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Anti-vascular dementia effect of Yifei xuanfei jiangzhuo formula by inhibiting mitochondrial fission
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ABSTRACT OBJECTIVE To investigate the intervention effect and its potential mechanism of Yifei xuanfei jiangzhuo formula
by inhibiting mitochondrial fission in a vascular dementia (VaD) model rats. METHODS VaD rat model was established by
bilateral common carotid artery ligation. The experimental animals were randomly divided into sham operation group (SHAM) ,
model group (MOD), Yifei xuanfei jiangzhuo formula low-dose group (YFXF-L), Yifei xuanfei jiangzhuo formula high-dose group
(YFXF-H), and Donepezil hydrochloride group (positive control) , with 9 animals in each group. After 30 days of intervention,
the spatial learning memory ability was assessed by Morris water maze experiment; HE staining was used to observe
histopathological changes in CAl area of hippocampus; ELISA was used to detect the levels of serum inflammatory factors
[interleukin-1@ (IL-1B) and IL-4]; Western blot was used to detect the expressions of heat shock protein 90 (HSP90)/mixed
lineage kinase domain-like protein (MLKL )/dynamin-related protein 1 (Drpl) pathway-related proteins, mitochondrial fusion
proteins (MFN1, MFN2) , and adenosine triphosphate
A BEEWMB B K H %R % 5 4 T H (No. 82374387, No. synthase 5A  (ATP5A) in hippocampal tissues. The
82160885)'JLE§7}‘H%%/£IHE(N0-2024JJA141356);TLEEP[-35 immunohistochemistry was used to detect the level of
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phosphorylated MLKL (p-MLKL) ; real-time fluorescence
quantitative PCR was adopted to detect mRNA expressions of
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group was significantly prolonged, the number of crossing the platform was significantly reduced, and the hippocampal tissues

showed typical neuronal damage characteristics, the positive expression level of p-MLKL and the serum level of IL-1f significantly

increased, while the serum level of IL-4 significantly decreased, the protein and mRNA expression of HSP90, as well as the

protein expressions of p-MLKL/MLKL and p-Drp1(Ser616)/Drpl were all significantly increased in hippocampal tissue, the protein
and mRNA expressions of MFN1, MFN2 and ATP5A, and protein expression of p-Drpl (Ser637)/Drpl were all significantly

decreased (P<<0.05). After the intervention of Yifei xuanfei jiangzhuo formula, above indicators in each treatment group were all

significantly reversed (P<<0.05). CONCLUSIONS Yifei xuanfei jiangzhuo formula may alleviate neuronal damage and

neuroinflammatory responses in VaD rats by regulating the HSP90/MLKL/Drpl signaling pathway, inhibiting mitochondrial fission,

thereby maintaining mitochondrial dynamic balance and improving mitochondrial function.

KEYWORDS vascular dementia; Yifei xuanfei jiangzhuo formula; mitochondrial fission; HSP90O/MLKL/Drpl signaling pathway

A5 27 (vascular dementia, VaD ) 42 H fixi 1M 45 %<
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4877, S 4t ) W A 35 [ CST 23 H) s MLKL $i & (4t &
A21894 , Tt ) W B s A s AR R B W) 5
iz ft. (phosphorylated, p) -MLKL $7 44 (1585 ET1705-51,
G W A BTN A2 A ARATBR /A A Drp L B (57245
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2.5 KNiED CAlXALRFEFE

SR HE Y, B 2,470 N il 25 1 A B2 218k, )
F (5 pm) , YA FIRANE -G LY 44 3 min, H A kK
PRI, IR A 10 s, BT B ORZK BRI . ZT0K CEEK
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JIA p-MLKL —4T (i B H ik 1:50) B o —HiiiF & o
5 B BER F DAB 63050 sk % SN, R AR 52 YL 4
JIA% , 2 KR A B FH A et [, i e ok B
R R GORAEEIS WAL DAB B A I o HT
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B RIZH

