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(Abstract] Objective To observe the effects of Zishen Huoxue Formula on the expressions of mitofusin 1 (Mfnl),
mitofusin 2 (Mfn2), dynamin-related protein 1 (Drpl) and fission mitochondrial 1 (Fisl) in hippocampus of rats with vascular
dementia (VD). Methods A total of 60 male SD rats were randomly divided into sham operation group, model group, Zishen Huoxue
high—dose group, Zishen Huoxue medium-dose group, Zishen Huoxue low—dose group and western medicine group. Except the

sham operation group, the VD rat models were established by modified 2-VO method in the other groups. Rats in each group
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were given the corresponding drug by gavage at a dose of 9 mL/(kg-d). The model group and the sham operation group were
given distilled water, the Zishen Huoxue low-dose group, Zishen Huoxue medium-dose group and the Zishen Huoxue high
dose group were given solution of Zishen Huoxue Formula [9.8, 17.8, 35.6 g/(kg-d)], and the western medicine group was
given donepezil solution [150 mg/(kg-d)]. After 2 weeks of continuous administration, the learning and memory function of rats
was evaluated by the Morris water maze, and then the protein expressions of Mfnl, Mfn2, Drpl and Fisl in the hippocampi
of the experimental rats were detected by immunohistochemistry. Results Compared with the sham operation group, the escape
latency (EL) of the model group was prolonged (P<0.05), and the expressions of Mfnl, Mfn2, Drpl proteins were lower (P<0.05).
Compared with the model group, the escape latency of Zishen Huoxue medium-—dose group and Zishen Huoxue high—dose
group was reduced, and the expressions of Mfnl, Mfn2, Drpl proteins were higher (P<0.05). Compared with the Zishen Huoxue
low—dose group, the escape latency of the medium—dose and high—dose group was reduced (P<0.05), and the expressions of
Mfn2 and Drpl were higher (P<0.05). Conclusion Zishen Huoxue Formula may improve cognitive function by regulating the
mitochondrial fission and fusion in cells, and up-regulating the expressions of Mfnl, Mfn2 and Drpl proteins.

(Keywords) vascular dementia; Zishen Huoxue Formula; mitochondrial fusion; mitochondrial fission; mitofusin 1; mito-
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1L 4E PR B R (vascular dementia, VD) Jz FH A i
P RS PR 2R (191 0 v it . A DR | 1 M AL 45
Bl Y P e LR (197 A g 1 B A e A e A e
1) 5 AT AR 2N RIZRAAE I JLAESR, VD 1Y
RIRRRBN TR G R R, St 2
R KR Y VD J PRS2, Im R R 3
FRAF 5T 3 WA H 2 06 5 I 4l 22 AR 562, FE3R)T
b PHE M TSRS Y . A ISR R kiR T
AEft 7 . REEIRIHR R VD I E ZLH 22—,
B 1 I T A v I 2 A I P RS B B
AT X1 REL IS 5 v I R 2 < 0 1, 9 L i
20 AR AL, ELA 0 SEORG 35 IS8 4% 1 )
B, WG PR 7 R0 S, A RIS UE S , ¥ B T Ly RE G
VD BE WA T RE RN rf RS, PR 5T &
PR, % B I PR v VD R RS 2T RE A2 B
HALHI AT RE S AT VD K BUG 41288 1 3058 B (pro-
tein kinase B, Akt) R 1LEE 4 A B (phosphor—
protein Kinase B, p-Akt) B ZRRIAMEZ A Bliyrosine
kinase receptor, TrkB) AN iliiM4: fif 28 35 F5 K F (brain—
derived neurotrophic factor, BDNF)&E [ HYFAA X,
A SCRIFSEE B IR I 5% VD BRI 35K B8 3R
WL B IS N IGTT VD AR RESE ML,

1 RI57HE

1.1 SE5eshY)
e SD KL 60 H, Her:, Bk 6~8 J& , /A &

220~250 g, W H 1 g 3 s sk LR S A PR A
H SR T L W B 2R AR S s Y rhos
VFAT RS 5 : SYXK (31)2019-0009,, 54 256 28 5
SROGHRFE R RN ZS I A R AT 3R &k 20~
25 °C MXHREE N 509%~70% ., SE56: % Fe w0 E 13
WHOHEE, A REEREARTOK,

