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(Abstract] Objective To investigate the effects of Wogonin (Wog) on liver fibrosis in cirrhotic rats by regulating the Hippo/
Yes associated protein (YAP) signaling pathway. Methods The rats were divided into blank control (with intraperitoneal injection

of equal volume of saline solution + intragastric administration of equal volume of saline solution), model (with intraperitoneal
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injection of equal volume of saline solution + intragastric administration of equal volume of saline solution), positive control
(with intragastric administration of 0.8 g/kg Compound Biejia Ruangan Tablets solution), low—, medium—-, and high—dose (with
intraperitoneal injection of 7, 14, 28 mg/kg Wog) Wog groups, with 12 rats in each group. Except for blank control group, the
other groups were injected intraperitoneally with carbon tetrachloride in aqueous solution to construct cirrhosis models. After
modeling, all rats were treated with corresponding drugs, for consecutive 4 weeks. The serum liver function indicators of rats
including alanine aminotransferase (AST) and aspartate aminotransferase (ALT) were measured; ELISA was used to test serum fibrosis
indicators including type Il procollagen (PCII), hyaluronic acid (HA), and laminin (LN); Hatmatoxylin—eosin (HE), Masson and
immunohistochemical staining were performed to observe the degree of liver fibrosis in cirrhotic rats; Ishak score was used to
determine the degree of liver tissue fibrosis, the collagen volume fraction (CVF), and the positive expressions of collagen—I
(COL- 1) and collagen—1II (COL-III); Western blot was used to determine the expression levels of a—smooth muscle actin (@-SMA),
transforming growth factor-1 (TGF-B1), and Hippo/YAP signaling pathway in liver tissue. Results Compared with blank
control group, the expressions of AST, ALT, PCIII, HA, LN, Ishak score, CVF, COL-I, COL~IlI, a—SMA, and TGF—B1 in model
group were higher (P<0.05), the expressions of phosphorylation (p)-large tumor suppressor gene 1 (LATS1)/LATS1 and p-YAP/YAP
were lower (P<0.05); compared with model group, the expressions of AST, ALT, PCII, HA, LN, Ishak score, CVF COL-I, COL-
IT, «—SMA, and TGF-B1 in low—, medium—, and high—dose Wog groups and positive control group were lower (P<0.05), the
expressions of p—-LATSI/LATS1 and p—YAP/YAP were higher (P<0.05). The levels of AST, ALT, PCIl, HA, LN, Ishak score, CVF,
COL- I, COL-II, a—SMA and TGF-B1 in all dose Wog groups decreased with the increase of dose (P<0.05). While the levels of p—
LATS1/LATS] and p-YAP/YAP increased with the dose increasing (P<0.05). Conclusion Wog may improve liver fibrosis in
cirthotic rats by inhibiting the activation of Hippo/YAP signaling pathway.

