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FEHA 5 (CCLS) B mRNA FRIL KT (P1EH<0.05) s ERAFARERR, S50 me/kg AS [ 550 mg/kg CY 2B R ERA(RIEC(A
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Abstract: Objective To identify and validate the optimal compatibility dosage of astragaloside I (AS I ) and calycosin (CY) in
A 3, 5-diethoxycarbonyl-1, 4-dihydrocollidine (DDC) diet was used to

establish a mouse model of liver fibrosis, and the uniform design method was used to identify the optimal combination ratio of the

the treatment of cholestatic liver fibrosis. Methods

saponin component AS I and the flavonoid component CY in Astragalus membranaceus. In the uniform design experiment, 80 male
C57/BL6J mice were divided into normal group, model group, total astragalosides (TAS) group, groups A — F with a uniform
design, and obeticholic acid (OCA) group using a random number table, with 8 mice in each group. The multiple regression
analysis was used to establish the optimal regression equation and obtain the potential optimal combination ratio. The in vivo
efficacy of the empirically optimal combination identified in the uniform design and the optimal dose combination predicted by the
regression equation were compared for validation. A one-way analysis of variance was used for comparison of continuous data
between multiple groups; the Levene test was used to determine the homogeneity of variance, and the least significant difference ¢-
test was used for comparison of data with homogeneity of variance between two groups, while the Dunnett T3 test was used for
comparison of data with heterogeneity of variance. Results In the uniform design regimen, the JYB combination (3.125 mg/kg
ASI+50 mg/kg CY) significantly reduced the serum levels of alanine aminotransferase (ALT) , aspartate transaminase (AST) ,
alkaline phosphatase (ALP) , total bile acid (TBA) , total bilirubin (TBil) , and indirect bilirubin (IBil) in mice with DDC-
induced cholestatic liver fibrosis (all P<0.05) , and it also reduced hepatic Hyp content (P<0.01) , semi-quantified collagen
deposition area (P<0.001), and the mRNA expression levels of Acta2, Collal, Ck7, Ck19, Adgrel, TLR4, TNF-a, and CCL5
in liver tissue (all P<0.05). The regression equation showed that 50 mg/kg AS I +50 mg/kg CY was the potential optimal
combination, which was named as P1 combination. However, subsequent validation experiments showed that P1 combination only
significantly improved the serum levels of AST and IBil and hepatic Hyp content in DDC mice (all P<0.05), with no significant
impact on hepatic collagen deposition and the mRNA expression levels of Acta2, Ck7, Ck19, Adgrel, and CCL5 (all P>0.05). In
contrast, the JYB combination significantly improved the serum levels of ALP, ALT, AST, TBA, TBil, and IBil, hepatic collagen
deposition, hepatic Hyp content, and the mRNA expression levels of Acta2, Collal, Ck7, Ck19, Adgrel, TLR4, TNF-«, and
CCL5 (all P<0.05). Conclusion This study shows that the JYB combination (3.125 mg/kg AS I +50 mg/kg CY) can significantly
alleviate DDC-induced liver fibrosis, with comparable efficacy to total saponins from Astragalus membranaceus, and compared with

AS T or CY administered alone, the JYB combination has a significantly better regulatory effect on the serum levels of ALP and TBA.
Key words: Cholestasis; Hepatic Fibrosis; Astragaloside; Calycosin; Mice, Inbred C57BL
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48U JIEL R 1 B8 D1 IER (obeticholic acid, OCA ) 21l FRIGYT IH
TR 6 1 — 259, (BTS2 409% 14 )5 & AR

P JIEASE 6 #5352 U R I 28 A2, LAt s PR T
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ATE S E Y I AGE F Y RO 3 e Ay
S AT (total astragalus saponins, TAS) 8 iIE 5% € 75 22 Fh
CLF Bl A5 R0 v ol 2 RS BN, 410 1) £F 4 Al 1E g, 2 o
BE 7 S HET CLE R A% L 25200 0, (E EL L ARt
J3 AR B o B O A s AR TR A A ) A
TAS LU M R 3, T & A — o 1 1 B 26 1
R A EE R 1 (astragaloside I , AS | bE/
CLF ZUW 5 TAS AT, ik i 1 28 ul 0 v 24 At A vy LA
ST T T PR SN R S0 — A O B2
43 B B 5 B (calycosin, CY) , % 43 BE W% &k 2 {1 ¥k
AS T AR A 253800 PR 0 P B . Sl BB TAS 24554
DETF B — R BIBILAR , AW FORE 8 i 1 S BT i ) AS
1 5 CY py AR AR 1 IF EAT 500, LA R 4o vh 2
TF R A AR

