5528 45 20 1] FEXRAFFERE Vol. 28, No. 20
20224E 10 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2022

VE IS LT X 2-VO BRI BRI B CA 1 X ZORLAR 5 It i Y S
P22 T0 R A 1 52 )

R, ARKRET, KREWM, MR, RHE, FHM, EEMN,
WeIE 2, M, Fee kR’
(1. 7P EHXF, kiF 410208; 2. i%}]rij/‘éi‘i’[%.%@‘f?i:ﬁ% WEER, KiF 410006;
3. HMe T ES RS AR P, ki 410208)

[HZE] B0 BRI 0B I I 75 38 2o 8 1 R R 1 W A1 E U0 S0 8 ki A PR 25 4L (2-VO) BE R K BUIE & CA T X #l 48
B A VR AL ;:E:2-V01£i%iﬂu%‘fiﬁ%jtﬁ1‘%i,FJ”EHH%60/\SDﬁﬁﬁjﬂﬂfoﬁkéﬂJ-VO*%@?HEEM%Z}?WG?
ZH B AR P R R 41(8.9.17.8.35.6 g-kg') . Morris 7K 2K B ST AG I 4% 2 1k VR AR B LS T 5 YR B A T L UL
FEWEH CAT X LRI |5 W 0 5 52 I 5¢ Dl e 3R 5 W 4 =X S V7 (Real-time PCR)F l#F £5 CA 1 X PTEN 75 3 (/i 1(Pink1) .1
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Effect of Zishen Huoxue Prescription on Regulation of Mitophagy and Neurogenesis in

Hippocampal CA1 Region of Vascular Dementia Rats
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[ Abstract] Objective: To investigate the effect of Zishen Huoxue prescription on promoting

neurogenesis in hippocampal CA1 region of vascular dementia (VD) rats by regulating mitophagy. Method:
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The 2-VO method was used to establish the VD rat model and 60 SD rats were randomly divided into sham
operation group, model group, donepezil hydrochloride group, and Zishen Huoxue prescription low-dose
(8.9 g-kg') , medium-dose (17.8 g-kg"') and high-dose (35.6 g-kg') groups. Morris water maze test was
performed to detect the escape latency and the number of crossing platform in each group. The expression of
phosphatase and tensin homology-induced kinase 1 (PINK1) and Parkinson protein (Parkin) mRNA in
hippocampal CA1 region was detected by Real-time fluorescent quantitative polymerase chain reaction ( Real-
time PCR). Western blot was used to determine the expression of mitochondrial autophagy signaling pathway-
related proteins Parkin, prohibitin 2 (PHB2) , mitofusin 2 (Mfn2) and dynamin-related protein 1 (Drpl) in
hippocampal CA1 region. The neurogenesis in hippocampal CA1 region was tested by Brdu method. Result:
Compared with the conditions in the sham operation group, the learning and spatial memory abilities of the
model group were decreased (P<0.05), with damaged mitochondrial structure and autolysosome formation in
the hippocampal CAl region. The expressions of Parkin, Pinkl mRNA and Parkin, PHB2, and Drpl proteins
were up-regulated (P<0.05), while the expression of Mfn2 protein and the neuronal regeneration in hippocampal
CA1 region were reduced (P<0.05, P<0.05). Compared with the conditions in the model group, Zishen Huoxue
prescription enhanced the learning and spatial memory abilities of VD rats (P<0.05) , increased the number of
autophagosomes in hippocampal CA1l region and improved the mitochondrial structure. The expression of
Parkin, Pinkl mRNA and Parkin, PHB2, and Drpl proteins in hippocampal CA1 region was up-regulated ( P<
0.05, P<0.01)while the expression of Mfn2 protein was down-regulated (P<0.05, P<0.01). The number of new
neurons in hippocampal CA1 region was also increased( P<0.05, P<0.01). Conclusion: The promoting effect of
Zishen Huoxue prescription on the neurogenesis in hippocampal CAl region of VD rats was related to the
mitophagy mediated by Pink1/Parkin signaling pathway.

