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F T (P<0.01) ; ok iRk 5 47 91 B 28, | B v 75 B 7R 3% B %0 2 ; PINK1 Parkin .L.C3 mRNA %3k T % (P<0.01),P62 mRNA %3 F 7
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(Abstract] Objective To investicate the effects of plasma containing Wenyang Jiedu Huayu Formula (WYJDHYF) on
hepatocyte injury based on the PTEN-induced kinase 1 (PINK1YE3 ubiquitin ligase (Parkin) pathway. Methods A hepatocellular
injury model was established using D—galactosamine (D-GalN) combined with lipopolysaccharide (LPS). Experimental groups included
control group, model group, blank plasma group, WYJDHYF plasma group, 3-MA group, and WYJDHYF+3-MA group. The optimal
concentration and intervention duration of plasma was determined via CCK-8 assay. Cell apoptosis was assessed using Annexin V-
APC/PI double staining. Mitochondrial membrane potential was measured by JC-1 staining, and reactive oxygen species (ROS) levels
were checked using MitoSOX Red staining. Biochemical methods were employed to evaluate superoxide dismutase (SOD) and
malondialdehyde (MDA) levels. Hepatocyte ultrastructure was observed by transmission electron microscopy ('EM). RT—qPCR was
used to quantify mRNA levels of PINKI1, Parkin, microtubule-associated protein 1 light chain 3 (LC3), and sequestosome 1 (SQSTM1/
P62). The protein expression levels of PINKI, Parkin, LC3, p62/SQSTM1, B—cell lymphoma-2 (Bcl-2), Bel-2-associated X protein
(Bax), cleaved—Caspase—3, and Caspase—3 were analyzed by Western blot. Results The CCK-8 assay indicated that intervention with
15% drug—containing plasma for 12 hours was the optimal concentration and duration for the experiment. Compared with the control
group, the model group showed increased apoptosis rate of cells at all stages (P<0.01); decreased mitochondrial membrane potential
(P<0.01); elevated levels of intracellular ROS and MDA (P<0.01) and reduced SOD level (P<0.01). TEM revealed severely disordered
mitochondrial structures and fewer autolysosomes. The mRNA expression levels of PINK1, Parkin, and LC3 decreased (P<0.01), while
P62 mRNA expression increased (P<0.01). The protein expressions of PINKI, Parkin, Bel-2, and the ratio of LC31I/1 decreased (P<
0.01), whereas the P62 and Bax protein expressions and the cleaved-Caspase—3/Caspase-3 ratio were elevated (P<0.01). Compared to
the model group, the WYJDHYF plasma group exhibited reduced apoptosis rates at all stages (P<0.01), increased mitochondrial
membrane potential (P<001), decreased intracellular ROS and MDA levels (P<001), and increased SOD levels (P<0.01). Alleviated
mitochondrial structural disruption and increased autolysosomes were revealed. Upregulated PINKI1, Parkin, and LC3 mRNA (P<0.01)
and downregulated P62 mRNA (P<0.01) levels were shown. Protein expressions of PINK1, Parkin, and Bcl-2, as well as the LC3 I/
I ratio, were demonstrated elevated (P<001 or P<005), whereas the expressions of P62 and Bax proteins and the cleaved—Caspase-3/
Caspase—3 ratio decreased (P<0.01 or P<005). Compared to the WYJDHYF plasma group, the WYJDHYF+3-MA group exhibited
markedly increased apoptosis rate (P<0.01), decreased mitochondrial membrane potential (P<0.01), elevated ROS and MDA levels (P<
0.01), reduced SOD levels (P<0.01). Electron microscopy showed worsened mitochondrial disorganization and reduced autolysosome
numbers. mRNA expressions of PINKI1, Parkin, and LC3 decreased (P<0.01), while P62 mRNA expression increased (P<0.01). Protein
expressions of PINKI, Parkin, Bel-2 protein, and LC3-II/1 ratio reduced (P<0.01), whereas expressions of P62 and Bax proteins and
Cleaved—Caspase-3/Caspase-3 ratio increased (P<0.01 or P<0.05). Conclusion The plasma containing WYJDHYF can alleviate ROS
accumulation and oxidative stress, inhibit mitochondrial intrinsic apoptosis, and exert a protective effect against D-GalN/LPS-
induced hepatocyte injury. Its protective mechanism may involve enhancing PINKI/Parkin pathway -mediated mitophagy and
improving mitochondrial function.
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CCK-8 il & ( H AR AL =5 B, 15 .
NU679) ; PTEN 75 534l 1 (PTEN induced putative
kinase 1, PINK1) E3 iZ % i %[ (Parkin RBR E3
ubiquitin—protein ligase, Parkin) S 1544%
3(microtubule-associated protein 1 light chain 3, LC3) |
FEAK 1 (sequestosome 1, SQSTM1/P62) it K 25
Jif—3 (cysteinyl aspartate specific proteinase—3, Cas-
pase—3) B bk [ 4 198 —2 3 K (B—cell lymphoma—
2, Bel-2) . Bel-2 #15¢ X 5 H (Bel-2-associated X,
Bax) PTIAK (H [E Abiowell 28 Al , it 5 : AWA54820,
AWA41194 AWA10125 AWA0000,AWA45562 AW-
A5806 , AWA43352) ; i %6, 1k ¥ L Ak i (superoxide
dismutase, SOD) N [ (malondialdehyde, MDA) |
FLIR i S (lactate dehydrogenase, LDH) A 2 iR
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“ RAEYH ARG R F L LS . S0061M , C2006) 53~
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Express /A , 41t 5 ;A8353); I W kiR (b H
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1.3 FEUHF