1 MR5FE

1.1 XM E5E

L1l &5 A 3,5- LR IERIE-1,4-75-2,4,6-
= I FE L E (3, 5-diethoxycarbonyl-1, 4- dihydrocollidine,
DDC) (175:137030) W [ BR 5 B2 25 A kL 28wl L JF
TCB IR A P ARAT B2 B 1 7 0.1% DDC /1B
Tkl AS T (525 : AB0164) .CY (525 : AB1328) 31 [
AR B R BT BR 2 W) 5 OCA (575 : MB6084) 11 F
KiEXECEWEARGIRAR R A RM (TS
S14016) Mg [ I ifg U5 A= W) B A R 28 7 5 58 1 24
(hydroxyproline , Hyp ) 5] & (587K 2 ) (535 : A030-2-1)
TR TR AT - (hematoxylin-eosin, HE ) ey (1%
5 :D006-1-3) 4 [ B 5 2 A 1) T AR 9 s RAR AL 2T
(sirius red, SR) G Wy B 6 A £ 25 KA R W5 I
H PR IS (5245 : 10004 160) 1 [ [ 24 52 141 Ak~ 3R] A FR
AL TAS FA F

112 £%M%E AL (EYS  ASP300, 7
Leica A H) ) , #6# U1 i ML (A5 . EG1160, & [E Leica 24
")), 4 [ K HL(ELS . RM2035, 75 [ Leica 23 7 ) |, i
LR B ML (AL HI1220, 78 [ Leica 23 @), 5500 HL (5
5 :MICRO21R, & [E Thermo Fisher 237 ) , Z I BEREFR Y
(B145: AF100, I RAERHEA IRAF])

1.2 #HHEk

1.2.1 %34 %Lf#iﬁéﬁ)ﬁ1$(speciﬁc pathogen free,
SPF) %% CSTBL/6] Mk /INER 144 L IRTE 22 ~ 24 ¢, T |
Vi 30T 3 v S UG S W AT BN R 525 B AR TV AT UE S
5 1 SCXK (371)2021-0006 , 5 56 50 4y fifi Fl /8 v] 3iE 4 %5

SYXK (¥)2020-0009, 4 F& T |16 v = 25 K27 3 )
L, BB IRE (25+£2)°C, M XR B 40% ~ 60%, H H
.

122 @R %H RS EOHEXAS T CY #1700
2 A 07 E AT ARCRC (A8 3], % 22 8 IRl 45 SR 1 7 56
WE. B35 Ue*(61) %, ¥ AS T .CY 1 % 5N
T B F S HO AR o AR 2R SCik P A
TS 5E AS T G B4 0.56 ~ 50 mgrkg ™' +d ™!
CY FIEEE 4 0.56 ~ 50 mg-kg ™' +d ™",

YA 528 - %6 1] 80 H C57/BL6J MEPE/INEL, [
KRB IR E 22 ~ 24 o FEMEHLEC T 343 A IEH 41 (Cul
H,n=8) ML (DDC 4 ,n=8) . TASH (n=8) ¥ 5%
64 (JYA ~JYF4L, H4n=8) .OCA 4 (n=8) . B&Curl
Y45 T 5 BAR &N, AR K A4 T4 0.1% DDC (752
il RL , % S 8 JE o /N RS AL 4 S S T LA AH R 259
BEE  Cul 4R DDC ZHF 0.3% & W SL 2T 4 25400 , 25 24 1A
TR 10 mL/kg, ELLLA 25 4 5] JYA ~ JYF 41 AR 25 25 5|
L1, L2 4 8 TAS 25T TAS 56 mg/kg K&
HEE L AZIRFUN 10 ml/kg, LA 2548 . SRR E

SRR 12 h g S 3% I T e 2 AN RR I , 22018 5
Jik Bt I3 BOFFAIE B . DUFFZE 2 Hyp % B A 0 e 48
i X AT 4% I ZH 47 Hyp & e R I 375 Rt e Tl Tl
(alkaline phosphatase, ALP) . TN % iR 2 3L 1% # i (alanine
aminotransaminase , ALT) 7K 3 ¥ 47 38 A [ 5 43 ¥, & 57
W R A5 B S S L P,

