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Study of cholestatic liver injury in female ICR mice by decoction of Psoraleae
Fructus before and after processing
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Abstract: Objective To investigate the difference of cholestatic liver injury in female ICR mice induced by raw and salt processed
Buguzhi (Psoraleae Fructus). Methods The changes of chemical constituents before and after processing of Psoraleae Fructus were
detected by high performance liquid chromatography. Female ICR mice were continuously given raw and salt processed Psoraleae
Fructus water decoction for 30 d, and 24 h after last administration, serum was collected, automatic biochemical analyzer was used to
detect liver injury-related indicators alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP)
activities and total bilirubin (TBIL), direct bilirubin (DBIL), total bile acid (TBA) levels. Liver, spleen and kidney were taken and
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weighed, organ index was calculated; Hematoxylin-eosin (HE) staining was used for liver histopathological examination; ELISA was
used to detect contents of estradiol (E2), follicle-stimulating hormone (FSH), interleukin-6 (IL-6) in serum and farnesoid X receptor
(FXR), estrogen sulfate Transferase 1E1 (SULT1E1), E2 in liver. Results After salt processed Psoraleae Fructus, the contents of
psoralen, isopsoralen and neobavaisoflavone were decreased, and other eight components contents were increased, among which
psoralen, isopsoralen and corylifol A were significantly increased. The genitals of female mice were damaged after ig raw and salt
processed Psoraleae Fructus water decoction for 30 d, vaginal mouth of mice was red and swollen with watery infiltration. Compared
with control group, ALT, AST, ALP activities and DBIL, TBIL, TBA levels in serum of mice in raw and salt processed Psoraleae
Fructus groups were significantly increased (P < 0.05, 0.01, 0.001), liver injury of salt processed Psoraleae Fructus was more serious
than that of Psoraleae Fructus. The contents of FXR and SULT1E1 in liver were significantly decreased (P <0.01, 0.001), and contents
of E2, FSH, IL-6 in serum and E2 in liver were significantly increased (P < 0.05, 0.01, 0.001). Compared with Psoraleae Fructus, IL-
6 content in salt processed Psoraleae Fructus group was significantly increased, and FXR and SULT1E1 contents were decreased more
obviously. Conclusion Psoralen, isopsoralen and Corylifel A may be active components and main toxic components of Psoraleae
Fructus, salt processed Psoraleae Fructus is more likely to cause liver damage than raw Psoraleae Fructus.

Key words: Psoraleae Fructus; salt processed; cholestatic liver injury; estrogen-like effects; psoralen; isopsoralen; corylifel A;
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AWE IR NS RHEYIANE IR Psoralea corylifolia
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E
221 A% Kromasil Cig (34 (250 mm X
4.6 mm, 5um), WAL (A -0.1%HRRKE
W (B, BAEWEN: 0~3min, 5%A; 3~15 min,
5%~15% A; 15~25 min, 15%~18% A; 25~35
min, 18%~35%A; 35~50min, 35%—~40%A; 50~
55 min, 40%~50%A; 55~70min, 50%~100% A;
70~88 min, 100%~5%A; 88~90min, 5%A; &
RN 1 mL/min; ARS8 30 C; Rl Koy 254
nm; HFEEJY 10 pl.
222 XTHESIERIE] & REERREOS RS (R D,
1. 3. 4~7 5 BT 10 mL &, 2. 8~11 5ETS5

x1 WMRREFES

Table 1 Preparation information of reference substances

T o HE U B /mg i EIRE/ (ugmL )
1 4-0-FEAMVFIREEE  0.57 57
2 fMEFIRHE 1.24 248
3 corylifol A 0.70 70
4 FME G S AR R Tk 1.60 160
5 #hE T 0.67 67
6 FthE e R I 1.60 160
7 *hEHEE 1.60 160
8 #ME MR 0.60 120
9 SAMENEE 1.18 236
10 *MEHEER 0.72 144
11 RAEIEER 0.79 158

mL &=, FHEHEMAHFEEZ, A S mn, S5
JERE (0.45 pm) JEIE, FONWAH/ME,  BEREIE .

2.2.3 PSR IS FREURME IR AR i 2 Eh
mn e 50, 70, ok 4 S, FEEMEL10g (34,
EWR, BEGEBE4IK 150 mL, Fi& 30 min, FI#E
2R, AIFUEM, WR4EE 100 mL; RS EE 1 mL,
IO\ 1 mL JE/K ZEE, 12 000 r/min &5-0> 10 min, HY
BB, ZPFLIERE (0.45 pum) JEIE, TR/
i, HEFENE .
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e, B,
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AITLAMT JEAG. =& (5. 20 g/ke) 4, fFH 6 H,
B ig FHN 25, XTHRA ig AN 0.9% %k
BNVATL 1 d, SR 30 ds

233 MEEMRN RikgZh24h 5, NREAER
JEEEBKELL, 4 "C. 1000X g B 10 min, 72573
B EERL T80 CIRAFE. K4 A shAd o
& # ALT . AST . %k 1 % B2 B ( alkaline
phosphatase, ALP) i&{4F1 DBIL. TBIL. & fHVTR
(total bile acid, TBA) /K.

