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i E: B MIEEEZME (farnesoid X receptor, FXR) -BRERILFLFEME 1E1 (sulfotransferase 1E1, SULTI1E1) IR
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W& (follicle-stimulating hormone, FSH). {R# &4 K% (luteinizing hormone, LH). H4HIAZ-6 (interleukin-6, IL-6)+
X4 BBE | (paraoxonase 1, PON1) J¢ FXR & R S vt Gy (it iU IEE #4022 (bile salt export pump, Bsep)-
% 2 25 A1 5<E H 2 (multidrug resistance protein 2, Mrp2) 1 SULTI1E1 3%k ; KH Western blotting ¥ iFiE FXR. Mrp2.
NE[EEE 7a-F24LEE (cholesterol 7o-hydroxylase, CYP7al). Bsep. SULT1El. HF&Hfig#% A ¥ 4a C(hepatocyte nuclear factor 4a,
HNF40) FIAZRF E2 #85¢HF 2 (nuclear factor erythroid-2-related factor 2, Nrf2) HEHRIE. HR T IRA L E/NRAT
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HNF4o il Nrf2 35 & % (P<0.05. 0.01. 0.001), CYP7al FERET S (P<0.01); HERLAZE FXR Hil Bsep FiA M
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Abstract: Objective To explore the potential mechanism of salt-processed Buguzhi (Psoraleae Fructus) induced gender difference
of cholestatic liver injury in mice through farnesoid X receptor (FXR)-sulfotransferase 1E1 (SULT1E1) pathway. Methods ICR

female and male mice were subjected to continuous ig of different dosages (5, 10, 20 g/kg) of salt-processed Psoraleae Fructus water
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decoction for 30 d, and chemical composition content of processed Psoraleae Fructus was detected by HPLC; Fully automated
biochemical analyzer was used to detect liver injury related indicators; Liver, spleen, kidney, lung, ovary and testis were taken and
weighed, organ index was calculated. Hematoxylin-eosin (HE) staining method was used for histopathological examination of liver.
The microscopic structure of cholestatic liver injury induced by salt-processed Psoraleae Fructus was observed by transmission
electron microscopy. ELISA was used to detect the levels of estradiol (E2), follicle stimulating hormone (FSH), luteinizing hormone
(LH), interleukin-6 (IL-6), paraoxonase 1 (PON1) and FXR in serum; The expressions of bile salt export pump (Bsep), multiple drug
resistance protein 2 (Mrp2) and SULT1ELI in liver were detected by immunofluorescence staining; Western blotting was used to detect
FXR, Mrp2, cholesterol 7a-hydroxylase (CYP7al), Bsep, SULT1EI, hepatocyte nuclear factor 4o (HNF4a) and nuclear factor E2
related factor 2 (Nrf2) protein expressions in liver. Results After the administration of salt-processed Psoraleae Fructus, liver of
mice showed significant liver cell swelling, bile duct dilation, and elevated serum biochemical indicators, with female mice showing
more severe pathological changes (P < 0.05, 0.01, 0.001). The immunofluorescence experiment showed that fluorescence intensity of
Bsep and Mrp2 in liver were significantly decreased after administration (P < 0.05, 0.001), but it was more pronounced in female mice;
The expression level of SULT1E1 was significantly reduced in liver of female mice (P < 0.001), while there was no difference in liver
of male mice. ELISA results showed a significant increase in E2, FSH and LH levels in serum of both female and male mice (P < 0.05,
0.01, 0.001), with female mice being more pronounced. Western blotting results showed that FXR, Mrp2, Bsep, SULT1E1, HNF4a
and Nrf2 expressions in liver of female mice after administration were significantly reduced (P < 0.05, 0.01, 0.001), while the
expression of CYP7al was significantly increased (P < 0.01); The expressions of FXR and Bsep in male mice were significantly
decreased after administration (P < 0.05, 0.01). Conclusion Salt-processed Psoraleae Fructus regulates the FXR-SULT1E signaling
pathway through HNF4a, reduces the key enzyme SULT1E1 for cholesterol and bile acid biosynthesis, increases the risk of cholestatic
liver injury, which may be the main reason for gender differences in liver injury.

