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FEEE: X A% o 25 YN TS V6 T 35 PEEAT 25 30 AT 78 . TEARBEFU T, B eVE T IR IR I (Zha
Xun, ZX) %} JJ 5.8 A (concanavalin A, ConA) F10.15% VU S LTk (0.15% CCL,) 755 ICR /N B Sk 4543 1 PR 3 4
H, di R B 7R, IS SRR ConA 5 3 1K /I BB e % L T SR 05 B B AT CCLL 5 3t 1A /) BB P S A A FHF 5 4 A 2
Fp ] L 3 B AR T 45495 /0 BRI 45 A % % (alanine aminotransferase, ALT) 143 #L54 % i§ (aspartate aminotransferase,
AST) /KT (P<0.05). BEJG VRN T EIIIK95% L1 . 60% £ 1% 30% £ BEAS [R) V& 7w i 2H 43 F v 9l vp 3 /K i 1
B4 s BB (fulvie acid) % 0.15% CCL, 175 5 /) B2 1 S840 1 JHE 5 05 TR CR A VR F, 25 RSB, VR IIAS (] 345 700 3 Jid 20 4>
BRI — RIS M, Fe B K SR EY) A I 30% £ B4R U e . 25 B/ BRUILYE Hh ALTAST . 7L B2 i &0
(lactate dehydrogenase, LDH) 7K~F* (P < 0.05), ‘& ML W] &2 3 [/ BRULIE H LDH 7K F (P < 0.05), 3R L 2 IR 7
TR PR EAE (H,0,) 1755 10 T 40 B 453 475 B TR U A IS B ) i I K S L) 1 30% £ I 4 Y
W) % w BLER O A4 A I 2 B A5 455 B DR AP TR M TP B . S5 AR B, &40 3 AR AN HLO, ¥5 5 0 JH A A A 4,
FEAR 40 o 5 97 L5 # 2 G ALT T VEBE R B (alkaline phosphatase, ALP) LDH 7K, $& i 41 f 4735 2, B AR A0 i 4
T 4 (reactive oxygen species, ROS) 7 & . [F] I Wi T 2 = Bel-2/BAX 2 [ Kk LU ] L FE I cleaved caspase-3/pro
caspase-3 £ [ IA LL ), FHI BRI ML 20 A 03 B, VE I B A BE B (0 4 Y 20 DR B0 M, S IS [R] V75 1 2H
Oy BRI — s ORI iE M, F R E YK B B B 30% LB B DR 3 0 14 BE A, i) 60% £ B4 A v 1k
TN 95% L BEHEHC) o VY T Fe oK P o 3007 308 ok 1 ot P48 P o0 T AN S AL SO S IR R . AR S 3 i
BN AR R B 55 BN R IR 5K, 9230 T R Al 28 5 v 18 22 4 ) 2 Bt 25 0 5 B SE B a0 8 AU 25 01 23 1)
A HEAE (LS 00004018).
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Abstract: A pharmacophore-based study was conducted to investigate the therapeutic activity of the
traditional Tibetan medicine Zha Xun (ZX) in liver diseases. In the present study, the protective effect of ZX on the
acute liver injury induced by concanavalin A (ConA) and 0.15% carbon tetrachloride (0.15% CCl,) in ICR mice
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was evaluated, and the results showed that ZX significantly reduced serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in the ConA-induced acute immune liver injury model and the CCl,-induced
acute oxidative liver injury model (P < 0.05). Subsequently, the protective effects of aqueous, 95% ethanol, 60%
ethanol and 30% ethanol eluting fractions of ZX, and fulvic acid, the main water-soluble constituent of ZX, were
evaluated against acute oxidative liver injury induced by 0.15% CCIl, in mice. The results showed that different
solvent-eluting fractions of ZX showed certain hepatoprotective activities, among which the aqueous extract of ZX
and 30% ethanol extract of ZX significantly reduced the serum levels of ALT, AST, and lactate dehydrogenase
(LDH) in mice (P < 0.05), and the serum levels of LDH in mice were significantly reduced by fulvic acid (P <
0.05), which showed significant hepatoprotective activity. The protective activities and preliminary mechanisms of
the total extract of ZX, the aqueous extract of ZX, the 30% ethanol extract of ZX, and fulvic acid against
hepatocellular injury in vitro were further evaluated by using the H,O,-induced hepatocellular injury model. The
results showed that the components could significantly inhibit H,O,-induced hepatocellular injury, reduce the levels
of ALT, alkaline phosphatase (ALP), and LDH, improve the survival rate of hepatocellular cells, and reduce the
content of intracellular reactive oxygen species (ROS) in cell culture. At the same time, it can inhibit hepatocyte
apoptosis by increasing the expression ratio of Bcl-2/BAX protein and decreasing the expression ratio of cleaved
caspase-3/pro caspase-3 protein. The present study showed that ZX has clear hepatoprotective activity in vitro and
in vivo, and the different solvent elution fractions of ZX showed certain hepatoprotective activity, among which the
aqueous extract of ZX, 30% ethanol extract of ZX had better hepatoprotective activity, and the activity of 60%
ethanol extract of ZX was stronger than that of 95% ethanol extract of ZX. The activity of ZX and its water-soluble
elution site exerted hepatoprotective effects by inhibiting hepatocyte apoptosis and oxidative stress. The animals
used in this experiment and related disposal meet the requirements of animal welfare, and have been reviewed and
approved by the Laboratory Animal Management and Use Committee of the Institute of Materia Medica, Chinese
Academy of Medical Sciences (approval number: 00004018).
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75 ¥ % B (alanine aminotransferase, ALT) [1) JIT £& 37 i
PEN22, (H H AT YRR I A IR, 1A R
HH DRV IR A FH I H 30V J8 AN B L ok YV 1L 45 i) i, 7™
S BIAH 24 B AR P o WAV I HE DR AP 3
2500 o HE AR AT e AL A, DL ST o B AR R A AR,
T E YA IR R A 2 2 f M2 B 0 E 2,
AT 5T K H ConA 75T 11 /)y B 2 M S 2 1 JHF 4 4
TR CC, 75 5 1) /) B 2 P S8 A PR 40 5 B 8 A L0,
75511 HepG2 A Mu i (5 B 8L, A R GV P4 7 Y 42
) B FEAS TR TR0 I 2H 73 () FFE AR 3 P 20 p L,
BE— DR 7B YA R ORI T, R A [F
T 028 73 OR3P 36 14 A [, v 96 97 T e s g = 22
TE VL AR AE T KEEHUAD AN 30% S EEHE Y, & B IR
ATH AT B A VE N I3 1 B oy 2 — o RN R B, IR
PP 1 1) 32 EE L) S P AE A S AR B A R LA 411
A0 B T 0% AT 9T Ak G 2= 245 9 v
TRIT 2R R R AP ML B T B 2%, N
YNGR 2G4 22 2 R 25 S AT AR S S AR R AR A