234 HAUHRHEYRE SHADRBIHELLE, T
9:00~10: 00 B HUHFAE, Lhysks 2594 il B PRl ik
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SULTIEl. E2 &&.
24 SitFEE

SEEGHAR UL X £ s FoR, AR LLBCRA ¢ K85
3 %R
31 &, BMEEMNUEERSSEHER

W 1 AR 2 Frow, EhAME EARECT AN B I

t/min
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6-bavachin 8-psoralidin ~ 9-

neobavaisoflavone 7-corylin
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E1l % (a). ## &85 (b) HPLC E
Fig. 1 HPLC of raw (a) and salt (b) processed Psoraleae

Fructus

®2 £, BIBEEESEE (X£s5,n=6)

Table 2 Contents of components in raw and salt processed Psoraleae Fructus (X £ s, n=6)

BER S (ugml )

PO TIENEEE AT IEETE  conlibla WM ARETE  WEET B EER AW
lasrdN=di 4.84+0.18 18.50+2.18 58.78+1.02 2430+0.17 7374+0.18 24.79+0.54
N E e 5.771+0.58 21.32+3.48 69.11+9.73 26.49+3.70 9.89+3.52 23.361+6.07

e : . B (g mL ) : :
AR WERE | e AR SRR
A xhE BE 13.44+1.27 804.21+12.11 497.43+10.27 259.10+5.80 244.15+4.75
N E e 17.23+1.48 687.82+82.55 398.91+47.11 278.76 +39.00 262.50+36.62

BRANE IR A BRI #ME e S B = P
Ko, 4-O-FEEAN T e B0 . #hE IR & .
corylifol A #ME Jig & Bl H K. #hE IR T AME
fEE . fMEHEEMRANME R RS EA I
32 &, BAEEX ICR /NREBWAIE M

WK 2 fos, MEME/NR ig £, HAMEAE 30 d
Je, WA A, MEMNRE il A
IKFEIRE,  H 3Rk I 4 A M IR 2 5 T,
3.3 4. EFMEEEXS ICR /NRILES ALT. AST.
ALP 5&M4%1 DBIL. TBIL. TBA 7KEaI50G

WK 3 s, SeHiRA e, A, HAE RS

b . ™.

EAMETIE 5 gk !

P

A:AE NG 20 gkg!

A MEF ALT. AST. ALP 3541 TBIL. TBA 7K
SRR ET S (P<0.05. 0.01. 0.001), 44N IEE
FlEAH AN RS A EALE S DBIL KF
FrE (P<0.01. 0.001), HEFEAHME, A #
BRI ERAME IR m R, i+ ALT. ALP 75 1%
A TBIL. TBA /KA BEMEER (P<0.05. 0.01,
0.001); LB ARG Be AL *hE HEART L, 1y
DBIL. TBIL KA BEEZER (P<0.01); REE
AN RREAEAVE BRI AR ICR /N R0 405 58 A ™ .
34 £, HBAEEEX ICR /MRAESRIEHNFIT
w3 s, WEM/NR ig 2B, HAMEAE 30 d

HAVENE 5 gkg! BREMEIE 20 gkg !

B2 %, BAEEX ICR /MERMUHIFNT
Fig. 2 Effect of raw and salt processed Psoraleae Fructus on appearance of ICR mice
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RN R (g kg N #hAME (g kg™ ERVER(g kg ERAME B/ ke ™) HEANVE R A(g ke EhAME IR/ (g kg™
Hxig4ltis: "P<0.05 "P<0.01 P<0.001; SAKEIREAIEALE: *P<0.05 #P<0.01 *P<0.001; HAFME M EA
pP<0.05 ““P<0.01 “**P<0.001, &5 [A
*P<0.05 *P<0.01 **P<0.001 vs control group; "P<0.05 *P<0.01 P <0.001 vs raw Psoraleae Fructus low-dose group; “P<0.05 ““P<0.01

AAN

P <0.001 vs raw Psoraleae Fructus high-dose group, same as fig. 5

3 4. BAEEXT ICR/MRIESR ALT. AST. ALP &0 DBIL. TBIL. TBA /KRN
Fig. 3 Effect of raw and salt processed Psoraleae Fructus on ALT, AST, ALP activities and DBIL, TBIL, TBA levels in serum

of ICR mice

*3 £, WmAEAEX ICR /MRS EHOENM (X£s,n=06)