1.2 245 K 2] AR

PRI R 2 15 g MIFL T 30 o St
30 g FBRTF 5 g JF2 30 g B 30 g #8110 g,
AEH 10 g fB4 10 g &k 10 g 285 3 ¢ 1IH#
15 g A, ORI, e [ 01 B sk 6 25 M0 BB
K IRABRAF LS 43 5 h 21020068 21080009 |
20080008.21070116.21050010,20030112 20060161
20120087.21030024,21060005.20100102 ,21080088 .,
et FH s ESURE R 285 93 T 28 1R K E B rh 25 TR A8, 7K
WA B e 2% 4 CIAE& ] EBRIT 37 C
KA, ERBRZZRWRST A (12 A7 H Wi L AR
i B A BR A F) it 0 1426418002, [ 2 i .
H20183418,

RRARI AT 1(mitofusin 1, Min)HURGEHES .
00070973, I =& A= Wy E R A BR A ] ) 5 S il
A 2(mitofusin 2, Mfn2) (5 : AC02195823) |
RRIABN IEAMSEEN 1(dynamin—related protein 1,
Drpl) (41t 5 : AB02902356) | Z&HifA 43245 1 1 (fis-
sion mitochondrial 1, Fisl) (It :AG07194254) T
PR B A AR AE YA A R A T ;4% 2 R T



2023 448 43 &

RE H E 2R 224 http://hnzyydxxb.hnucm.edu.cn 23

i (521295584, ] IHFEE AL M RHECA FRAFD ) 5
ARG & L PRGN & (15 . 211140525,
2126K0627) 1 8 A6 50 iP A2 G 0 A W HOR A BR 24
H] PR AN (L5 1114A0148, L T R RHEA
BRZED

Leica UC7 #4415 ML (125 Leica 23 H] ) ; TH4-
200 AU 5] & B 8 ( H A Olympus /A F] ) ; SMART
V3.0 BB Y47 R 22 BB B R 48 (36 B Harvard
Apparatus A H] )
1.3 Shipiss

KSR 2-VO0 EFIVE VD K EUBERL FfL R
B 10 HORBUR T 45 FLaE 0, Fl 4% 50 R AT,
REUARHT 12 h 258 4 h 28K, KREFHKEG SRS
i BRI, [ AL, SSE DI TF Bl oy B 22l
UK, 15 LAY DRSS L, RS T/INR KR
WU AL LN T 56 5 #3418 30 T3 Ulkg, 1E7 d
JE #EAT AR R ERAE 5L MR ik, BT AREA
Ta5HL. BRI 5 2 IRESFHARS 1 i
FEK KB, /T 4 KAINZR MR 4 DGR
KEITIA, ERERTE 60 s Wik FFEA DS
B4 LI 10 ;58 5 K MG FT7e S R A x-nl
R BRI ATCHL, 25 20K B EAK - 5 B e s [i] B
gk eV IR (escape latency, EL),60 s PR -]
ICHR 60 s; XA EL $EF 708, PURTFARA KR
EL PP IE RS HE TG ROR B S R FARA R
R EL Z 22 HiZ B EL (09 HUfH , #5% E>209% 004 2-VO
BRI )
14 W2

REEFLKE 10 RARIE N RFARLL, Kk
VIR R 3 G o e o R L IR = R Tl (IR =B
AL TG BT I R A T IR S A P 2
A, 10 B, BAREIE 9 mL(kg-d)ifl & S A
N2, R BT ARG 2K, 6B T A
FERLEL 0 B I PP R 2 % IR I e AR R 2L )
TUAYT 0.5, 1.2 f5 A H HUR Gt 0% B 17 3R
[9.8.17.8.35.6 g/(kg-d)[#E B, PUZGLH LAY T A HHL
F I ZZSWRFFHEW150 mg/(kg-d)[HEH | h2 K £
ZRURFF AR S IR = R (BRI )y 2 )i
PO R HE B2 R 1 Ik S 2