MRS A
YR EERT  EYLERBY (2X) Bk

B [2X (water)] ¥ 3l 95% £ B $R BLY) [ZX (95%
ethanol)]. & Yl 60% L BELHEHY) [ZX (60% ethanol)]. &
1 30% 2 EEHEEU [ZX (30% ethanol)]. & B8 H
= 25 R e 20T S BT 5 I TR A B AL, W T 244
FeVEF DY) H # I . ConA (SLBX7517) 4 H Sigma 2y
"] ; CCl, (20190516) Wt H 4k 50 A6 T )5 X3 BE
(20180428) H b 5 P A1 25 | 2 £k 3d J5E 2 245 Bk H IR
(glutathione, GSH) (G8180). DMEM = ¥ k% 7% J
(12100-500). g2 25 4 B -EDTA T8 4L (T1300) I H b
HRKER AR A A S (reactive oxygen
species, ROS) £ Wl i 7] & (S0033S) M H 22 = KA
B AR A7 ALT (210931) K & % FR 15 % B (aspartate
aminotransferase, AST)(210907). FL R it & B (lactate
dehydrogenase, LDH) (220921). i, 14 % 8 i (alkaline
phosphatase, ALP)(231191) & il i 77 & W B = A= b4
AR B4 F BR A & ; Annexin V-FITC/PT 8 T I
A& (AP101) 2R 4R 5 H A7 Asr WK 77 & (MJ101)
5 H Multi Science 7 & ; Bel-2 # 2% X & [ (Bcl-2
assaciated X protein, BAX)(4000000164). B itk 2 41 g
J8 -2 (B-cell lymphoma-2, Bcl-2)(4000000173). B 1] {£&
2 K 4B 3 (cleaved caspase-3)(3523011331). Hij 4 it
KK Il 3 (pro caspase-3) (3560394016) $T 14 I T
ABclonal A#] .

