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The protective effects and mechanism of Alismatis Rhizoma
extracts against senecionine-induced acute liver injury in mice
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Abstract: Drug-induced liver injury and herbal preparations containing pyrrolizidine alkaloid (PA) have
gained global attention. The purpose of this research was to investigate the effects and mechanisms of Alismatis
Rhizoma, a traditional Chinese medicine, to protect against acute liver injury in mice induced by senecionine
(SEN), a representative toxic PA compound. All experiments were approved by the Animal Research Committee of
Shanghai University of Traditional Chinese Medicine. Animal welfare and the animal experimental protocols were
strictly consistent with related ethics regulations of Shanghai University of Traditional Chinese Medicine. Acute
liver injury was induced by a single intragastric administration of SEN (50 mg-kg*). Mice in the protection groups
received intragastric administration of Alismatis Rhizoma water extract (WE, 18 g-kg™ per day) or ethanol extract
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(EE, 18 g-kg™ per day) 5 days before SEN treatment. The results show that Alismatis Rhizoma extracts can signifi-
cantly attenuate acute liver injury in mice. Mice in the protection groups showed decreased serum activities of
alanine aminotransferase and aspartate aminotransferase, as well as decreased total bile acids. In addition, the
infiltration of inflammatory cells, sinusoidal hemorrhage, and hepatic necrosis in SEN-treatment mice was clearly
attenuated in the protection groups. Interestingly, EE showed a better effect than WE. The content of principal bile
acids in serum and the mRNA and protein expression of key factors related to bile acid metabolism were also
measured. Alismatis Rhizoma up-regulated the bile acid transporters and drug metabolism enzymes, consistent
with the observed bile acid homeostasis and alleviation of SEN-induced injury to hepatocytes. The present study
points to the possibility of utilizing Alismatis Rhizoma for protection against liver injury caused by drugs and

preparations containing PA.

Key words: Alismatis Rhizoma; bile acid; pyrrolizidine alkaloid; senecionine; herbal drug-induced liver injury
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Figure 1 Chemical structures of alisol B 23-acetate and senecionine

Alisol B 23-acetate
(AB23A)



FELICAE: RS /KPR I et FL R R0/ BRSO I 4 49 1 4 FH 5 L Al 5 5 - 825 -
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10 A . SEN DL 5% £k 2 /K 3 WV i, 01 mol- L&A
A5 % pH 6.5, Bl i &R FE N 2.5 mg-mLt )%
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VS SR B (0 7B 18 g-kg?t, BRI 4Ly Sl H —
WRHE H WE (18 g-kg ) Bk EE (18 g-kg?), #4445 255 K
Je, T2 6 H S RHE B 45 2 SEN (50 mg-kgt); 25 A4
HE B SRR AR K. e fEd, MR E BRI
KRB RIRG 2524 h )5, DU R BRI /N B,
FIFFALL
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M35 A EEE RV R & &, 45 HER (cholic acid, CA).a-
B (a-muricholic acid, a-MCA). 5-MCA.»-MCA.
% i %0 IH #R (chenodeoxycholic acid, CDCA). fii % AH
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Table 1 Primer sequences. Gapdh: Glyceraldehyde-3-phosphate dehydrogenase; Fxr: Farnesoid X receptor; Shp: Small heterodimer partner;

Cyp7al: Cholesterol 7a-hydroxylase; Cyp8bl: Cytochrome P450 family 8 subfamily B member 1; Cyp27al: Cytochrome P450 family 27

subfamily A member 1; Mrp2: Multidrug resistance-associated protein 2; Bsep: Bile salt export pump; Cyp3all: Cytochrome P450, family 3,

subfamily a, polypeptide 11; Cyp3a25: Cytochrome P450, family 3, subfamily a, polypeptide 25; Cyp2b10: Cytochrome P450, family 2,

subfamily b, polypeptide 10

Gene name Forward (5'-3") Reverse (5'-3')

Gapdh GGGAAGGTGAAGGTCGGAGT GGGGTCATTGATGGCAACA

Fxr ATGTACCAGCCTGAGAACCC CTCAGCGTGGTGATGGTTGA
Shp AACATTCCAGGCACCCTTCT GGTCACCTCAGCAAAAGCAT
Cyp7al CAAGAACCTGTACATGAGGGAC CACTTCTTCAGAGGCTGCTTTC
Cyp8bl CTGGACAAGGGTTTTGTGCC CCCGCATCCCCTTCAAGAAT
Cyp27al TGAACGAGTACCACACCAGG CATCAGACTATGGCGCAGGT
Mrp2 GGCTTTCTTTGGCTCTTGGC GACACACAACGAACACCTGC
Bsep TCTGACTCAGTGATTCTTCGCA CCCATAAACATCAGCCAGTTGT
Cyp3all ACAAACAAGCAGGGATGGAC CCCATATCGGTAGAGGAGCA
Cyp3a25 ACAAACAAGCAGGGATGGAC CCCATATCGGTAGAGGAGCA
Cyp2b10 CTCTGGCCACCATGAGAGAC TGGGATTTCCGCAGTTCCTC
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Figure 2 The protection effect of Alismatis Rhizoma water extract (WE) and ethanol extract (EE) against senecionine (SEN)-induced
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acute liver injury in mice. A: Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total bile acids (TBA);

