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accumulation of extracellular matrix such as collagen. It represents a common pathological hallmark during the
progression of most chronic liver diseases. However, there is currently no universally recognized specific and
effective drug for the clinical treatment of liver fibrosis. Therefore, this study investigates the effects of Alisma
Rhizoma on bile duct ligation (BDL) -induced liver fibrosis and explores the potential pharmacological
mechanisms. The animal experimental protocol was reviewed and approved by the Animal Welfare and Ethics
Committee of Shanghai University of Traditional Chinese Medicine (registration No. PZSHUTCM2303280007), in
compliance with relevant animal welfare and ethical standards. Mice were subjected to BDL to induce liver
fibrosis. Mice were divided into five groups: sham operation group (Sham), model group (BDL), ethanol extract
protection group (BDL+EE, 1.6 g-kg"), water extract protection group (BDL+WE, 4.0 g-kg"), obeticholic acid
protection group (BDL+OCA, 10 mg-kg™"). The results showed that both of EE and WE could attenuate BDL-
induced liver fibrosis as evident by reduced serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT) activities, total bile acids (TBA) levels,
and improved pathological conditions such as cholestasis, collagen deposition, inflammatory cell infiltration, and
liver tissue necrosis. Notably, EE showed better efficacy than WE. Further studies showed that EE improved liver
fibrosis dose dependently. EE treatment impaired the bile acids homeostasis in serum and liver, and recovered the
hepatic mRNA expression of farnesoid X receptor (FXR) as well as the downstream genes including small
heterodimer partner (SHP), cholesterol 7-alpha hydroxylase (CYP7A1) and bile salt export pump (BSEP). Further
study also proved that the four major triterpenes in EE increased the transcriptional activities of FXR in vitro. This
study provides a theoretical basis for the clinical application of Alisma Rhizoma in the prevention and treatment of
liver fibrosis.
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KR MR T R, A A ZH 1 s (R [ 25
#1)2020 T iR TS (Alismatis Rhizoma) A 33 V5 &)
THY) %= T 3515 Alisma orientale (Sam.) Juzep. BLEETS A.
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WL 2 F0 A7 44 S50 AR R R S 978 2 I
75 A O T BLOGHE /B F T, Z AR R
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AA; 155 A0865) I H i #B 2 AR LM FH A IR A
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18451 C017-2-1) S BT R (total bile acids, TBA) 7 &
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TBIL) & & W5 & (7] 50 C019-1-1). #2 Jifi 2 IR
(hydroxyproline, HYP) & &l & (1% 5: A030-2-
1) $900 B U AP AR ST RNA fast 2000 &
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AG11718) Yty B 11 7 3Rk A= R A BR 2 w8 H
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A& (T8 5: 11668500) M H 3% [E Thermo Scientific
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AR 5% B JHk, A5 A AUA BRI ATL DA e ot R IR /) B, AP
BIME FE DAERE A Bk 35 F R HAL, WP R ITIE 2 2 em,
i FH Bl A A2 2R ER K I R 25 B R RS, R B/ OB R
B S TER KA B K T, 4R G A LR,
B J5 B B s B Rl AR B B, B R SRR IR, FARYI
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0.5% CMC-Na &l . BERE2 IR, B2 1.
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41 (Sham). fH & &5 FLAE 7 4 (BDL). 5 V5 % 72 B A
ik 77 & 41 (BDL+0.4 EE). 77 & 4 (BDL+0.8 EE) Al
& 20 (BDL+1.6 EE). V5 BESEHGH ALK &
7 & 20 /N R 7E BDL F AR J5 10 K24 5 # H 0.4.0.8.
1.6 g-kg' =ANAN [ 1) & [ 3 5 B £2 B A2, BDL
Sham 41 /)5 i M F R J5 10 K& B F N AR R 0.5%
CMC-NaVill. FFREZ 1K, S .

KIRGE 2524 b, /N LS e R FR BREIML, i
ML HIE. AT %R F##E 2 h, 4 °C.4 000 rmin’
250 10 min, 4335 03 ; BN B AT B KA 1 om x
1 om B 4% 2 5 R, HAR T IE DL 0 O 5 TR AT
F-80 °C.

FFINBETEAN AR 170 & it W 15 0 5 ifn 75 T D e
fe bR, B35 ALT.AST.ALP.GGT i% /J M1 TBA . TBIL &
. KM Z YR bR X (VARIOSKAN FLASH, 3%
Thermo Scientific 24 &) 132 5% W o' B AH, M40 A i it
25115 ALT . AST.ALP.GGT-TBA . TBIL [{J/KF-.

