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AT | I REAR X 5 3R JE ¥ 2R 58 (P<<0.05 3, P<<0.01) ., #MAFREN \FAME IS & ANE IS & 5 M5k R 4 5 AT kA 5 5% 3%
JEHAR KR FH (R>0.7) G5 AME A 56 2K )5 VAN IR 3 FAME I3 4 £, B85S AN I & L ANE IR & AN IR
By 64 A 3 Ao 5 B IO S 09 T A 5%, BT M 5 AN S A A MR 00 A BEAE K

KA ANE G M) S KA BRI T R AR

Study on chemical compositions and hepatotoxicity of water extract and ethanol precipitate of processed
products of Psoralea corylifolia

LI Zhuoke'?, LIU Yang®, LI Ye’, WANG Chunliv’, LIU Feng’, SUN Tingting’, ZHANG Hong' * (1. College of
Pharmacy, Shaanxi University of Chinese Medicine, Shaanxi Xianyang 712046, China;2. Shaanxi Academy of
Traditional Chinese Medicine, Xi’ an 710003, China; 3. Shaanxi Buchang Pharmaceutical Co., Ltd., Xi’ an
710075, China)

ABSTRACT OBJECTIVE To study the content changes of 5 chemical compositions in water extract and ethanol precipitate of
different processed products of Psoralea corylifolia, and to preliminarily evaluate its hepatotoxicity. METHODS The water extracts
from crude product of P. corylifolia and processed products by Leigong method, running water rinsing method, and salt stir-frying
method were prepared, as well as the ethanol precipitates of processed products by Leigong method and salt stir-frying method were
prepared. The contents of psoralenoside, isopsoralenoside, psoralen, isopsoralen and bakuchiol were determined by high-
performance liquid chromatography and compared. The median lethal concentration (LCsx) and maximum non-lethal concentration
(MNLC) of each sample to wild-type zebrafish juveniles were calculated after 72 h of treatment with different concentrations of
water extracts from raw product and processed products by running water rinsing method, Leigong method and salt stir-frying
method, different concentrations of ethanol precipitates from processed products by Leigong method and salt stir-frying method,
and the acetaminophen was used as the positive control. The basic morphology of wild-type zebrafish juveniles and the liver
phenotype of transgenic zebrafish juveniles were observed after 72 h of treatment with the above samples (MNLC). Pearson

correlation analysis was used to evaluate the correlation between component content and hepatotoxicity. RESULTS Compared with
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the water extract of raw products, the contents of psoralenoside
and isopsoralenoside in the water extract of different processed
products were generally decreased (P<<0.05), while the contents
of psoralen, isopsoralen and bakuchiol in the ethanol precipitate
of Leigong method and salt stir-frying products were significantly
increased (P<<0.05). The LCs of water extracts of crude

product and processed products by running water rinsing
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method, Leigong method, salt stir-frying method, and ethanol precipitates of processed products by Leigong method and salt stir-
frying method were 2.45, 5.00, 5.38, 1.55, 2.36, 0.64 g/L (calculated by crude drug), and MNLC were 2.21, 4.53, 5.02, 1.37,
2.13, 0.53 g/L (calculated by crude drug). Compared with the blank control group, the zebrafish juveniles in each sample treatment

group showed different degrees of deformity, the liver relative fluorescence intensity was significantly weakened (P<<0.05 or P<<

0.01). Fat-soluble components such as bakuchiol, isopsoralen and psoralen were highly correlated with liver fluorescence intensity

(R?*>0.7). CONCLUSIONS The processed products of P. corylifolia mainly compose of psoralenoside and isopsoralenoside after

water extraction, the contents of psoralen, isopsoralen and bakuchiol increase after alcohol precipitation, and the hepatotoxicity is

positively correlated with the contents of liposoluble compositions in P. corylifolia.

