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FEE AR AR T & g B P g AR W (pyrrolizidine alkaloid, PA) )t %25 2 5 S0 H s bR AT 52 BH 28 22 & 1iE
(hepatic sinusoidal obstruction syndrome, HSOS) 1] 3= 22 Jii K], FI| J& 771 & H a0 I /K 76 J7 PA ZL HSOS I # FH Zi¥ 2
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26 P R 2 KR S S WG B R A S v (ibHES PZSHUTCM220808017), 7 & S2 36 s M AE B G HITE . /N B
FYHE E T BRI (50 mg-kg!) M (SEN A1), 3% AB23A (40 mg-kg") T4l (AB23A+SEN 41). i&75%F 41 (Ctrl
2H) F1 AB23A X2 (AB23A 4). 25 3R B, AB23A ] B 2 P T H SR a0 S v 0 493 /0 BRI I Sh e A= L Fe A
KT, 2% AR JET 400 P ] B B0 T S 908 o 5995 IR A8 5 oAb, AB23A IR AT 25038 /0 RIS B ThAkdR Ax, oot T ot
PR PRV TR D LA PR IR 3R 8L, I BT EE A B AR = i) o o E— 2500 5 /DN BROKSP i 3 B A DR B
AT mRNA [ 15, AB23A 0] B % i BL G s A% 54 41 /) B3 /KO8 % 25 1 2 (aquaporin-2, AQP2). L& HE ik & 11 1 5%
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Abstract: Misuse of pyrrolizidine alkaloid (PA)-containing herbs is the major cause of hepatic sinusoidal
obstruction syndrome (HSOS) in China. And diuretics are among the most commonly used medications for the
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treatment of PA-induced HSOS in clinical practice. As a traditional diuretic in traditional Chinese medicine, the
diuretic mechanism of Alismatis Rhizoma (AR) has not been fully clarified, and there is no report on AR
ameliorating PA-induced HSOS from a diuretic point of view. Therefore, this study aims to investigate the
therapeutic potential of alisol B 23-acetate (AB23A) against acute liver injury induced by senecionine
(a representative toxic PA) in mice, and to further elucidate its effect on impaired water-liquid balance in mice
exposed to PA. All experiments were approved by the Animal Research Committee of Shanghai University of
Traditional Chinese Medicine (Registration number: PZSHUTCM220808017). Animal welfare and the animal
experimental protocols were strictly consistent with related ethics regulations of Shanghai University of Traditional
Chinese Medicine. Model of mice was induced by a single oral exposure of senecioine (50 mg-kg") (SEN group),
and AB23A (40 mg-kg") intervention group (AB23A+SEN group), solvent control group (Ctrl group) and AB23A
control group (AB23A group) were set up. The results showed that AB23A could significantly attenuate the levels
of serum biochemical indices of liver functions in senecioine-induced acute liver injury mice, as evident by
alleviated hepatocyte necrosis and hepatic sinusoidal stasis. AB23A also improved kidney function of mice
exposed to senecionine, fascinated urinary excretion and repaired electrolyte disorders, as well as decreased content
of senecioine metabolites. Further, the protein and mRNA expression of genes related to the water balance pathway
were measured. AB23A could significantly down-regulate the elevated protein and mRNA expression levels of
aquaporin 2 (AQP2) and angiotensin II type 1 receptor, and inhibit the transport of AQP2 to the apical plasma
membrane induced by senecionine exposure. AB23A also significantly decreased serum levels of angiotensin II. In
vitro studies further confirmed that AB23A regulates AQP2 expression in renal inner medullary collecting duct
cells 3 (IMCD3). These data indicate that AB23A regulates the expression of AQP2 in renal medulla, thereby
affecting its water reabsorption in mice with senecionine-induced acute liver injury. This work achieves a better
understanding of the diuretic effect of AR, and provides experimental foundation and theoretical basis for the
treatment of PA-induced acute liver injury by AR in clinics.
Key words: alisol B 23-acetate; pyrrolizidine alkaloid; aquaporin 2; diuretic; water-liquid balance
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HmE5i7 T B 6 (senecionine, SEN) (#t
“5: PRF8101624) W [ B8 B VL BHE T KGR A A,
gl KT 98%. AB23A (#it5: MUST-21030408) 14 H
PR 2 BRI R A IR AR, i KT 98%. B
#: % ¥ (alanine aminotransferase, ALT) 7% 77 i i3 771
B (P59 C009-2-1) 5 B4 Ziff (aspartate aminotrans-
ferase, AST) ¥& /7 MR & (T8 % : C010-2-1). & fH
7R (total bile acids, TBA) & &l Rk 7 & (57 5
E003-2-1). i 4k 3 BZ B (alkaline phosphatase, ALP) i
J1 00 5 ) B (1R 5 A059-2-2). UL BT (creatinine,
CREA) & & Ml il F) & (75 Co11-2-1). JR & &
(blood urea nitrogen, BUN) & & Ml i ik 7 & (T 5 :
C013-2-1) ¥ B re 58 g A=) LR T .