[Keywords] vascular dementia; CA1l region; neurogenesis; mitochondrial fission protein; cognitive
impairment; Zishen Huoxue prescription
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220~250 g, M\ i R 17 35 5 538 5L 5 B A BR A W I
Ao BARIESG S 430727211102349131, F i) B =
2 R 2% S5 B ) vh O AT B i R ASE B 4 R
AMES SYXK(H)2019-0009 , R 55 i 5 5 il 78 ( 25+
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TR0 ARSI W pE P R 2 R 2= S e B
2xd A iE I, # A5 LLBH-202003270001

1.2 29950 W6 s iy CllT B 5 10 g A
feF2l g FH21g HkF4eg 1 Z21 g B &
20 #HBBE M Tg ABEWHTg e 7g HiZ&7eg. 4
I8 2 g A& 10 g, ¥ R JURL W O 1|8 4 £ 245 )
B R A R A A A 45 4 51 o 21020068
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21060005.20100102,21080088) , fi JH B i HUAH 1i
2 W) T 2R AR K BC B T 25 TR B, KT A L
VR4 CCORAF A E B T 37 AR .
% Z 25 WR 5% (T YL AR 0 25 00 JI) 0y A BR A )L 4t 5
1426A18002) ; i3 5% 5% i | & ( 3€ [# Thermo Fisher A
Al b5 01125640) 5 52 B 58 % o 1 A Wi 8% =X R 1
(Real-time PCR) i 7] & ( 7 [¥ Qiagen 23wl , it &
169031766) ; 5-1R -2 -t % IR # (Brdu, 3 [¥ Sigma />
H), 525 B5002) ; Brdu .B-WL 3/ & 11 (B-actin) .24 4
flA 1 2(Min2) (8 J) A G E L L(Drp Dk |
I 4T o 5 A R 24Ot R (FITC) 240t — ht (& =
Abcam A H) , 5% %5 43 5] i ab1893. ab8226.
ab260861 . ab184247 . ab150177) ; Parkin 4 14 ( 2 [®
Santa /A F) , 5% 5 sc-32282) ; HAR i E AL W W AR iC —
e (R ==Y ARG RN A, 5555k
SA00001-1,SA00001-2) .

1.3 {X#% SMART 3.0 3h ¥ 17 &= W0 53 BT & 52
(Panlab A F] ) ; HT7700 %35 5 #7335 CC(H A
Hitachi 2% 7] ) ; CFX96 %! Real-time PCR {X . Mini-
PROTEAN Tetra %! #1 yik 4% ( 3¢ [E Bio-Rad 2~ ] ) ;
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207 U/H BB R GG . AR5 7 d J5 %t o — 551
S0 BN KR AT AR B AR o R TR AN G 88 22 A 3