LW RIRF KM ORI E AR (specific

pathogen free, SPF) 14 ICR /N (20~22 g), HIL H
A B A MR AR A BR A F 54, S vF T e 5
SCKX (%) 2019-0008. ¥4 3% T+ [ = % B 5 bi
2yt 5T GLP Zh 4 s ga ot o 3 22~24 °C, AHXT
18P 40%~60%.  He /NS IRBCN B/ 20 U, 18] B
12 h AT ORI . Zhis 35 T RN/ R 7R 8 b,
G 4~5 W, FTE S RIS RS N R AT IR R
BRI R PRSI EANEZ) H . ARSE
56 Bt FH 34 B R DG Ak B 75 & Bh D4R R I LR, S50 T
J i 223 v [ P 2 Rt 2 B 245 WD T i S 6 B ) A BT
fEFHZE 42 (IACUC) [ A fkifE (b5 00004018).

ConA AL : Zl¥) 3& 7 FF 55 J5 M4 1 BE B4 A
S, 4 A AN R 2 ConA 5 AR 2 | BH 4 X6t i 2 X0
R 200 mg kg™ 41 ¥ YIS H BUH) 500 mg kg™ 4 L
I FEE) 1000 mg-kg' 41, FAL8~11 H . 24K
i1 0.5% CMC-Na Fic. B fl iR 2, & 43P R 1 IRHE
B THIN Y, FA 250, ERKREY 220G, B
7 0 RS T TN BB AN, AR % A R R K S
T 20 mg-kg"' ConA A FRER/KEW . BlJE, N REEEA
K16 h ), SRS LIS «

0.15% CCL AL O # ¥y id W A 853 5 AR 95 44 T i
ML 9 4 4L, 73 50 s E W HEZH . 0.15% CCL B AL A
BH 6 [ 4 XA B 200 mg-kg™ 4H < v 9B SR HU
500 mg-kg' 4, T 7~9 K. AW 550 T BT
4 REBHY, R 1IR, DIAEE 200 mg-kg' H T id A
B—REFF, YR E FFEEELL 1R, TA
Xof EZH SR B s T A S R B i AR B AR K . KK
20 G, bR A R, & B I T 5 0.15%
CCl, 10 mL-kg" (F&AE AL 1) — WK, 25 (1 0 FR 20 1 fl
A R SRR . DN ASK 16 h )5, Ik
AYMITE. @ NWE R R RN A 8 41, 43 il A
E X2 L 0.15% CCI, BB ZH | 4 508 1 24 XU i
200 mgkg " 4 EYIZK LR 500 mg-kg YN 95% L
FEHUY) 500 mg-kg ' Y 60% LEEFEELYI 500 mg kg
I 30% L EEHEHUY) 500 mg kg & B R 500 mg-kg,
R S5S~7 H o BRI EE A, 5 H#E B 425 —
IR, 25 B0 IR 2H R AR TS 20 B P o5 T () 45 751 2 R R 0K
it S K. KRG 220G, B A B, &40 R
JIZ 1 5 0.15% CCl, 10 mL-kg™ (4646 i Be #1) — X,
7 O REZH I s v S R S ) A Al . D RAE A AR
K16 h )&, WS ITE .