KEYWORDS Psoralea corylifolia; processed products; water extract; ethanol precipitate; hepatotoxicity; component content
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1.1 FEUE

AT EEAL LS4 FE 1260 B HPLC 4 (3£
Agilent A 7] ) , SMZ25 57 4 i 33BE ( H 78 Nikon 23
), BS210S . BT25S %I By F- 43 BT K- [ 58 2 R Rk # 4%
(b)) A BRAF A
1.2 FEZEHmEIRF

R IR 2GR (A5 20050 1) g F =M i R 25k ),
R E H BE 2GBTS e SR L0 T B S i o ERME W b
B IR P. corylifolia L. )T RS

B s R B (A5 110739-201918, 4f fiF
99.6% ) . S HE 26 BEE (Fit5 110738-202016, 41
99.49% )10 17 v R £ ol 24 R A IS B 5 M i R R
i (415 CHB-B-163) . i 5 H % BE A (415 CHB-Y-
280) A A X HE S (L5 CHB-B-099) ¥ FH R 72
S LR A R A F] SEEEBIAME T 98% ; TN 1] %
0 CPREEE 14.5% ) WA F 4 4IR30 5 X L e Bk
P X S CBHPE X B, 165 SP9520), 4l i =989% ) A At
R FERHE AR A LR 4R (585 M0262) 1
FeH Sigma /A v ; I | SR o, PR WAL
X (DMSO) FEH AN 73 B4, K B Stk
1.3 SEIEZHY

S5 v BT FH 2 BE 4 3265 )5 3 d(3 days post
fertilization, 3 dpf) 1Y) AB £ ¥ A& 7 B 1L £ 1 Tg (1fabp:
mcherry) JIFIEZE 6 SE R BE S £, BT A B0 2 £ 24 4] 55
FBEh 0 F 5 b 77 R 48 (IR 14 h/SR S 10 hag 8, /KR
28 °C, pH7.5, 1] NaCl 477 i 25 B 22 500) v o HUfgt B
B ME I AB 2R B A= B S £ 5% T A28 6 % 2[R
B fade 101 HeBi A S FL v, FH 25 B R ARCRE i
Dy oyt IR HE =, B R0, B 5 (58 e = B, F
UIJ5 10 min WA BB, JFH5 0 B ES A IR RE 77K 1Y
TRHFRML, B KK, T 28 cCHEIRIEFRFA 5%
o A B A0 i 1 IR B A A B PR SE R = S
PEAS AN T 2 01 23 A UE 3K
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2 AEEHER
2.1 #HEESIHERNTE
2.1.1 AN AR S BOAS [ S K BR R S AR
FELZE I A ST ) T VR R A B AR TR KRR (R Ak
0 o FRECRME IR A i B AR TR ) 4% 100 g,
Jin 8 /K, B HEE 1 hX 2 W, 308, &9 U, % T,
RPASRD B AR A S RN T 25 KRV it R S T M il
BZK B A (B 1 g ARSI A 2 F 424 6.226 7.15.479 9,
13.966 5.5.452 6 g) .
2.1.2 NI IR S S BEURE S ARBCR AL R
K FARH 45 100 g, 8 fif K, BIAEFRE L hX 29Kk, i
UE B IFUE MO M 4 2 — e R, N £ T AR R 4
K T0% , T 4 °C F e 24 h, 1€, BIAEFR], &1, Bl
TR ANER M 0 BEDORE & (B 1 g B S 2l A
M T A25.494 5,13.054 8 g).
22 #IBEESRBDITHRSNSENE

