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Effects of Wenfei Jiangzhuo Formula on mitochondrial function of AP, .-
induced BV-2 cells based on PGAMS-Drpl axis
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ABSTRACT: AIM To investigate the effects of Wenfei Jiangzhuo Formula on mitochondrial function of AR, -
induced BV-2 cells. METHODS In the establishment of cell model of Alzheimer’s disease ( AD) using AB,s ;s
on the BV-2 cells, the optimal concentration and time point of A3, s intervention were determined; and the groups
for the intervention of LFHP-1c¢ group (inhibitor) or the serum containing Wenfei Jiangzhuo Formula were set up.
The detection of the optimal intervention concentration and time point by CCK-8 assay; the observation of cell
migration and apoptosis by Transwell assay and Hoechst 33342 staining; the detection of the positive expressions of
PGAMS and Drpl by immunofluorescence; and the detection of cellular PGAMS, Drpl, OPA1l, and Mifnl/2
mRNA and protein expressions by RT-qPCR and Western blot were conducted. RESULTS  The best AD cell
model was established by 48 h exposure to 5 pmol/L of AB,s_;5, and most active cell viability was achieved with the
48 h use of serum containing 20% Wenfei Jiangzhuo Formula. Compared with the control group, the model group
displayed decreased number of cell migration, more bright blue positive apoptotic cells, increased number of
PGAMS5 and Drpl positive cells and their mRNA and protein expressions ( P<0.05); and decreased mRNA and
protein expressions of OPA1 and Mfn1/2 (P<0.05). Compared with the model group, the groups intervened with
the medicines shared increased number of cell migration, less bright blue positive apoptotic cells, decreased
number of PGAMS5 and Drpl positive cells and their mRNA and protein expressions ( P<0.05); and elevated
OPA1 and Mfnl/2 mRNA and protein expressions ( P<0.05). CONCLUSION Wenfei Jiangzhuo Formula exerts
cerebroprotective effects to improve cognition by reducing cell damage and improving the balance of mitochondrial
homeostasis through PGAM5-Drpl axis in AD model.

KEY WORDS: Wenfei Jiangzhuo Formula; Alzheimer’ s disease; AR, ;55 PGAM-Drpl axis; mitochondrial

homeostatic balance; BV-2 cells
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A HEPE SD KEL 10 H, (R (180+20) ¢,
R SR L S A R A w4t R T
o E ARl oL sh W B, LR shW A =
YFAHES SCXK (3H1) 2019-0004, AHF5E2 ) 7
HEZ AR AL O e B B S i (e
5 DW20230425-105) ,

1.2 Zhdp  RIEEERR 7 iR IR 20 ¢ (JERD) |
WH15g, T#E10g, =L 10g, HKEI10g, &
HHE 6 g AR, R T VG B 2 K5 —
JBERE 1122 hr, 2 PR 2R — s =
BERM B2 S e R IE i, B IRZG A, R 2 1K,
Bt 200 mL, MR 24258 1.5 ¢/mL, T
4 CORAFH

1.3 XA EBERE SR Gibeo 120G 4R LT
(#t5 11965118, 10100147C, 2 [ Gibeo 2 1)) ;
HHERRAGW (M5 P1400, bt RKEFRHA
FRANT]) 3 AR,y (LS GP10082, 35 GlpBio 2y
Al); PGAMS5, Drpl. OPAl, Mfm2 #Hi ik (5
ab308447 . ab184247 . ab42364 . abl124773, i [
Abcam 2 F] ) ; =AY 4 Marker 10 ~ 250 kDa
(5 wJ103, LiAERG A AR AR AR 5
Alexa Fluor™ 488 (L5 ZF-0511, Jb k244
I ARG AT ; CCK-8 ik & (5 BS350B,
JEE AR B A R A7) 5 Annexin V-FITC 4il ifg
TR & . Western —HUHi BRI . Western —
UG BE . QuickBlock™ Ft M (L5 C1062L,
P0023A . P0023D, P0220, ki3~ KAWH A
AR A F); Immobilon ® -E PVDF R (Hit 5
ISEQ0010, FEEBFLAH])

