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Sk - T AR R R R A 3 %0 B R 35 Bl DAVID #04E E #E 4T GO A KEGG & & 407 . S5R :EF B4 4 3 4
Ji 25 %t HepG 2.2.15 21 il #y 3 % % MWk £ (CCy ) 5 1. 21 mg-mL ™' ;5 HBV DNA & K 41 4] % % 59.54% ,
%t HBsAg #1 HBeAg %% & 31 %] % 4 5] % 63.07% #1 45.73% (P <0.05) ; %t ¥ 2 % £ 38 % B (tenofovir disoprox-
il fumarate, TDF) %t HBsAg 71 HBeAg 3 & W, Wl & 47 4| 1F Al (31 4] = <20.00% ), EF B 4 4 8 4 TDF xt
HBV DNA 5 K 41 4] & 4 93.66% , xf HBsAg F1 HBeAg & K 3 % & 4~ 5] & 54.97% #1 61.28% (P <0.05) ,
Bt W 2 253 AT FE Rk EF 23 AR 3 E MR 2 & 104 A 3657 HBV B £ 3 5 ;60 8 & 447 1% 2| 624
NEAE BFE AT 442 AN WA T3 A 0 F i 109 A KEGG 247 £ E B & 4808 JE A % PI3K-Akt,
MG B HEEN AL LFRER L CARXERFSEE, &i0:EF 7 A2 4 % 4 & HBV £ 4|,
#n TDF Bk & A A R H R, A AR F B R EZFEF L HBV B H & o £ % 5 W 1F A & 8,
MANRRL L FEFEEREER, A EERENK EF 657 HBV R E RN # R4 7 E b,
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[ Abstract] Objective: To investigate the inhibitory effect and potential mechanism of Yinyanghuo ( epimedii

folium , EF) alcohol extract on hepatitis B virus ( HBV) based on in vitro experiments and network pharmacology.
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Methods: The wild-type HBV stably replicating cell line HepG 2.2. 15 cells were treated with EF alcohol extract
and the drug toxicity was evaluated using CCK8 assay. The HBV DNA, HBsAg and HBeAg levels were detected by
PCR-fluorescent probe “one-tube method” and ELISA, and the inhibition rate was calculated. The TCMSP and
GeneCards databases were used to screen the main active ingredients of EF and HBV-related targets, and the
drug-active ingredient-potential disease target network was constructed with Cytoscape software. GO and KEGG
enrichment analyses were performed on the core targets using the DAVID database. Results: The CC,, value of EF
alcohol extract alone on HepG 2. 2. 15 cells was 1. 21 mg-mL ™", and the maximum inhibition rates for HBV DNA ,
HBsAg and HBeAg were 59.54% , 63.07% and 45.73% , respectively (P <0.05). While the control drug
tenofovir disoproxil fumarate ( TDF) did not show significant inhibition for both HBsAg and HBeAg ( inhibition
rate <20.00% ). The maximum inhibition rate of EF alcohol extract combined with TDF was 93. 66% on HBV
DNA, and the maximum inhibition rates on HBsAg and HBeAg were 54.97% and 61.28% , respectively (P <
0.05). A total of 23 candidate active ingredients of EF and 104 potential targets for HBV treatment were screened
by network pharmacology analysis. GO enrichment analysis yielded 624 entries, including 442 biological processes,
73 cellular components and 109 molecular functions; and the KEGG analysis mainly focused on signaling pathways
such as cancer pathway, PI3K-Akt, lipids and atherosclerosis, human papillomavirus infection and hepatitis B.
Conclusion; EF can effectively inhibit the replication of wild-type HBV, and the combination of EF and TDF has
a synergistic inhibitory effect, especially on antigen inhibition. EF has the characteristics of multi-component and
multi-target action against HBV, which can be predicted to play roles through multiple signaling pathways. The
findings provide a theoretical basis for subsequent in-depth exploration of the mechanism of EF in the treatment of
HBYV infection.
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TRAMEIR ] Z AT DI REPEVG 7 F AR [ B34 22 45 24 5 1
IMLYE H A I A ) 2 BYIF R 36 TH BT L ( HBsAg) Al
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BRI ST 52 ek BAT BUWN B B2 e SR 1 A D AL, T
HAF5E k& EF 592 77§56 77 HBV G724
BT BARSA EF (505 R A I R )T
Z I A A AT EF 367 HBV 3L s = BN &
48 IR BIBIT ST, T LK 357 40 5 08T AL A 4 48 7 L
PRI EE . AOFIE 5 L EF e 4y 5ok sl e £
Bt F5 ls (TDF) A Al 7 B9 A= 84 HBV &2 il 241 Jiid &
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LR A R R, S A SR B A LR
2t B /N B8 500 Sy /N BE R A W) i o (Epi-
medium brevicornu Maxim. ) [ T4, HBV FBE &
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7% (FBS, f#[E PAN-biotech /A 7] ) ; Cell Counting Kit-
8 (CCKS ) 24 ffu 438 7 -+ 11 Aor M 7] &5 ( H A [Rl Ak 2
5 RT ) s ELISA 37 & (Jb s T 8 A W) ) s HBV 2E i
e ) & (AL EEZ W A A ) .
2 EF EERYEIH &