K H HPLC i 7 22 .
2.2.1 IREXIRSIEWR R R SRR OB AR
T SANE AR ANV IE R AN IR A R e R
plE I, I B RO A FR 5T 19 LR oy T v
435124 0,582 5.0.502 5.0.240 0.0.567 5.0.330 0 mg/mL
PRI B X} BE VAT, 45 o
2.2.2  HHAFE BRI HI S o3 iR BRI 2.7 TR
AR 0.25 g, BHEE T, i FHEE 30.0 mL, FRE T i,
7 (T22600 W, 4% 40 kHz) 40 min, i, TR FRAE
Jof, FH PR SR 0 ) a8, IR UE W LA 0.45
pom JE R Y8, BIASA5- (R RE S A T
2.2.3 i DL Kromasil 100-5-Cis (4.6 mm X 250
mm, 2.5 wm) AR LLF EE(A)-0.19% H iR %5 (B)
AL s AR BEAT RS BE R I (0~10 min, 309% A—40% A ;
10~30 min, 40% A—90% A ; 30~50 min, 90% A ; 50~
52 min, 90% A—30% A ; 52~60 min, 30% A) ; ¥£ i
30 °C; i A 1.0 mL/min; R I9% 1A 246 nm; AR R
10 pL.
224 LIEYEFZE  BURA T B SA HEREE AT
(TR VEBEUURE S ) B X R v (FP ) 4% 36 i, 4%
“2.2.37 TR S SRAFIEREN A e R IE R, R E
TN A5 DN S A e 5 06 2 B8 0, BRI X BRI T4
kg EanE 1R (T RS HPLC K8 )
2.2.5 ZKMERR SR EEREE 221"
TH T YR A% IR S8 0.2.,.2.0.,6.0,10.0,20.0,25.0 mL, 43
591 FH VR PSR B 2 25 mL, IR AT, il A5 R IR A T HE i
Wi o A3 R 10 WL, #5°2.2.37 T 33k 454
W, AT R R A i SR B A b (X)L 068 T AR R DA A A
(V) FEATLAERNA AR (R 1), S55RFE 5 F
BG4S 1 A St 3 R P 5 D T R 4t G R 34 R A
(r>0.999) . ZrHILAEME L 321,10 135545 B0 F 46
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B. iR ﬂdﬁ?ﬁﬁtz/ [(né; ISIEEEGURE )

L AMEBE 5 2: SEAMEIR T 53 AN IR 2 5 4. AN IR 255 404

g
E1l 5#SSENERHPLC E
DRR 5 S B, 25 5 o AR RR AT AR AR AT AN i
RSN IR E R R B RS DU B 43 5312 0.05.,0.04
0.02,0.02,0.09 pg/mL, & & PR 5351 >4 0.16,0.13 ., 0.06 ,
0.05.0.38 pg/mL,
x1 WBESMEASEEXRERER

TEI 0y r Sl
W Y=48274X-190.42 09998 0.046 6~5.8250
ST ¥=5008.6X+71.84 09998 0040 2~5.0250
HERE Y=8 945.4X—48.42 09993 00192~24000
SFHEIRE Y=74513%+730.95 09997 0.0454~5,6750
HalE Y=755.5X+0.35 09996 0.0264~33000

2.2.6 KEHEIRE  HU2.2.17 T R IR AR IR AR,
“2.2.37 T A S A SR 6 UK, 1L SRS LA G TRIAR,
TFEARANE IR SFAME IR AMVE IR R RAMVE IR R .
HhE g B s 1T AR Y RSD 43514 1.09% . 1.36% . 1.34% .
1.28% .2.05% (n="6) , F B4R 2 B R4

227 BEEMRE RSEFRIUR—#ME e AR i (R
ONEBETURESL ) 64y, B35 0.25 g, $2 1R “2.2.27 30 J7 ikl
FAERE AR, FE R 2.2.37 R (41 S HERE AT
B TR I AWNE NS iy Sy =R [ h S i =
T AME IR R AN IR R AVEIREY W E . 45R B
N, FIRA B RSD 4051 0.96% . 1.25% . 2.11% |
2.43% .2.84% (n=6) , KL EE M R I