JHHE A 2 DL 4% 2 58 W R [ 52 24 h &, AT
M 7K ELER L) R L 95 K & — A7 41 (hematoxylin-eosin,
HE) % i . I Fy (Masson) Yt . 2 BE Btk — 2K 3%
B W e [, A R AR T 5 2 205 B AR KRR
B F.
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PEHR 21 A = ZERE AR 1) & &, A4S HER (cholic acid,
CA).a- M JEM (a-muricholic acid, a-MCA)- f- 5 JIH FR
(B-muricholic acid, -MCA). w- i JH B2 (w-muricholic
acid, @ -MCA). #8 i 44 lH % (chenodeoxycholic acid,
CDCA). Jlii A IE 2 (deoxycholic acid, DCA). %% 2= & JIH
% (hyodeoxycholic acid, HDCA). fit 2 % IH & (ursode-
oxycholic acid, UDCA), LA J& i 4> 24 1 1R 45 & )
(taurine conjugated bile acids) il H 4 IR 25 & W (gly-
cine conjugated bile acids).

WER-BEMEXRNESH B 10 mg /MR
JEBEAS, DL RNA fast 2000 s RNA % 3 4 #2320 77 £ 12
HY 2 RNA, HU 1 ug & RNA H Prime Script RT Master
Mix iR 7| & %% 5% A cDNA. f# HH SYBR Premix Ex Taq
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R HE AT SN 52 06 PCR A I H 2 X () mRNA %
IR BLAS IR Gapdh NS W, Tl Id 222 T 1073
Bt H AR 5 B5] ) AR 6 2 0K &, Sham N 1, 5197 51
WE 1,

Table 1 The primer sequences for RT-PCR. a-Sma: Alpha smooth
muscle actin; Bsep: Bile salt export pump; Collal: Collagen type |
alpha 1 chain; Col3al: Collagen type III alpha 1 chain; Cyp7al:
Cholesterol 7-alpha hydroxylase; Fxr: Farnesoid X receptor;
Gapdh: Glyceraldehyde-3-phosphate dehydrogenase; Shp: Small

heterodimer partner

Gene name Primer Sequence (5'to 3")
a-Sma Forward GGGAGTAATGGTTGGAATGG
Reverse GGTGATGATGCCGTGTTCTA
Bsep Forward TCTGACTCAGTGATTCTTCGCA
Reverse CCCATAAACATCAGCCAGTTGT
Collal Forward TGACTGGAAGAGCGGAGAGT
Reverse GACGGCTGAGTAGGGAACAC
Col3al Forward ATGGGTTTCCCTGGTCCTAA
Reverse TGCCTTGTAATCCTTGTGGA
Cyp7al Forward CAAGAACCTGTACATGAGGGAC
Reverse CACTTCTTCAGAGGCTGCTTTC
Fxr Forward ATGTACCAGCCTGAGAACCC
Reverse CTCAGCGTGGTGATGGTTGA
Shp Forward AACATTCCAGGCACCCTTCT
Reverse GGTCACCTCAGCAAAAGCAT
Gapdh Forward GGCCGAGAATGGGAAGCTTGT
Reverse ACATACTCAGCACCGGCCTCA

EBRZENVRDH 10 mg /> T4 ZURf
A, NN A H A 1R 1R RIPA 24A#W, 4 °CH 5
B B%, 10 000 r-min” 550> 10 min, B 35 . F BCA &
1 e R S e B RS . RS, B 20 pg HE
T E A REERS TR B E . NS EA
GAPDH ANZ: M, i1 5 H & B AR R IL & .

MR ZIRELEELE 2% 8 AT R
SR OB IR B 46 i HEK293T 44 i i3k 47 52 56 .
HEK293T 41 Jitd £ F# F 96 fL #& (20 000 4~/4L), F F
Lipofectamine 2000 %% 441 7| & % HEK293T 28 ffa it 17
L (FXR:RXR-a:ECRE:renilla=25:25:50:1); 6 h 5
73 N DMSO.OCA (10 pmol-L™") K AN [ & 75 = il

AC23A

AB23A
Figure 1  Structures of four major triterpines in Alismatis Rhizoma. AB23A: Alisol B 23 acetate; AC23A: Alisol C 23 acetate; AB: Alisol
B; AA: Alisol A

&Y (10 pmol-L™") (n = 3). 452524 h )5, MRIE XK
Ot 2R A o 2 DR 0000 5 W A 1A, TR X
16 renilla luciferase % 25 3& Kl y& 4 .