(Keywords) liver cirrhosis; liver fibrosis; Wogonin; Hippo signaling pathway; Yes-associated protein
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hzp20505) ; PUSA AL Bk (€ [ Sigma-Aldrich /A ], fit
5289116, 41i% =99.5%) ; & 7 ¥ T A (NS iy
fEER TR A PR A [ 245157 219991011)
I AR (type 1T procollagen, PC I ) ELISA &7
& (L EHRAEYRHEARRA R, 5 . XY-PCII-H);
175 B JiT iR (hyaluronic acid;hyaluronan, HA )ELISA i
M & (5 . EK-R38773) JZ K% £ F (laminin, LN)
ELISA i3 & (It 5 . EK-R37021) #4100 [ L 15 il A
IR IR T HE G0 & (35 . J-SG 1120~
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10) Masson e @i & (L5 : J-SG1340-100) 3014
IV RE A YR A BR A ] 5 43 9% 2 1 (alanine
aminotransferase , AST) (it ; YDLC-16409) . #+ H#.4%
Z ¥ (aspartate aminotransferase , ALT) (41t5: YDLC~
16414) 90 136 MR A BRA & 5 S li—bt
I AU (collagen— 1 ,COL~ I ) (#t5-:ab270993) .-
W WLALBN & H (a—smooth muscle actin, a—SMA)
(5 :ab5694) KM K 1 (large tumor sup-
pressor gene 1,LATS1) (#t*5 .ah243656) p-LATS1
(fit*5:ab111344) p-YAP (35 :ab76252) TGF-B1
(#t5 :ab215715) | M FL B (collagen—1IT , COL-1IT )
(#t5:ab7778) [ YAP(#t5 . ab81183) 3z H il
it EU i ( glyceraldehyde—3—phosphate dehydrogenase,
GAPDH) (#it*5-:ab9485) | Bt E ALY BFbR 1L A —
P 1gC (L5 :ab6721) 30 H FE [ Abcam 23 F]
PR BE AR 2R 58 (L ZER KA ] B
Multiskan FC iBright) ; B ML (T LR A W R
ABRAF RIS . 5415D) 5 62 o e (18 1= ok
ARG AT, KIS Leica DM750),
1.3 FHik
1.3.1 BIRIRgEE Sr2H e TR0 275 SCERI8) T A
PP R ALK RS g o S5 DU S ARV R 2
W (5 mlkg), 4 16 Ik, KRG T AETE br
AST ALT KV E T, HIFA S0 A L A
/N A 8, R S ASE R o AR B ) R B A3
RS AL BRI | FHAEXT LA Wog K P &7 i
41, B 12 H ik 12 KRR AR IR b 2 4
AR VR RS P IR, BRI HRZE K B 1
0.8 gkg 5 77 & W 5 T S+ s 3 S5 45 2 3
FhIK s Wog I v 771 42 241 K BRI 2 2% SCHR(S ]
IV 9] 9005 06 25 S 40 I T T 71428 mg/kg
Wog A +E H 45 A BHER K ;25 O IR A B2
R R M T 5 2 A PR K+ 1 A R H R K
PR R R SRS 4525 SRR T 1 IR i%E
gL 4,
1.3.2 G RFOIRETR RGN 4A 2545 R RV
6 HKRIMIE E sk, 4 CLL 3 000 t/min #5.0>
10 min(ZE.0FA8 10 em) W8 BIEWR MRS
K AST ALT 7K
1.3.3  MUELFAEALFEARREI  B1.3.2" R4 17,
Kl ard] 6 A RUAYE PCIT HA LN £F 43845,
LR SR ™ 45 ARG ELISA $iI 5547,

1.3.4 HE J Masson B¢t ASLRTA K, 70 B AT
A R R E K R Z (R RELE 6 H),
AT 4 pm Y, OSSR K S 21T
HE Masson €8, LMK | — RS | i i 354
EIE 5T WAL U0 AR ARYE T £F 4k AL Tshak
TE bR o 2 W7 2 2027 S AL AR SR Image—
Pro Plus 6.0 3X{F5 M7 SR JFAR L4355 (colla-
gen volume fraction, CVF),CVF (% )=% {0 )i i £/
2L X 100%
1.3.5 S gk g @ikl COL- 1 . COL-5%
ik K FHRY R B AR W b AT P
B4, 3% FACETRALEE 20 min, F2 Bk N TR 4
LY, 5 COL-1,COL-M—$i(1:500)4 CHFE L
W, ISR ALY B BT LL 5 1gG bt (1:
1 000)37 CHFE 60 min, £ " ILBANE (diaminob-
enzidine, DAB) et MECE 25508 . ] Image-
pro Plus6.0 73 M7 FHPE I3
1.3.6  Western blot &M iF2H4H a—SMA TGF-B1 A
Hippo-YAP il 2R 1388 IR A I8 58 53t
JEJE AT B RIPA 2422w, LA 12 000 1/min
B0 15 min(E02FE42 10 em) . WodE BIEWROEHT
T FFENEE M7 A BCA 25 A R AR IR 7 Ao
BRI, 78 12% SDS-PAGE HiyrEf I 2R
MR LG b AR . 754 CF 5 a-SMA
(1:1 000) . TGF-B1(1:2 000) . LATS1(1:1 000).p-
LATS1(1:2 000) .,p—-YAP(1:1 000) .YAP(1:1 000),
GAPDH(1:2 000)—HiHFF R, #BERIFE R IR
TS MABR A ALY B IEH 3T 1gG(1:2 000)
WEE 1 h (A AR A U A 1 B 2%, Il
H Tmage] x5 IKEE(E , NS GAPDH,,
1.4 SitZEHH

& H Graphpad Prism 9.0 340 #r SE 56 209
THEGORILL “xs "R , 24 0] LR FH BRI 3R O 22
I3HT, PILEI] HEBER T SNK—q K686, LA P<0.05 R 2%
SHASIFE X,

2 R

2.1 Wog Xt FHELAZEY K ER AST ALT 7K FRIZ M

523 PR IR ZH FoA  ERIZH AST ALT KT
(P<0.05) ; SHIRIZ HL#s , Wog 1% e 77 24 &% PH
PEXT BRZH AST ALT 7K F-FEAIK (P<0.05) ; H Wog #%
R AST  ALT 7K - B 77 & T+ = i R (P<0.05) .
TEILER 1,
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R 1 HBHEAKXRIMFE AST ALT K FE L (x5, n=6, U/L)
Table 1 Comparison of serum AST and ALT levels of

rats in each group (x+s,n=6,U/L)