BB, T AL, RN R AT . SR RS
HYEFT Morris /K 28 B 525 BT 4 d IR MK IRON 4
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HEIFEFE L7 15 s, 55 5 KM G i 7E 4L R
B4 X4 R R TS A Kt L 45 AR B B K RO 5 T R
i 1) B A 36 3R P AR 3, 60 s R BT A 60 s, X 45
2 1 2 s VR AR I AT D S, AR AR 4 K Rk s v
PRI B 1 B4 A S ot BEE 55 8 2-VO 35 8K BRI
SF- 18 3k i AR ) 5 X R =2 22 A R ST 1 3k
TR Y O AR, 25 %05 >20% W)L 5 o 2-V O A 5 5
BT
2.2 SFASY) BEBCGERL TR KB BE LR L5
h2-VO BRI 2] R R 22 Z WR 5% 41 % 5O I U e
o R AL, B 10 . R TR O A S )
AR A A 2 T AR T AR Y T RN B I R RIS AL
FR 3200 A A I ) A E R
i, BD17.8 g-kg!, WS I 7 K A i 4L R
8.9 g-kg', W B i 1 Jy v ) i 2H B 35.6 g-kg'.
HBMEZEIRFHAS THBREZ R IR KER
0.000 45 g-kg'", 2-VO 1 # 4] FE F AR 410 45 T
SERTR Y A B ER K L E T 4 25T E) S 14 d.
2.3 fEARK I
231 ATAERI AR AR WGEE E S XA R U
KA S AT SE 0, PEAN 4R AR ik dn 2.0 30, 0 5%
2 21 KB A 0 SR v AR ID . WROH SR K R S Bk
KR BT 28 R R, 10 5% 60 s B[R] Y K B
ZE R R KR S B T AE L U, e 2 DA AR R
14 306 3kt v FR 199 RN 28 B R K T 7 £ UOBOR X R B
2R A (S RE T HEAT T
2.3.2 Real-time PCR | % ¥ & CA1 X Parkin,
Pinkl mRNA iy £ 5 FRHHEE B CA1 X 4 A Y
30 mg, $2HUS RNA JF I Wk B, 42 R % S iR &
EaAE B RNA 335 55 5 cDNA, Real-time PCR % Il
Parkin. Pinkl A9 mRNA 3* ik , Parkin |- ¥
5'-CCAACCTCAGACAAGGACACATCAG-3', Fiif
5"TGGCGGTGGTTACATTGGAAGAC-3', /i B K
B 125 bp; Pinkl | ¥ 5-TACCGCTTCTCCGC
CAGT-3', F iif 5-CGCCTGCTTCTCGATCA-3', J
Bt K 150 bp;B-actin | {i# 5“TGTCACCAACTGG
GACGATA-3', F % 5-GGGGTGTTGTTGAAG
GTCTCAAA-3', i Bt K i 165 bp, ¥ 3 & 1 K
95 °C il A& 1 120 s, 95 °CHE ¥ ) [ 10 s, 60 °CiR k
60 5,95 °CHEf 15 s, EAT 40 NG IR 5 1% ik ol 28 14 2
} 60 °C 605,95 °C 15 s,
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2.3.3 TR [ P BN G % (Western blot) 6 I i T
CA1 X 4 21 Parkin ,PHB2 . Drpl . Mfn2 % [ /) % ik
oL FRECHE D CAT K44, ;w4 2 210,
12 000 r-min™ #.0> 15 min( Z.02F428 7 em, T [E) B
L IR E S R W R AL A 30 pg, AR
AT 43 5 RN B S B i A R Yk AR
UK ST AT R B, BT 1 h, A B -actin
(1:2000) ,Parkin(1:1 000) ,PHB2(1:2 000) ,Mfn2
(1:1000) . Drpl (1:1 000) —4 ,4 °CH&F i %,
PBST YL AKX R A P = IR 2 R H 1 h,
PBST UM, MA B WIE TIHER B RE T
#4725, H Image Lab 2K {4 X} H ) 8 A 45 K
B AT o B b B
234 BHHTHEBMENE S CAL X LR ARSE & A
Wi L EURE I R ORI T 2 818 T 4 °C TR Y [
EW RS CATIX YA 1 mm? 20 418k, %%
BT 2.5% % ERESEATRTE E S BT 1% Hkg ik
— A [E EB6 R TSR G K 3 HEAE LS 48 h &
P, VIR 50 pom f 88 U 7, T TR l1 ) Ak TR 4 XL
YT E TR RN L3 SRS CAL X
AORLAR S Ko H W O o
2.3.5 Brdu £ M # & CA1 X #f 2 o0 8 A4 1 0
Brdu A4 FEER KRR B 2 0 10 g« L7 Al Jo B ok
B 4K BB I 2 b Al Brdu 3 W 1 A7 0 e T 5
25N 100 mg-kg 'L EVE BUM LB Y A
J& AU R g T HUOR S B B 2 K AL T
PR ) 5 B R R R AR kB R R % vh v oRn L
P %0 Brdu B4k 4 °CoE & 7% o W H N2 —
BUIE A 30 min 5 B Ao R A BOG I R AR W R
AT, HBUE T CALIX 3 HLEF, W FH Image T 4%
P53 Bt 3 CA 1 IX Brdu 40 i 64 BH 1 40 it %5 .
2.4 Gt or it SEEEE R A SPSS 26.0 i 4K
P4 B B DL xs o, 4 TR) LA LR
2431 (One-way ANOVA) , ZH 14 7 75 Lb %8¢ F B¢ /N
V22 51 1 (LSD) K 5y, J7 25 AN 55 I 21 [] Lo A F X
JeHE T3 H¥E , LA P<0.05 W E R H G143 X
3 BR
3.1 X 2-VO BRI K R 2 2] 5 25 [AE 12 BE T 1 52
W SR TR E, 2-V O R B ZH R R - 2 3k
TR R | R RO B R B e D (P<
0.05) , i W] 2-VO B AU il £ il My 5 S RE A 40 L3, 3R
1% 22 7% Wk 55 4 1) 396 3kt v AR 40 10 3 45 4 (P<0.01) , 1%
T A YR 8 22 (P<0.05) , 5 B3 I 74 L
e 391 20 17 20k s R OR J0T B 4 46 (P<0.05) , %
. 48 .

i T e 79k 2 f) 25 P €5 A 2 4 22 (P<0.05) .
{25 P 3 7 R L R R R 4 R B P 5 RS R T 2
M2 Rg 2 m L. k1.