Key words: salt-processed Psoraleae Fructus; farnesoid X receptor-sulfotransferase 1E1; hepatocyte nuclear factor 4a; cholestatic

liver injury; estrogen; gender difference
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Bsep). TiERFLFEFENE 2A1 (sulfotransferase 2A1,
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FrB st BB M, FrA ¥aIT )7 Z33E B
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1.2
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LRI RZGTY), ARAS B R 5 R 245K R A AT
B NG RHEMIANE G P corylifolia LT 1
BCAREL, FEUEFRA (Jh'5 1804058) TRAF T R
N2 L) AN
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XS ANE IE R (b5 ZN-2011166, Ji &5
$=99.0%). FAMEIRER ('S ZN-2011166, i
TE=98%) AhE IR R (5 ZN-2011137, &
380=99.0%). corylifol A (#it5 ZN-2006018, i
B 40=99.0%)4'-0-F 4T g 2 B (5 ZN-
2001251, FiE/D$=98%). #MFHEE (k5 ZN-
2001253, FRESE=98%) #MEFHET (k5 ZN-
2001251, JREDE=99.0%) #ME g — R H i
(#'5 ZN-2001251, JiE5%0=99.0%) #HithE /&
SEEE (HE5 ZN-2011137, Fidn$0=98%). #ME
JEH (b5 ZN-2011166, JFiE5%0=99.0%) F*h
HHEE (G5 ZN-2011166, JiE05=98%) ¥
A A 7] B4, 41, #E5 20065159)
MW (aigka, 4L, #5 20075136) 50 H K EH
RMER A ; FRR (fikai, 500 mL, #it5
C153320-83) MW H gz iR AR A R A A 5
WA R R IEFE £ (alanine aminotransferase, ALT)
RAl& (S 30501KUD). KA LA I N

(aspartate aminotransferase, AST) kil f (Ht5
30618IUB) . il £ i R ¥ ( alkaline phosphatase, ALP)
7 (S 30401FUB ). i IHZL % (total bilirubin,
TBIL) 7 & (L5 30810HUC) FLEAEHER (total
bileacid, TBA) {5fl& (it5 30101GUB) 4 H
AR AE R, DR FXR R & (S
02B190720). /M 4t/ %-6 (interleukin-6, IL-
6)IRF A (LS 01A120820) /)N il M — B% (estradiol,
E») lF& (5 02A160920). /)AL TN
(follicle-stimulating hormone, FSH) &7 & (Hit%s
01C230920 ) . /M i, SULTIE1 7 & (it 5
832X724744) . fE¥ifA4 K Z (luteinizing hormone,
LH) A& (S 04A160820) . Xf E MG 1
(paraoxonase 1, PON1) iffll& (#t*5 03D170920)
I H Anglegene A#; FXR Puik (JIt5 L1719).
CYP7al #if&k (Jit'5 HI1321). HNF4a $ifk (b5
H1820). SULT2A1 #ifk ({5 G1917) WHEE
Santa A 7] ; Mrp2 Hifk (k5 2927). Bsep Fifk (it
5 2928). KT E2 #HREEF 2 (nuclear factor
erythroid-2-related factor 2, Nrf2) Hiifk (L5 5814).
SULTIEL $Hifk (b5 2928). i fs-3- 1k it Sl
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
Pofk G5 9217) WWH SAB ATl AEMEFMCH
L =EHT/N R 1gG/FITC Buikiy H %5 E Abcam A 5
10% 1 = Jor B 2 BN - 5 TR s T e i 2 R e ) %
A& (k'S 035313600 M H FigHERs B 258
HIRAH] .
1.4 {58

AU680 4 HAEAX. Microfuge 22R T4 Eg
AL (ZE[E Beckman Coulter A #]); BEbnX (EE
Bio-Rad A 7]); DMIL B B 5 B (FEE K
RAFED; HT7700 2ES ¥ B8 (TEM, HA

HiAwD; BRI (L E Thermo Fisher
Scientific A ] ).
2 ik

2.1 EAEFRERSNE

211 EHAMFROA RIS BUME RIS R, Nk
IKFEST, WiE, BICHIARAN, DoCkmik, BE
FUEMFERERS, HUH, e, BRfSEhaMEHE. Eh&
i, & 100 F ek &R 2 ke