228 faEtiAse B —fhE IR AL R TR (TR A
IREEURESY ) 32°2.2.37 00 F @i 400 KK TR T
0.2.4.8,10,12.24 hiFFERE 10 WL, i0 s 0GR, 45
BN IR AN AR AMEIR R S AME IR R AN
T s TE AR 7 RSD 43 514 1.90% . 2.63% .2.70% .2.72% .
2.77% (n="7) , KWIFETEE IR M IE 24 hNFRE
2.2.9 SNEERIBCRIRYE: U217 R AVEIERE S (FR A
EREURE ) 643, B0y 249 0.125 g AEBEFRE 4 IIMA 5
Tt R il 263 o 452,227 10 R 5 gl A AR A A
T4 “2.2.3" BT gk A F R AT T AT AN IR
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SEAME BRI MR IR R AME IR R MBI E X
FE U243 531 2N 96.45% . 98.74% . 96.52% ,102.26%
100.74% ,RSD 43 %14 2.35% .2.49% . 1.94% .1.32% .
2.14% (n="6) , T Z 7 L WERf FE R4
2.2.10 FESGE RS EFRECC2.17I R 4K 5 0.25 ¢,
$5242.2.27 BT 7 il a8 b aURE R U, TR “2.2.37 TR
ok AR A |, 1 SR T RO ACA A R AR
il S R RL A A T . RERE AR AT 3 U B D x +
s 67N, IR FH SPSS 25.0 B A4 A7 B 25 220007, A6
K HE«=0.05, Z5FILIE 2, BE 2A AT, 5 A Sk
PEAE A ELEE, AN TRL I il ot K A A O R AN BR T L e Ab
REFE & 44 5 28 A (P<<0.05) , T B AN vk  Eh 4 v
DURE S TP ANE IR R AN IR R AVEIRB 0 & E3
FETFR (P<0.05). HE2B(LLEY & ERR)ATH, 5
A LR, AN TR AL ]t A T (LSO ot o AR R o
e T G (A N L= /N PR AR = ST N e =l s
Z(FH49.8%) ., HE 20T LA H, AKEREE S LA I
S AME AT b 3, I B e 1 O A K R
FE i (O3 12.023 mg/g) , il 3 & LK B i 3
6.490 mg/g) ; [T, 54 5 HLEe, TR TR (ER OIL B UTRE
st HH X P A 2R A3 ) e e 2 T RRAR T RV
AERER CFAME IR ANE I A B A KRR N, o
A f Y 10.0 . 16.54%

8 W A
B2 A g
O e %

[ B2 0NEYE S
a AR

it/ (mg/g)
=~ {2}

)

A
S M AV 25

VB SR R SR AL A R
It BGH MRk WE KR TSR TIRE HIRE &

&

7 kB [6I02TMBIB96] 0.261 10.055 0.072 [iBI0E8] 0.315 0.388 12.411 lrﬁktﬁ

VKB KRR 4.593 3.718 0.186 0.212 0.231 8.311 0.398 0.629  8.940
HAOKAERES) 3.985 3.229 0.139 0.128 0.095 7.214 0.268 0.362 7.576
KIS, 4113 2,377 0.206 0.036 0.054 6490 0.241 0.295 6.785
TABEEIUREG 3317 2.714

1.755  6.030 3.868 9.898
a: 54 foKEEYI R, P<<0.05
B2 *EEAREERFLIFHESHNESE

2.3 FvEIEHEMBIBFS TGN

2.3.1  ZPEECH  FRECC2.17H T & A S i, H DMSO
VS JE PR BE S £ 8 3R U (FR B NaCl 0.29 g, KCl
0.012 g.CaCl, 0.036 g .MgSO. 0.04 g, FH/KAMEZR 1L, 5
UK B RIS ) i e 2 A N B v B2, 45 H o