K FH Western blot SR o H“2.47 30 %20 K BRI
FER R SH2H 2, IR )3 5, R HT RIPA 244
BUE A, 30, B RS W, BCA 005 25 14 vk 5 It
AT IE U 10 pg AT T he S amiiz
- SR TR A T e R S PELTK 43 85, P #% 31 PVDF JEE I, O
1E T FH 5% BRG 28 0535 041 2 h i A K . — Bt [
FELLIAK YR 3 GAPDH 1:7 000, 4 HSP90 1:1 000 4%
p-MLKL 1:1 000, 4t MLKL 1:500, 4 p-Drpl ( Ser637)
1: 500, 47 p-Drpl (Ser616) 1: 500, $it Drpl 1:2 000, Hit
ATP5A 1:5 000, 4T MFN1 1:4 000, 4 MFN2 1: 6 000],
T4 CCIF R 1 INAKAR, —Ht (R LBk 1:7 000)
ZREE 2 hy £ TBST 2 MR vE U Jm R AL 7 &6k
S SR HEAT AR AR U, Il 2 Image J A% kAl
IR AT E R, LI HSP90 ATP5A . MFN1 ,MFN2
5 WS H M (GAPDH) 5545 (A 1t 2R HAR R M
i) 22 35 7K F , B p-MLKL 5 MLKL . p-Drpl (Ser637) 55
Drpl . p-Drpl (Ser616) 5 Drpl &7 JK B (B 1Y LL A % 7R
MLKL . Drpl (Ser637) . Drpl (Ser616) & [ 1Y i iz 1L
Ko
2.8 EDALAF HSPIO MFN1 , MFN2 ATP5A mRNA
FikHEm

K qPCR AN . BL“2.4” 15 T 4441 K SR A7E Y
M ZUE i, L Trizol i FHIA A 246 , LS N EEITIE &
15, A 75% B 2liAk A5 1) 5 RNA, 4387 4003 5 0k 3
Jr B RNA 30 545 i cDNA I 4T PCR P4 . PCR
IR Z L4 . cDNA #5241 L, SYBR Green Master Mix 5
pL, IE R 5 945 0.4 wL, I JCAZ B2 i /K 2 20 pL.
PCR Y™ 5 4R : 95 °CHlAE ¥k 30 5595 °CAE 1 10 s,
60 °Cil K /AEAH 30 s, 3 40 MG, L GAPDH AN Z:,
K 27T H AR LR mRNA BRI Rk i, 45 5
L SHAM 41 Z: It A7 09— 1L ab B . PCR 5149751 K&

PRI 1,
*1 PCRIIMFIIRF=YKE
R Bl4FAI(5-3") IR/ 1)
GAPDH IE11: GACATGCCGCCTGGAGAAAC 138
J21i]: AGCCCAGGATGCCCTTTAGT
HSPY IE[i]: CAATTCATCGACGCTCTGG 109
JiJi]: TCCACAATGGTCAGGGTTCG
MFNI IE1: GTGGAGATACAGGCTACAGAAC 116
[ : ACAGCATTGCGTTGATGACAGA
MFN? IF1i]: CACCGTCAAGAAGGATAAGCG 103
F [ : CAGTTCTGTATTCTGTGGTGTC
ATPA IE[i]: GCTATTGGTCAGAAACGGTCC 97

[ CAGCCTGCTTGGATAAGTCGT
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2.9 MiEFHRRLEEFKFH

HL“2.47 0N MIEFE A, Z IR AL, 4 B ELISA {5
G UL ERAE R FH BRI I 75 T TL-18 IL-4 7K
2.10 SZitFEFHE

K I SPSS 25.0 #AF X B #EA T ge it oA o W R IE
B EIT TR Y + 5 TR, 24110 BRI T 2245
Br L E — 20 P LE R T LSD-¢ A6 56 o K 36 K
a=0.05,

3 &R
3.1 #HAHE FlibE R 77 3T VaD K R 5] K = E)ig {2 B8
HIRZAE

5 SHAM 41 H 4, MOD 20 K [k it v R 20 Jg 385 7k
K, 07 A OB R E /0 (P<0.05) ; 5 MOD 4 g,
A5 AR 2 A R Bk SR T AR 34 S A ST 5 B
WEHEIN(P<0.05), S5RLFE2,
F2 SHXRBRRERPRFTHEEREHILE (xts,

n=9)
ikl AR IR SHTAIAIK
SHAM#L 13.53£3.98 611153
MOD# 4576578 1.6611.22*
YFXF-L4 3638 £4.50° 3441088
YFXF-H4 26524276 477109
DH4 25184 5.00£1.00°