Table 3 Effect of raw and salt processed Psoraleae Fructus on organ index of ICR mice (X £ s, n =6)

ZH ) 7l E/(g'kg™) FEE$E U/ (mg-g™") BRAEFE EU/(mg g ™) HAEHE B (mg-g ™)
o E — 34.79+4.84 3.7240.83 10.06+0.54
AN 5 35.99+3.91 3.1940.64 10.03£0.60
20 36.321+6.43" 3.47£1.00 9.82+1.74
e g 5 35.58+2.75 3.01+0.25 10.1840.42
20 4140452077 5.58 42704 11.11+1.15*
XA R "P<0.05 *P<001 *P<0.001; S54:%MFleEmEdi: “P<0.05 ““P<0.01
*P<0.05 "P<001 **P<0.001 vscontrol group; “P<0.05 ““P<0.01 vs raw Psoraleae Fructus high-dose group
Ja, SXTIRZ bR, RFAER R A . B e B [R)FE A 7K A S8 SEVR A, Ehah-i a4/ BRUAF 4t A
SN, AEAMEPERORL AL ML, LR ORI, M R A AL A A
Ecé%bﬂﬂ‘é%iﬂiéﬁ’ﬁi%ﬁ%ﬁ<P<0 05.0.01).  JH, EHAME RS EA SN IIRIEE T E; A

35

& EAMEBERT ICR /NRATLALRIEZ AL AISI

Wi 4 s, &aa 2 AENE /N U2 AN

A NE 5 gk !

KRR AN BE R AL AR 2> R A
KR, BEAURL AR ARG 2

iz

A IR 20 gkg ! HAMEE S gkg! ARG 20 g-kg™!
ROFLARNER

Black arrow indicates inflammatory infiltration

& 4

%, HAMEEX ICR /MRATARRFEELHIS

20E (X 200)

Fig. 4 Effect of raw and salt processed Psoraleae Fructus on pathological changes of liver tissue of ICR mice (x 200)
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it (P<<0.01. 0.001); A% ARIKFIE LA E ki

fE & EH/DNRIME S IL-6 SERZETE (P<
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SEEERIL (P<0.01). ELEAMEIEMERFNE
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=4, HiFFXR S EAREER (P<0.05).
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PN PP o okt ) 5 . s EX Py T" *ok
= 2 ® 104
=S g 30 < 30 é
£ 1000 = :
P = Z 20 @ 2 20 &y
@ 4
500 = 10 g 104
= g
0 0
YR 5 20 5 20 X 5 20 5 20 Xﬂ‘ﬁlﬁ 5 20 520
AV R g kg AV A kg ™) ANV R (g kg ) ERAMVE IR/ (2 kg ) A g ke AR (g ke ™)
1500 = 20 1500
= en —~
'on E Tcn sk
5 1000 . ER > A = 1000 v
= = wok
= b ol =N EUE Rl o R "
2500 5 B 5001 e
= o 5 =
i % =
S 5 20 5 20 = SHE 5 20 5 20 A 520 5 20
AV IR (g kg AN IE(g kg ) AE IR (g ke ) ERFME I/ (g kg ) AT RN ke™) ERAME BE/(g kg™
E 5 2. $HAFEX ICR/MEMEH E2. FSH. IL-6 F1FFAE+ FXR. SULT1El. E2 &2/

Fig. 5 Effect of raw and salt processed Psoraleae Fructus on contents of E2, FSH, IL-6 in serum and FXR, SULT1E1, E2 in

liver of ICR mice
4 g

(R EZ ) 2020 FRRIUERME RS AMVE R &R
A FER LA EAS DT 0.70%. AHFFTRH
HPLC ME A S ek RO o & &0, 15
R EANVE IR S ke HEE R R o
FHACT A g A B, AR tH Y 8 AN Rl g3 b
BREMFAF RS ENEERS. AR
IAhE RE SR JE B PERRG, SD RER ig 4= hth
Hhg 7 d, KRIMES ALT. AST iEHEEAK, R
HNEHE R 5 G W SR AR 2t 1 BH R K BRI T RE I
ANRIRNL, RIS AR A SR, RS 2 gtk
(M ZAARAE I AT R HOWR K @E 22 - (aquaporin,
AQP) TR A K o HME M 5 5 Fe 3 BB AR
I3 RE 20 e R 2R A B B AR i ARSI,
BEEHF VN, A MENE B R AT 4
i, SEACHE P2 FhEh kR, AVE R &
ANE IR AN R T B O s, KA A
BEFF oy B4, W 2 S POIF TSR B, IS AN 2R
KJaAME TR o R S TR, TR E A R AR R
HIRRSREEENS, SAULSRMELL.