2.3.2 AMENEFEM B SVEREIE S BIUER 3 dpf#F
AT fa gl f, BEALBCE T 24 FLESE R I, AR HTID
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TS 06 2% R 15 A K B 4 O W i) A 360
380.400,420,430 wg/mL) \Ji /K EEBEE K PR A (T itk
BE 439324 290 300,310,320 ,340 wg/mL) H/A KA
(M2 350,360 .370,380,400 pg/mL) Eh 5 7%
IR (B 43 31K 250,.260.270.290,300 pg/mL)
B AR EEIUA (B vk B2 439124 170,180, 185,190,200
pg/mL) \Fh & L EE AL (BT vk B 43 ol 420,435,440
450,460 pg/mL) F%S X HRAL (R FUK) , B4 16 550
24 h 25, E LA 25 72 h, il SRR S fa 4 £
FFET AR I RAET - (%) . K Origin 8.0 3k {4
AT S AT [ — T L P, 299 ik B (X)) 5140y
AT R (Y) R IEAHSE, BIAAH B 1A 5 R, T
BELIE A ) (half lethal concentration, LCs) Fll i AR EL
AL B (maximum non-lethal concentration, MNLC) , 4%
WML 2, hg2n 0L, DIAEZ R, Ak h koK
FERE T BXE T 1 40y 8111 LCoo (L 53 590 A G 17 BT RE i
1) 2.28 . 2.42 % , T UL 3 P Aokt ) ot ST O (s 0T BAE 5 £ 4
)RR PR R T HO N K B i 5 5 A K SRR B LR
TR VTR K A O I F N TR K B S A s PR 3 A
FAAK (LCs0 .MNLC T ), (HER 5 e K HERE b A URE
FFEMES A T 5% (LCso JMNLC FEAIK) .
*x2 EHWAREYAFFEFLC, MNLC

ik ElEyigid LCy/(glL) MNLC/(g/L)
¢l Y=02003X=70.9400 245 221
KSR ¥=02629X~76.943 0 500 45
TR Y=031226-1123200 538 500
% Qi) ¢ Y=0243 5X—61.000 0 155 137
BRI 1=04694X—76.7140 236 23
BRI Y=04019X-39.0840 0.64 053

2.3.3  ANE RSB S gl R A BRI ik
U 3 dpf B AR RURE S fa g £, LA 2 v v S i v 4%
FE A B MNLC AE N KT s iR B [R5 4 (0] R
2 R FE A X BEZH (X W2 SR B 1.2 g/LY) , B4 16 5%
24 h 2R , L4825 T2 h, WER S 2 0 Hy 1 4y £
HIEEATEA . G5 R BN, ESA25 72 05, 525 ARIR
ZH A, P X R ZH B 0 4 fe OB o BB A K, o0
RS, AT il W 5 5 R AR AR R il b B B
I i )y f P 3 I AN [R) R B (R R, AR [ R B 1) 0 £
R, TR 2N VA BT AR 5 IR i B 2 4 fa Y 3
PR HH AN [R) R 1) 2 i 1 7 s v K SR AL B ) fa 4 £
BT AR XS ANA S o 25 SR DLIEL 3

2.3.4  HMENERE ST BE T 41 gh 8 AP RE R B gk
HUIE % 3 dpf Y Tg IFHE 28 66 LR B o fa &y | LA 2tk
FEPESZI6 T % RE S A MNLC A S 36 T 10T e 2 [l it
BB ZS R AL FBH X R4 (O B 1.2 /L),
R 16 45, 524 h 2yl L2425 72 he Bl B
It 4l i 5% W SLLF e Z o, i BB e T
JHF I 6 780 08 22 91 5% K145, i ] Nikon NIS-Elements
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G. TR EELA H. b5 il
B3 ABZRHBAMNMO&SHAZINFTIEARRFRLGIE
T2 h[EHIEARFES(x4)