a: GSHAMZ L4, P<<0.05;b: 5MODZ [L#, P<0.05,

3.2 zEATERME R VaD X RiED CAl X AR RKIE
S AR

SHAM ZH K B S 254 4 5%, CA L X AR 40 )2 HE
G MAZTE SIER . 5 SHAM 41 i, MOD 41K
FUHE S A 4000 W0 5, CAL IX A A4 i 45 F HES 25 5L
YUK IRIE, Yot RIS, 20 i ] B A 5 K il e
7o 846 K. 5 MOD 4l H#g , £ 45 25 R U S 4
LA G, H 2 RO R, P YFXF-L
K IG5 CAL X 2 S5 758 B 55 MOD 2145 ik %,
FRIN A A AL AT B4 /0N AEATY AT DL R b 28 T [T 4 R
B A3 A A M HE B AR XL 55 A A I, Y
] 3 YFXF-H 241 Fil DH 20 K Bt 5 2 21401 4 BH Jb 9 4%
CAL DXAHEMR A M HES A0 B 5%, G AT A8 58 3 AU
R ICE g R, A MCE RO A Y, 45 R
LA 1,
3.3 #EAfE FfiE R 77 %F VaD X R DA LA d p-MLKL
PRI R IE E IR

5 SHAM 41 Lt %% , MOD #H K Bl i 5 4 41 b p-
MLKL i BHPE R 5 £ o 3 T (P<<0.05) ; 5 MOD 4 Lt
B, 4525 2 K B Th 20 21 p-MLKL 11 B4 2235 & 45
ERRR(P<0.05), 45HRILKE2 33,
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A. SHAM#1 B.MOD#1
WAk R ARG 2Lk R AIE A

C. YFXF-L4

D. YEXF-H4 E.DH4]

Bl |AHKREDCAIXAL HE 88 7E (x400)

A. SHAM 4
FAOET K p-MLKLFAPE A 400
E2 fHAKXREDALAG p-MLKLPEERIEREZE AL BHIE (x400)

B. MOD 41

x®3 BAXRIEIAHAH p-MLKL FHEREEF M
EHIL-1B IL-4 7K FELLB (x +5)

413 p-MLKL itk (n=3) IL-1B(n=9)/(pghul)  IL-4(n=9)/(pg/mL)
SHAML 0000900000 37184138 8991348
MOD# 0009940000 5* 87914143 3330+ 161°
YFXF-LA 0.0072£0.0003" 6204147 57194+ 119"
YFXF-H4I 0.0060+0.0002° UL 7164+ 154"
DH# 0.0048+00004° H84£107 7405103

a: 5 SHAMY] Fb#, P<<0.05;b: 5MODZ] Fb#, P<0.05,
3.4 Al E flFE R 77X VaD kK R % & IL-18 . IL-4 7K
FEIRMm

5 SHAM 41 4 , MOD 41 K FRUALYE 1 TL-18 7K F- .
FHTFE -4 7K B A% (P<<0.05) 5 5 MOD 41 e 4%,
A 2R FUALTE H TL- 18 7K P24 8 2 P A, TL-4 /K
¥ RFEIE(P<0.05), 4R IMLES,
3.5 & il = i F% 5k 75 Xt VaD X R i 5 48 42 Fh HSP9O/
MLKL/Drpl 5 S B EHEXEBRIENFI

5 SHAM 41 [t 48, MOD 21 K Fl it H5 41 41 HSP9O
p-MLKL/MLKL . p-Drp1 (Ser616)/Drpl & F4 235 7K -4
B F+ & (P<<0.05) , p-Drpl (Ser637)/Drpl, MFNI |
MFN2 ATP5A # [1 357K 134 I 2[R (P<<0.05) ; 5
MOD 4 b #5¢ , 4% 45 25 20 K B 5 40 41 v HSP9O , p-
MLKL/MLKL .p-Drpl(Ser616)/Drpl & 1235 7K V14 &
AR (P<0.05) , p-Drpl(Ser637)/Drpl \MFN1 ,MFN2
ATP5A 5 [ 3RIE /K P 1 1 35 T m (P<<0.05) , 4553 ULIA
3% 4.
3.6 % Al B Al BE i 75 X K BRI 5 A £ & HSPY0.
MFN1,MFN2 ATP5A mRNA 3% #8401