B! AST ALT
%5 X AL 58.32+3.64 39.47+2.16
HRARILH 106.48+7.85" 90.21£7.10
Wog {55 21 95.54+7.29" 82.75+6.24%
Wog 320 81.07:£6.447< 71.2625.39%¢
Wog #7741 64.53+5.31%¢ 58.35+4. 57"
FFP XoF HEZH 62.90+5.37+ 56.81+4.63%@

£2 BAKXRME PCIHA LN KF LB (x5 ,n=6,ng/mL)

Table 2

Comparison of serum PC I, HA, and LN

levels of rats in each group(x+s,n=6,ng/mL)

Laxcil pcll HA LN
FEHXMIA 46.7423.81 96.28+6.37 68.61+4.54
FERILH 87.69+6.12*  259.82+13.61* 157.92+11.47*
Wog (EFIH2H  79.53£5.75%  220.79£12.56™  134.37x10.68"
Wog I 70.26+5.48%%  168.52+10.87%  108.29+9.56"*
Wog il i 54.29£5.13%%¢  123.54£11.46™¢  81.5426.39%%¢
FHPEXTHRAL  53.87+4.92+%¢  120.87+10.73%%¢  79.21+5.46%%¢

W 528 PO AL IE B, *P<0.05 5 SRR 2 LE 4%, #P<0.055 55 Wog
IR LR, P<0.05 ;5 Wog Hhiflid] bR, “P<0.05,,

2.2 Wog XTAFRELAREL K R A HE L FEHR 0T

5 B L 5 A4H PCIIL \HA (LN FHi
(P<0.05) ; S RIL LA, Wog K H | w37 20 B B
PEXTARZH PCIT \HA LN F#{IR (P<0.05) ; H Wog 455l
2 PCIL \HA LN Fifif) & T = iR (P<0.05) o 1
W22,
2.3 Wog X FHELAEEY K FR AT A LR IEHR 5 IR

23 AN RRZ A 258 8 R DL B 5 5
23 O REZH PUA ISR A K U B HE S ARG L
LI K | P LK et AR R 1 M AT s A A B et
TR, R Ak o B4 B 25 S5 AL 20 LU, Wog
A R e 2 B X B K U2 5 BB
WS, RAE B 2T A A A N IR R BE FEAR A/

25 R IR

Wog 17 20

Wog il 4l

528 FX B LU, *P<0.05 ; SRRV L3, #P<0.05; 5 Wog
{RFEAL L, 4P<0.05 ;5 Wog W2 HLAS , “P<0.05,

BT K, Hord Wog 1 77 541 K BH A X6 B 4 X6
Tl L5 P A () MO R B e o I B, PEILIE 1
2.4 Wog 3t FFREML AR K FRAFA LT 4L AR I
25 AN IR KR LT TR A 4ifb 4148
Ejos (0 B HoAs BRI 2 K BUF 2 2L 47 A A
TN, A ULICELF YRS, Ishak PF5 CVE YT
(P<0.05) ; S RIA AT, Wog % 1 5374 & B
PEXT REZH K BRI A 24 A A0 7R B O s | £ 44k
H YUV | Ishak ¥E43 CVF HIFEAR (P<0.05) 5 H. Wog
2457 2 20 Ishak $F43 , CVF Bl TH 55 M FRAK (P<
0.05), HILE 2.3 3,
25 Wog MIFEUEEXRFALTREELR
ez oAl
5525 P R oA BRI R A 11 COL- T

PR HE 2

Bl 1 &EKXRIFARMBERGLLE (HE,*x200)

Fig.1 Comparison of pathological damage in liver tissue of rats in each group (HE, x200)
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Wog Hi7l G401

Wog 7l 2

PR XS HE 20

2 BHEKBAFHERFHENTRE LB (Masson, x200)

Fig.2 Comparison of the degree of liver fibrosis of rats in each group (Masson, x200)

£33 BAKXBIFAESR Ishak 14> .CVF LB (T+s,n=6)

Table 3 Comparison of Ishak score and CVF in liver

tissues of rats in each group (x+s,n=6)