1.5 A7 RRm

RUHE B M5 2 KRS KR B 525, ik
#4137 WA EL 70 5%, TP A& 2H KR
2] TRE
1.6 H i 21 Ak v 4G I K BV 5 21 20 Mifinl \Mfn2,
Drpl  Fisl & %3k

K ERALFE I BUE T 412, 4% 2 B H RS [ 5, D)
B, HORBEE 3 0, CEEERG V1R BT A R
PSP A THURAE ., i A 4R A it BEL DR 7] LA BEL
W P R AT AU U T L I SO L AR R
R Be e 9 —P0, SIRBEE 1 h, INA 50 WL i (4
WEFRMCIEH R/ R 1G) , IR E 30 min, DAB
A0 IR E G Y B L BRI ORER p
N EES AR N TR G 1o Rk sy AW e s
ik, fdi ] Tmage—Pro Plus 6.0 {2446 0 BH 14 245 #4 1)
T BRI BE OG5 BE ) , R FHPF- 1006 %5 BE A R R FH
PEFIRAY K,
1.7 SeiteEhik

K H SPSS 28.0 GEit AL s . i TR
SR “xas "FoR , 4LIR] LEGE T ONE-ANOVA 5347
P<0.05 HESEAGIHHE L, P<0.01 HESEA
BEGFE L,

2 &R

2.1 RIS IR R B A AL T RE RS

SBRF ARG, AR R EL B E K (P<
0.05) , Ut BTN . SARAYZE XT LY, 1% B % 1 ARG
SE2H B A R R A I IR N A P 2
AR EL B 465 (P<0.05) . 5 72 % L fRGR] &=
2H b, 6 B 0 L R R 2 TR B I R A EL
YIAERE(P<0.05) . FEILER 1,

F 1 HHEKREL BB (3+5,n=10)

2171 EL/s

RFALE 11.0007.211
ik 34.000+14.107%
5 I AV 2 22.67013.317"
T I P 2 12.330+4.933"
5 9 s 7 e 2 12.330+11.676*
[EEEE] 12.500+6.028"

L SIRFARL I, #P<0.05 ; SR AL LA | P<0.05 ; 57 B 1% 1A%
FlE L, 4P<0.05,



24 e H R 25K hitp://hnzyydxxb.hnuem.edu.cn 2023 4F5S 43 %

R2 BRAKXRBEDASL Minl M2, Drpl Fis] EAFREWEHNZER (n=10,x+s)

51 Mfnl Mfn2 Drpl Fisl
BFARA 0.318+0.006 0.318+0.032 0.31320.015 0.309+0.024
HRARILH 0.297+0.018%* 0.315£0.015% 0.273+0.018%* 0.307+0.044
B I AV i 2 0.282+0.013% 0.345+0.053% 0.294+0.018" 0.31120.019
B P 2 0.330+0.040%* 0.346+0.017% 0.342+0.012%* 0.3180.022
T T I R ) 0.364+0.066%" 0.354+0.051% 0.342+0.057%" 0.316+0.030
[EEE: 0.297+0.003 0.363+0.018% 0.293+0.001% 0.320+0.039

FAH 12.021 5.039 16.991 0.500

PE <0.01 <0.01 <0.01 0.775

T SRTFARL R, #xP<0.01 ; SHRIZH FLAE, #P<0.01 ;53 B AR FIE 4 L, 2P<0.05,
2.2 GBI Ay R BV B 2 AR Lk AR A AR
Mfnl Mfn2 Drpl  Fisl 235 850

ERFARA A, BRI Mfnl Mfn2 Drpl
1235 B AR (P<0.01 ) ; SRR 2H oA | 85 5335 il
RCFAV SR 2E 0 B I ol R S 2 R O v R S
PE254H M2 Drpl 3 (#6358 ¥ 715 (P<0.01), %
I I R L 3 I IR R 2 Mifnl B R
I THR (P<0.01) , P B A 20 Minl 3R
KRR (P<0.01) o 55985 B 1% AV S 20 LU AL 16
T35 I PR 2 O R R AL Ml Drpl &1
FIRFIFH R (P<0.05) . £ 41 Fisl fRHFR AR AL, S LR ST L AU RAL