SCISENM  SPF 2% M 1% €57 BL/6T /N L (8 J %,
PR 20 +2 g) I F g 3 v S50 S A BR 5T 4E A A
[AF&IES: SCXK (U7) 2022-0004], F 3% T _Eifg R B2 24
KESLIG SO [BFIES: SCXK (I7) 2020-0009],
TR R 26 A W 20 + 2 °C, AR 55% + 5%, = N &
NI AT 12~ 18 YR, 12 W B/ E PR, E A
VIRIK . SERE Jr R4 il b R 25 K5 se 50 sh W ie
PR B e ttvE (b dE S PZSHUTCM220808017), iy
S5 35 A o RE ZN WA A AN A B 5 U EAT

HMECH]  AREUE & 1T BOR, BT 5% 3
BRIV, IO 1 mol L & A AL AR VR 757 pH 22 6~7,
FEAAEF KA E 2 S megmL”, 4525558 4 50 mgkg '
FREUIE & 1) AB23A, W 2 J5, FH 0.5% CMC-Na iR &
4 mg-mL", 45 2575 N 40 mg-kg's

FHISEI  SEIHWIE MY TE T R, BENL T N
44, R 8 K, 3l NI I A (Cerl 4) 1 A 20
(SEN 41).AB23A T2l (AB23A+SEN 41).AB23A %}
HEZH (AB23AZH). 252570 IO AT - 25 & 8 h, H HHIX
Ko AR PR ZH A 5T, SEN 4 ik #E H SEN
50 mgkg'; AB23A+SENZH%: H 452 AB23A (40 mgkg™),
B85S R, TRIRGZ)JEHEE SEN (50 mgkg ") 4% Ctrl
A AB23A 4143 HIVE B 25 VA AR AB23A (40 mgkg').
/N R T SEN GBS 4 B T S AR R, il
SEIERE 24 h N ISR IL R BAER AR . /N R BL SR 36
Jot R4 PR R AL, WACER I I . A I T 2R T
B 2h,4°C.4 000 r-min” &0 10 min, 435 1175 ; BN
BUFFIE B KA 1 em x1 em & 4% 2 BHEE T, KA
JFF I DA G 5 5 AR A7 T - 80 °C; HL/IN &R [7] Ml ' ik 42
ZUE T 4% 2 R PR, H A BT DL R R 5 DR AF

F-80 °C.
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(10099-141C, 3 H Gibco A #]) f 1% X471 '] DMEM/
F12 15 72 5 (PWL005, K% A ARG IR A 7)),
FFR M NE 5% CO, I 37 CCREFRAE AN % . AR
Bl — IR, 4l % T IA 31 80% ~90% B A& AR, 1 £ 4t
R KM AN AT S50 . SIEEG 43 B Ctrl 4 . SEN 41
(1 mmol-L™")vAB23A (10 umol-L") + SEN (1 mmol-L™")
41 . AB23A (20 pmol-L") + SEN (1 mmol-L") 4 .
AB23A (20 pmol-L"y 4, F2H 3 N E fL. K IMCD3 41
=V LR T 2 10° N B e Fh T 6 FLAR P . 4544
24 hJE, WA .
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REFE bR (ALTVE JJ ASTIE /). TBA & & ALP if /1) X
1375 B T RE 46 b5 (CREA & & .BUN & ). K £ I
& W ¥r 1¢ (VARIOSKAN FLASH, % [ Thermo
Scientific 24 &) 1 HL &M JE (optical density, OD) fH,
MR HEr v #2815 ALT.AST.TBA .ALP.BUN.CREA
(Ko BUR LA B 3 A4 SR IR Na®  JR KL R
Cl /KF.