212 REXNEGIER S Rl 4-0-H1 %
AME R E . #ME R R corylifol AL #ME R —
SORHA RS AME IR T BTRME IR A R R
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B AMEIRT . RAME R, AhEEER. RAMEIR
FOTRR SIS R, FEEMOE, 20 E T 10mL &,
IINHEERZIEE, 1550 G & Tk
EREISA RS A REREF— 10 mL £
o, INHEERZIRE, SRR SR 5008 14.70,
22.15. 31.46. 14.90. 32.63. 33.81. 76.44. 237.16.
515.48. 68.21. 65.46 pg/mL KR EHW, IS,
2.1.3 SR E g RSN IR R G
457 4110 g, REHEFE, BT 250 mL R KL
W, 4K 100 mL ¥ 30 min, [FEIREEA, R
FEish 20 min, 38, 29 FEIMA4IK 80 mL, [
W, PRFERGH 20 min, JEIE, AIF 2 RIEWRL IRIE
W, EARZE 100 mL, F5%ERORGEE 1 mL, N
ANT/KZEE 1 mL, 12 000 r/min 250> 10 min, B E
JEWE 0.45 pm FFLIENEL, BPIfS.

2.1.4 (6% Kromasil Cis Bi%AE (250 mm X
4.6 mm, 5pm), WAL (A -0.1%F /K
W (B, BAFEWEML: 0~3min, 5%A; 3~15 min,
5%~15% A; 15~25 min, 15%~18% A; 25~35
min, 18%~35%A; 35~50 min, 35%~40%A; 50~
55 min, 40%~50%A; 55~70 min, 50%~100%A;
70~88 min, 100%~5%A; 88~90min, 5%A; &
FUREN 1 mL/min; #3830 C; A3 KN 254
nm; AR 10 pL.

215 ik AREREARREME LMK
FI1K5) 0.999 YA b 5% L5 RSD ¥/h T 3%,
KNG 2 B R Af s RIS RSD /8T 3%,
KHZINEEEERY: fREtkilie RSD ¥/hT
3.0%, RIPMERTIRRAE 24 h RS R I &K
I3 RINAE RIS R I LE 95%~105%, W% 7 5
ARSI

2.2 HAEREXTHE. ERMFSMHAR

22.1 HSEY AL 140 g EAMVERR, iEf%
GUELEJTERE, BB N 8 fEEKAI, 2K
hn 6 fEE/KRE, RIEERBKYESE 200 mL, #ET
W, R TR, T e sk iE e . M. M ICR
/INERBEAL Y o) BEZH AN ER B HRAG P s (5,
10. 20 g/kg) 4, XTHRA ig A2PEEE/K (10 mL/kg),
B P ig B2, 1 ud, TESE 30 dI7L,

222 FEAREE SBASH)E, DR AZIK 240,
WHEM; 55—k 24 24 h JG SR JE B kR I,
Mi% 4 CEL, 3000 r/min 250 15min, ##E 4 h,
BB T—20 CR1F. BUMSE ARG, ¥/ RIEER

HIFE, T 9:00~13: 00 B HCH FFAT . Jokg i A2 nt B
N, [EDE T 10% 2 RS, RN F
RIBA—BRN, TR A P gk, 4
AR ERARRR, PRI BN-80 CUKFE IR
e AR FEAE B AR, BEAE =, HEE
ERE R