®4 FAKFFHALR COL- 1 COL-PAMERIELE (vs,n=6,%)
Table 4 Comparison of COL- I and COL-II positive

expression in liver tissues of rats in each group (x+s,n=6,%)

ol Tshak PF43/43 CVF/% axzl COL- T AP COL- I B
23 IV RRA 0.21+0.04 1.02+0.24 23 IV RRA 7.56x1.13 5.98+1.07
iR 5.48+0.56" 19.52+1.23% A 34.78+2.41% 38.61+2.85%
Wog I H: 20 4.36+0.47% 14.76+1.17% Wog {55 120 26.81£2.19% 33.2522.67%
Wog Hifl &2 3.05+0.42%%% 9.52+1.09%¢ Wog Hifl &2 20.06+1.63% 247842 31"
Wog 15 771l F: 21 1.4820.237¢@ 3.28+0.627%¢ Wog i 771 21 12.53+1.28%¢ 15.141.38"8e
FH X B2 1.32+0.19% 3.1420.57%% [ERevayists:| 11.47+1.30%% 13.97+1.27%

A W R A, *P<0.05; SR AL HL#R , #P<0.05; 5 Wog

{RFI AL L, 4P<0.05 ;5 Wog Wl £ HLAE , “P<0.05,

W 528 POV B LA, *P<0.05 5 S BB 4 L4, #P<0.055 55 Wog
{FER A 8, 4P<0.05 ;55 Wog HFl 4L HL# , “P<0.05

COL- I #3571 (P<0.05) ; SR A H#, Wog fi%
R e A S B R R IR B 1 COL- T . COL~
KRR (P<0.05) 5 H. Wog #5554 COL- 1 .COL-
I 2532k B T e TTRARAER (P<0.05) o TEILER 4 4] 3,

2.6 Wog X FFEMAZE KR o-SMA TGF-B1.p-
LATS1/LATS1,p-YAP/YAP & H R IABI S0

525 0 2 LA, B R 4 o -SMA  TGF-B 1%
kTS (P<0.05) , p-LATS1/LATS1 . p-YAP/YAP 3%

Fig.3 Comparison

R

3 BAKRBFEL COL- I COL-IIPAMERIE Eb B (HE 24Uk 24 gL (1, x400)

of COL-I and COL-IIl positive expression in liver tissues of rats in each group (immunohistochemistry, x400)
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KPR (P<0.05) ; SHERIZH Lh A, Wog % H 7 i
ZH K SN HEZH a-SMA [ TGF-B1 FEIAFEAE (P<0.05) ,
p—LATS1/LATSI .p-YAP/YAP 35T (P<0.05);
H Wog & HlH4H a—SMA TGF-B1 ik bl & T
T P A% (P<0.05) , p—-LATS1/LATS1 p-YAP/YAP %3k
IR e T e T T (P<0.05)  TEDLIFI 4 3% 5,

0-SMA == N S S s s 42 kDa

TCF-B1 = G G S ——— - |3 kDa

LATS1 -_— - —— e e e 126 kDa

PIAT - —— — - 20
var [ 75 kDa
PIYAP e - — - — -
GAPDH 37 kDa

e —
A B C D E F

B4 HHAXRIFALR o-SMA TGF-B1,p-LATSI/LATSI,
p-YAP/YAP ERFRIEEKWE
Fig4 Expression bands of a—SMA, TGF -1, p-LATS1/LATSI,

and p-YAP/YAP proteins in liver tissues of rats in each group

T AZS PN IRZH  BARAIZH ; C. Wog [ 2H ; D.Wog HI 4
E.Wog B s ,FKHH:Xd‘Hgéﬂ o

3 e

T A 003 )5 AR5 T S e i 38 1
B, G BRI PRSP 5 AR TR M e M ST |
B e M 48 2 Fh R R )] SEUF£F 4100, I
A ELA AET 3 i (R R s, AT 2 fh 2 A Ak ) 3=
TN PR LR E SR AL R A0 B 35 £ 20 g o S S ek
FEIR(FE 2 COL- 1 .COL-II), 7EfFeF 4e Ak i 72
rh L AR A MRS I A R LR EF 2 240
LR} a—SMA F Coll- T ik M, JFLF4ifk