JEEE B IR 2 2R DL 4% 22 5% FRRE ] 52 24 h 5, Ak sk
A7 WK B3R ) L 95 R - AL (hematoxylin-eosin,
HE) Ju 8 ZEEMi /K H 2RI B W IS [, T2
e TSR A SRR RER A .

FEXWERRFMEEMNE SH CIRITE)
K FH LC-MS A 3 /I BRI R I SR T B B8 A
FERUYIH & & X8 H A Shimadzu CBM-30 A
e RO 3% 2 4, % 452 55 B ABSCIEX QTRAP6500
JRE R4, K 2 KV (multiple reaction monitoring,
MRM) i 203 A7 8 9 . €83+ v ACQUITY UPLC
HSS T34 (2.1 mm x 100 mm, 1.8 pm); i shAH N 0.1%
HIRAK- . &Y BRI & 7 8 i 55 5 o8
SEN: 336.2 > 120.2 (& & & 1 %), 336.2 > 138.2 (GE
&7, T B E E ALY (SENNO): 352.2 > 120.2
(GEBEE X, 352.2 > 138.2 (GEME 1) T H b
$2 4k 77 %) (SENOH): 352.2 > 120.2 (7€ & & 1 &),
3522 > 138.2 (EM & T X); BT EH AR (N FR): 326.2 >
120.2 (GE 20 HT), 326.2 > 138.2 (GE 1t B 7 X); ik —
T E &Y (PPAs): 3412 > 2522 (& B B 1 %),
341.2>296.2 (GEMEE FXT).

MEZRRUEENE SHREHACELWT
PR LC-MS R R W i i Rl Bk R 1
(angiotensin II, Ang 1) ] & & . LA Waters Acquity
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HSS T3 # (2.1 mm x 100 mm, 1.8 um) a7 5, i
BNAHNE 0.1% KW (5 5 mmol L' 1R #%)- 4
JiE . K F MRM il & B A o Ang 115 &, 1600 2 118
T AH: 523.9>263.1,

WER-BEABEXARNSHT 10 mg/MR'E
HLIFEAR B AR A, DL RNAfast 2000 = RNA H 3 Hil
Pl & (220011, RifE RAELEE ARG R A A F2E
S RNA, BU 1 pg & RNA A Prime Script RT Master Mix
W& (AG11706, W1 FG 3R s A Y RH A BR A 7)) #%
3% N cDNA. f# H] SYBR Premix Ex Taq it 7 &
(AG11718, 1 g B} A R A FRA &) 34T 52
2¢ 6 PCR K I H (1) 5 [A (1) mRNA £k K F. LA
F N Gapdh N2 I8, L 22T V540 M H bR 3 R AR
Xk &, Cal A 1, SIFFI LR 1.

Table 1 The primer sequences for RT-PCR. Gapdh: Glyceraldehyde-
3-phosphate  dehydrogenase; Agp2: Aquaporin 2; Angptl:
Angiopoietin 1; Angpt2: Angiopoietin 2; Agtrla: Angiotensin II

receptor, type la

Gene name Primer Sequence (5' to 3"

Gapdh Forward GGC CGA GAATGG GAA GCT TGT
Reverse ACA TAC TCA GCA CCG GCC TCA

Agp2 Forward ATG TGG GAA CTC CGG TCC ATA
Reverse ACG GCAATC TGGAGCACAG

Angptl Forward GGT GCT CTG CCA GTA TTA GAA
Reverse TGA CAT AAC CAC TTG CTG CT

Angpt2 Forward GCT GTG ATG ATA GAG ATT GGA
Reverse GAG TCT TGT CGT CTG GTTTAG T

Agtrla Forward AACAGC TTG GTG GTG ATC GTC
Reverse CAT AGC GGT ATA GAC AGC CCA

EARBEVRSM I 10 mg /) i E H R AR EL

R AREAS, N & A & B ) 71 (64155900, £
Roche 2 #) [#) RIPA 2 f# ¥ (89901, 3 [ Thermo
Scientific 24 #]), 4 °C 7¢ 4 B %, 10 000 r-min” & O
10 min, B _Ei&E W . F BCA & [l & R 57 & (2102,
MR EEYREARA ) WEEAKE. EA%
PEJG, B 20 pg 8 T AL A S B A A H A 2
o LLNZE [ f-actin NS R, 15 H 15 H A X
xKiLzE. BEAAZEOD—PIELEWT: IERKER
II 1 B 52 & (angiotensin II type 1 receptor, AT1R) Fi &
(it 5 : ab9391, J& [F Abcam 2 7]); /K iH # & A 2
(aquaporin-2, AQP2) Hifk (L5 : A16209, KL Z 1
SEAEMI R A TR A F)); Ang THIME (G5 ab95230, &
Abcam A 7]); B-actin L& (L5 4970s, 3£ [H Cell
Signaling Technology A 7))

