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LR Y B AA R IK s gRT-PCR 251 7, S5 IRAHAH HE, PRE 8 B &340 Tyr A1 Tyrp2 mRNA 93835, FoAh 4525
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Abstract : This study aims to analyze the chemical constituents of Psoraleae Fructus ethanol extract (PFE) and explore its
mechanism of promoting melanin production. The chemical constituents of PFE were analyzed and identified by ultra perform-
ance liquid chromatography-quadrupole-time of flight-mass spectrometry ( UPLC-Q-TOF-MS) technology. Zebrafish was used
to investigate the effects of PEF on the melanogenesis. The regulation effects of PFE, psoralen and isopsoralen on the mRNA
expression of tyrosinase ( Tyr) , Tyr-related protein 1 ( Tyrpl) and Tyr-related protein 2 ( Tyrp2) in mouse melanoma cells
(B16-F10) were detected by real-time fluorescence quantitative PCR(qRT-PCR). A total of 47 compounds were identified in
PFE extract,including 27 flavonoids, ten coumarins, eight monoterpenoids and two other compounds. Meanwhile , the Zebrafish
experiment results showed that PFE could significantly increase the melanin level in zebrafish after 18 hpf (hours post fertili-
zation ) . The results of qRT-PCR showed that compared with the control group , PFE could significantly increase the mRNA ex-
pression of Tyr and Tyrp2 ,while other groups exhibited up-regulation effects on the mRNA expression of Tyr, Tyrpl and Tyrp2
in varying degrees.
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corylifolia L. ) #) T BGRSE, v BRIl R 32 2
TRYT B BN J2 T B2 | IR v R M AR i |
AN ATIAYT R BEFR S . AL TR A (0 A
B IRIBYT FVXURY P s, A8 A< R 1 [ HAS
VBN E IR A 2 2R (FR “ Babehi seeds” “ Bakuchi
powder” “Bakuchiol ” 25 ) . b 1A 7 1R RUAY
FIRIA Z2 Fh Z2 R, B 45 R , T 300 A S (T 24 44
¥ 741022361) . RS AMEIRIAYT FUBXUAY SCERIE
A2 AHHIRYT ERE A AR AL A4 o 5L it 4
W ATE R I, PRI, A SOR TR = 0B 6,385 - 1
AT RATI ] B3 (UPLC-Q-TOF-MS ) K, 58 4
B EE LY ( Psoraleae Fructus alcohol extract, PFE)
AP 53 5 8 ) T e 5 5 £ 8 JR (8 3 S0, B¢
PFE fig B0 24 iUV, Fias ] SE i 20 i /A
Hif 5% 28 /2 V7 ( quantitative real-time PCR, qRT-PCR) 3
Kl PFE  4h - i 3 (psoralen, PSO ) 15 4 fIF 5
(isopsoralen,IPSO) X /N il 22 {4 % Jf 41 g ( B16-F10)
2RI 7 2 PR B tyrosinase, Tyr ) | 5% 2 MR AT SC 2
1 ( Tyr-related protein 1, Tyrpl) FIAH 25 [ 2 ( Tyr-re-
lated protein 2, Tyrp2 ) i) mRNA Fik/K¥, HiE—EF
HIGT T RIS AL S P PR f B Sk
1 #R57E=%
1.1 #F

AR (A5 2203286, 77 4 VLY ) I T
HRTER 2GR R A BR A 7], G477 00 HE Bl 32 4T 25 il 48
E N ERHEYI AN B I (Psoralea corylifolia 1.) i1 15

AME IR R X B (5 RP190515) | S 4b i iR
Ut AL (H1E45 - RP190423 ) i b1 i 57 242 ) Xof iR
A (4165 : RP190226 ) b8 Jig B 28 X BR i (tt
RP200309 ) 4h g 72 %5 B i (4it5 : RP200309 ) | #b
IR EXS B (165 . RP191212) M E iR £ 2 X IR
A (155 : RP191230) 5 HR ity (AR 22 P AR BHECAT IR
AF) s HR(EIER, FiBERTI/RASARAA,
L5 HIS8A ) ; HI B ({4 3% 2, LiChrosolv, #it 7.
11077207008 ) 5 Z i (4 3 &, LiChrosolv, Hit %5
JB079830) ;1-ZKF-2-f )k ( PTU) ( Sigma-Aldrich, 4fi
J#=98% , it : BCBT2428 ) ; Jii i FRZ& 1R 7K 5 /) BB
R I8 4 i & B16-F10 (b 44 4= 4, #it 5. BNCC
100309) ; AB 2 B AE AUEE L f ([ 5 £ 5 rh
L) s a4 i iE (35 [E Sigma 28w, L5 F8318) | ik
HEB (REXCEWHEARA RS A, H#5:
MA0233) ; -8 R (RIEL AW HARA R,

