VD KRGS LT MAS R m
TEM M %< VD K B #f 28 0 88 s 45 40 & 3, (R T
RUMZICIC AR G540 58 % A M A% 3= a7, 40
1% I 52 46 TG Vs i, 4 22 0 A0 52 Bl s Ak, 4o A B
P P 42 0k 5 BB A b 2 T O S R S
o 3G 2, 40 g ek HOHE S 2L SRR K i
I 45 K N S8 A U R R S B, s A L I
IR L AR 5 $h R 22 2% WR 5% 41 % 25 6 i 5 7 AL
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ELPTRAE RSk Y DU ReeS T Y R E S R A L NN D
Wz A Ay 5K I e e TRAR A . ULIAT 2.

B2 #HEBSANVDARBEOHETEMEMYEI (B
%, x5 000)
Fig. 2 Effect of Yisui Jiedu prescription on ultrastructure of

hippocampal neurons in VD Rats(TEM, x5 000)

3.4 X} VD K Bl 5 4] 41 Akt, Bad mRNA ik
Fm 5T RA B Akt mRNA £k 1]
5 F % ,Bad mRNA £ ik B i 7H & (P<0.05) ; S5 A5 Al
e #, R R 2 2 UR 57 41 K 25 BE R 7 O 4l Akt
mRNA 121k ] i 7} 7% , Bad mRNA (k0] B F
F%(P<0.05). WL#&2.

3.5 X VD KR 5404 Akt, p-Akt, Bad 5 [ & i
Hsgm S5ERTFARA R, SR K B 414

®2 HEMBHT VD XRIEDHLR Akt mRNA, Bad mRNA &
KRS (f£s5,n=6)

Table 2 Effect of Yisui Jiedu prescription on expression of Akt
and Bad mRNA in hippocampus of VD rats(x+s,n=6)

200 /g kg Akt Bad
R FA - 1.00+0.00 1.00+0.00
] - 0.69+0.21" 2.10£0.72Y
ENILEZNEs 5.2x10* 1.15+0.29"% 1.69+0.81'-%
FrXiin =i 11.11 1.14£0.36" 1.81+0.97"%

Akt,p-AktH 15 & U B T %, Bad 1R iAW
TR (P<0.05) ; SRR g, R R 22 A3 WR 57 21 I
fi f 0 75 7 41 Akt, p-Akt 2 K IA U] B FH &, Bad 8
P 2835 B 8 AR (P<0.05) . LRI 3,363,

p-Akt  ————— G kDa

e R - -

A B C D
B3 VD ARIESASR Akt,p-Akt,Bad F A RiLB ik
Fig. 3 Electrophoresis of PI3K, Akt and Bad protein expression
in hippocampus of VD rats

®3 HEMFTEX VD RKRIED Akt,p-Akt,Bad BB RIEHIFM (r+s,n=6)
Table 3 Effect of Yisui Jiedu prescription on expression of Akt ,p-Akt and Bad protein in hippocampus of VD rats(x+s,n=6)

21 5 /g kg! Akt/GADPH p-Akt/Akt Bad/GADPH
i AR - 0.813+0.021 0.523+0.007 0.197+0.013
TR - 0.353+0.015" 0.214+0.008" 0.508+0.011"
NI ESN S8 5.2x10* 0.891=0.011'% 0.473+0.005"% 0.331£0.009'+>
i A 22 7 11.11 0.679+0.022'% 0.388+0.007"-» 0.290+0.009'-3
4 itig A AL B0 2 S OGP, A S v XU Y e

4t b B2 VD FR 2 o o XU B2, o TR
B IR ) 7 AR TN+ 2 M, I A
HCZ IR AR N T R A5 R R i A
AR TC Sy a8 I, S BOMAT A RE I P R R
T HE LR T s A, BRI AR R R T O R XU Y
T HLICHE , i KU e 0 T L 45 32 4, LK
Pe I M LR LA, BRI WO i L A R
AN RE Wi RSO AR | 1 4 5% B4
PRURZE TG 55, w5 2 9, LT AR AT L o0 2k 3R
ROLKH . R BT o SR Wk R I &, 3 02
Je MR RO B R EE IR AR AT b R I 2

.62 -

S e, B8 RN D M RE AR IR VD R
PLOGHE , If $2 i) 7 6 % 3505 O VD WG I7 Kk . A
WS¢ 7 4 B A 25 0545 5 T EAT 4107 O 45 Bl R 2T
i I kb A ORGSR R L A BB R RS T B, LUK
HRBHHLZ o A AFH TN B FRE AR A
HEREHE R, 25 VDB RIEL R . P4k, B
JE R AT B vh 25 A RO oy K B T R]aE % PIBKY
Akt {55 38 B 1% I 5 100 A HE A 22 AR AR DL AR
¢ i B 9 R 2H 7 v PR A AT AN B B L £ L ; g
(3RS I T SRRk I g - ol 12
A T AR P SEORS T 2 386 , i 458 5 48 000 T RO 5
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S ELAEIE LA 5 b e | B i R 0 4% il o5
HEVE A RE O AT . ATy bR AR e, #b
SEORS 25 8 22 24 0 LA RA 9% M 75 0 2 22, S 22 25 i i
BEZ I

20 8 T 2t R SR I R P b 28 ST A ) —
B R, D X K 25 0 5 25 D0 R
REVIDIREIX , B2 515 B G AL 2 i 5
X P 228 T AU B LT 25 U 27 21 iR IS DI R Y IF 4R
TR A A7 T 25 () 2% 2 iy D) B2 < 1A 45 44y 1 )
B SEREME o P28 00 5 00 ™ H 52 M 1A 1 2 S Atk
2% XI5 B R DI fg L 51 2= > FHC IS i o K
X Sk i dke 4 o0 SO, R B I IR B CAT X A28 0T
T5e S RO o IR ke i B SRS T D R B 2 AR R
= A R ml g M a1 A 3t 2% a &
FER NO R, TR Ca B2k, A F A M T
B %A, AT REJE VD & A A s B AL

PI3K J2 — Fi i P 5 A 1k JUL 52 334 6 , Ak B B 2
140 i — &R 50 2 114, PI3K/AKt A5 53 % £ UL T
iR EE R R, S S LR R T S A,
Bad /& Akt Nl — B L W 4, HJE T Bel-2 T
FHOCIE R AR T2 . T Akt BE LB R
k& Bad, M i i Bel-2 8, Bel-x1JE Jili 844, DL otk % 4%
PO TR 5 A B AR AT A 200 ) Bad 5 S 4 41 A R
7= PI3K/Akt/Bad {5 5 i [} f& — 4% 48 ML 11 ] 2
i B T A5 S 3 B, 7 SRy R 4 i ek it #p 28 e PR T
MM EHEEEEMN . ARG REN, L 2-VO
A VD KB AR A3 B pi 2 e 0 T BH L 25 B
fife 35 5 T WY S o R R 4R VD R BRI 2 2] Al
12671, HE Y & 8 7R ¥ 5 X 41 8108 25 45 09 1 35 o
¥ s TEM WL 2% 21 65 R 21 1 5 4 28 0 i B AN 52 4, 4%
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