REBELUFLEE RAHAMSEHNAEYEREREA-
R SE ALY B E A5 AT B A S Yt . — BN
AQP2 % % w B Pk (35 A16209, RN 5 18 72 70 4k

YIRHS A BRA A, Bk 1:200; —HUNAED EArL
12 90/ B/ 1gG B &9 (L5 k5007, F+ 22 Dako
YNGR

FIrFE SR LRHIE R + 5 T+ )
% 7~ , GraphPad Prism 8.0 (GraphPad Software, San
Diego, CA) B A T Gu it 4 #r, PR 2H 18] LA 2 IE 7S
I3 A0 K S BOR 50 30 AT 22 7 4 i, 22 AL TR) LU ABCR F o
K2 5 Z 50 A, 5 P < 0.05 MR8 2 54 St & L

ER
1 EEZ=i5 AB23A KT Em R 2 MR G

SEN 1 AB23A fb 5 25/ 1 1A 7 - Ctrl /)
S PFF I FHF 240 i 21 28 55, FF 40 i D Hp e i ik Oy R0 B
TEPIR AT HES; SEN BRI ZH (50 mg-kg™) /I AT 52 )
1A B S R I, P 4 g [ 1 DR B, 5 A IR % 5
36 I8 A AU, 5B A A Lk B, AB23A T T4
(AB23A+SEN) /)N i 5234 10 T 41 B PR 28 25 45145 4 15
P B %@ (K 1B). SEN % % 4 ALT.AST. TBA.
ALP S8 2 Al B B ot i, 584 i, AB23A T
41 ALT.AST.TBA.ALP ¥J & 35 B A% (2 5l FEAK 4
70.6%-+50.2%-51.4%.37.2%) (K 1C).

PPAs 72 PAs ZUHF 45 15 I K7 3 PR AR U AR 4112
H5E 2 2 /I BRI T7 0 P A A RS U 31 K & PPAs, AB23A T
THZH M7 BE A PPAs & SR T 41 35 B 3 T B (4
AR 2 25.7%21.8%) (B 1D). DL &5 ¥R a5
75 = s AB23A W] & fi T B s RT3 . 55
FI 20 L3, AB23A X6 HEZH /N BRUAT A9 < JFF 75 28 2 It 3
ALT.AST.TBA.ALP ¥ K F I Hi 0] & 57 .

2 GFEZEAB23A E T BMARE )RR PR HERL
=R RBEBRELL

525 (41 B ER B, SEN R 41 /N 5B 4H 4
BRI E R (B 24), 183 JRHE K E B 8 kb
(B A% 50.6%) (K 2B). Bt 4k, SEN 5 8 4 ifi i 1 11
BUN. CREA 7K “F ¥ & 3& 3 n (43 7 38 n 27.7%-
25.0%) (E12C), HJREH 1 Na' \CIk FE 235 T 1% (B
2D), K B SEN Al & i /) bR VR HE it 2L, 51 Na'fE
ANERAR I B L ERL AR R 2K 8L . 1T AB23A T 4L/ RUR
TR R B A AR 4 25 1A, IfiL i BUNLCREA 7K P&
S JH K, BRI Na™ s CIK FE 32 2 (5]
. 5 E4 R, AB23A XFIEZH /N BRI B 223 AN
PRIEHEME 5 (1) B 2 A8 4k, 1jE BUNLCREA % JR Hfif
WRE YR LB B o R IR R B AR IR PR PA 3K
HSOS {1 HIRIT 23 2 —U, FEV5 =i gl
FES OR)IR B B2 iR DL BEE R R,
AB23A 7] LAt SEN 3& B /)N BRUPRVBCHE HE gk /L AL A
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Figure 1 Alisol B 23-acetate (AB23A) treatment attenuates senecionine (SEN)-induced liver injury in mice. Mice were orally treated with
AB23A (40 mg-kg") 5 days before SEN treatment (50 mg-kg"), and sacrificed 24 h after SEN administration. A: Chemical structures of

