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Abstract: Objective To efficiently identify the toxic component groups of Psoraleae Fructus (PF) based on zebrafish model combined
with correlation analysis. Methods Contents of four coumarins, four flavonoids and bakuchiol in 18 batches of PF from seven producing
areas were determined by HPLC. Zebrafish model was used to evaluate the toxicity of 18 batches of PF decoction, with mortality, organ
poisoning form, and LCso value of zebrafish (6 dpf) as indicators. Correlation analysis between contents of various components and LCso
value of zebrafish (6 dpf) were carried out to identify toxicity related components, and the zebrafish toxicity evaluation results of the
representative components were verified. Results Contents of coumarins, flavonoids and bakuchiol in 18 batches of PF decoction from
different producing areas were quite different. The maximum content of four coumarins, flavonoid (neobavaisoflavone) and bakuchiol were
respectively 3.47—5.60, 5.30 and 6.47 times of the minimum. The zebrafish toxicity evaluation results showed that the toxicity of 18
batches of PF decoction was quite different, and LCso (6 dpf) of the maximum was 7.2 times of the minimum. The results of correlation
analysis between toxicity and component content showed that zebrafish toxicity had a good correlation with flavonoids and bakuchiol (R?
were respectively 0.623 4 and 0.587 8), while the correlation with coumarins was relatively low (R? was 0.187 7). Toxicity evaluation results
of various representative components showed that bakuchiol and three flavonoids (bavachin, neobavaisoflavone, isobavachalcone) were
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the key toxic components of PF, while coumarins was relatively safe. Conclusion Zebrafish model could efficiently and sensitively reflect

toxicity differences of different batches of PF, of which toxicity relevant component groups could be efficiently identified through correlation

analysis between toxicity and content of components, providing a reference for quickly discovering toxicity and related substances from the

complex system of traditional Chinese medicine.
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Table 1 Information of Psoraleae Fructus samples
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53216092103 Xf HE 5 H 7 5 S AT A PR A R
AT, RESBUIIAT 98%; FHEE (LS 19085170,
tikai), 2 (S 19015157, faifal) %
TEDIA AF; HR (b5 G1826012, fifkaf)
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B HEE Y HPLC o %F
211 f{ailskt Agilent Zorbax Cis (it (250 mmX
4.6 mm, 5um); EIH A N 0.1%H I, B AL,
BAEELEL: 0 min, 90% A; 0~30 min, 90%~50%
A; 30~45 min, 50%~40% A; 45~55 min, 40%~
20% A; i 25 °C; fRFARE 1.0 mL/min; A
K 246 nm; iz4TH}IA] 55 min; HEFEE 10 uL. 0 #
AN = 1 18 MR E IR 1) 4 MREE Z R #h
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. IPSS. #MEAEZ . IPS. NBIF. BC. BCin. CA.
A TRENE R, REEMOE, N 80% HH B H EE 43 i)
Fict #i] J o L3R 5 A 406.26. 200.00. 95.00. 216.00-
192.60. 243.20. 214.52. 291.52. 600.00 pg/mL ]
W, K 2 (RS AT R e, RS HT
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Table 2 Regression equation of nine ingredients

N . LR PEVE
2%) BNy (ng-mLY)
AVEIEE  Y=20.483X+32.726 09998 1.59~406.26
IPSS Y=31971X-+60.181 09994 1.56~200.00
HMEEER  Y=57.701X+32.075 09996 0.74~ 95.00
IPS Y=54.822 X+71.640 09997 0.84~216.00
NBIF Y=38.798 X+26.505 0.9996 0.75~192.60
BC Y=22580X-+20.061 09997 1.90~243.20
BCin Y=24.269 X+7.691 0.9998 1.68~214.52
CA Y=36.361 X+19.620  0.9998 1.14~29152
AVEEmY  Y=19.427 X+113510 0.9992 2.34~600.00
2.1.3 KSR ECH S e FRECA R H

#ME IR 10 g, 237900 10 fi5 EE 7K BT 2 UK, B 0.5 h,
A IFRR, JERE, BEMUmAiKE 200 mL, WEEEZ
R B E R 50 mg/mL. HX 400 pL ¥&W, T8
M KR TAr ST 20 mg 2E25). HiAh
HREAKRRTRER, B2 mL &4, i 80%H
BRI EZE, 0.45 pm LIS REIE S, BUERIE,
HEREAT, IR BOPETIAR, SMRETT RS E.
22 ETHID&HEETNIEENREM