BR Analysis 800 2 B4~ WL BT o 50 5 €0 40y 00 79 A
X e B (LAZS I BRAT R 2000 DIPTA 5 5 B
(WE R ) o 25 A 50HE DL x + 5 7R, >k ] Graphpad
Prism 8.0 A AT B 2R 7 230, K 3 K HE R o=
0.05, Z5 UL 4 &1 5, IR 4] 0L, 25 xR ZH B £
L S e 8, L A5 s 555 0 B Tk,
FFH X A ZH A 5 8 4 £ %) JFE U 8 3528/ O [l b i
s 2L 56 £ &)y £0 15 SR AN [R)RR A SR e, e DA
TN TR (ER5 V BER T4 B £ &)y £ 1) T FUE R I A
Ry, fEIS AT, 5 A8 O REZH LA, £ T TRAH B S
a4y £ 1) SR AF X 2 i 32 12 il 29 55 (P<<0.05 B P<<
0.01) , Hor iy 203k R /K SR 2H A B PE AR5 55 , T
TR R R R EET AL R A X

I NESIEPORIL

C.E Mk

— -
-

B. FHYEXSIRZH

D. /KRR K H 4
[

E. AR

F. iR 5 ok

s -

G. B AR H.EL KRR
B4 TeghrEkAEEEAND &L EZIBEARARE
e AbIE 72 h FFHIBFAER B (x15)
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AR IE /%
=
|

O MR RSOk WK BAR EEE WA Kk
WA WA WA bk ki ki e R

a: 525 PO R AR, P<<0.015b: 575 PO HRAT A, P<<0.05
B5 TghrERXEEAHRD A& EZIBEARNRRE
mmAbIE 72 h JFRTRERI T L8 fE (x £ 5,n=16)

24 #BIEEBERSERSSISENEXES T

fd 1] Graphpad Prism 8.0 25, 73 51K 6 Firkh-i BEFE
i K A3 CRME BE AL AN BE ) & i iR ia bk
By (RhERR R R ANE BE R AN AR ) S e DL R 5 A4
W (RVE IR R ANV IR R AME IR AN E AR A
HHREY) F 5 12.3.47 W BE 5 fa 4 i i B AR X 26k
54 B EAT Pearson AH OG4BT . Z5 4 o, AR IR IR
T AR5 B £ &)y £ T DA X 58 ' 5 B 1 A S PR 4K
1 (R°=0.885 2) , &7 N VA 1 Bl 0 1 2 bl vy, BE S £
Sy £ (18 JHF IR AR X 26 5 B R 55, 1 I8 A0 O I R MR R
558 5 T 7K P o35 B i 4 £ T X6 26 Yo B i A
KMEEAR(R*=0.096 4) , FBIKE MR AME IR 5
AR IR S TR AR R . AN IR 5 FF A5
BRE I £ &y A X 2 i B A A S ph v B AR TR
AN IR (R*=0.890 9) \ S AN IE 2R (R°=0.790 8) .
IR (R =0.782 9) M NG (R*=0.177 0) F1 5%k
BHEH (R*=0.0205),
3 it

*E IR MIGIRE 2y, e & el £ 5, UE
GRS CHRZE By S N, AR TR L i A
T XN BEAS [V i A2 B o EA T o B B, A
BEH AR AV AR R RAMVE AR R AME AR 5
B B e s v, L TR 2 R a0 T AR A 80%
BT I, AWFSE R HPLC 3005 1 Bk 5 Rl o0 1 &
o IR EREE I R AW 5T Ir iy R AR R
HERR I o R SRt . e A R R AN IR
AN IR F B T KRR S b T BT A S R
i TAME IR R AN IR Z RN AR A LR R I
IS, 554 i A, A5 M St K B RS TORE b, 2
AN IR S B YA R R FR R A

A I HRIE , 4 e BB 00 IF 231 , 22 UAT
YR R 3, B0 1 R4 2 B A IR 2
SANE IR R ANE IR EY SENR VS PE R, AR A A A
R AE S AN B 09 R A2 7 R b At RN B 2R
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