FREL EF 0 F 20 g, # JEORH LG (12 100 ) 45 %
A 2000 mL 70% Z &, & 3 000 mL FEAfF A, #8 75 Ak
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I A AR E EF BE42 ) ) DMEM 5¢ 4 15 57 5L
(M FE 4 0,0.0125,0.025,0.05,0.1,0.2,0.4,
0.8,1.6 mg-mL "), %4l 100 pL, 25 [ 45 Fi 4 50 25
A GERFLR) DMEM 58 24555 3 A E 6 &
T, 4B 3R 24,72 F1 120 h, £F BFAS B a) B AG ) A
FERE LW W, in A CCK8 T fE W ( CCK8: DMEM =
1:10) 4k 22 F 1 h, 78 450 nm I 4 A0 A6 D0 W% 56 32
(OD) M, 7155 240 M A7 T A8 LA o S5 2 e 2R I
4 FEF 1245t HBV &£ AR
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L2 [E] I AR, A X — 28 AT EF 4 HBV
A FH AL o
9 EER-EARMEEER(PPI) WEWHERX
B SRR

K EF 5T HBV #7640 5 5 A 1) STRING % ¥fs
£ (https : //string-db. org/ ) , FR & ¥ 4 “ Homo sapi-
ens” TR F A SR AR AR VR B B vh 45 E AE
J¥ ( medium confidence) 0. 4, H 4y 2 50 A% 357 BRI &
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SRV AR A0 DB KRR .

& R

1 EF E2iR %34 40 B 1 58 9 52 T

EF B3 W)AE AN [FIVE P [ 2500 T, 24 EF B2
>0.4 mg-mL [}, HepG 2.2. 15 40 a3 /1 T &
AAREMEESR ., fEEKAEMEIRE (120 h) T, HepG
2.2.15 4 B #E U (CCyo ) fH o4 1.21 mg-mL ™
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5 EF WIiEMHEmR 2 3B 30% F1 DL=0. 18, J: 415 23 AN e 3% 4 1% 4, 176 %
K& TCMSP %4 4 J& I 45 & i ik 2 1. OB = R N S

xR1 EF FEEERSEAG S

0¥ 1D [/ OB/ % DL
MOL001510 24 -epicampesterol 37.58 0.71
MOL001645 linoleyl acetate 42.1 0.2
MOL001771 poriferast-5-en-3beta-ol 36.91 0.75
MOL001792 DFV 32.76 0.18
MOL003044 chryseriol 35.85 0.27
MOL003542 8-Isopentenyl-kaempferol 38.04 0.39
MOLO000359 sitosterol 36.91 0.75
MOL000422 kaempferol 41.88 0.24
MOL004367 olivil 62.23 0.41
MOLO004373 anhydroicaritin 45.41 0.44
MOL004380 C-homoerythrinan, 1,6-didehydro-3,15,16-trimethoxy-, (3. beta. )- 39.14 0.49
MOL004382 Yinyanghuo A 56.96 0.77
MOL004384 Yinyanghuo C 45.67 0.5
MOL004386 Yinyanghuo E 51.63 0.55
MOL004388 6-hydroxy-11,12-dimethoxy-2 , 2-dimethyl-1, 8-dioxo-2, 3,4, 8-tetrahydro-1 H-isochromeno 60. 64 0.66

[3,4-h]isoquinolin-2-ium

MOL004391 8-(3-methylbut-2-enyl) -2-phenyl-chromone 48.54 0.25
MOL004394 anhydroicaritin-3-0-alpha-L-rhamnoside 41.58 0.61
MOL004396 1,2-bis(4-hydroxy-3-methoxyphenyl) propan-1,3-diol 52.31 0.22
MOL004425 icariin 41.58 0.61
MOL004427 icariside A7 31.91 0.86
MOL000006 luteolin 36.16 0.25
MOL000622 magnograndiolide 63.71 0.19
MOL000098 quercetin 46.43 0.28

6 EF EMEMAXMEESS HBV XA &5
R HIZREX

8 i % GeneCards B4 FE L0 ¥E HH 3 679 4>
HBV FHOCHE ML, 55 169 A~ EF AH 3G HE A& A DL it
J&, S EAFE] 104 A4~ EF T HBV 19 G54 AT #E AL
7 BY-EERS-BERREANEZBAES SN