BFARA A

LS TTGHERE L (P>0.05) . TEWLE 2 Kl 1~4,

95 4 I ) 2 [iEaE:
SN B S et ‘ : B2 SHEKRREDIAL M2 EARIKLEE
BFARA ) HRIA (ﬁgﬁgﬂﬂg ,x400)
3 iTie

VD FEH BRSBTS PR 5 X A

W, A AR , 0 Kt IR N B 2 i g S e
; ™ 7%, Z INIEI DT RE 2 1R | PO 5 10, B 3R, <
A s MR, B LB EEFTE, RSk

e W PR R R ST, P
FIRIT 4 ARAT BB 2 5 iR, e 32 2R B X
KEVRYT | SE G T AL AR , TE XTI RE 1 4k A AR
BRI, I R TR AEL A i 0 1 75 N Be—D—
. p— — o KA IR (N—methyl-D-aspartic acid receptor, NM-
| AR W EEELLS DA)EARIHHCA S 250 R B
($FEALAL, x400) P4 A RGO IP R S 20T VD A RAFR 780,




2023 4F5f 43 4%

e H R 25K hitp://hnzyydxxb.hnuem.edu.cn 25

BRI

»

b4z ped Rl 8 I 7R A

R P54l
3 BRAXREBIAEA Drpl EARALEK
(BBELLAE, x400)

< e
)

y XS

1 w1

I A R

“T : 2

5 i A v R R a4

4 FBAKXREBDALA Fisl EARIELRE
(feEdlfk, x400)

2 15 ok FE B R s S T Br@], LA i
W E AN R RGP AT VD
WG T RAPT3, REASGE VD B A D) fE

IR BT,

2 AT RIS & BRI RE D R
VD KRG B2 20 A WA DG B 2k (2 A0 A
Wi, PR VD K EURZE 0, st Hos > i 1L g 1P,
VD J&ME— AT B IR YRR PR T R FE B TA VD 7
TS T R AP RS AR A IR 2ok A
A 5502400 575 1] BE SR £ X A2 RGP Y
RHLH 22—, T, A S A A S804 P 1 5 %
R BT D A0 L P 2R AR il 5 2R 1 Ml \Mfn2, ZkE
P53 248 11 Drpl \Fisl FIARY5EM , i — D HRITHE
B LAY VD VR RIBLED AT i R (k7
SERE DI R A5 o 2 Rk SR SR AR Oy ) e R 2
TE B s 5 T 20

ISR TR WS L 5 2 ARIRFT A
PE AT LRI R A B 1 M2 (R 3 2156 11 Drpl
FEARMNE, S0 B0 7 T U5, Minl 2 13534
T, M2 RIS TR Minl 8 3855 5 AR
AN S IR S A R 22 2R R 5T AT RE N 5 M)
Minl B FRZIA, 56 T T & 30, 5 5
T L P R 2 70 I ) i 4 Drpl \Mfnl 21
ek A I o T B O AR e SR e S
INAESRZESZRGREAL, BdERkH, £
VRS B iy ] REXT kLA R G SRR
PR . A SCHkEE H ARZEHL T Drpl 2 906
PERTREANAZ Fisl AR ETTBRE T A 2 Ma R Fis]
BTG A S 2 15 B AE R R AR B A E (1
VERT BB 50048 Sl AT, IR A
SRy BT A I R A N B R A ML T B
ST A N SRR S R S A A G

S 30k

[1] WRECHS AP A0SR T HERELD]. P 4 X B2 ,2019,35(22):
14-15.

[21 B ff A R I PR E 5T R 1], PR YT %% 45 ,2021,34(10):
189-191.

[3] BRAHUR Bl SR EEE A0 A AR BE RS R R AL A B 5T
HEJR[J] P RS B 25009 2 75,2019,36(3):286-288.

[4] XURTEEAMEE H2S Xl i Pl 1 J ol 28 e 2R A48 495 14 5% i
B FARSEAR Sm AT [D]. 5 FH: S EERLR2,2019.



26 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2023 4R 43 5

SIFESEAR PN SR/ ING AR T R LR AR ) B R A
5 205 24 75,2020,28(2):121-124.