G FE S SR A+ R (xxs)
%% 7~ , GraphPad Prism 10.0 (GraphPad Software, San
Diego, CA) B H TStk 43Hr, 25 18] Lb 483 2 14
oA R 2B B 34T 22 = e A, b AL 2 R 4
TF 2 M1 K H student ¢ 16 5%, 2 41 18] Lb %5 K ] one way
ANOVA 73T, % P < 0.05 W IR Z 57 A G it 8 3o

ZFR
1 FEREAFEREEIAREEH]

BTG B AR B 90 £ R =k . (b [ 24 41 ) 2020 Fiw
FSE BEV5 & AB23A F AC23A I M B AL T 0.10%.
2 HR [ 24 30) 7 R0 AR AT BT VS AR O AT
HllE, W13 AB23A &% 84 0.141%, AC23A & & A
0.016%, 3 K8 N 0.157%, 774 25 $ihr e . ARHF 7T
il £ S B HR BGH AL, I D e 4 3 RS =k
AB23A.AC23A.AB.AA (Bl 1) & &, 40508 11.22,
2.10.7.08.3.57 mg-g’, 4 Ff =i S S E N 23.97 mgg'; F
RGBS LK BB A3 B K SERGH AL, H 35 =ik 2
EAK, 4 Ff =15 AB23A.AC23A.AB.AA 435°40.00-
0.01.0.00.0.00 mg-g", 4 Ff =i & & E40.01 mg-g's
2 F5XEBDLIFSH/ R RG

DARH 56 25 305 5 /0 R4 4k b, VRAN B 5 AN [F)
& UL 0 4 4R A6 10 2B AR (BT 2A). 2% 3
BRUT RIS, A 9T B ) S B A G AL L K 3R B AL
HUFNR NN 1.6 gkg' T HEAEZFIEL10 gkg!, 7
B 4Bl =5 1 45 2555 B N 38.35 mgkg!) F14.0 gkg!
(Fr & EZ & 10 gkg', I16 4 Fh =5 45 24577 &4
0.04 mg-kg")o X &4/ AT ELY) F HE 4%
1, (K 2B) F1 Masson 4 & (5] 2C), 7] W %% £] Sham 41
/I BROF /)N T 5 K6 3 BT, 40 T A 6 R L T AR E R
BDL 41/)> B 4 23 AT L B S5 £ 200 Jf 38 B0 R0 HE A AS 5
T AR AR L 2H 23 S5 R R AR BRI L & IR 55, HLHF
I R JER 2T 44 6 44 K e AR DR R A A B T KX
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Y5 2 AL 1) S TR BE T 80 28R AT WE 4R 24,
EE %5 245 40 05035 JH I 45 09 100 280 R B i 2

BDL 2H /)5 B IfiL 35 AT o) & 48 A5 (L3 ALT #& /1 5%
Sham 207} 5 10.2 1% (P < 0.001), WE F1 EE 45 25 40 #4) fig
AN [F) F2 B2 b B A BDL /) BRU L3 ALT 3% /7, H+ EE4H
/N BRI ALT 3% 7% BDL 4 & 2 K B& 35.0% (P <
0.05, ¥ 2D); itk 41, BDL 4/ B IfiL 3 ASTALP.GGT
1% 71 % TBA ¥ &4 Sham 4173 il 2. 3 5 10.0 % (P <
0.001)-11.9 % (P <0.001)-2.80 1% (P <0.001) 2 47.1 %
(P <0.001), WE Fil EE 45 25 41 /)N iR DA b b e A 441
Py B B BEAR, WE 45 25 4/ Bl ASTVALP.GGT i /1 &
TBA % & [ v BDL 41 (1) 48.0% (P < 0.05). 91.1%-
71.4% (P < 0.01) } 63.5% (P < 0.05), EE #3245 4 /) &,

A

Day 1
BDL

@ HE

Masson

AST.ALP.GGT i 71 K TBA % &[4y BDL 2 11 40.0%
(P < 0.01). 71.6% (P < 0.05) 55.3% (P < 0.001) }%
49.0% (P<0.01).

B2 e & /N RN a-SMA & R IE
KF (B12E) FTHYP & & (K1 2F), B3 41 /)N B 41 28
a-SMA & [ i &% Sham 41 7F = 1.9 4% (P < 0.001),
HYP & & % Sham 41 F 5 1.7 % (P < 0.01); WE fil EE
BN R a-SMA FE [ R IK KBS Y 4 3 i B BE
i, BE 45 Z5 40 /N ORF I 9 HY' P & & e 7 24 1 3% %
% 28.3% (P < 0.05). M4k, Geit 5%/ BT £F 4E 4L [X
WO AR (B 2G), B2 20 /N BRI £F 4 4K 1X 38T AR
15.9%, WE A1 EE 2H /)y B 25 2 A4 X 38 1 #1240 0l B A
13.0% (P < 0.01)8.5% (P < 0.001).