1.4 M E  MCO-5AC CO, 41346 (H A
Panasonic A H)) ; Multiskan FC 4% K BEFRAL (3£
Thermo Fisher Scientific 2 &) ; CX31 3] & & i
B ( HA Olympus 4H]) ; HEEHIKFEHI RS, Gel
Doc XR/ChemiDoc XRS 4= H 3 fb.2% & 6 EE I il 5
A4t ([ Bio-Rad A H])

2 AE

2.1 BV-2 @mfaiinfete R UM 10% 4
M3 19 T 5ERE R IR G 90% o bE IR 3k, &
T37C., 5% CO, MIFFRMNITFE, HMMICE
FRILF] 70% ~90% iF, PBS R LR 2 K, F L
i, MEREER 500 mL T L, MU0 5E 4
TR IMA SRRk, ZObRE AEEfL, W
¥T, 1000 r/min &.0> 5 min, 3 Ly, %1 : 3~
12 e Ranp, &3 d 401 I,
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2.2 BAIERGAHRFAEL 10 H SD KFEN
PSR 7 d 5, #EE S TR 118 mg/ke,
MRIWK, #57d, REKEEARZE 1L, BEE
519 ILELILZ AR (40 me/kg) JRME, TCHIFFELT
i EBKCR M, 4213 R F# 30 min, 5 000 r/min
B0 15 min, HUEJZI03E, 50 C/KE K 30 min,
T-80 CUKAATRAF#5 o &% 25 L3 i g 28 0. 22
wm TALIERE g, JEFH DMEM 5532350 i # B 2
5% . 10% . 20% .

2.3 #AE SMWcEk [14] MIE, BV-2 402
1x10°/mL HYZE BERERD T 96 FLAR H, 4L 100 pL,
F37°C. 5% CO, FiFARFE 24 h, 435I ALk
JEN S, 10, 20 pmol/L 1 AB,s.s, LASEHE PBS %%
MWRACE AR, MERIER 41, ik E 3 MEAL,
YkeEREIE 24 48 h, PBS PEUk 2 Wk, EALMMA 10
pL CCK-8, IEFFAEARELMEH 2 h, FHEFHRLAE 450
nm P KACKG I GRS AT R, LA
FETEF T0% ~80% (1) AR, 45 IV I 8] 5 45 Ky
AD 20 AR Y f A i 8 TS [)

2.4 Aty SE SN R B
LEHP-1c 21 (HGHIFA)) ol i e ey 2 24 13 2,
MR, H DMEM A 5% 7% 5 8 4% 5 i 75 40
MR, T 6 fLi. 96 FLik . T25 Kig#Hi 4 3lim
A 2.5x10°/mL, 1x10°/mL ., 4%x10°/mL BV-2 4l fify
R, FIA 5 wmol/L AB, .., }i3% 48 h, X4
FRHIZH 25T 10% e WE G 5 L1 775 Wi e b
TN LN A 20% T 5 3k 7 5 2 I vE , K AR
48 h; LFHP-l1c 4fiNA 10 pL 29 K 100 wg/mL
() LFHP-1c = W35 72 5L M B, LFHP-1c fEN —
FREESEPE /NS PGAMS FOHIHIF, 0T LAAG 2440 il
PGAMS (ad B2 FH iy, M98/ Drpl #9518 1k
WA

2.5 CCK-8 A&l 8 Af 4 ik 5 4 25 e 3 F 7R 64 5%
R A BT85BS AR, Y BV-2 ZffILL 1x
10°/mL ) %5 BERE R T 96 LM, 4EfL 100 pL,
T37°C., 5% CO, HFM P HIFE 24 h, A 5% |
10% . 20% JRLAfRESR 7 Fr 25 Mys , LASEAE PBS & np
WAENIER A, BARE 3 ANE; gkt
24 h, PBS PE¥& 2 Ik, BALIN 10 wL CCK-8, 6
WFRMME 2 h, HBFARIAE 450 nm LA I
JCRE,  LIBA E J ili Fa 3eh  24 M AN () 8 % B[]
T AR, BT AU BV-2 4IRS 2, >R CCK-8
PG 5% . 10% . 20% i i B Ik 5 B 2 1 v X
BV-2 4iME{E T2, 42 h 10% Hif 2R 1l 41
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(10% A5 4= 137 ) . 10% 25 (H L4 (10% 25 A 1
W) . 20% 25 ML (20% 25 L) . 5% i
B T 3 2 M (5% I A kA ok 25 245 137 + 5% 25 1
ML) . 10% i i Bk 7 & 25 M9E  (10% i A e ok
T ) 1 209% AR T E AL (20%
i ek 5 25 M09 ) o