JUE 5 6 2 = 45 B % AL/ 5 X 1000
223  MEEATEFR R SR 4 B 3 AR SR
48 MMEREAH ALT. AST. ALP 35K TBA.
TBIL % &
224 AL HARR-FL (HE) Yot B e T
10% 2 58 W R 1V v 1)/ BROFF RS AR, DJHZ) 2 mm
JREERFH LB . K. 1Rl BE. &
. U, gOSEREE, TRMEE TS, REHR
Bt
2.2.5 TEM WEHNEEME A4 B2 24
SEM AL, BN 45 55 RSN IR
i, HEEAET [ mmX 1 mmX 1 mm, FIEE
NS E W, 4 CHElE 2~4h. 0.1 mol/L BEfRZE
MR (pH 7.4) 133 3 Ik, BRR 15min; 1%#KER-0.1
mol/L B FRZEM R (pH 7.4) =R [HE 2h, 0.1 mol/L
WRRZE M (pH7.4) 9k 3 Ik, X 15 min. &Mt
Ky RS R B U RESRT, TEM
TEE, REEB T
2.2.6 ELISA &%+ oo FSH.LH.FXR.PONI
FITL-6 /K BURAFAE—80 C R I, #77 &
LB FBAS I &+ E,w FSH. LH. FXR. PONI il
IL-6 /K~F.
22,7 RIFERHKE WA AL H Bsep. Mrp2 Fl
SULTIEl EHARIE K—80 C T f i 2H 211
B 7 mm ERIUKET) A, 230 Bseps Mrp2.
SULTIEL Hifk (1:200), 4 CHFEE®K, H PBS
ML WIS AV R Ll EHT/NR [gG/FITC $t
(111000, 37 CH#EE 2h, B Hi. i#IN DAPI
ARG, ZHEFE 10~20min, [FI DAPI, i
BN 5~10 uL FrudazEmc fl, TILRERFE T
MEL I
2.2.8  Western blotting Al JiF 41 21+ HNF4a .
SULTIEl. FXR. Mrp2. CYP7al. Bsep fil Nrf2 &
HRIE K80 CHRAFHIFHLK Lflfh, FRELZL)
30mg, A RIPA 5 cocktail #%# 100 : 1 LB E%
(2L, 5 BCA B Sl & R BE . 2R
MR 10% 1+ e SR B FR AN - 5 TR s TR M g FIe LYK,
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% PVDF Ji, A S%Mila4 95 = i3 2h, PBST
VeI 3 Uk, BRHK 10 min; 2 HIIIABUAE, 4 CHEE
. 2 30 min, [EIfichik, PBST P 3 X,
IIANZH0, 8K EERBEE 2h, W3 XK. A
ECL W K06, FIH B 3Bt a, 454
Image J X AF3EAT F 8 o0 HT .
2.3 GEitFAIE

Bl % &1 R GraphPad Prism v.8 #4741t
FHUAX £sRoR. AR ZERRH TRK, ZHL
BRARIRNEITZ9HT (ANOVA) BT 447 .
3 #R
3.1 EAMEREKRLER S & EME

EHANE IRKFIRZ HPLC &, 3 11 Frasyr
B el kv EER . FAMVERE R AMVEIREF.
FEANE PR R A R A R s AR R R
corylifol A #ME JIE —ZU I FHE . b I = B
TEIRZ; 4-0-FEAMTIEEEE . #ME AR T *b
R E S BEAHRAK. SR NE 1.
3.2 MBE WAL

MR I A 122 2 P2 Wi AP A P 3545 fe s I 5
FhAYIbREY), ¥ ALT. AST. ALP 3EMELL M
TBA. TBIL /KF, ZiRwE 1 . SxTEALL
B, ME HERERANE RS E A ALT MR E TS
(P<<0.05), M. HERERAME g #7724 AST. ALT
W% & TBA. TBIL 7K~F¥ 8 2 715 (P<<0.05.0.01.
0.001). Mf. MR EhAhE M w7 =4 TBA /KTH &

409 200 -
~ 150-
=
S 1001
=
2 507

0

207 8-

Dogs 0
) s
£ 101 g
5 5 =
= &

S
1

U

THERR

Con-XfHiZH  SPLD-#hAMI MK EL4L SPMD-EhaMEfierhiiiE SPHD-#hAMEAEEFIEA HXEALK: "P<0.05
0.001; SR FAEHBRIGZHLLLE.: P<0.05 #P<0.01 *Pp<0.001, FEH

Con-control group SPLD-salt-processed Psoraleae Fructus low-dose group SPMD-salt-processed Psoraleae Fructus medium-dose group SPHD-

salt-processed Psoraleae Fructus high-dose group *P < 0.05

equivalent dose administration group in female, same as below figures

&1

F1 RAEREKIGPEHITNEE (X+s,n=3)
Table 1 Contents of components in decoction of salt-

processed Psoraleae Fructus (X £ s,n=23)