R e, Sy an g & A AU . PRGBS
HELR LT e AL VERR VR AL A R T F & s A
EEEB MR I 259
UEAFR , 2 L) 92 A0 24 B R 22 9 I
PRIV FH I 52 B R B 22 1) X . Wog & —FP g2k
AW, e h 2B A EEE sy 2 — . IR
], Wog il i F& Ik COL- T COL- I 235 AT Ui d
PRI B R BB LA AT ™ BATFE R, Wog
Al A TGF-B1 5 S/ a—SMA Fll COL- T 7K,
TG B /N I e AN A 2T 2R SR1TT, Wog Xif
JHREAL B IBLT AT R . 52 07 W AR J2: e
PR TFIRIT I OEAL 0 5 259, % 27 44k A7
AR ERT, B B SO R A0 25 0 1 B
259, WA GY LA SR 5 s B RO A Sk BH PR X R
WA Wog IOTTRCS M, AT LI, AR Wog 3
Al FE K COL- 1 .COL-1I \TGF-B1.a-SMA %
ik, Had RO el 5 2 e & T —
., COL- I 5 COL-2 FZmm i, 54F
AL RS YIM . TGF-B1 TELT4EAL BN h k7
SRS, T2 5 2R YA R A ET 4R
B B I A A 5 ao—SMIA 2 JIT L AR 41 3% AL Y
PR, PCIL HA (LN S JFEF 44k i 4= Wy 242 i
G , HLFIRIKOT- 15 2T AR 2 D AH DG et
I Wog 1] Rl T8 A 00 +f i 22 R 4000 G 1) 4% £k, A 31 0k
BRI K U AR 4L B /R 385 Masson J4 (301
TR FRIFEF A LR & PR, Wog T HilJ K RUFZH 41
Ishak 1753 \CVF ¥ i 2 REAK, $27R Wog ATy ek
JIFRE AL K BRUTFET 4EAL 1 TR TE 254
Hippo & 48 S H N W R ni 8 (1 YAP B ik 7E 2R
g 2 B, ORI 2 S IE JHE B A 2 A
BB RPN, Hippo 4T85 7L 3h 4

£S5 BAKRBRIFHALR a-SMA TGF-B1,p-LATSI/LATSI ,p-YAP/YAP BEHRIAKFELLB (x+s,n=6)

Table 5 Comparison of a—SMA, TGF-B1, p—LATS1/LATS1, and p—-YAP/YAP protein expression levels in liver

tissue of rats in each group (xxs,n=6)

4l a-SMA/GAPDH TGF-B1/GAPDH p-LATS1/LATS1 p-YAP/YAP
25 X R 0.15+0.02 0.18+0.05 0.97+0.10 0.95+0.08
A2 1.76+0.14" 1.59+0.12" 0.06+0.01" 0.07+0.02*
Wog {5 12 1.34£0.117 1.2520.11% 0.28+0.05" 0.33£0.05"
Wog 72l 0.85£0.09"¢ 0.78+0.09% 0.60+0.08"* 0.61£0.07%
Wog 7] 12 0.46:+0.06"¢ 0.42+0.07%%@ 0.94£0.09%%¢ 0.92:0.09%%¢
[EREPaiices) 0.38+0.05"+% 0.36+0.06"% 0.96+0.07+% 0.93+0.10%%

e 5528 X B LU, "P<0.05 5 BRI L35, #P<0.05 5 5 Wog IR R4 LELAR, “P<0.05; 55 Wog Il 40 LA, ©P<0.05,
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ste20 Ff ¥4 i (mammalian sterile 20 -like kinase,
MST) 1/2 Fl LATS1/2 VBRSO, Ho iR A5
S 1Y LATS1/2 AT 7E Ser—127 BY Ser—381 Vi 5 i ik
16 YAP i YAP Sy S A5, 5308 1 BT A,

BRI YAP BOE 2R N RSN 4L B
R4 ML 1) DG SR IK B0 K 22, IF HLFHWT Hippo 542
FYAP S0 AT 7 1k L B2 BR 240 e 5 Ak ol ILRR 2R
i) I NN i 31 (51 B Whie - 5 i) (G Bl B R
5 Hippo/YAP {5530 %, o8 DU S AL ik i75 5 14 JFA
/BRI DI RE , A /N R REAER, ARG, I
T Al K BUIFZH 2 p—LATS1/LATS1 .,p-YAP/YAP 3
K BRI TANFIFIRE: Wog Y7 B THE p-LATS1/
LATS1 p-YAP/YAP ik, $7R Wog A] 3@ i 41 il Hip-
po/ YAP 15538 oo 5 AR BRUF£F 4k Ak

25 BTk, Wog W] B0 S AL K U &R 41k
HAEFMLHI AT RE 5 0] Hippo/Y AP {5538 B ¢
AR5 AT Ay el P A A S 2F 4 Ak 2 AR 4 18T 1 24
%@é%%?ovagii%%ILXZEﬁéE%%ﬁﬁﬁt E&%%H?ﬁ%¢tﬂ¥zF
b 0V R B9 K B HApE A e it — 20 1Y
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