Day 11- Day 17
Drug administration
(once a day, p.o.)

Day 18
Sacrifice
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Figure 2 Water extract (WE) and ethanol extract (EE) of Alismatis Rhizoma improve bile duct ligation (BDL)-induced liver injury and
fibrosis in mice. A: Mice were orally treated with WE (4.0 g-kg", equals to 10 g crude drug-kg") and EE (1.6 g-kg", equals to 10 g crude
drug-kg™") respectively for 7 days (once a day) after BDL (n = 8); B: Typical images of HE staining of the liver tissues; C: Typical images of

Massion staining of the liver tissues. The bar in B and C is 200 pm; D: Levels of alanine aminotransferase (ALT), aspartate aminotransferase

(AST), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), and total bile acids (TBA) in serum (n = 8); E: The protein levels of

a-SMA in liver tissues (n = 5); F: The content of hydroxyproline (HYP) in liver tissue (n = 8); G: Fibrotic area (n = 6). x £ 5.
P <0.001 vs Sham group; “P < 0.05,”P < 0.01, *P < 0.001 vs BDL group

ok

P <0.01,
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R UL SR, FETE B KB B A 2 RE o
BDL 7 31/ R 274k, B R HEHGHAL I 25 80 4
3 FEEREEMIX%E BDLIFS /MR IRGHE-
e

35 2 AN [R] ) & RS B AR AL (0.410.8,
1.6 g'kg, 73 AT & £ 25 ) B 2.5.5.0.10 gkg?)
3% BDL i 3/ R MR- &R . S5 R BoR,
DA b 5705 1f) EE 35 AT DAAS [A] 72 FE i 25035 BDL 5 3 11/
BT 453473, 2% fi% BDL 75 3 (1 /) B 48 B PR B8 4 ofi
RYERIESE (BI3A), 358 R90b BT A 5 iR & 2F
e T AL (B 3B). M4h, EE & A f£ 4K BDL /) i 1L i
ALT.AST.ALP.GGT i /] J¢ TBIL.TBA % & (& 3C),
DT ZUHYP & & () 3D), AR AT 4F e L br &4
a-Sma- Col3al~ Collal [fJ mRNA £ IA/K-F (K 3E), &

7 & EE X} i J& Col3al Collal mRNA ik /K ) %
IR (AL 10.1%..8.4%)
4 F5EEREERMIXS BDL IE S8 AT 45 /)N R AB IR
R EE EREY S0

ML P F R R A T e A2 5 % 2B
R IL [FARFAE, S KPR BRI B R a5l R — &S 1
T BB L, of AT A0 1R R A R R A SR BRI AR D
55 Sham 41 /)N B He %8, BDL B 2Y 26 /)N 5L 375 AH 71 B AR
RS AR TR AR AL (K 4). BDL /NSRS A Y
o -MCA. f-MCA. w -MCA. tauro- o -muricholic acid
(T-a-MCA). tauro-fS-muricholic acid (T-p-MCA). tauro-
w-muricholic acid (T-wo-MCA). glycocholic acid (GCA).
glycochenodeoxycholic acid (GCDCA). glycohyodeoxy-
cholic acid (GHDCA). taurocholate acid (TCA). tauro-
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Figure 3 Dose effect of EE in improving BDL-induced liver injury in mice. Mice were orally treated with EE (0.4. 0.8, 1.6 g-kg")

respectively for 7 days (once a day) after BDL. A: Typical images of HE staining of the liver tissues; B: Typical images of Massion staining
of the liver tissues. The bar in A and B is 200 um; C: Levels of ALT, AST, ALP, GGT, TBIL, and TBA in serum; D: The content of HYP in
liver tissue; E: Hepatic mRNA expressions of a-Sma, Col3al, and Collal. n = 8 (A-D), and 5 (E), x 5. "P < 0.05, ""P < 0.001 vs Sham