MMpmZR AT HepG2 4i il A S 56 = 4£ X {7
17, F4 100 umL "' F & (penicillin). 100 pg-mL™" #£ 5
# (streptomycin) [ 10% K3 #1424 L35 (1) DMEM &
WERE R I, 1637 °C 55 5% CO, 45 7= 46 R 15 9% . 4l
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MRLIAGRG 2~3 KA. BOG B KA AN BT 46 5056

mEFEREEN kDN R I, R4 A
B4 T X (TBA-40FR, H A 7R 2 bk 3 £ 4) A& 1 35
1 ALT.AST.LDH & &

MBEE MM R MTT A6 A YIS F2 5
YK FEE I 30% £ BEHEECY) & EL R 1 4 i
Bk BN B4 K HepG2 40 3 A 8 000 /LR T
96 fLAR 1, £57% 24 h J&, IS [F) ¥R FE v 9IS 2 LA
YK BEEA I 30% 2 HEEUY) & BLRR 1 41 i 5
PEAEFH 24 h, 5 255770, BFLINA 100 pL 0.5 mg-mL™
MTT, 4k 4:55 9% 4 h, 3+ MTT W, &L 150 uL —
F LK (DMSO), FBEFR (X (Multiskan FC, 82k ¢
JRAF R E A PR A T 570 nm g K Ab W 5E WO
(OD) 1. ZHPRAFIEZ (%) = (45 2541 H OD V- {E/iE
7% B 41 i OD T #IMH) x100%.

WEETESEREM  HepG2 40 LA 8 000 4N/FL % Fh
T o6 FLAN RS F- MR, 55 9% 24 h g5, NN TE 55 IR & (7
LSS YKL I E I 30% LB &
LR, [ S 8% B 1 X HE 2L A R o R A AR R A, 2454
THWEE 12 ho B G B iA 7R A0, HAZ A B ImA
U N 400 pmol L H,O, 4k S /E FH4M ML 12 he #%
B, SR MTT 32K 0 40 7735 %

YHRRLE I OB IR ARAI 2 4k B[R] “ 4t A
FENE AT, SR M 7 3G, R B aEA S
HTAX (TBA-40FR, H 4% 75 2 #k 2> k) Ao i 48 i 5% 77
s ALT.ALP.LDH & .

ROS #& /M  HepG2 4f Jitd LA 8 000 A~/FL 2 F T
96 FLYH MRS FEM, 597 24 h s, NN YIS IR B Y) i
K IEE) B 30% L EEHRELY) & B, [FIBS 1% fH
PR B TR0 R A ST 2, 25 T A 24 he B
TSR R ZH, A 5 AL 38 N 29K 22 100 pmol-L!
H,O, 4k 2 fE 40 1 he 3F B85 92, LI
10 umol-L™" ROS 4 Il % £ ¥ ¥ 100 pL, 37 °C % &
30 min, i H % Y BEFR X (Cytation 1, 3 [F Biotek 1 i
(& NEIDE ol it Y-

JC-1 e hifRta 20 ib 2 752 A “ROS F ) o
2y TR E 24 ho BRIE N IR A, A KA I &
W N 100 pmol L' H,O, 4k £ /E FH A il 1 he Bl J5 5
FLAIAA 2 wmol-L™ JC-1 YL (i, RN 5 77 F6 Hh 4k 21
H 30 min. FF2JC-1 43, H PBSBE3 XK. B 5K
FH 7% S B A (SRS I 7 S 5

Annexin V-FITC/PIET-#0 HepG2 48 il LA
ZFH1.2x10° MR T 6 FLAN B 3R P, A5 4L 2 mL,
7R 24 hJE, NN TG BRI B A 9L SR B S I 9 K 32
B EY30% LBEFE I & BLER, [R50 9 71 %)

ARV, 25T B 24 ho BRI TN IR ZHAE, H4x
AN LR FE N 400 pmol- L H,0, 4k 4L 15 i 41 i
12 h. 1000 r-min™ &> 3 min J5 AL, A 500 uL
G55 2 i T S A0, BE S N\ Annexin V-FITC F1 PI
ekl d 47 Y, i A4l 24X (BD FACSverse, 3 [H BD
Bioscience A &) #EAT I T2 04T .