2.6 Transwell Z¥4n et A2 H 20% 15
i 4 2 24 MM T AL B BV-2 Z4H B, RPMI G IfiL
TH G AR A R AN % RS 1 x 10°/mL, Sl A
Transwell /NE H1 , ¥ 500 wL. DMEM B IR LTS
JnE] 24 fLAH 7 48 h, U Transwell /NE, 4%
ZRPEERE, 0. 1% 45554 5 min, WMEYE
Y, Jf G E BRI TR, SR Image J 8.0
AT HATEAR 5307

2.7 Hoechst 33342 & emm A =4 % H 6
FLAR 20 it B g T AL S BCE T 15 mL TR B
H, 1000 r/min 2.0 2 min, B EIHR, WA
Hoechst 33342 Z¢ (450, {HR G FEAIEE 20 min,
ARG IR B TR TR, B0, RBR LW, &
240, LA 1x10Y/mL B R F 3.5 om® B5 5%
11 RO o/ o el T G5l N U 2 1R 75| 27N

PR EE AT ANMAX R4 | AR ARTE
SHIR, BT S ENZE RS,

2.8 RIERKIEEAN AL PGAMS, Drpl A&
min kA KRN N 3 IR, 4% 28R
FH B [0 52 20 min, PRI 3 W, WIRPE S LY
I BE T 15 min, PE¥& 3 K, 0.01% Triton 100 il
%10 min, PEW 3 K, 5% BSA H M 1 h, A
PGAMS . Drpl —HT (1:100), 4 CIFF I, ¥k
Y3, IRHINA Alexa Fluor™ 488 (H+L) &
1.5h, PR3 WK, Yt 8 min, PR 3K, T4k
EERTAGC Ak -S il

2.9  RT-qPCR % # @ PGAMS5. Dipl. OPAl.
Mfn1/2 mRNA &5 JH TRIzol i) 42 U4 2H 40 i
AL RNA; (A 4366 BE 71 22 B RNA ¥R EE
i B TOLOBIO St Sl 70 G b A7 300 i S B v 5 it
H SYBR ® Green Pro Taq HS TiiE %Y qPCR X5 &
WATY YE RN, 51PN IR 1, R &R
95 °C 10 min, 95 °C 10 s, 60 °C 30 s, 1t 40 M
I, UL GAPDH Jy N2, 27" ik it 13 M %) 58 =
LbER

®1 519F7

Tab.1 Primer sequences

FEH E R4 (5'—3") LI 4 (5'—3")
PGAMS GTCGGGAACAGGCTGAACTC TGGCAGGTGCTTACTGATGA
Drpl GTTGAAGCAGAAGAATGGGG CGAGAAAACCTTGAGATGGA
OPA1 TTCTTCACTGCGGGTACACCT GCTTGTCACTTTCGGATCCATGA
Mfnl GAATAATCGTTGGGATGCT AACTCCTGTAATCTTGCCTGA
Mfn2 TGTCTTGAAATGCGGGAA CTTGAGGACAACTGGGGA
GAPDH GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT
2.10 Western blot 74 M PGAM5, Drpl. OPAIL, 3 &R
Minl/2 &G &k M EABEMBEREMGIRN 3.1 AB,ss ¥ F BV-2 21 M & 4 28 JZ & B 1)
RIPA PR Z4 M4 AN, $REUGEH, BCA AR & SXFBRALLE, 5. 10, 20 pmol/L AR, T

U S R M T B o i O 1 DG =
PGS VR A4 . W RN IR BERG BE e, b
FE, Ik, WL E PVDF I, 5% BSA =i
£ 1 h, 39MA PGAM5, Drpl, OPAL, Mfnl .
Mf2 (1:3000) —¥r, 4 CWEE®R, WHIMA
ZHL (1:8000) F|MWE 1 h, MHEA LY
EHEUR R GBR, UL GAPDH ANZ, it
Image J AP TR A AHXT Rk,