®1 HEEHIRGEGHALHE

Table 1 Dosing regimens in uniform design experiment

2H 53 AS T (mg/kg) CY (mg/kg)
JYA4 1.560 6.250
JYB4 3.125 50.000
Jycd 6.250 3.125
JYD4H 12.500 25.000
JYE4 25.000 1.560
JYF4H 50.000 12.500

HAST BT [ ;CY, BE S,

FCAHL S0 5250 - %6 ] 64 H C57/BLO) HEME/INE, H i
RS E 22 ~ 24 o FERMEHLECF LN Cuol 4 (n=
8).DDC 4 (n=8) \TAS 4 (n=8) .ZJC [ IH41 (P14 ,n=
8) AL (JYB 4L, n=8) \AS I 4 (n=8) .CY 4l (n=
8) .OCA 4 (n=8) . A J7 % 45 25 F ] KAl #8455 1
SIS AR TR, B H 25 2450 B UL 2, S I A el
J5 AT H A du A T A A B 245 3 e A 4 % 27 A i T
TvER
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Table 2 Dosing regimens in compatibility verification

experiment
ZH 5 g H 28 2550 ik
Cul2H 0.3% ¥ LT 4ER 41 (10 mL/kg)
DDC 41 0.3% ¥ ILLF4E R 41 (10 mL/kg)
TASZH TAS (56 mg/kg)
P14 AS T (50 mg/kg)+CY (50 mg/kg)
JYB4 AS T (3.125 mg/kg)+CY (50 mg/kg)
AST 4 AST (50 mg/kg)
CY#H CY (50 mg/kg)
OCA 4] OCA (10 mg/kg)

HTAS, R BT AS T, R 1 ;CY, B R A ; 0CA,
B .
123 wFFZRae @RI, 4 CHE3
J& ,7E 4 °C .3 500 v/min 5544 T 250 15 min (B0 MR
10.1 em) , 3B IME o MLV FEAR IR 28 1 ifg v B 25 K2 fiY
J BB S BE AG 36 RE A I i 7 ALP KA H R A I 515
fiff (aspartate transaminase,AST) . ALT . & H 71 2 (total
bile acid, TBA) . & JAZT 2 (total bilirubin, TBil) £71/8] $2 10
21 % (indirect bilirubin, IBil ) 7KF- .
124 AEFREZEZRRFETE HERG. AU A%
LTI, JT T 2K, IR AR TR Y% 2 e R, 454K
AU IR B, SR TR SR E 48 h 5
i B KFBIO 0505 FRFAHE AT 7 AR B4 . SR L 4,
15 P i K AR AR A K 43, T I SR Y G (5, JEK
SR, R REW G B R, SR E 48 h 5B
KFBIO {7 5 #2479 45 AL 9 v SR %, IFfif ] Leica
SCN400 £ -9 BRAF B A AR I g T AR L
125 AL Hyp4s e FHAL Hyp FENES
FEIRF S Ve 45 . RS HEVIE 50 mg FZHZL, A 1 mL B
IR, 95 “CAKHE 20 min(4F 10 min JR2) 13K , KR AD
EHR,JHpHEZE 6.0 ~ 6.8, IMBZEKEAZE 10 mL, B
4 mL A BRI, A 30 mg 16 P IR 2T, 7F 3 500 r/min
FAF B 10 min(BOHLREAE 101 em) , B ETEW 1 mL,
eI MR — R = E, 60 ‘CIK 15 min, 24
J&7 3 500 t/min £ F 5.0 10 min (BLOHLEAR 10.1 em) , HL
W, T 550 nm K U E OB R, 715 Hyp &% i
(pg/mg i) -
12,6 ErRAETETREHAEXRE  Trizol H2HUHHE
SVRNAL 2 RNA W BT 48 —H BE 22 500 ng/ L I 100 5%
3% 4 ¢DNA, K & 5 20 pL,37 °C .15 min, 85 °C 5 s, LA
GAPDH NS, AE4LRE S AR 3, R 272 24 A H
FER A Rk i, 518 2K 3,