5 SHAM 4 [b45 , MOD 41 K fUifg 5 41 41+ HSP90
mRNA # ik 7K ¥ . 2 T (P<<0.05) , MFN1,MFN2,
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C. YFXF-L 4l

D. YEXF-H4

E.DH#4

pruik. [ D G S -0

MLKL — 54kDa
p-Drpl(Ser637) - - "- 80 kDa

e —————

- qu
P ————

ATP5A W 50 kDa

1 1} 1} v v
I .SHAM 4] ; I :MOD 4 ; Il : YFXF-L41;IV:YFXF-H4;V .
DHH .
3 RAXREDAL D HSPIO/MLKL/Drpl {5 2i#
BIEXERRIEBIKE

x4 RVAKXREDAL D HSPIO/MLKL/Drpl 5518
BIXEARIZKFILE (x+5,n=06)

HSP9O!  p-MLKL/ p-Drpl(Ser637)/ p-Drpl (Ser616)/  MENI/~ MFN2/ ATPSA/
GAPDH ~ MLKL Dipl Dipl GAPDH ~ GAPDH  GAPDH
SHAMAL 0591005 060+0.04 112012 090003 082005 0544003 0.64+0.02
MODAL 0931004 0924004 064100F 1201006 049003 028+0.02 0474002
YEXELA 0841006 0.76+003 078£007 1082003  0.62£0.03 039+0.03° 052£0.00°
YEXE-HAL 0.67£008 0714008 1001006 090004  0.77£0.03° 0.50%0.04° 000,03
DHAL 0681004 0.65£005 LO2E0.04 1062006 0791002 0.51£0.03 061006

il

a: SHAMZH b4, P<<0.05;b: 5MODZH b4, P<<0.05,
ATP5A mRNA kK- 1 3 A% (P<<0.05) ; 5 MOD
HIER, 45 4 220 R BRI 5 20 20 b HSP90 mRNA R3A7K
-1 i F AR (P<<0.05) ,MFN1,MFN2 , ATP5A mRNA
TR B E TR (P<0.05), 455,
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R5 BAHAKRIEDAHH HSPIO, MFN1, MFN2
ATP5A mRNA RiAKFELE (x+5,n=6)

45 HSP90 MENI MFN2 ATPSA
SHAM 1.00£0.07 1.00£0.03 1.00£0.04 1.00£0.08
MOD# 3564027 020£0.01° 0.18£0.03° 0244003
YFXF-L4 2284006 046%0.02° 052£0.06" 04540040
YFXF-HAL 1554012 0.79£0.04" 080£0.08" 0741005
DHA 1512004 082£0.03" 082£0.08" 080+0.10°
a: 5SHAMZH 48, P<<0.05;b: 5MOD4 H# , P<<0.05,
4 e

WF5E R, VaD 1 AL I 55 il 20 2 e M 1
S ZEEL B VIAHOC SR AAE il 28 R AE T
AL SCBRAE Y, 52 T 240 B3t Ak TR T 1 S PRI = SR b
PSRRI I, A L 7 1 DNA BSOS 28 e /IMA™,
AR L AR B, LR HES) VaD 1 kAR R R

ARV A A 9 2 0, 25 i 5 Pl oA ok 3 1o e
TG Sy 2T G BRI 28 RORE , M 1T R HE 03 VaD |
PEFM, ARBFFEAT M2 Lm0 45 1 Wos , 5 SHAM 41 1L
5, MOD ZH K Bk sk v oA 10 fi 35 A 4 | 2B 15 OB
S A A A kO T RS R e A e G
PR AT 20 VaD KR 24 ) s RleiC ThgE . 4141
Jo B4 25 5L R, MOD 20 K U B i 28 e HES 2L, 4
i Te0) Bt 444 B, A2 [T 4 B S 5 265 i 5 Al o4 okt 1 905 400 i
W52 , G5 H#a T30% . ELISA 45 /R , MOD 4k
RO 2 A IL-1B AP b 3 T i, B R P IL-4 7K P
SEREAR, T 25 i B A A 1 U5 TL-1B8 \IL-4 7K1 f
E UL N