£1 WEFLAXVDARTHFEHEIE (rxs5.0-10)

Table 1 Effect of Zishen Huoxue prescription on behavior of VD

rats (x+s,n=10)

45 Al /g ke HEHERR IR 2 B 5 R
ZH ) aT *

/s 1R
BT AR 18.64+8.41 6.57+1.27
H AR 241 58.94+11.84"  1.93+0.88"
N rEZ NSt 0.000 45  27.60+10.40%  4.29+1.38”
i SR C IWK (R 8.9 29.41£9.28%  2.38+1.30
WA 17.8 27.64+£12.15%  3.30+1.34
PR T AR 35.6 27.37£14.217  4.57+1.90%

TE 5T AR Y P<0.05; S48 41 e d 2 P<0.05,% P<0.01
(F2-F4F)

3.2 XF2-VOREREIA B CA1T X bRk 254 & A
WE s m) E PR e N R FARA KRGS
CAl XM KRB 2, R IR IR [ S5 AL, L
RUZH i ) CA L DX E R AR ] UL 25 K4 35 407, PR 350 s il B
P L O O, R R R /D 5L A R, O
g A8 B o 3 B T i T e R 2 R R 22 AR R 5F
I LR AR S5 F B A IE R, L W /INUR RN 6 I e A
Mg KW R 22 TR A, T U W o 3R R kA,
NS R R NS N AR N

3.3 XF2-VO ALK Bl & CA1 X Parkin, Pinkl
mRNA £ K W& 5H T R4 L, A A
Parkin mRNA . Pink] mRNA i) £ A & W 8 75
(P<0.05) ; 5RIAIZH LU 85, 2R W2 2 2% WR 5% 20 RGO
1L 5 =5 75 &5 4H /Y Parkin . Pink1 mRNA 3 ik & it & 7
17 (P<0.01) , % "B W% 1M 77 H 58 i 41 ) Parkin mRNA
5 1 55 (P<0.01) . Pinkl mRNA (1) 3¢ 35 & 0] & 7F
{5 (P<0.05) , 4% B 1% 1l 5 AR k4 22 S g1
Lo W2,

3.4 Xf2-VO ALK FLiE & CAL IX Parkin . PHB2,
Mfn2 .Drpl & FIRIL M Zm 5EF AR A i, £
#9241 ) Parkin . PHB2 \Mfn2 . Drpl & [ £ 5 1] i
L (P<0.05) . SRR R, R 2 R URSTAL
Parkin . PHB2 . Drpl £ 1 i &5 ] i F 3 (P<0.05),
Mfn2 £ 1 3 3k & U] B B K (P<0.05) , % ' 0% 1 J7
i . )i 4H Y Parkin . PHB2 . Drpl TR H K ik 2 H
TG it 53 X5 1 iy R R M2 38
F 3k B BRI (P<0.05) , 2 B 1 i Jy v 79 2 41
Parkin £ [ 3% 35 & W] i 7+ &5 (P<0.05) , % & 1 1 75
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TE: AT AL BRI C. 4 FR £ 45 WR 5T 41 5 D. % 1 1 )7
AR 4 2 5 B3PV I D7 vh R L B B i o ) 2 (2
7l 31
B1 #ZEENANVDARCAIREHEEMRBENE M (iF
GEHLEE, x5 000)
Fig.1 Effect of Zishen Huoxue prescription on level of mitophagy
in CA1 region of VD rats (TEM, x5 000)

= ) B 4H ) PHB2 Drpl FE A £ A& B & TH i (P<
0.01) , Mfn2 & [ 3 i& & W & B K (P<0.01) . W

F2 #BEMAXVDXRED CALK Parkin, Pinkl mRNA &
BRI (x+s,n=4)
Table 2 Effect of Zishen Huoxue prescription on expression of

Parkin/Pinkl mRNA in hippocampal CA1 region of VD rats (X+s,

n=4)
21 51 Fl /g ke Parkin Pink1
BT ARA 0.90+0.31 1.01+0.17
T 25 1.35£0.05"  1.51+0.03"
ENIEZN S i 0.00045  1.76£0.35  1.91+0.10%
b= R I (1 R 8.9 1.77+0.12 1.71+0.13
PRI 17.8 1.7940.04”  1.79+0.21%
VLRI T R A S 35.6 2.12+0.03"  1.93+0.11"