221 ZyYmcH  BUAMETROKEIR TR, FRRIRIE
i 1l B AN [R5 By B (50 100, 300, 500. 750.
1000 pg/mL) HIVE R -

222 %Y £5FEH 5 mmol/L NaCl. 0.17
mmol/L KCI. 0.33 mmol/L CaCl,. 0.33 mmol/L
MgSOs k. BTy i IR R FH BE 5 £ 5 AR A i 77
A, HIRREIE R FREE R, T 28 CHEFEATIE IR
24 h. BUZF5)5 (days post fertilization, dpf) 1d )
BE It {g R IR G B 24 FLBRF, 8 AMHL, 16 AN,
PB4 AENE g (50, 100, 300. 500. 750.
1000 pg/mL) ZH. XTREZHMA 2 mL 7R3, 4524
PN 2 mL AN SR R IR . R
BTt AU T AR, SETIBE 5 A R 7 s
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Fig. 1 HPLC of mixed reference substance (A—C) and
Psoraleae Fructus (YN5, D) decoction
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Table 3 Content of representative ingredients of Psoraleae Fructus decoction from different places

BB (mg g7t)

> 1
e HEAEHF PSS AMEAEE  IPS NBIF BC BCin CA _ H-HIEMm
YN1 20.56 15.37 0.95 0.67 0.48 0.18 0.36 0 3.48
YN2 11.68 8.90 2.11 1.41 0.16 0 0 0 0.68
YN3 25.58 21.25 0.92 0.70 0.47 0.19 0.13 0 1.46
YN4 10.84 8.06 2.77 1.97 0.25 0.10 0 0 0.95
YNS5 19.38 15.34 1.05 0.67 0.77 0.45 0.36 0 3.96
YN6 19.46 13.38 1.92 1.65 0.60 0.21 0 0 3.06
YN7 7.36 4.76 3.51 2.32 0.35 0.10 0 0 1.05
YN8 13.29 10.71 2.81 2.16 0.44 0.16 0 0 0.96
YN9 8.92 6.44 1.54 1.05 0.47 0.34 0 0 2.18
YN10 12.98 9.66 0.98 0.63 0.62 0.47 0 0 3.01
AH1 16.44 12.38 2.27 1.58 0.37 0.15 0 0 1.36
AH2 25.37 18.87 0.65 0.41 0.84 0.40 0 0 4.40
Js1 13.38 9.44 2.62 1.70 0.56 0.17 0 0 4.01
Js2 8.51 6.03 1.24 0.79 0.38 0.29 0 0 1.42
HB 10.72 8.01 1.52 1.03 0.34 0.29 0 0 0.82
sc 11.65 8.96 3.19 2.28 0.39 0.15 0 0 0.75
HN 10.38 7.79 2.60 1.66 0.33 0.15 0 0 1.12
JK 18.82 14.96 1.04 0.77 0.46 0.21 0.16 0 1.72
YNl GNE 3.47 4.46 5.37 5.60 5.30 — — — 6.47
FHME 14.74 11.13 1.87 1.30 0.46 0.22 0.06 0 2.02
S % 46.35 34.99 5.88 4.10 1.45 0.70 0.18 0 6.36

F, AN R B AR 91.32%, b
HHEHE . IPSS. tMEEZR. IPS MRS E 07N
7.36~25.58, 4.76~21.25. 0.65~3.51. 0.41~2.32
mg/g, AFEFEHIAE BB R EOK, BKEZ
/MER 3.47~5.60 fi5; FMEHEE R & 5 HURZ
(0.68~4.40 mg/g), “FIJERE/TECH 6.36%, AN
7= MR B K AR A B /MBI 6.47 i SRS B

/>, NBIF. BC. BCin. CA KJF-¥Ji & 0%z flly
2.33%, & %0537 v 0.16~0.84. 0~0.47. 0~
0.36. 0 mg/g-

32 ARE~HAMF KRR S &R/ MEas
E3:0pA

321 HEMESHMER HEMZK 3 dof J5
A s, SRS R BHA A, MiRE,
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Blue arrowhead: pericardium; Red arrowhead: yolk sac; Scale bar: 1 mm
2 RE~IEIEKRIENEDSE (3 dpf) HSHIFN
Fig. 2 Effect of Psoraleae Fructus decoction from different
origins on morphology of zebrafish (3 dpf)

FHEE 4 FTAT, e RE /K BV EBE 5 0 &) fh g o
5 B E N 50~1000 pg/mL. AN P JEVR )
AE B S AR RN R EREAE, FHEERK
K (HB ZHE5E 5 £ b 83 5 IR FE 2008 JKL YNS,
JS1 411 20 f5). JK. YN5. JS1. YN4 HEB S fa
BRI B 50~100 pg/mL, FEPERCA; IS2.
AH2. YN6. YN10. YN3. YNI1. YN8. AH1 4%
BE I 8 2 0 5 R A 300~500 pg/mbL, BEPEIR
Z: HN. SC. YN7. YN2. YNO9. HB S5 &
MR B E A 750~1000 pg/mL, FEPERN.
*4 TEFHABISKELRNBED @416 (3 dpf) HOBER
HEF T ERERENFN