fit5 :MAO110) ; RPMI 1640 ( K% £ CAEYH ARG
FRAH] 445 : MA0215) smRNA Jiz % 530 & (7 o
TEMERE A YR A RS FD L iS5 R223-01) 52 x TS-
INGKE® Master qPCR Mix R0 & (db R YR
FARRA A, #5: TSESOL) ; 54 i b st R EY)
BHEARR AR A

1.2 #i&

1.2.1 SRRk 094 &

i 28 RIS X I 3 o, L 24 1,00 mg/mL
BT A AR, G R TR BB A A YA, T v
JEA B AN B IR E 140.3 ng/mL SFAME AR 141.7
e/ mL AN IS S8l 138.9 pe/mL #ME R
140.5 wg/mL M 577 139. 1 pg/mL #bH 5 &
141.8 pg/mL #MFREZ % 141.9 pg/mL IR A X
TR, 3 0. 22 wm AYTRLFLUEIE, 25 ] o
1.2.2 PR SiEik e h &

HUER AT BRI 2, M e MRS, A 2 PR R A
JEHLAS 100 g, FH 65% £ By Wi, #ie  rp AR N R LA
2580 (LUF @ FR R 2580 ) (GE ] 0189) 2§
RUEATHREL, UV AR FLN 1500 mL, B8 WCR
e 78 A A T 4 , e 4 224 60 ~ 80 mL I}, #4575
BRI, T E-80 C KA R 24 ho BB HRE
R B E SV IR TS VR T4 72 b, [LISCRE
an, THREARICR R 27.13%

1.2.3 &iE&u0

Hypersil GOLD AQ Cq & 3% FE (100 mm x 2. 1
mm,1.9 pum) ;77 :0. 4 mL/min; #: .30 C s UEAE
4 WL sl 0. 1% R LG (A) 0. 1% R K
W (B), BAEVEBAR T :0 ~ 1 min,95% B;1 ~2
min,95% —90% B;2 ~8 min,90% —75% B; 8 ~ 15
min,75% —65% B;15 ~20 min,65% —55% B;20 ~
22 min,55% —5% B;22 ~23 min,5% —0% B;23 ~
24 min,0% —95% B ;24 ~25 min,95% B,

1.2.4 JFigd&4t

BT IR LSS B IR SR S S OCHRAR K
ATIE BB T4 ; W55 HL 1K : 5500/ 4500 V, K fEHL
J£:100/-100 V; R 500 C 5550 :N,, 5%
LA 255 psi, S B IEAA 55 psi, A K35
psi; BT YT F : 100 ~ 2 000 Daj filf i GE & : 45/-
45 eV P R AR AE R K 10/15 eV,

1.2.5  JRiEHRFESHT

K1 2. 37 A1, 2. 47 T T Y 45 1k X il 4%

(XS B V8 VR AN PRE 5 W E 47 20 BT, R 4 T 33 4K
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P&, M Peakview 1.5 %4 ( AB Sciex) X} i i £ 35
PEFT A, X X B B A5 L, 45 h e S
Bk Sz CFM-ID 4. 0 odfs e b — 20t , S5 M G AL
L, X PRE i i AT 48 5E
1.2.6 L& Lk