Western blot #5040 g 4& B J5 3% [F] “ Annexin
V-FITC/PLJ T4 7 o AR 40 ., 28 ) 6 20 M 75 b 78
AR TR R T A O 1) R0 VR B ) 1Y) RIPA 24 2% i
H LR . B BCA B 5 e it 7 I o B 1 ik
9 F B R A . AR e S R R
R IAEEENZ (SDS-PAGE) # 12 HL K 77 B8 748 14 1) 2 1
FE &L, SR 5 WX B B (R R 3 0.22 um Bl = &
% (PVDF) [ b I H 5% B e ik = i . B e, IS
R E B — PR $i = BE, I Tanon ECLAL 22 RO R4
(Tanon 5200, ¥ KAe R A R A F) SIEPIE .,
F Gel-Pro Analyzer 4.0 43 Ht 25 it 11 %55 i

HIF 9l GraphPad Prism 8 HEAT #LIA &
77 243 M1 (one way ANOVA) PLHf & 4HL 1] 22 5 B8 35 1
B BoR NP YA = P EAR R % (SEM), I HAE
P<0.05 W #\ N BEA Gt 7 o

4

1 BIRREBYIATEEZNE ConAFSHNRAEM
kel it

1.1 BYERRBEERAGNR—BRELEE
2 EYSIRIREE A2 SR, HHNRREIE
H, PRE TG R E R, SEOR BN S R AT

1.2 BRI A EERER ConA B SRR/
RERE EEEKFE A ALT 5 AST 76 AT 410 H P
Sy AL B AR, ALT £ 2404 T 40 i 5 9, FF4m A p
ALT F M 5 T 135 1 1 000~3 000 1%, 1% F T 4H i
BB A%G B IR, IS ALT 2 & B 2 35 39, 1 iE ALT
K E AT A DA Th B8 45 T g S0 AR W A
AST =5 B2 5 A7 T JFF 40 i 28 4 B 4 ki Ak, AST T
i U 42 7 T A0 N R R AR A7 FE BT . IfLE ALT A
AST Ft i 2 B 5 JFF 4 i 52 1 02 B 52 1E AR 56T, ConA
& — P ) B O SR, R ki S ConA S fE
g1 IE YT 40 M TE AL, 3 SO IE 285 R4 18
A5 H (K1), ConA 20 mg-kg™ #5 AY 20 /N B, I &
ALT AST /K P52 A X IR 2 8 2 F+ & (P < 0.001), #2
NPT . SRR A B, IR SR B AE 500
A1 000 mg-kg' 75 T ¥ 0] &3 K ML3% ALT AST /K
S (P<0.01, P<0.05; P<0.001, P <0.05); 3 &5
FEEUYITE 500 A1 1 000 mg-kg 75 T F#AK AST i& 7
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Figure 1 Serum transaminase levels in concanavalin A (ConA)

model. A: Alanine aminotransferase (ALT) in serum; B: Aspartate
aminotransferase (AST) in serum. n = 8—11, mean £ SEM. ""P <
0.001 vs control group; "P < 0.05, P < 0.01, “*P < 0.001 vs ConA
model group. ZX: Zha Xun

TR T BH A B8 25 XA BE 200 mg-kg ™

2 BURERPIFTEZENE0.15% CCLIFESFH /IR
SMF R

21 BYBREBYEBLRATNR—BRRSEEZE
2N A IREY 500 mgkg HEE 425K, B HAD
BUIRAS IEH, M8 T8 B3 AR, SR 52 P R 4F
2.2 BYIRREA BEREK CCLIFS AT G I
FRIMER BRI CCL B 05 Bl 7T
TR T 259 245 30 1) 248 SRS R 2255 R 1) BT 20 405 B 2
TS5 NN 81 T 2 AL . BFAE CYP450 i 5 1T
¥ CCLARME A - CCL, 51 2 A= 4 IR AR i i Ak, fe 4 i
W ROS T, DNA AL (W2, M3 BUH 48 i ™ H 45
e FEARBE T, CCL BT B0 40 £ A5 71 20 /)N B
M ALTVAST KPR 2= A X A B F Fm (P <
0.05). SHEIRZH AL, EYILEFEEY 500 mg-kg™ 7 &
¥ AT 2 BRI E ALTVAST /K °F (P < 0.05) ; H#&
DI HEHUY) 500 mg-kg! & T FEAR AST 3 14 75 T £
T 4 % B 245 DA EE 200 mg-kg™! (2).
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Figure 2 Serum transaminase levels in 0.15% CCI, model. A:
ALT in serum; B: AST in serum. n = 7-9, mean + SEM. "P < 0.05