2R R T RE S 7E VaD Y &AL b o5 0 b
7, Heh 2R A sl 71 24 0 IR AE VaD Hh ) BLARTE AL 4
ZXE, SR, PGAMS il i 45 Rk 3l )y 24 %
5o IR SE AL B . AR Z B A bR
PGAMb I F I 2R R i) B2 4 34 25 R B R IR D) i
i, HET S R AHARAET-" AR A T 16 kY MLKL
T BSE SR AR I % 4o 28 o JSE , 3 T 00 1 T AR AR 1
PGAMS ; PGAMb il it i Drpl 2= Ak , {2 #F Drp1 [ £k
RLARSEAR IS SRR AR | S BRI 7 fb 3
I, e | R L RR T RERERGY . DL WFSY R, MLKL/
PGAMS/Drpl {5518 I J& R Zebr AR 43 24 S22 1A
Bl 12 HERERRLR TR 5 A5 8 A Y SR AR

HSPIO =4 ATP AR 53T F-AR , it A 545 18
PR AS Y Drpl BERR LRI RE , f21E Drpl [m) 2Rk K55 RS
HEMTRPEL PR 324", BF5E 2R B, 9] HSP9O n] {2 ik
FEURIT S AR R AR DT Bl 10 B R T A 2 fnh )
RE" . ANWFITZE R o, 25 A A Oy HnT B
W HSPIO 4E [ A3k . MLKL J2& HSP9O F) 1 24 FH 4
A5, HSPOO 3 55 /5 FH T MLKL (9 A 3 , 845 L 22 B fb N
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JBER o i A, i) HSPOO ] 2 5 ik A I MLKL 2

K-, 0 R R 2488 JF 1Y Drpl B BERR L™ . Drpl

Ser637 {7 i i IR A BN 2 o 28 2R L R o 220R 4 7

PRI K 1) B R 2R ™ Ser616 3L 15 R TL BN A 2

PSS BT AL TR AL 3 Drp L TELRLAR MY

SEAVL 5 Ser637 {37 st A 1R T4 DU 505 AR R P O 2 G R 42 S 38

HEBEIR AL , AT/ 2R AR 73 28 AR SE 45 53 .

71, g A i R 3k 5 - FUAT 2 2% R 9 p-MLKL | p-Drpl

(Ser616) [ 3R 3A 5 (E A5 11 B 12 , 28 4 It 0 Jili foge ek 5 T

TiJ& p-Drpl (Ser637) A St MEN1 . MFN2 iy 3544 F i

et /PR P AR R B ) T Eh ZH 4L, HSPOO A1

MLKL F) 235 835 T , IRl 240 M08 1 0 22 9840 S

R, A, SRR T 245 G P 2R OC E 2ok

P a B Ay oAl Al A . MFNs A3 52 3 0 SOk 1A 2

F1, MFN I MEN2 2 2R R SN SCHE Rl & 2 L A0

MFNs {2 HL, H GTP 25 & Slxd il & 20T %, SR AT

—H AL SIS, Saita % FSE K, Drpl K-

12 B ECMENs KF TR, R4 R W], HSPIO/

MLKL/Drpl {553 i v] 3l i 45 L pi iR 5y 242 5 VaD

SRS R, i) 2 108 g% R] A ARk LORLIR T RE , DR R

VaD K B 2 T4 s R AE SV

A ST LS R W7, 4 il B i R vk 0 T S
ATP5A 1 M mRNA %35, R 4 il e e 1o 7 vl fEs
TR T , 3 = VaD K RIS A Uh ki ik 2 &
Ytttk AN AT AR WK, 5 MOD 4 AR, 2245
Jil il o et 7 WU, 4% 45 25 2H K B HSP9O/MLKL/
Drp 1 {5538 BEAH SCHE bR /K- 245005 | SR W] 45 il 23 il ok
75 i) BE T o A4 e, R ORI Bl g 2, AT
RAFHAN R VER]

25 LRI i il A ok 7 R e A i 9 2 HSP9O/
MLKL/Drpl {5538 i , 0 SoRi 14 3 224, ki 4 Fe 4k
PRE) Ty 2 -7, e 2R AR T RE , DTS B2 VaD K
BRL B 22 T P R 28 R BB RO
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