L% JIERE/(ugmL™")
4-0-F 54 M NG A H 5.774+0.58
HERRE 21.32+3.48
corylifol A 69.11+9.73
B A T 26.49+3.70
BT 9.89+3.52
ERNE G S 2 23.36+6.07
G E 17.23+1.48
e 687.82+82.55
AN PR 398.91+47.11
FINE 278.76 £39.00
SAMEER 262.50+36.62

ErESR (P<0.05), M. HERIAMT AT, =
HAST iFMEAH BE 2R (P<0.05).

ALP=2 ULN. R<2[R=(ALT & 4/ALT
ULN)/(ALP I 5Z{t/ALP ULN), ULN AIE#H _ER]
AE PR H R #H 2 (Council for International
Organizations of Medical Sciences, CIOMS) &1] [
2R EE (drug induced liver injury, DILD #5
. TR MER ISR HER, M G E R H &5
PRECGRAME IR, A EHSE T Easy,
L& 2R,

3.3 FHARRETH

WK 2 s, &4 254/ RIS H AR

RAYEMMER TR ME R SR g 70 4 I

200
~ 150
2
2 100
E 50
<
0
R T B
Kook =1 Con
= SPLD
E= SPMD
= SPHD
TR
"P<0.01 P<

P <0.01

**P < 0.001 vs control group; *P < 0.05 *P <0.01 ##P<0.001 vs

BAMFREXNAEMAN/ N EAFEERIEME (X+s,n=6)

Fig. 1 Effect of salt-processed Psoraleae Fructus on hepatotoxicity in mice with different genders (X £ s, n =06)
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Con SPLD SPHD

HERAOR RYER, AR RURISE, =MFR2R Kupffer 4Rl
Hhn
arrows indicate inflammatory infiltration, dashed lines indicate

punctate necrosis, and triangles indicate an increase in Kupffer cells
B 2 RAFEMNFEMER D RAFERRBEE LR
(HE, X200)
Fig. 2
pathological changes of liver tissue in mice with different
genders (HE, x 200)

Effect of salt-processed Psoraleae Fructus on

PRI o E BRI R R 7 5 4T 4 L B S /K A
SRR, BEAKM, RAMIEE, HREER
FUo T BR R AN B IR AT B 2 TR A A7 0 JF 0 P K
S VELHMOIR I s R SRR Mg w0 S 4L 40 JH 40
B4k, KB, RUEAMIE L, (HAR IS
JEPEIRAE
34 HH/)RBESFER

W2 2 Fios, SxIRdL e, MR SEANE g
mEEA B E TR (P<0.05. 0.01), MR
& E AN AR R A (P<0.05,
0.001) . B R ME IR % 7 E TR EL. FiRHR =2
FAEHI BET S (P<<0.05. 0.01), HER AN 5
HFR R AR ROE TS (P<0.05).
3.5 PFALNBRMEHTL

KA TEM W2 ER AN a SUB AR FPE 4 4
AN E B AE M AR b,k 3 B, M. HER

®2 HAEEMAEMANEERRIERARNE (X+s,n=6)

Table 2 Effect of salt-processed Psoraleae Fructus on organ indices in mice with different genders (X +s,n =6)

4 ) A5 FE/(gkg™) JHEEL B R IR (SRR eI
BER IR — 37.49+5.11 4.134+0.89 6.221+0.48 11.95+0.47 0.8240.08
EHAE R 5 40.45+5.29 5.30+1.64 6.47+0.67 12.10£0.40 0.99+0.12"
10 44.434+2.99* 5.60+1.14 6.101+0.33 11.47+0.32 1.084+0.07"**
20 46.61+4.17" 5.074+0.30 5.6410.89 11.36+1.31 1.2140.12"**
HERR xR — 37.25+3.75 3.87+1.43 5.37+0.35 14.074+0.92 9.45+0.51
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Fig. 3
ultrastructure of liver cells in mice with different genders
(x 1000)
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