AB R BFA BUBE T ff, AR ROEHE 14 h G 10 h,
R A IRE K, IS TR IR, T 28.5
CHIJEIREE SR B RS 75 29 9 hpf (hours post fertiliza-
tion , SZH Je /) BIRR BB VIR iR, F2 88 2 6 fL
M, BAL ik 30 ARG . 23R 4 41, 43000 0 &5 R
HRZH (Con) (1-RBL-2-F IR (PTU) | 1-FR5E-2-f Ik -
NG LG TR (PTU-W) (1-55-2-Fi Ik-PFE 20
(PTU-PFE) , Con #H: 9 ~72 hpf fii IR 2H 25 55
WEATHFE s PTU 4. 9 ~72 hpf ff & FAE25 PTU
(200 wmol/L) B WRNG 2H 255 TR M kA7 45 5% PTU-W
20 :9 ~ 54 hpf ffi HI & BHPEZS PTU B IRIRLH U 57K
B3R ,54 ~ 72 hpf B4 0 35 e 1 R I 2H 2R % % Wk
FrHi3% ; PTU- PFE 219 ~ 54 hpf {ii 115 FH{E2Y PTU
ARG U FR I 97, 54 ~ 72 hpf B4y % PFE
(10 pg/mL) RRIGHEURE FR M IEAT HE 57 78 72 hpf
i, WEEHE It R IR S B A8k, I
1.2.7  tmfedd ik R i 5 tAn 32

B16-F10 2 fii 1] 58 42 55 9% 5 (90% RPMI 1640
+10% JRA-ILHg + 1% -85 R ) AT R 9%, T 37
C,5% CO, fHRIEFRA IR, Frai il & ik
) 90% AT AT HERh 2= 6 LR, 4 6 LAt
AOAA M5 R ) 70% ~80% I}, 43 5IAE 6 fLAk
A 12.5 wg/mL 9 PFE PSO F1 1PSO,24 h J5 U440
J It 42 B4 g RNA, qRT-PCR 45U Ty, Tyrpl Al
Tyrp2 mRNA B9284k 500, {8 A Primer Premier 5. 0
BRI 1, 51 BRME R R 1, L) MM-ACTB

KNSR, R 2% 4 :95 C 5 min,95 C5 5,60
C 31 5,40 NMGIR, He ATk w8 A XT3
K fE =2 (AACE = ACt HFRIEH-AC WS L),
HARILH ACH {H = Ct ¥ fh-Co XFIR, NS L ACE
i = Ct ¥ 5h-Cr XFRE

F1 Ty Tympl 70 Tymp2 BEE5IHF 5
Table 1 The gene primer sequences of Tyr,Tyrpl and Tyrp2

FEH 5I1YIFE(5'—-3")
Gene Sequence(5'—3")

- F:CAGGCTCCCATCTTCAGCAGAT

” R:ATCCCTGTGAGTGGACTGGCAA
_— F.AGCCACAGGATGTCACTCAGTG
P R:GCAGGGTCATATTTTCCCGTGG
_— F.GCAAGATTGCCTGTCTCTCCAG
P R:CTTGAGAGTCCAGTGTTCCGTC

1.2.8 %it¥7 ik

K H SPSS 20. 0 G it #k ki1 G it 2253 #r, it
OB A IE 5040 T A 508 DL 3448 = bR 2=
(x +5) Fm, RPFAIER SR M(P25, PT5),
THEFORHR IEASFF U T 2555 A, PR A 1] L, O
ZEFF RIS FEAS ¢ K4, T3 254555, HH Mann-Whitney
U K, P <0.05 FRnEr A git=E L.

2 #R
2.1 PFE LZERHEE

K UPLC-Q-TOF-MS % %if F& 5 il PFE 75 ¥ ik
FFAYHT, 1E B TR R X IR 4R B s T IR LA 1,
1E U AR AN IR RE A R T R LA 2,
i35Sk CFM-ID 4. 0 Bl 1 DL K AR Y
BE (s B L, 78 PRE RE S A0 LR % 2 31 47
MMEEE gy, Hob s 27 A4, F R KL 10 4, 5
W2 8 AFUHANZE 2 A, Al 5 8 Wk 2, JF
T CAE ARSI b i A Fe R B EA T 2L A T

i)

0o 1 2 3 4 5 6 7 8 9 10 11 12

13

o

14 15 16 17 18 19 23 24 25

B /8] Time(min)