Table 4 Effect of Psoraleae Fructus decoction from different

origins on malformation characteristics and toxic

concentration of zebrafish larvae (3 dpf)
TR H W T ARFAIE 1R 24

T i %y 0 W JE R AIE YRV (gL )
JK A, B.C.D.E.F.H 50
YN5 A. B. C. D. E. F. H 50
JS1 A.B.C.D.E.F 50
YN4 A, B.C.D.E.F 100
JS2 A.B.C.D.E.F.G 300
AH2 A, B. D. E. G. H 300
YN6 A. D. G. H 300
YN10 A. B. D. E 300
YN3 A. B. C.D. E. H 500
YN1 A. D. G 500
YN8 A. B. D. G 500
AH1 A, B. D. E 500
HN A.B.C.D.E.F.H 750
SC A.B.C 750
YN7 A. B. D 750
YN2 A. B. E 750
YN9 A.C.D 750
HB A.C.D 1000

A: GIEEEMIKE KB B: LR C BRI D: AR
Rl E. IS RSWAER R RESEN G HIURIHML
R H: BAER

A: Swelling and darkening of the yolk sac B: Enlarged heart C:
Congestive pericardium D: Spine and tail bending E: Reduced
pigmentation  F: Eyes become smaller
unhatched H: Zebrafish body shortened

3.2.2  A[EFEHIANE Mg /K BN BE 5y f AR T 5 (1) 5
Ml 3 FiR, B AAE TR SR i R
FERIE IR A 3 DA 9% o FETS RN T 200%00 25 ik
FEN e AR I8, ARYESET- Rk, MRS M
FET 395 20% 0 S HEUR FIFNE IR B B FE (LC20)s
W 4 B, #MEE LC20 (pg/mbL)  HH/NEIRARIK
79 136.9 (YN5). 158.3 (YN10). 2415 (AH2).
246.5 (YN1). 279.0 (YN6). 315.6 (YN3). 318.9

G: Embryos appear
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Fig. 3 Effect of Psoraleae Fructus decoction from different
places on zebrafish (2—6 dpf) mortality
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Fig. 4 LCa of Psoraleae Fructus decoction from different
places on zebrafish (6 dpf)
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25 IR FE A REPEEOR. Wil 5 s, A
AP b RN E RE K B BE S 1 (6 dpf) LCso
FERECK (173.2~1242.0 o/mL), HKfl (YN2)
Ri/ME (YNS) 1 7.2 £, HRE N=wmEr~H. £
R R [R] 72 HiURT 5] N 2 B = M AS R v i i R S5t
FIEE R 5 MR CYNSL YN10. AH2. YN1.
YN6) [f] LCso fH¥4/NT 400 pg/mL, FHiEEA; 7
AR (JS1. AHL. JS2. YN7. YN3. HN. JK)
f) LCso {fi &y 400~600 pg/mL, PRz : 6 Mtk
(HB. YN8. YN4. YN9. SC. YN2) fJ LCso i
74 600~1000 pg/mL, ERMHEF/DN, 5 EIR LCo 4R
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Fig. 5 LCso of Psoraleae Fructus decoction from different
places on zebrafish (6 dpf)

324 AMEHR/KHEDEEVES F R & BMAR D b
HERBEMER B EER 2 lf 18 MM K
P EERER D S E G EETENRERS & &
ZAD. W SR (3 MERAERS SEZ
ADL AMEIEM S RSP S (6 dpf) 1) LCso fEIE
AT, R 6 Fiow, EEZRr #ME
REM 5B 0 B AR DCHERIF (R2 43512 0.623 4.

0587 8); FHERLEAT MMM E 2 (R?=
0.187 7), 7~ MR 7K BV A 1 25 14 v 6 32 22 ¢h 3

YN10
JS1
AH1
JS2
YN7
YN3
YN8
YN4
YN9
YN2

LS

29 = AR
o P R=05878 . B R
£ 800% = =" R=01877
%‘f m reel m,,
%/ -: .. B, .l . ]
& 400 O
— ] -

o RE=06234 . . . , ,

0 20 40 60

s El(mg gt

6 TR~ R BEEKFIEFELXRIEEEHRTE
BEMREX SR

Fig. 6 Correlation analysis between contents of various
components of Psoraleae Fructus decoction in different
places and batches and toxicity of zebrafish
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Fig. 7 LCso of 13 components of Psoraleae Fructus on
zebrafish (6 dpf)
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