TR G (AU R PHE AR AR A BR A A
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atrh R AR A A R A PR F] | #45- . DSZ2000X) 5
TR ELOHLEIFRE LR ARG R A ] B
SLO2) ; 9¢ 2 & PCR AL (3 Applied Biosystems
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KRR A A B R K RERIEE 2 Ik, K
W52 h G MRS 3% B He 2 A R, 1iE &
SRR, 250 KK IS (56 °C,30 min),
0.22 pm JEMLIE, 539 5 -80 CHELE
22 BANRRERERSE
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5% 10% 15% 20% ,25% " 243 IfiL 3 25 e ok 1o 3¢ 8 1149
SHIMKEA, 2 HAAR G L CCK-8 51557
FE, X HRZ BRL-3A 4 1E 5 55 5% A 0 40 240 it fn
A1 pgemL? LPS f15 mg-mL™ D-GalN }55% 24 hi¥,
H 24 Il 2 B2 1 IR AR R 2 T Sl 1 53]
T LAAH R B2 (4 2 10, 43 5I/E T BRL-3A 21
e 12.24 .48 h 5, B:fLHIIA 10 pL fICCK-8, 58 1%
Beil CCK-8 Ik , KB 25 FE e BE LA 100 plL
& CCK-8 YIGFRHE A0 F 4 h 5, [ R br
AXAE 450 nm P A0 I E &L YOG RE (OD)E, T
SRS A ARG A AR 32, HEFEIN IR (%) =(1-5 5
2 OD {E/4F B 4H OD {E)x100%,
23 RS HESHE

WOt E KA BRL-3A 40 EA 74040 , 43 Rt
WRZH BRI P2y 2R Al 2s F 3R 4L 3-MA 4 %
HZh+3-MA 41, % I8 20 BRL-3A 4 il 1F & 55 5%
BORIZHAAMIMA 1 pg-mL™ LPS #1 5 mg-mL™ D-
GalN $55% 24 h, 2Rl K 2s 2R 4 AE AR
20 FE Al b AR A 07 32 7 e A T AR B R (] 4 i) sk
178 2y K28 FLm K T Wb B 3-MA 241557 L)
5 mmol-L" 3-MA Fi4bEE 2 WS A 1 pgemlL!
LPS 1 5 mg-mL" D-GalN ¥53% 24 h,h2j+3-MAZH
TE 3-MA 2R T A 2 i 2R AL HE
24 HEEIGE