*3 3lUE3
Table 3 Primer sequences

H BB (5'3) AEE
Acta2 F:GTCCCAGACATCAGGGAGTAA 21
R:TCGGATACTTCAGCGTCAGGA 21
Collal F:GCTCCTCTTAGGGGCCACT 19
R:CCACGTCTCACCATTGGGG 19
Ck7 F:TCAGGATGGTAAGCGGATGTT 21
R:AAGGGCTCCACGTAGGTAATC 21
Ck19 F:GGGGGTTCAGTACGCATTGG 20
R:GAGGACGAGGTCACGAAGC 19
Adgrel F:TGACTCACCTTGTGGTCCTAA 21
R:CTTCCCAGAATCCAGTCTTTCC 22
TLR4 F:AGCTCCTGACCTTGGTCTTG 20
R:CGCAGGGGAACTCAATGAGG 20
TNF-a F:GGAACACGTCGTGGGATAATG 21
R:GGCAGACTTTGGATGCTTCTT 21
CCL5 F:GCTGCTTTGCCTACCTCTCC 20
R:TCGAGTGACAAACACGACTGC 22

T Acta2, I WUNLEHEE 1 o-2 369 Collal, T BB 1 ol %5

Ck7, 4 f A 111 75 Ck19, A LA FR 1 195 Adgrel , 3R EAE K R FREK
FZAK 1; TLR4, Toll 52 4 4 TNF-ou, IR SR FE K - o5 CCLS, B4 1K A
FHCARS,
1.3 %t 3 F % R SPSS 26.0 G it 44 b gk i
e Bl Graphpad Prism 9.5 HEGUTEZR ., HERR I s
TR, Z UL LR B R 2R 5 22508, 7 25 7 MR 0
K Levene Ki 5 , #4577 25 5% , R LSD-1 K 36 4547 P A LE
B 25, K Dunnett T3 K255, R Z A5
M, 435 L Hyp ALP ALT AR &, LAAS T .CY S A7E
i, I T IR 2 Wi 5 Durbin-Watson £ 5 , 8257 Fe I
Wl 5 88, R R R R L . P<0.0S WS A4
ES-9'8

2 HR

21 Y&t EBhaER

2.1.1 ¥4kt E 8 A0 R i AR AT BT ARG
DU AR R (B 1), 5 Cal 4048 L, DDC 241/ B
M7 ALT,AST,ALP . TBA , TBil fl IBil /K F ¥4 i 3% F+ &5
(P{E¥<0.001) ; 5 DDC A AH L, JYB JYC 411l 7% ALP,
TBA . TBil F1 IBil 7K~ 34 i 2 7 4 (P {14 <0.05) , JYB 41
ALT (AST /K75 i 2 8 (P {H44<0.05) ; TAS A { ¢
fl DDC /N ML ALT AST . ALP [ TBA . TBil . IBil 7K *F- (P
{H14<0.05) . FFAZIHE R EE YL a2 L BoR (K 1), Cul
A /N U2 U/ IN I S5 48 3 O, A8 X B v e ik S
K, A IR AR IR s DDC 41/ BUIF4H 2R 45 M 25 8L, T
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UL 02 i PR DTAR , R dek A | Bz 4 L S 8 4, R
N s 5 25 T 25 2H 4995 DDC A AN [l P i o

212 ¥4t E B & R AR R LA L
SR e 45 4L 7%, DDC A ] WL AR DX Jit 2 24 K UL
R, R eI B I, BRPEE (BR . 45 25 LR B DUAR
B DDC AT AN [ T2 BE 98 (5] 2a) , M it B 44 i AR 2
(P{E#<0.05) (#12b) . Hyp Kl &5 R B, 5 Col Z1AH
b, DDC 2 Hyp % &= . 3% 7t 5 (P<0.001) ; 5 DDC 2 AH
Ho, TASZH JYB4L . JYC 4L . JYD 411 JYE 4 Hyp & = i
MR (PET<0.05) (18] 2¢)

2.1.3 ¥ 43t E A RIT A AL B K IR AT
Edpeges 5 Cul 44 IL, DDC 41/ BRUTFZHZUF- 1L
WLBh & [ «-2 (smooth muscle actin alpha 2, Acta2) . I %l
i JFHE H ol %# (collagen type I al chain, Collal) . 20 ifd
fMEA 7(cyt0keratin 7,Ck7) A faE 19(cyt0keratin
19,Ck19) FHFHE G B PRS2 1R E1OURR R B A KA
F P E 52 1K 1) (adhesion G protein-coupled receptor

2000+ 2500+
15004 2000
= ok L = 1500
D D
<1000 . =
;:' # <—(l 1000
500 500
03 CQ & & 0
(@]
SEEFELeSsE
B3I
4004 4004
skskk

—300

=

°

£

=2

o

~

2 AR AT

3

W a, A 4/INEULE F DI BESE A5 ; b, B 41/ BUFAL8UE B HE 2 £8.( X 200) . 5 Cul 4LAH e, ##%P<0.001 ;55 DDC 41 EL , #P<0.05, ##P<0.01 .