SEN and AB23A; B: HE staining of the liver tissues. Black star indicates hepatic sinusoidal stasis and black arrow indicates hepatocyte

necrosis. The bar is 100 pm and the magnifying bar is 50 pum; C: Serum levels of alanine aminotransferase (ALT), aspartate

aminotransferase (AST), total bile acids (TBA) and alkaline phosphatase (ALP); D: Concentration of pyrrole-protein adducts (PPAs) in

Ak

serum and liver tissues. n =8, ¥+ 5. ‘P <0.05, "P<0.01,

HL AT 25 L o
3 EEZNEAB23APRR T B MR E /R S At K PR
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PAs = ZL7E T IE AR, A= il PPAs 33 17 5 & B8 1 o
T2 TSI AT 3 B B T IR T A A8, L i
2B AN BB AFAE — 5 (1 PPAS™ . AW 74 T/ B
B 4L 23 PPAs & B, K I AB23A T T 4L/ i 41
2k PPAs & B A A 24 I8 38 AR (PR A 42.3%) (K

P <0.001 vs Ctrl group; “P < 0.05, P < 0.001 vs SEN group

3A). MEAh, TE PRI ORI 2] SEN J5 A1 K . 3= AR i
) SENNO Il SENOH (& 3B), Xf = # #4752 B0 #7,
RIS BRI i, AB23A T F4L/N BRUK W H SEN K
SENOH [PJHEH &3 2 2 B (9 A F#1% 60.1%-37.8%),
S RHE PO 60.9% (P < 0.01).
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Figure 2 AB23A treatment promotes the excretion of urinary and impairs the electrolyte balance in mice exposed to SEN. A: HE staining

of the kidney tissues. The bar is 100 um; B: Total volume of urine; C: Serum activities of blood urea nitrogen (BUN) and creatinine

(CREA); D: Urine concentration of K, Na*, and CI. n=8,x+s. "P<0.01,
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P <0.001 vs Ctrl group; *P < 0.05, “P < 0.01, **P < 0.001 vs

SEN group
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Figure 3 AB23A treatment decreases the concentration of SEN and its metabolites in kidney and urine of mice. A: Concentration of PPAs
in kidney tissues; B: Urine secretion of SEN and its metabolites. n = 8, ¥ + 5. "P < 0.05, P < 0.01, *P < 0.001 vs SEN group. SENNO:

Senecionine N-oxide; SENOH: Senecionine hydroxylate

RGNS A B R T K o R R [R] A BE Lk
R A /N 53 F- B35 B, 75 P15 PRI P2 VR 4% 1)
TR AR T R S T I S R A . B VEPA Y
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Figure 4

AB23A treatment influences the expression and localization of AQP2 protein in mice exposed to SEN. A: The protein

expressions of AQP2 in kidney tissues (n = 6); B: The relative mRNA expression of Agp2 gene in kidney tissues (n = 8); C:

Immunohistochemical staining of AQP2 in kidney tissues. The bar is 50 um and the magnifying bar is 25 pm. Black arrow indicates the

AQP2 protein positive cells. AQP2 expression was detected in principal cells in the collecting ducts, and labeling was much stronger in SEN-

induced hepatotoxicity mice; labeling was much weaker in AB23A+SEN. X 5. "P < 0.05, "P < 0.01 vs Ctrl group; “P < 0.05, P < 0.001 vs

SEN group
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Figure 5 AB23A treatment regulates the water balance pathway modulated by AQP2 in mice and IMCD3 cells. A: The protein expression

levels of angiotensin I (Ang I) and angiotensin II type 1 receptor (AT1R) in kidney tissues (n = 6); B: Serum concentration of angiotensin II

(Ang II) (n = 8); C: The mRNA expression levels of Angptl, Angpt2, and Agtrla in kidney tissues (n = 8); D: The mRNA expression levels
of Agp2 and Agtria in IMCD3 cells; E: The protein expression levels of AQP2 in IMCD3 cells. IMCD3 cells were incubated with SEN
(1 mmol-L™") or co-treated with AB23A (10 and 20 pmol-L") and SEN (1 mmol-L") for 24 h. Three independent experiments were

performed. ¥+ 5. P <0.05, "P<0.01,"
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