AWEIRR . FRAhE EE T RERE 2 AME IR A RO
g5, AMBEHRER K S AFEIG sRID RAIVE ], R 2
HAEMERSr . Wang SFUSHRGE 1 ig e g A b
HIREK (40, 80 mg/kg) Ji&, Wistar KA A2
Wy [ A 7 O SR ) AT AR S B g B, HOR b
HIRREAME IR R R AME R R A AN
B G 2 AT A ) OK B IE B B BE 7o- $£ AL B
(cholesterol 7a-hydroxylase, CYP7A1). HMEZ £ 7MHE
7% (bile salt export pump, BSEP). ZZ4iif Zi <&
F 2(multidrug resistance associated protein 2, MRP2)
A SULT2A1 (1335, 450 FXR A1 MRP3 (315,
HORE I 2 28 B 2, IR AR M R A AR ¥
NAEMER, KFIEFAEIER (25, 50, 100
mmol/L) ] A5 81 4y #h1 JHFJUE 7= A K B S W 25 4
FAME R E s M s A RIS, REUR
WA E IR R A Z R HTEACRE IR T R, A3
FIUF A0, DB R T [R) A L B AR B PR B )
Z—, KR ig #MFEM (52.5. 262.5mg/kg) 6 Ji,
AST. ALT JHEi, CYP7AL. ¥5 F I 1% S Tk Al
A (3-hydroxy-3-methylglutaryl-CoA, HMG-CoA)-
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o S A W B AR 3G BE V) BTE SZ 48 o (peroxisome
proliferator-activated receptor o, PPARa)~ [l B 75 76
1 45 4 8 -2 (sterol regulatory element binding
protein-2, SREBP2)mRNA FKIA[EK, #ME g1 (52.5
mg/kg) 4 BSEP ik 5y, #hE JEMy (262.5 mg/kg)
41 BSEP KK F#A%, Al vl 5l AR NE AR
B, AL AT RE 5 R e AR BT A5G0, B
ERRRAME IR R AN E TR R AN R AT BE 2 AR
B NR 258080y R ] R H - B R, Tl
RMNATEE E BRI G A TSR,
R ER A R AR AR BE W]

e PR R F ER R AME IR /K B, R EN M
AN IR R AR . ANVE IR A R A
JEH, HUGRAME AR = A B S s s
Tk, AN IR A A R s A A B oA
SRR AN IR R AR A TR 2R 08190, A i kb
HHEE . AMVEIRER . b IR A B R
WEAETER, H ATBORE 2 R s ER 5
R AR R R A R A SR, B R B AR YT B R
GRS Gy P A R, IR 2% R AR ISR K
Fa e MRV ERACH . G B AR SR AR
Ry PR P L e 5 A ) RO R B PR 4
MEBER BUF IR SR o B G E ATHE AL . FSH f2
AL BEIN R R BRI, IF HAR(EdEHEDR, B
FEAE ST AR R TEOR R R E ], RN 52 ME L
B2 MR, RExR, DR ig #ME RS
WK E2. FSH /K-F¥Thim, RUTEMER R Y 5
Xof AR AT A — 5 BIFEFH -

IL-6 REfE T S N, FENUIR R PR A S
R EEEM . AL ESAME IR IL-6 Tha,
i ELANE i E R AL S AR AME IRAHEE, REAKF
B . FXR G AT LLRYE AARIH VR & et A
HERHIE G A . A g A0 H 4B IR 2H H 4124
FXR SR EE TR, HIBAMEIREAEAME I TR
FONIIR . BRER I B2 MER AR 1) R AR,
SULTIEL 521% R MK il SXIRALLE, #hah
HEERE4T44 SULTIE]l S8 E T, 7
T EMERCER A RE LB SULTIEL #EAT K,
HBhE SRR AR EER.

Ml Rz RS R T, BEFRImRAS RS
RARIATRERLE], AT SEA SO IR R 2, &M
SCErok, BIET SR, AR RN EA
ROy F W R Ry,  H AR R e 5

A R RIMERGE AR R G, T Eh AN AR T RE
Gy SRR FAE AT . (HAHE Tk Z 14T %5 %2
AR REAS [ 5 92068 B R sni o H RTEE RS AM
Jig RIS RS SEATL AR RO 7 BB o BRI 7T, X
B o IR EONR N 20 T A G A [F B4y
LI RSAFAEM AR, SR, Haptk s
MR E S BRI LU SHER R IR R AT
(St 2T Wi
FlAEAR PIAEEHFARELEF YR
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