FSUNT L ZE FIASE 70 2 240 MR AT A 3 25 2 s U
LA DIH R EE LA T ,3 000 r/min #.0
10 min(B02E420 10 em) , HER4UMERE A B ETE
W, Fi FEORR) & #0420 RS I 44 L ALT (AST %
LDH 7K3F19,
2.5 Annexin V-APC/PI S €8 i 46 ) 48 B =

O 04 K 40189 BRL-3A 41 it 322 i 2.3 33 4
HANERLG 25, AN EDTA OB b 45 440 i
PBS PE% 2 7,1 000 r/min &0 5 min(B.02EA2 N
10 em), WHEZ 4.7x10° 4 fifL, PBS YEIAJE KA

500 plL Binding buffer £ 7% 40 i85 wL Annexin
V-APC &% 5 pL Propidium lodide , Ji zX4H {5
MMM TR SR E A 3K,
2.6 JC-1 Ftai i e {0 B B fir

B RAE K309 BRL-3A 40 g 42 HR <2.37 33 4>
AL 2y )G AT 0.5 mL 4UAEE IR, A
1 mL JC-1 Qo8 TARWR , Wi B4R sE 4R 5T, 40 0l
WA h 37 CI¥E 20 min, %M 1 mL JC-1 4%
B MWINA 4 mL ZEBKH L FIBCH] JC-1 ZZ v
WA SRS, WBR LV, A JC-1 Y gz np
TR 2 UK, TS ORI
2.7 MitoSOX Red F&#ill ROS 7k F

B4 K 30719 BRL-3A 40 if 4% i 2.3 331 43
HALFRLE2)5 2 500 r/min B0 5 min (B02FER
10 em), FEF FIEW,PBS PEAEMY, IIA 1 mL
MitoSOX Red Juft TAEWREIF AN, [40H%% B 7E
3x10%mL, S5 FRF H 37 CHFHE 30 min, BEE L
WJE,2 500 r/min B0 5 min(EO¥42H 10 em),
DUEANE, LW, PBS VRIS MIRG 75 L IE W,
fii 1 PBS A4, U AR ROS K-,
2.8 EYILFERT MDA SOD 7k F

B4 K 30919 BRL-3A 40 i 4% iR 2.3 331 43
AR5 WA ARG FR IR A0, 4 i
F G Ud B AR A I 8% 5% L MDA JKOF & i R
SOD 7K,
2.9 EGTEEWEMEME R BHEN

PBS Pk i &- 20 240 g I FH 1R 2 iR Ak | g0 Ak
BRI RS AT B A, 19% DU A AR P L R
(v Ve 2 ) PR I 5 W A A 1 O 7K A R0 ke B A B Sy
30%—50%—70%—>80%—90%—95%—>100% , i
JKFFIFT Epon—812 A3 #4 #E 3:1  1:1,1:3 HLfil ik vk
‘é‘ﬁ,Epon—SlZ ali L R R ALE 60~
90 nm AEFEYI R, I T IR 4h G €0 Y3RT 45 2 4 A
AT YL A LN T 10~15 min, W UET AR EETR 4%
MY AL 1~2 min, SR E S F BB T
BUGRAE , S TR B T SRR, J IR 38 2 AR X
A FARSREAZ
2.10 RT-qPCR #i48< & FFix

Trizol 72 42 B 41 L & RNA , I RNA ¥k & K&
0D260/0D280, FF 52K k151 RNA & T-80 C
e, LUS mRNA RO, i FH 30 5 sl Rl 60 il
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cDNA BT -20 CHEfE, DMLY 1S, qPCR RN 5514 .
AEPE(95 °C,10 min), ZEME(95 °C,15 s),iB k(60 C,
30 s)HFAT 40 IAEER, R ZE 60~95 C, L B-
actin NS R 2789 ik LA M a5 L R Rk, i
FH Primer 5 FAFITE190, BT A 519034 AL R}
R AR ARG G, L 1,

x1 519MF5

Table 1 Primer sequences

L £ PR 52 KB bp
PINK1 1E 1 : GTGTCTGACCCACTGGACAC 193
S ; CTGCTCCCTTTGAGACGACA
Parkin 1E [ : TGGGCTGTGGGTTCGTTT 103
JZ I : CGGTATGCCTGAGAAGTCG
P62 1E [ : AGCATACAGAGAGCACCCAT 213
S5 : ACATACAGAAGCCAGAATGCAG
LC3 1E ] : TATCCACACCCATCGCTGACA 104
JZ [ : CCTCTTGACTCAGAAGCCGAA
B-actin 1E[7 : ACATCCGTAAAGACCTCTATGCC 223