vs control group; "P < 0.05 vs 0.15% CCl, model group

3 BUARIFFRRIEE BB AIKE 0.15% CCl,
FESRNRAEMSECEFRG

31 BIFEBFRIDEEBEREB LA MR
— RS TEZEZM 7B T/ R A N B A
W AT AR M B 3Rl L, 3 — 2D 8 Tl YA R A 771
PR, ALIE YK S 500 mg kg Y 95% 2%
FEHUY) 500 mg-kg' Y 60% LBEEFEEY) 500 mg kg
# 1 30% 2B HUY 500 mg kg, LA Yok &
0w B R, 6 0.15% CCL, % § 2k A A P AT
WGHRYER . 45 R ER, YIS BRI &
BREBSAASK, SHDRREIER, AELEER
b, $Eo /N RN 52 P R

3.2 BYIFRLBFIRII A AR CCL, % S AT Hith
NRMBFHRE ABRRSEKE LRLAREN, 5
25 0 B AR L, AR /N BRI ALT VAST /KPR
FIXTHRZH BB THE (P<0.05). SHEAAM L, YA
TEFIFEIUITE 0.15% CCL, 7 T IR PEIF 0 s = B0
5 AR 1, A, KRN 500 me-kg!
U 30% 2 FF 2L 500 mg-kg™ ¥ ] 5 2 BRI/ B
3% H ALTAST & & (P < 0.05) (K13A.B), X} AST [{]
AR AE A T BHME 25 0O EE . ¥ 60% LB HEE
BYN95% LFEHREUY) & B 500 mg kg X /N R LI
ALTAST 7N FEAR & 35, 754N [R] £ gk FE 42 B
H B UV R £ TS BRI, AR R SR HUA) 6 ALT
AST FEAGAE F 3% . LDH EBEAAE T O T E
LR, S R R A b P EE (N B, 4 A O AT
S LDH % 1, 512 1M3% LDH i& /118 . 549
Xof R AR L, A5 S 21 /N BRI LDH & & B & 1 (P <
0.05); 547 41 A L, IIK B EL) 500 mg-kg Tl
30% LI B 500 mg-kg! . & B 500 mg kg 7]
AR/ RS 1 LDH & & (P < 0.05), H AR T
BH 1 25 XOARBE (K 3C). Y1 60% £ BE$HE B4 i 9|
95% £ BEHE I I A FEAR /N UL 1 LDH &% & (1) i&
#, 5 ALT.AST 45 ZAHL, 91 30% £ B £ 3P %F
LDH KIBEARAE F e . 48 B45 SRR W, 16 AR sh e i
B A o i T R S X L B DK AR ~ Y
30% ZFE SR EY) > i 60% £ FE L EA) > #91 95%
LEHEE) o

4 BYBBIMEACMMEATHE HO0,FSH
HepG2 ¢Afa15{5

4.1 FEYIZREEY R E KA M EREBAANE H,0,5
SHRTHpRiRt RIS — D A | R
B Je FEAR A B 9 rh 2 B S 3 7 A ) KT M 0 I 5
B (E30% L EER B E YK IR & BLIR) 14
AN 20 B AR 3 P S T RE TR AL o 200 P 25 14 S 56
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Figure 3 Serum transaminase and lactic dehydrogenase (LDH) levels in 0.15% CCIl, model. A: ALT in serum; B: AST in serum. C: LDH
in serum. 7 = 5-7, mean = SEM. "P < 0.05 vs control group; “P < 0.05 vs 0.15% CCI, model group