K2 .33,

(P )

Practin . M- A - — 2 D2

A B C D E F
B2 XRiE5D5CAlKZAZ Parkin, PHB2,Drpl . Mfn2 & 8 &%
Ak
Fig. 2 Electrophoresis of Parkin, PHB2, Drpl, Mfn2 protein

expression in hippocampal CA1 region of VD rats

®3 #BEMAN VD KRiBS CA1K Parkin PHB2.Drpl Mfn2 E B RIZHIHM (X+s,n=4)
Table 3  Effect of Zishen Huoxue prescription on expression of Parkin, PHB2, Drp1, Mfn2 protein in hippocampal CA1 region of VD rats

(X+s,n=4)

51 /g kg Parkin/B-actin PHB2/B-actin Drpl/B-actin M fn2/B-actin
= A 0.58+0.02 0.61+0.11 0.69+0.13 0.91+0.03
FERIL 0.99+0.44" 0.97+0.10" 0.94+0.97" 0.87+0.02"
R Z 72 R 5% 4 0.000 45 1.23+0.23% 1.19+0.02% 1.16£0.02% 0.82+0.04>
B 1l AR R 2 8.9 1.01£0.23 0.88+0.11 0.92+0.15 0.86+0.06
W55 iy R 17.8 1.02+0.15 0.92+0.28 0.93+0.16 0.81+0.02”
1 B . e ) A 35.6 1.21+0.24” 1.21£0.02” 1.25+0.10% 0.79+0.11%

3.5 X 2-VO BRI e 5 CA1 DA 28 508 A= 1Y 52 4 itig

M SRR A, SR S CAL BT A M 4ot
i B %L B W AR (P<0.05) . SHEALZH A, Eh R
Z 2SR 5T 24 CA1 X7 A #f 2 oo 8 A W 18 T i (<
0.05) , % "5 1 1 5 v 7] £ 2 A #h 28 ek H B Tt
15 (P<0.05) , /= 7 o 21 i 2 i (P<0.01) , IR 51 i 41
RG-SR WE 3 %4,

I TR < S B R S M 6 DN )
W42, FCRE AR AL RS BT I S BE A 2557, TR i
16 5 LU B SFORE 3 LG 2% 7 0 i o 1R Ty
il 5 A T I O R 25 A AT 5 SRR AR i FR
B, 45 Ak H B BH, P 3L O R 2, n] fi Ak IR A
7o, MBS EE IR . BRI R SR TSR,

< 49 -
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E F
B3 #EENAXVDARED CAIRMETHENZM (H%E
W, x200)

Fig. 3

Effect of Zishen Huoxue prescription on neuronal

neogenesis in hippocampal CA1 region of VD rats (IF,x200)

x4 ZEBFNAXNVDARBICAIRMETHENBENZI
(x+s5,n=3)
Table 4 Effect of Zishen Huoxue prescription on number of
neuron regeneration in hippocampal CA1 region of VD rats (x+s,

n=3)

415 Mi/g-keg' Bl HEAN
i F A4 37.33+1.53
AL 29.00+3.61"
BN BN S 0.000 45 34.33+1.54%
25 0 it 7 AR R AL 8.9 30.67+4.16
bz E Tl I e =i 17.8 34.53+2.16%
P I ) e A 35.6 36.67+1.50%

TR T AN BT I AR B, A B R T 5
U BB, N2 D i o AR AR R Ak I, 1l A
HEEE, mEL iz, 277 N A/ AW
L 55 2 A AN B 4 2 TR

2-VO 15 1 i it 45 L XU A Bh ik AT LA U
VD R M P 9 B AR B AR RN R ) e R A
IKEELR BN, H5ERFARLLE,2-VO BRI K
RN SR TS 1S N S =B/ € I R TR R
Wh B AR A 20 B2 2T DS RE D0 T B 5 0 A
.50 -

BRI DR 2% B AH A, T 0% VB 35 I 1 990 AT b 2 i A
RV KB 2 2] il 1 g

M CA1IX e CA3 X A1 DG X X} 2-VO 5 T 1)
7 QN 0 Sl N 1/ B D R T U~ N EZo e S S
2-VO BRI K B D CAL X & AR T W i Y 28 k7 (A &%
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