J% 18] : TACTCCTGCTTGCTGATCCAC

2.11 Western blot ¥ fl PINK1,Parkin, LC3.P62,
Caspase—-3,Bax Bcl-2 EARILKTF

BORHE AR K BRL-3A 4i g 4% 18 “2.37 101 43 41
AbFRZG 255 ,PBS PE¥ 1 UK, A 200 pl. RIPA %4
it T S A M, R IBCRL R T, BCA TR T A 1 vk
JE UK IR 5% A5 A F B 90 min, PBST #i
F&—PT PINK1 Parkin L.C3 P62 Caspase—3 . Bax Bcl -
2(1:1 000)F1 B-actin(1:5 000) 'K PVDF .5 —4i
4 CHFE R, PBST YL 3 G IA i (1:5 000),
TEZIE PR 90 min, PBST 3 3 YK, £:K 15 min, ECL
2256 PVDF B 1 min, SRS UER R G0
1% AR e FH Image) #4534 5517 I PE(EL
2,12 GitESH

FIr A B R SPSS 26.0 Ge it 142545 4 s
ALBR S GOREUE DL “vas " R, Z 4L LR AT A
TEATEATT 225515, R K 3R J7 22 73477 (One -
way ANOVA) 208 5 b6 FLSD #6556, 454 1F
BT EARFF G I 25 MR B R AR, A P&
RSP H R FHAESER S . DL P<0.05 225 A
AYita L,

3 H#R

3.1 ZHpEMEBYIEIIE
%t AL AH G, B ZH ALT ,AST & LDH /K F

P T (P<0.01) , $7s AT A A7 e B R asi s 18
W32,

F2 REASERAMM ALT AST & LDH KF
Pb % (ks ,n=3)
Table 2 Comparison of ALT, AST, and LDH levels

between control group and model group (x+s, n=3)

2157 ALT/(U-L™) AST/(U-L™) LDH/(U-L™)
X BR 21 1.83+0.14 6.08+0.23 55.87+7.77
IR 5.06+0.09%* 12.02+0.28%* 112.08+3.86%*

1 SRR AL, ##P<0.01

3.2 iRFAMRESURA RGN RRERER THATE

5524 48 h T [A] T A 24 1l 2% 2 0 A f s 5
TR EAE, 12 b IS ) T 20 6 0 o e e IR
(P<0.05) 47K~ 12 h AT, #2550
12 h TR A 24 i i Ve FHAICR | 25
TF 00 7 200 R 54 o o) R S B R A v AR 1k (P<
0.05), H:rp 15% & 251l 2% AL il R aAIK 25 1,
15% % 25 2% T 12 bl R A 5 S 5056 (0 e T
v B K Rt fa], LA 1,

40+

‘4

TN /%
S
1

:<<

o

T T T T T 1
5 10 15 20 25 30

B G MR /%
B 1 FEREREETREGSERT QMRS
BRI IE D R BRI (x5, n=3)
Fig.1 Effects of plasma containing WYJDHYF on

o

inhibition rate of cell proliferation under different

concentrations and time points (x+s,n=3)

3.3 BFARSAREAIHEAEREEATIRE
s R AT A AR T

3.3.1 R PRI 5 & 2 ST A LR T s
M S50 RELLAR EL, BRI A R0 ) A s R TR
P BT (P<0.01) ; SHEERIZAAR LY, 2 i3 20 .
9 i3 K B R TR B B R R (P<0.01) ,3-MA 417
BRSBTS (P<0.01) s S 2 i S
AR, T2 +3-MA 4R i) A SR TR A
i ETH(P<0.01), PERLF 3 K2,