6] AR I % B I I TT IR T B B L A i A R R B i R
S DA VbR rh R 24K 2,2020.

TI AR i 0 AR, P I IR Y LA R B AL
P R 1 PRATE SR [T]. 7 04 = 485 G0 i I 48995 2% 75, 2015,13(12):
1372-1374.

(8] B BREE MR JE A R, A5 MRAE UL T BB FHER IS HEIA 1l
BRI AL S PR 24,2021,17(4):91-93.

9] BR A A LKA, B 4 30,45 08 VG i %o e
Tk B/PI3K/Ake {7538 3% A5 1], P o R 241
(10):42-47.

K EL BDNF/

,2020,27

[10] VIDYANTI A N, HSIEH J Y, LIN K J, et al. Role of
HMGBI1 in an animal model of vascular cognitive impairment
induced by chronic cerebral hypoperfusion[J]. International Jour-
nal of Molecular Sciences, 2020, 21(6): 2176.

[11] YUAN Z, ZHOU H Y, ZHOU N, et al. Dynamic evaluation in-
dices in spatial learning and memory of rat vascular dementia
in the Morris water maze[J]. Scientific Reports, 2019, 9(1): 7224.

[12] ZHAO X L, FANG X B, LI D P. Establishing vascular demen-
tia model in rats[J]. Neural Regeneration Research, 2002, 31(3):
166-167, 176.

[13] il 2B EG 7 W oA M]3 AR AL BT AR TR Y i, 2002.

[14] A& BRSO A PR B AR S IR RS AT, o 1 B f)
J7¥£,2021,29(22):8-11.

[15] WANG H Y, LU J, GAO W C, et al. Donepezil down-regulates
propionylation, 2-hydroxyisobutyrylation, butyrylation, succinyla-
tion, and crotonylation in the brain of bilateral common carotid
artery occlusion—induced vascular dementia rats[J]. Clinical and

Experimental Pharmacology & Physiology, 2020, 47 (10): 1731-

1739.

[16] BATTLE C E, ABDUL-RAHIM A H, SHENKIN S D, et al.
Cholinesterase inhibitors for vascular dementia and other vascu-
lar cognitive impairments: A network meta—analysis[J]. The Cochr-
ane Database of Systematic Reviews, 2021, 2(2): CD013306.

[17] JIAN W X, ZHANG Z, ZHAN J H, et al. Donepezil attenuates
vascular dementia in rats through increasing BDNF induced by
reducing HDAC6 nuclear translocation[J]. Acta Pharmacologica
Sinica, 2020, 41(5): 588-598.

[18] By, Fiapte, e 0,55 3R W2 38 S W5 i A5 Pk o 4

IR B T i 3t 8 2 B s IR, HP R A 4R 25 44 R, 2020,40
(3):480-482.

[19] ZEARAR, 2 M) ER R 5 42 MIVAYT I A5 1 0 1 B A I PR AR ] 12
2ETEIE 552 2020,33(17):2828-2829.

[20] WANG J, SUN R H, LI Z Z, et al. Combined bone marrow stro-
mal cells and oxiracetam treatments ameliorates acute cerebral
ischemia/reperfusion injury through TRPC6[J]. Acta Biochimica
et Biophysica Sinica, 2019, 51(8): 767-777.

1 AR AIIRAR R, A5 0 I I J 8 i PINK1/Parkin {55
S RO X P 0 e DR R A 5 i [ . 3890 i v R 2 R 2
$2,2020,40(9):1082-1085.

[22] A BLIE O SV R I AP P R R BRI S ) 8 88 FH 1)
BB 5T [D]AE 3 HE 1 K 2,2020.

23] W ZLE P AR P Y B A ST R ()] P e R
SEA DR 24 75,2022,20(18):3352-3356.

[24] BRATE B T4, 55 LR AR S 5 0 WA TR & R 5
PR T (D] IR AR ) 5 2730 12,2018, 18(7):1392-1396.

[25] & WEJHIGEE,E 4255 Lok o SRR G AR SC B BT A
SEE ()AL B4R, 2018,70(4):424-432.

(Axshit B 2)