E1, Adgrel) CToll #3214 4 (Toll-like receptor 4, TLR4) .
i yed TR FE I T o (tumor necrosis factor-o, TNF-a) Fl1#4 4k
T it & 5 (C-C motif chemokine ligand 5, CCLS) fY
mRNA kK B3 i (P{E14<0.001), 5 DDCAH
A LG, TAS 20 Je 351 ST 45 40 IF 27 AR AR C L] Acta2 |
Collal M HAS B W AHIGIE ] Ck7 1) mRNA ik g % F
P (PAEH4<0.05) 5 45 JATT 41X 4 i A 56 JE X 1) 2 15 52 1)
ANTE], o TAS 20 JYB 20 A1 JY D 21 IR A5 s o AH G 5 P
Ck19 ) mRNA 335 i 2 T 8 (P {E34<0.05) , 3 HIFAER
SEAAJEFEA Adgrel \TLR4 1 CCL5 i mRNA 3635 i &4
R (P 19<0.05) ; TASZH . JYB 21 TNF-o ) mRNA 357K
2R (P{E$4<0.01) (K13).

214 ¥yt mmk AR HNRITFH
A Hyp & A MLIE ALP ALT K- #4522 50 81053 2047,
F3F LR [T 77 FE  Hyp=635.63+0.618 x AS [ +0.081 x
CY-0.043x AS T x CY; ALP=675.98-0.363 x AS [ —1.749 x
CY-0.007 xAS T xCY;ALT=1143.76+3.737 x AS | +

15001

2004
3150_ skoksk
=
©
g 1004 #
= # #h
2 50 a

04—

®

DDC,3,5- 0 AFERIE-1,4- 52,4, 6- = HIILILIE ; TAS, 35 (BB OCA, BULUHER s HE , IR R R e,
B1 M5t &A/NRMEFINEE R FHELFEHE R ®

Figure 1 Serum liver function and HE staining in mice from uniform design groups
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T a, P ZUREL SR L 2( X 100) b, SR Y A A 8 15 o FFAH Y Hyp i, 5 Cul 4UAH LL, ##+P<0.001 ; 5 DDC 414 Lk, #P<0.05, ##P<0.01,
###P<0.001. DDC,3,5- "L HHRIE-1,4- 52,4, 6- I ILMERE ; TAS, 85 AR 0CA , DL IHAER SR, AR LT s Hyp, Sl 22
B2 #HEEITEANMRFALASREER Hyp SE2NE

Figure 2 Hepatic sirius red staining and hydroxyproline content assay in uniform design groups of mice

15+
< 10 <
€ Z
3 £
g s 3
(o]
(&)
oA
NS O Q & > L H T RQLL &K (v
S TP F g SFP FLLE P&
B3 4831
50 8
40
Z 30 E g
5 3 Ea
220 & &
] p] =2
10
0 N QL Q & X 0 N CQ & &
\¢ @} X Q
S TP P ESEE S T LS
it A3
g307 ¥
& s
## o
5 20 " c
L n
z 3
=104 O
O-\ <
(@) ¥ Q Q & &
S STV

A3
5 Cul HAH G, *#P<0.01, **%P<0.001; 5 DDC ZHAH [t , #P<0.05, ##P<0.01, ###P<0.001, DDC,3,5- " Z A IE-1,4- 52,4, 6- = 5Lk
WE;TAS, B R RS OCA, UL IHR .

3 HEEITTEENRIT AR F 4L R R IEHEXEE mRNA 833 R %K F

Figure 3 Expression levels of hepatic fibrosis and inflammation-related genes in uniform design groups of mice
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4.673xCY-0.183 x AS | x CY. H, AS T 7 S e fi J5
TURR Y 28 B8 A5 Hyp S S e JH 40 B 433 43 14 ALT J5 Fd op
B EAE O, 650 0 1B PR/ INER G, 7 S R AR A R
TR bR ALP J7 A8 rp 2 7R DG, 750 S Y L P AT
AS 1 5 CY WA H.IFUA SR G , T 28 78 5] 0 [l A A A
U LA TR AS T (50 mg/kg)+CY (50 mg/kg) A
P ETC L .

22 HYkitwBiEs R

221 BUARIRGE S B0 R dr ik I AT AT ARG
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Figure 4 Serum liver function and HE staining in mice from combination verification groups
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