2,11 %t F o4 ik SPSS 26. 0 #4174k
H,OHEERILL (xes) FRoR, SN ECR HH
7 2250871, P<0.05 FRZEFHAGIFE L,

BV-2 401 24 48 h )5, HMIAFITBHEE AR, K
FERANTTREAR, LA S wmol/L ek, W 1, [REF,
SEESCHR (9] il ARSI DL MAE IS R AE 80%
AN E A, B IL, 5 SR S ER ok B AR
5 wmol/LI) AR, T 48 h,
3.2 By A b At BV-2 e R E R
#rm T 24 h JE 45 AL 40 I AE 0 R 0 2 2=
S (P>0.05); T°7i48 h )5, 5 10% . 20% 25
MW 2 HE B, 10% . 20% J A B il 7 55 24 1l 7 41
BV-2 4EAF G T (P<0.05); THI72 h 5,
510% . 20% 75 (LM AL L, 20% i Al a3k 0 2
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e SXE AL, FP<0. 05,
1 AB;;FS BV2 fiIRELIRERES (xts,
n=3)
Optimal final concentration and time point of

AB,s 35 induction in BV-2 cells (x+s, n=3)

Fig. 1

415 41 BV-2 4 A7 16 R TR (P<0.05), H
48 hil IfiRaEh T 5 24 I B - A AR S D RCR B A,
UL 2, BOE SRR 20% TR D7 S 2 g,
P 48 h AE R 254 1 il AR E] A

3.3 BTG A% ik BV2 mi it AR
a9%vm XTI L, BRI BV-2 4HTE S 4L
IR (P<0.05); SR L, LFHP-1c 4
TR A Yk Ty 2 100 ¥ 2 BV-2 41 i 3T B B i 1
(P<0.05), WK 3,

3.4 Bk gy A2 b At BV-2 aa e R T 89 %
v XA VR ORI, SXT R
B, BRI BV-2 HEIA TR TS (P<0.05); 5

. 5 10% . 20% 25 L4 b4, *P<0. 05,
B2 BHifEERATSHMBFTH BY-2 HEMAMEERELKERMNE A (Xx+5, n=3)

Fig.2 Optimal final concentration and time point for intervention of serum containing Wenfei

Jiangzhuo Formula on cellular activity in the BV-2 cell model (x+s, n=3)

T SXFIRL e, P<0. 05; SRS, * P<0. 05,
B3 JBEBV2HRIBHEILE (x5, n=3)

Fig.3 Comparison of the number of migrating BV-2 cells in each group (x+s, n=3)

PRRIZH F A, LEHP-1c 4L AE I Ih 5 5 24 1.3 41
BV-2 LA T-#FEAL (P<0.05), WLIE 4,

3.5 Rk 4 2 f ik *F BV-2 48 i PGAMS .
Dipl ek dm o kil a9 %o S5 R4 ik, A
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2 BV-2 4l PGAMS, Drpl FH P 40 it 2 ik 7 &
(P<0.05); SEAILLHLEE, LEHP-1c 20 I il %
WO IMTE 41 BV-2 40 PGAMS . Drpl FH 20
2R FEAR (P<0.05), WA S,
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. XM R, P<0.05; SR R, * P<0. 05,
B4 |EABV2HMATHELE (x5, n=3)

Fig. 4 Comparison of the number of apoptotic BV-2 cells in each group (x+s, n=3)

TE: SXIRAL I, *P<0. 055 HSERIALLILEL, © P<0.05,
B 5 &4 BV-2 41 PGAMS, Drpl PFAMEMRIELLE (xss, n=3)
Fig. 5 Comparison of PGAMS5 and Drpl positive expressions in BV-2 cells in each group (x+s, n=3)

3.6 ANk F A2 f ik xF BV-2 @i PGAM5,  mRNA E kAR (P<0.05); 5884 14,
Dipl, OPA1, Mfnl, Mfn2 mRNA £ ik 85%vh 5 LFHP-1c 26 F1E i [ 3 05 & 25 1 %4 20 BV-2 40 g
XFRE4H L e, BEOMZH BV-2 4 L PGAMS. Drpl  PGAMS. Drpl mRNA k& (P<0.05), OPAl.
mRNA 25 THE (P<0.05), OPAL, Mfal., Mfa2  Mfnl, Mfn2 mRNA F£iETHE (P<0.05), WA 6,