gh R TR, B IE I BB YK IR B
U 30% &, B 32 WA 4E 10~100 pg-mL" ¥k & T ¥ %}
HepG2 4 i I A7 35 2 00 W & 52 i) (Bl 4A~D). fEAHT
FLH, #4400 pmol-L' H,O, # ¥ HepG2 4 il 12 h &
ST JH- 40 AR A N I A A R AR . R R B L,
400 pmol-L" H,0, & 3 [ X HepG2 41 ffl 77 1 % (P <
0.001). AEIILEFLEA) (100 pg-mL™) (P < 0.001). Y
KA B (254100 pgrmL™) (P < 0.01). & B (1.
10 pg'mL™") (P < 0.01). ¥ 9 30% L BEEHLELY) (10,25
50, 100 pg-mL™") (P < 0.001, P < 0.05, P < 0.05, P <
0.001) ¥ FE 2 35 $& /=1 H,0, 15 5 19\ B 41 I (1 A7 1% %
(BI4E). [ J5 15 2H 3k 38 04 410 240 P 47 4 245 28U AR 1
PRANIR FE AT 5 25500 . R 4H B 3% 5% 3% Hh 4
5 E VAR IC ) ALT 7K, 45 RAE W], YIS 52 )
100 pg-mL™" (P < 0.001)- 7 Yl /K $2HL4) (254100 pug-mL™")
(P<0.01, P<0.05).% B 100 ug'mL" (P < 0.01) 7]
DAY 2 PR AR A0 B 3 5% BIE I ALT ZKF (B 4F), @9
30% ZFEFR I (25100 pg-mL™) JRAG BG40 i 35 7%
EWEALT KPR . ALP &) 2 045 T ANRAFIE
LGN N ) Ei#éﬂ%ﬂrmﬂﬁﬁbﬁt.ﬂﬁﬁ T
g, JEFE T ALP % 3l T 8 8 2 DA 2 i i B IE
I AR B AT AN B 7% b3 A 4 A= )
Fric) ALP 7K, 25 B B, YR SE ) 100 pg-mL!
(P <0.001)-# /K HEE) 100 pg-mL" (P < 0.001). &
U1 30% £ FEHEEUY) 100 pg-mL™" (P < 0.05) 7] DL % &
I 4 B % 9% B3 (1 ALP /K (1 4G), & B (10.
100 pg-mL™") JRFAAE FEMGE S o Rl 40 s 77 B iE
JFF- 40 i 53 4% A 0 b e ) LDH /K, 25 SRR 0, 91
$EHUH) 100 pg-mL™ (P < 0.01). ¥ 9l 7K $2 BL 4 (25,
100 pg'mL") (P < 0.01, P<0.001)- & % (10100 pg-mL")
(P<0.01, P<0.001)- &3 30% £ FEHE 5P 25 pg-mL!
(P < 0.05) 1] & 35 PRAR YN B 3% 97 b3 o0 BT 40 B 45 495 2E

Yykric ¥ LDH 7K 7 (B 4H).
P& T Fe 6K P T Ar B 203 1,0, 1
HepG2 2 M 451 173 )35 14

42 BYIRRE R E KA MR A% E H,0,15
S8 HepG2 RS RN  HepG2 4il il 77 % £ H,0,
(U 23 AR TR 2 I S REE, T 5 BT 48
AR o FE A 5T P R 1 S 5 RS (DCFH-DA)
Kl 7 HepG2 41 s 4 ROS /K V. DCFH-DA HA &6
7%, T LA E B gE I 0 B S, 3N N S, T DA A
0, P9 £ B il /K 25 B DCFHL. 1] DCFH AS RE 3% i 4 ity
B, AT A5 R AT A 2 e R AT P o AT PN 9 T
PLAE A TG % 6 1) DCFH A2 B 6 7= 9 2/, 7- R
% (DCF). [K B AS I DCF [ 5% )t 50 5 7T LA Jz B 41 i
P ROS (7K F o 525 [ xf HRZH AR L, A58 28 40 40 il 7y
ROS /KT & 3 TFir (P < 0.001); SHER A A L, #E I
FEEUY) 100 pg-mL™ (P < 0.001). & Il /K #2 B4 (25
100 pg-mL™) (P < 0.01, P < 0.05). &% B 100 pg-mL"
(P < 0.05). & 91 30% & I #2 L) (25100 pg-mL™)
(P < 0.05) AT & 35 PRI 40 e 9 ROS ZKF (€1 5).