3.3.2 YR PR EE AR Ty & 24 1 3% 0T 2 IR 5 H,
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*® 3 RFEMEART ST MEXEMATEE
2o (x+s ,n=3)
Table 3 Effects of plasma containing WYJDHYF on

cell apoptosis rate (x+s, n=3)

205 FHINTR/%  BRTR/% BT %
papiist:i| 1.94+0.09 1.13+0.12 3.07+0.13
A 5.3620.49%% 5.85+0.14%* 11.21£0.49%*

25 HM K2 4.59+0.35 6.20+0.47 10.79+0.65
GRE0 (147 3.98+0.32* 3.3620.15* 7.35£0.26"
3-MA 4] 10.1120.41* 11.26+0.39* 21.37+0.66"
FEG43-MA 41 7.00+0.23% 8.90£0.074 15.89+0.26*

T S AT I, 4 P<0.01; SHERIAIAT L, #P<0.01; 5 P 241 3%

ZHAA L, 4P<0.01
RKFRYSEm 5 %0 B2H LA BRI JC-1 ik
R T (P<0.01) , R g AR RS LA, T o 55
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Flow diagram of cell apoptosis in each group
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Fig.3 Effects of plasma containing WYJDHYF on mitochondrial membrane potential of cells (x+s, n=3)
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Table 4 Effects of plasma containing WYJDHYF on expression levels of apoptosis—related

proteins in cells (xxs, n=3)

2031 Bax/p-actin Bel-2/B-actin cleaved—Caspase—3/Caspase—3
pOpileEE] 0.07+0.02 0.60+0.03 0.22+0.07
HRAIZH 0.24+0.03%* 0.33+0.03%* 1.27+0.08%*
75 F KA 0.24+0.04 0.32+0.02 1.28+0.08
rR2h IR 0.15+0.01* 0.40£0.01* 0.7420.08*
3-MA 41 0.52+0.02* 0.08+0.02* 5.02+0.41*
HH25+3-MA 4 0.340.022 0.15+0.022 2.6420.19*
T SN RRAAA G, #5P<0.01 ; SHBIZHAR L, *P<0.05 , #P<0.01 3 5 H 25 137 20 A1 F , 2P<0.05 , 2P<0.01 ,
A B C D E F 35 RFAMB R &Rt PINK1/Parkin 18
BN ENEAEERRNIEEER
i 3.5.1 iR FRAR AL T 5 24 1K 1S 20 AR PR
. dhHl RPIRALIFANI SR Pk S U S
eaved-Caspase-3 [N 7 kD e e ‘
-actin a

& 4

BRBELRARGMENBRATHEXELR

KRR

Fig.4 Effects of plasma

containing WYJDHYF on

expression levels of apoptosis—related proteins in cells
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Fig.5 Effects of plasma containing WYJDHYF on intracellular ROS levels (x+s, n=3)
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Fig.7 Ultrastructural observation of intracellular organelles in each group by TEM (x20 000)
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Fig.8 Effects of plasma containing WYJDHYF on expression levels of mitophagy—related genes in cells (x+s, n=3)
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Table 5 Effects of plasma containing WYJDHYF on the expression levels of mitophagy-related proteins in cells (x+s, n=3)

ZH 51 PINK1/B-actin Parkin/B-actin LC31/ 1 P62/B-actin
X REZH 0.58+0.05 0.53+0.04 4.97+1.06 0.10+0.04
i 0.27£0.017%* 0.30£0.047+ 0.96£0.187%* 0.31£0.047%%
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3-MA 41 0.090.03* 0.080.02" 0.13+0.02* 0.58+0.09%
F243-MA 41 0.16+0.024 0.15+0.024 0.32:0.02% 0.41+0.06%

L XA L, #%P<0.01 ; SRR A L, *P<0.05, #P<0.01 ;5 h 2 3 41 AH 1L, P<0.01 ,
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Fig.9 Effects of plasma containing WYJDHYF on the
expression levels of mitophagy—related proteins in cells
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