group; "P < 0.05,"P < 0.01, *P < 0.001 vs BDL group



+ 1460 -

24% %4k Acta Pharmaceutica Sinica 2025, 60(5): 1454-1463

lithocholic acid (TLCA). taurohyodeoxycholic acid
(THDCA). tauroursodeoxycholic acid (TUDCA). tauro-
chenodeoxycholic acid (TCDCA) /K *F ¥ 3 Tt &1, CA.
lithocholic acid (LCA). taurodeoxycholic acid (TDCA).
UDCA.CDCA.HDCA 7 & & & K (B 4A); BDL %
AL ZH 37 b 3 EEE TR ) 2 & Sham A Ty (&
4B), % VT B AHX B 4 & & A I R (K 40).
M R, BE % 25 4/ BRI i T-B-MCA . GCA.
GCDCA.LCA.TCA.TDCA.TLCA.TUDCA.UDCA.
CDCA /K5 B &2 [B] 8 ; 3= BERH VR I 5 B s PRI

ik — 25 e 20/ U IR A R R 1 5 & (181 5).
55 Sham 41 L, /N BUHJIE N T-B-MCA . T-0-MCA
GHDCA.GUDCA.TCA.TUDCA.TCDCA /K V- & 2%
T+ %, a-MCA.-MCA.w-MCA.CA.GCA.GCDCA.
TDCA.THDCA.UDCA.CDCA . .HDCA /K- & 3 (£
(E5A). EE45 254 /N E N T--MCA . T-0-MCA .
GHDCA.TCA.TLCA.TUDCA /KF & 2[5 . 14k,
BDL B A SRR & =39 n (&1 5B), 7 BE
% 7E FF IR R BE 45 25 40 /F 9 S B v R &5 = 8 BDL
H % 22.6%~45.2% (K 5C).

PL 45 B2 81, EE AT L 5 BDL i S 19T #5455
/N BB B AR 25, R ARV AR

A

5 FEEzHE EUVERALXT PR B X 5 X I B F B S0

W g BB R A% 2 AR 7% Je e X % 4& (farnesoid X
receptor, FXR) A¢ T L L ] ) mRNA ik 7K (&
6A). BDL #5521 /)N B E Foor () mRNA 3% 7K F
9 Sham #H 1] 25% (P < 0.001), /A [7] 7 & EE 45 25 41 Fxr
(') mRNA ik 7K ¥ 15 % BDL 41 &2 % J} % . BDL B %Y
Mo B E N = AR £ B (small heterodimer
partner, SHP) [ mRNA & A& 7K ~F % 24 Sham 4 1] 62%
(P <0.01), AN[FIF & EE %5 25 4H Shp ) mRNA %35 7K
Y BDL 20 5 3% Tt . b4k, BDL ZH /) B 5 BV IR
B % B g IR [ B 7- $2 46 B8 (cholesterol 7-alpha
hydroxylase, CYP7A1) ] mRNA 3 ik 7K - 4 % Sham
Tt 4.1 6% (P <0.001), BE 45 24 2 H 3835 24 % BDL
HIZE T F%. BDL 4/ BUH #4022 (bile salt export
pump, BSEP) i mRNA 7K~ %¢ Sham 44 A Fr &K, 11
EE 45 2 fa H R AT AR F . DA R4 R R
7, BDL 5 5 21 4E Ak /)N R IE v B8 A8 AH O R 1 32
BI85 2 FE R, TPV I OGS A mT BAUR 55 IE Y FXR
JIC U AL R, s IH YRR I G i s, TR E
JE TR PR A B D e .

D' B I AR T ik DR SI2 50 5% BH VAR T I 4 B A
4 F V5 = AB23A. AB.AALAC23A (10 pmol-L")

[ Sham Hl BDL EH BDL+04EE = BDL+0.8EE 3 BDL+1.6EE
100000
-
#* * 4
- 10000 .
- #
E
& 1000 &
~ * - kR
5 100~ % - -
s Aok ook
@ # # # ook
= 10— .
g **t”n sokok # #
m 14
0.1- [ I |
P T T L oW Y W P AW O Y oW G S G
FFFF I CFIFFSFTSS
S ¢ & &,f\ &f\&,f & & @ L OL YO
s a-MCA
B BAs in serum C W S-MCA
Lo 80000~ 100 = o-MCA
= s T-a-MCA
| = T-A-MCA
e\\° 80 . T-0-MCA
0.5 ~ 60000 CA
5 5
E 3 GCA
| b=l £ 60 W GCDCA
i 3
[ 0 £ 40000 % = GHDCA
5 -g GUDCA
z 2 404 LCA
Z ° = TCA
05 2 20000 k] == TDCA
- & 204 TLCA
. THDCA
_ TUDCA
-1.0 0-l== 0
S & & & &S S &G & repea
&
%Q‘b %9 ?‘Q/ ?a((' ‘PQ) %\(p Q)O Pfo ,?:0 'b‘o ‘%gb Q,Q Pfo ?o@ 'Q) == UDCA
KR R R CDCA
PP PP SEP HDCA
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