4.3 ?E'?fml'ﬁ?Ec'ER%&E7}<i§'ﬁﬁ'ﬁﬁiﬁﬂ1ii_uﬂ$§%%
RN S8 R 1A T8 B A H,0, 15 5 1Y HepG2
YHRECRATS  AHPRUE RNV N R N IR RR A, fEAE
HOUREE IR, Fr e RN RE S — RIS 5T,
13 A= N TG FH B2 A5 40 R T MR S T R AR, 4H
JHLUR T R TE T 4 A A N S, TR T 4 i e 2%
Y A P i W 0 e Ak R AR T O 400 PR R Tl
SEHL ST INAEN R % . Annexin V-FITC/PI X 4%
RGN A A TS B 28 vk 22— Annexin Vi FEMESS
& W B IE 22 %% (phosphatidylserine, PS). PS 7= # 7
A E 20 5 P 0, E 40 AR U TS L, PS AR 2 40 i
AMU, A7 S €75 6 1 98 AR EE FITC #7121 Annexin V,
Bl Annexin V-FITC, W] 5 41 ffu 5 4h 0 1) PS 45 &, 724

PLES5REN], B
7 1)



A,

3650 - 22224 Acta Pharmaceutica Sinica 2023, 58(12): 3644-3654

B
2.5+ 2.0
2.0
—_ —~ 154
E g
e 1.54 e
5 1.0
Q 1.0 a
3 o)
0.5 0.5
0.0- 0.0
Q> A
&& 10 25 50 100 &@ 10 25 50 100
& ‘mL"! ¢ ZX (water) /pg-mL"!
ZX/ug-mL (water) /ug'm
E
2.0
14
E
0.6
& 2 K4 X
E TN
2047 AR RR
o % ZlR
e PR R
ZHR R R
021 R
2 ool
i el
0.0- % K B
CFL P ST S IO EEESs
FTEFTTFSSS S
IR EEREEREE)
ES AN OO RS MO MO RO
SO D AAD LR DIDIY
STV FFF P& FE LS
& $@$@$@ FHEF T FF é&o
Gy St St
O CLC S
T
H,0,
G
50
. R
2 BB
S R
= % R
= . R
A R
; XX
B
%5 KX
2555 KX
i
| K

@

OD (570 nm)

LDH/U-L"!

w)

2:5%

e
1=
]

2.0+ =

OD (570 nm)
5 o
1 1

=3
n
1

0.5

0.0-

>
=)
I

> 110 100 > 10 25 50 100

- - 7 &

& = = -
¢ Fulvic acid/ug-mL"! ZX (30% ethanol) /ug-mL"!

*ok

’0’0

3

AN

SRR
OO0

SISAAIIIIIININNNINNNN
SO

ALT/U-L!

SR

RS
OO00

OOOOOOOBDOBBOSE

N

NN

TIOIOM RS RESEOREOEE
%0%0%0%0 %0 %600 4% e %6 e %% et % te

RS

0‘0’
2

100

OO
OOOOOOD

Tele e e e e e e e e e e

~ 2O
!

3

BN
o

BB
20525¢5¢52525¢525¢5¢505¢505¢)

OOOOBOOIOOS
O

T

R
RN
XX

1 0.0 6,0.0.0.0.6.6.0 0.0 600

o)

7
%
A
A4
A
A4
%
A
A2
5
2
%
%
A
A
%
A

b

AN
P IR

Figure 4 ZX and its different solvent eluting salleviated H,0,-induced hepatotoxicity. A-D: Effect of ZX and its different solvent eluting
on the viability of HepG2 cells; E: Effect of ZX and its different solvent eluting on the viability of H,0,-induced damage in HepG2 cells; F-
H: Levels of ALT, alkaline phosphatase (ALP) and LDH in cell culture medium. n = 5, mean + SEM. "P < 0.05, P < 0.01, ""P < 0.001 vs

control group; P < 0.05, P < 0.01, ™P < 0.001 vs H,0, model
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Figure 5 ZX and its different solvent eluting alleviated H,O,-
induced oxidative stress. 2',7'-Dichlorofluorescein (DCF) fluorescence
intensity. n = 5, mean = SEM. ""P < 0.001 vs control group; P <
0.05, P <0.01,™P < 0.001 vs H,0, model
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Figure 6 ZX and its different solvent eluting alleviated H,O,-induced apoptosis. A: Representative images of flow cytometry Annexin V-
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Figure 7 The effect of ZX and its different solvent eluting on cellular protein expression. A: Representative Western blot brands of Bcl-2,
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