B: Hematoxylin-eosin staining of liver tissue. n = 10, x = s. P < 0.05, “P < 0.01, ™"P < 0.001
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Figure 3 The changes of bile acids profiling in serum samples of mice. A: The contents of individual bile acids; B: The heatmap of individual
bile acids contents. C: Relative abundance of primary bile acids and secondary of bile acids; D: Relative abundance of individual bile acids;
E: Contents of total free bile acids and conjugated bile acids. n = 10, x + s. "P < 0.05, ™P < 0.01, ™P < 0.001 vs Control; *P < 0.05, *P <

0.01, #*P < 0.001 vs SEN
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4 BEHBEREESINsEEHIEfRRIE XM

oF % 2 /)5 BRI HR 25 BE R B B A0 Th R AR Ak 4R
FREAT A R T 45 R B HDCAL.GCA.TCA. T-
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Table 2 Correlation analysis of individual bile acid and serum
biochemistry parameters

. . ALT AST
Bile acid ; P ; P
HDCA 0.4020 0.030 6 0.4155 0.034 8
GCA 0.4919 0.006 7 0.357 1 0.0733
TCA 0.5138 0.004 4 0.3359 0.0934
T-f-MCA 0.5919 0.000 7 0.460 4 0.0179
T-a-MCA 0.443 2 0.016 0 0.205 7 0.3133
TCDCA 0.486 0 0.007 5 0.274 8 0.174 2
THDCA 0.469 0 0.010 3 0.359 5 0.0713
TUDCA 0.446 8 0.0151 0.2705 0.1814

Ak, 25 i BRI 18 S AU il 85 R R AH SC BRI,
+5 Mrp2. Bsep. Cyp3all. Cyp3a25. Cyp2b10 '] mRNA
FIK L) 025 AR, TS S U OR 20 v X S S [R] 1)
A ENE S, EE ORY 4H b R0 4 L DR 11 [0 34 5 Ry
2%, HEEfRY 4 Mrp2 B3 w T WE RS 4. 5 4h,
Kl 7 /N BROFFAE o MRP2.BSEP A1 CYP7AL IR B %
kK (B 5), 5 mRNA 45 R —3. DL g R,
SEN 52 M FF 43 /0N B AR BRAR U AH DG IRl 732 1) (8.
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Figure 4 Hepatic mMRNA expression levels of genes related to bile acids metabolism in mice. A: Fxr and Shp; B: Cyp7al, Cyp8bl, and
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Figure 5 Hepatic protein expression levels of multidrug resistance-associated protein 2 (MRP2), bile salt export pump (BSEP), and choles-

terol 7a-hydroxylase (CYP7AL) in mice. A: The representative images of Western blot assays; B: Statistical results of gray value of MRP2,
BSEP, and CYP7AL1 (n = 3 in control group; n = 6 in SEN, WE+SEN, and EE+SEN groups). X £ s. “P < 0.05, P < 0.01
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Jite, AT R4 SEN E0/N B4 4%

K ESCERARIE T H 25 5 5 B PR B B R
18 P BT 4547 1A O 1 FH 20221, I 5 il 46 19 o 36 V5 2
BV, 4R FHoT SEN IR A5 /N BRI RS AE T . P fd
JH 7525 STk RS SR IS DY SRR SUS PR R R 4
(ORI ) AR Y. KB4 A RE SR A 35 W] 2535 SEN AT



FELICAE: RS /KPR I et FL R R0/ BRSO I 4 49 1 4 FH 5 L Al 5 5 -+ 829

P45 /I BRI 98 PR 40 BRI i BT 32 5k R IR R . A
PO 5, VS B B4 00 25 RSB A, R AR TR A O 11 8T
TEFA B 50 . AB23A Sy [E 24 L ) 375 1) & &l g
i bR B 23, AR 4 SCHR Hik 18 AB23A 20 mg-kg! AT 4 3l
FXR F A7 2R o- 25 7 Bk S50 R T T S50 R 9 U AR 43
5, PSS B R KPR, AR 4 £ L
AB23A 7 il iE 45 R, RIS BE 5= I & AB23A 5
H#)°419.62 mg-kg?, 5 SCHREHRIE FIE A Y, HEE
W B4 T S 25 08 8 T FXR 1 33 5F A 35 R i IRV T
N 32 A4 T JHE AR AH G, K S A X E v 1R 1
fif 5 T RS, eI V5 % SEN E /N BUTE ¥ B2 AX 8 i 1
AR FH AT BE 5 AB23A X FXR BB 1E A <. 481,
KI5 A B R BRI ) SRR AL, GE B TS X SEN
SR I DR 25 3%, T8 1 e % 25 30 O E v
PR AR R I G BE, M RR E IR N AL . R,
CAAHE T8 N e hill, 76 )5 48 TAE 3k — B IR TT R A
FIEVE AR - - - OR R, — AT E &
75 F 16097 e R R YRR 5G9 05 1) BRAR il 59—
77 THI 9 PA Rl R [ e B S B IR R BRI 1 R

TEHZ TRk 22U HFTFIRE R 2 Wit s2 56, Yoo
BZ¥S VRESY IR AT LI R RE S AW YU EED
AN F W 5 85 B E0R S

FZES: TF ZE R
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