TE. SXTER4ILER, Y P<0. 05; SEOMLIHEE, * P<0.05,
B 6 #&4 BV-2 4 PGAM5, Drpl, OPAl, Mfnl, Mfn2 mRNA RiELLE (x+s, n=3)
Fig. 6 Comparison of PGAMS5, Drpl, OPA1 and Mfnl, Mfn2 mRNA expressions in BV-2 cells in each group (x+s, n=3)

2563



2025 4F 8 A
Fa7E FE8

Bk %

Chinese Traditional Patent Medicine

August 2025
Vol. 47 No. 8

3.7 BAW Mk gy & 25 d iE xF BV-2 49 i PGAMS
Drpl, OPAl, Mfnl, M2 & & Rk 69 & S5Xt
FRAT b4, FEALZH BV-2 4 ifE PGAMS, Drpl ZEH
FikFtE (P<0.05), OPA1, Mfnl, Mfn2 4 %

IKBEAR (P<0.05); SHEIRIZ AL, WRARE M &
ZyIMIHL4H BV-2 41l PGAMS . Drpl & H KA AR
(P<0.05), OPAl, Mfnl, M2 EH XTI E
(P<0.05), WKl 7,

. SXTRRL LA, *P<0.05; SR LEL, * P<0.05
7 {KEABV-2 A PGAMS-Drpl X ERRIELE (xxs, n=3)

Fig.7 Comparison of the expressions of PGAMS5-Drpl axis-related proteins in BV-2 cells in each group (x+s, n=3)

4 it

1 B A EE O C I B LB AR IR 1
Waigh, H X TR 1 B HLIAR AT 4 T
2 ZRERRIRINE, AFHRT, RANEE,
IESATFRER A AR R EZ Y e,
MR | U BV 28 K TR 2 SR UE I A AR &
RHZE R R ORE PR, BB BiE,
ORI B ROE K BRI, T2 T B R
TE, THRIEAEATY ) Tk, S HERT I IR
B i, R M BEIE YA (TR PR A
R ), BISE TIR ARy B R A
A, KR AT, S ARG ol TR AT W
MR R, EReBhdmEm,; T2, W
BB s =LAy, i 08 Sk WK
WIE T2 %S, R, BiknE, @
KA, BRI, R HEREMEZY, Zaxhh, i
G, AR, BIBABHAN, k2R
Hi,

LRLRNVE LM “Bh 15", AR 4 4 41t
95% MYRE, 1M ELIA7E 45 Fh 40 A= )~ ok A vh & 4
FELE O 2ok R o ml A A R R
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Pl B LR T, Y SR Ak ol ik AR K A
G RERAMIEA | B KA CREIRE S 7, M
15| % 22 Flvith 3R A7 M0 0 & A2 PGAMS
SRR H MR AR N B KR 2 —, Je—F T
RRLRSME A B 0, iR Ar SR, PGAMS 7E
LR FR ST A b 5 AL, TR A Ser
637 {7 &L 1Y Drpl R {2k e hi ik B ik, 5l
LR R 2, WAL AT Boh,
TELRRIAR SN Y2 2 F, LA 1) PN S i o Al
C&agh, HAME FZnika &8 172 (Mil/
2) MIRPTHME RS, 7E ATP WK s A4 e Jn 58
BANE LG, BEE, B ERMHXEERFEEREA
(PARL) . s I MK GTP i (Mgmlp) ZEfahA
FHOCHIE Fli i 2 245 AH G 1 1 (OPAL) [
HRE 2 Fh SRR, 5 R TR N B Y Rl AT
BATERTE t, BAETERIR K R ZUN OPAL Rk
FEA, SId Drpl FekF &, Mifdl Drpl 23k, fff
4 OPAL, Mfnl/2 AR m, LRiRREA1EH
HEGR HL, AD MR AR R SR FZ R A h T
SRR E M PGAMS-Drpl Bl i 4% 2k i fA
Gr5E, BETRARIIARRL G B XEE,
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ARG LI, L MflFHl (LFHP-1c¢) F120%
TR Ty & 25 %8 T W5, 40 MaE R 5o 5,
AT 20 ML/, PGAMS . Drpl BHPEZR L, EHA K
mRNA FKIkFEML, OPA1. Mfl/2 &1 &% mRNA %
KT, LRI 1 24 03 7 2 A5 A P Sy
o SRR, WM AT LLE#E PGAMS-Drpl
fF5 % BV-2 4 0, B &b iR Ra A1
i, ML R AR, RIS
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