B R BEHL 45T A Cytoscape PR 47 19 2% 4 2
LT Ak o3 A CULIEL S ), T v = g 0 5 57 258
W RACRIE R A, a7 S HIE T AANER BF R
PERr o EF & 2 AT 10 AL A RIS 1R 00 7
quercetin (#fi} fz Z ) , kaempferol ( LI Z5 ) , luteolin ( AR
J® 2 ), anhydroicaritin ( i K % F 42 % ) , 8-(3-
methylbut-2-enyl ) -2-phenyl-chromone, 8-isopentenyl-

kaempferol, chryseriol, Yinyanghuo C, Yinyanghuo E,
DFV, Ak J 2 EF $it HBV B84 B 5 254 -15 P o3 - T T 5 S e 0 2%
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15t BP 442 % 95 Ko S 0 Tl AR 42 i 2
JiL 35 B o Sk AP R I e O 3 R A L I ) 9
W AR T WL 3-8 (PI3K) % % 3@ 55 ; MF 109
X KEESS G MFEMEAYS S EAS S EHAE
I8 Z RARWE M R A5 A 55 CC 73 %, ¥ K Al
A [E) B 24 T BB | 4 i 3R T L B A XL 5 ik S AR A
DL EZ5 AT EF A REIE i I8 45 2 B AR 2l
KX HBV (&l 4 . KEGG Ht & 415 5] 118
ST I, X P ARHE A HF 30 6 Y 38 B 2T R
JER (UL TB) o o R AT GE B PI3K-Akt {5 5
R TS B ok R AR R AL N 28 LSk 9 e R R
SRV A 5E % 5, SR W] EF RE 6% i 2 A 0l i
RIS HBV /EH .
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HBV Jg& e & 30 [ 55 ™ 8 A9 A 38 T A ) 8 2
— 2 HBV #H# 4G A,B,C,D,E,F,G,H 8 # 1§
T HBV J&Ye 330 C AA B Ak 7 HepG
2.2.15 A R RL MY D FLH A HBV 41 Jifd &2 il 15
TR 25 9 A8 0 5 T L BE K Ra E S HBV
S, T IR PR AR AL HBY (9 25005 1

HAw, B b iy P RS i 25 ) 8 46
NAs FITHEER, TR FIRITA RO 8, Hiasr
BOAR A BR AT I Rz N s NAs 7R H i il
R Fi697 HBV By — & 25, B KR A &
SR 25 R TF . Wk, TR A 8Os T
HBV L (14 25 1) & B A I PR T Il 04 58T Pk A, 3 4F
o, AR SR 24 IR 9 R oK UR A bt HBV Hp 24 0k il 37
AT ST EF 7638 B 98 AN & 12 Loy
L FESAEMEAEGY AR ZHEEL
FE e R AT, AT EF BORESE g AR R AR B
Ry DR R H AR M B R 5, A %
EF 7K $2 W) FBE 52 W) (36 7 VR I A 4l H32 4
1k, A 5 EF B % HBY 0946 B K WL 5T 4 A
DA IE

WG EF B4R AT A 25040 i BF A= 7 HBV
F 52 RE 1, JE BT B i 5 SR B 3 BF B4R 4
XFHF A B HBV (4 HBsAg 101 i % 04 63.07% , {IL T
TDF 41 (14.24% ) ; %} HBeAg il %K 45. 73% i T
TDF 4 (9.31% ) . EF E4&%4M i HBV & i /E H W
i, R P2 EF 0 B8 BN IR YT HBV B i — BB
3L

W R 254 3R YT HBV JEYL 5 T EL AT A0 4 A0 O 05
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SR HHEG 5 BEUE A 45 & 12 7 A, R P 2 2
Iy AR R RR Y IR IT I, 5 NAs
6] 95 85 A B, il HBV DNA 1 FH 5% T8 (1 4 34 B
b, R TR AR A A 1R T HBY B Jy S 4R 416 11
WHKkAE . EF B4R YIS TDF ST 45 3 iR, EF B
FEYIEE 4 TDF X B 4= 1 HBV DNA E£5 b [7 i 9% 7
BN, %F HBV DNA ) f KA il 2R 93. 66% , 1% H 5
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P (37.92% ) 5 W 2006 I X 5 74 A HBsAg 1) 310 i 5%
J54.97% M F AR A H B E T &, T
TDF 2 (18.79% ) ; %} HBeAg A5 3 il 55 , 410 il
7 61.28% ) T .l TDF 41 (18.53% ), EF [
Y15 TDF 5 H 5 Boms 5 RO 547, 7T DA B AIK 5 24
250 U K A NAs JT S0 i 24 1) 8

e Ah  ACHIE 5% DA I 45 24 B 24 ) ff B 54k EF 3R
J7 HBV J& YL (4 V5 AL B8 1R P k. “ 2 9-
T P 0 -V 9 R A 9 4 T s,
Tl an quercetin (it 2 % ) , kaempferol ( 111 % 1 ) ,
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FEIRFGr WA, 7E HBV A 3G s b & 7 3 22 i 42 1 7
MR L T TNF-a 275185 HBV 5l 2
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#% PI3K-Akt {5 53 [ | 2 8 AT 4 38 5 45 15 5 38 %
ke RAFEIGRIT HBV YL /R, — TBk 58 % BH , PI3K-
Akt {555 38 BB N & HBV & 4 i 67 i 42 I 1, %
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