A1
Fig. 1

EEFEATHRARIERNEFRE

Extraction ion chromatogram of reference samples in positive ion mode
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s
1 1} 2 loll
1 \ 3 \ v\ °\10 "\lll”“\/l; 17 /” . it - nYey
ke, \m\ . \ \.\//,\.\/ L,
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Fig. 2 Total ion chromatograms of PFE in positive( A) and negative(B) ion mode
%2 PFE{LZER 9 H) UPLC-Q-TOF-MS £%E
Table 2 Identification of compounds in PFE by UPLC-Q-TOF-MS
Wef A e MS/MS
E= tr B3 Theoretical Measured R R BT AT waEY
" Exror . Molecular
No. ('min) Ton mode value value (x10%) MS/MS formul Compound
(m/z) (m/z) x fragment ion ormua
367.102 6 M+H] * .
205.051 6[ M + H-CoH,05 ] *
L
1 5.33  [M+H]* 367.1026 367.1024  0.69 187.037 6[ M + H-CsH,(05-H,0] * | Cy;H 504 %'E’HE‘FT
Psoralenoside
143.049 4[ M + H-C¢ H,, O5-H,0-CHO, | *
115.056 8[ M + H-C¢H,,05-H,0-CHO,-CO ] *
417.118 2[ M +H] * |
255.064 4[ M + H-CoH,,05 ] * . 3
2 5.81  [M+H]* 417.1182 417.1180  0.50 227.069 7[M + H-C¢H,,05-COT ™ | Cyy Hyy Oy D%ﬁ
arazin
199.075 2[ M + H-C4 H,, 05-CO-CO ] *
137.023 3[ M + H-C4H,p 05-C4Hy 0] *
563.175 8[M+H] * |
255.064 9[ M + H-C},Hyy 09 ] * . o .
3 6.62 [M+H]* 563.1758 563.1759 0.19 227.069 5[ M + H-C,, Hyy 0p-CO] * . 27 H30 043 Bavadin
199.073 5[ M + H-C;, Hyy 0,-CO-CO ] *
447.093 4[M-H]" .
285.039 3[ M-H-CoH,, 05 ]" .
284.031 8] M-H-CoH,, 05",
- 257.046 1[ M-H-C4H,,05-CO |~ St
4 7.93 [M-H]- 447.0929 447.0933  -0.93 . [ 6Hi905-COJ" Gy Hy 0y :
Astragalin

256.037 3[ M-H-C4H,,05-CO] ",
255.029 6[ M-H-C4H,,05-CO-2H] ",
227.034 9[ M-H-C¢H,,0,-CO-2H-CO ]~
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2:5% 2 ( Continued Tab. 2)

PG
BTHi. Theoretical
Ton mode value

(m/z)

S
5= ™ Measured
No. ('min)

value

(m/z)

—~

R
Error

x10%)

MS/MS
BT
MS/MS

fragment ion

TR

Molecular

HEY

formula Compound

[M+H]* 271.0602 271.060 1

6 9.48 [M-H]~ 353.102 6 353.103 1

7 9.60 [M+H]* 255.0650 255.0652

8 9.94 [M+H]* 285.0758 285.0758

9" 11.33  [M+H]* 187.0387 187.039 0

10" 11.74

[M+H]* 187.0387 187.0390

11 12.30  [M+H]* 271.0602 271.060 1

12 12.38  [M+H]* 283.0604 283.060 1

0.24

-1.19

0.89

0.12

1.44

-1.58

0.54

0.95

271.059 S[M+H] * .
253.050 2[ M + H-H,0] * |
243.064 6[ M + H-CO] * |

225.053 3[ M + H-H,0-CO] * |
215.069 7[ M + H-CO-CO] * |
197.058 9[ M + H-H,0-CO-CO] * .
187.072 8[ M + H-CO-CO-CO] * .
169.064 3[ M + H-H,0-CO-CO-CO] *

351.989 1[M-H]" .
335.092 7[ M-H-H,0]",
251.034 7[ M-H-C,H,,0, ],
223.038 4[ M-H-C,H,,0,-CO]"
135.008 8[ M-H-C;H,,0, ]

255.065 4[M+H]* .
227.070 5[ M + H-CO] * .
199.075 3[ M + H-CO-CO] * |
137.024 2[ M + H-CgH 0] *

285.074 5[M+H] * |
270.050 9[ M + H-CH; ] * |
257.050 9[M + H-CO] * |

253.048 6[ M + H-CH;0H] * |

242.056 3[ M + H-CH;-CO] * |

229.048 4[ M + H-CO-CO] * |
197.059 5[ M + H-CO-CO-CH;0H ] *

187.041 §[ M +H] * |
159.046 1[M + H-CO] * |
143.051 O[ M + H-CO, ] * .

131.049 7[ M + H-CO-CO] * |
115.055 4[ M + H-CO,-CO ] *

187.040 1I[M+H] * |
159.047 3[M + H-CO] * |
143.050 8[ M + H-CO, | * |

131.050 O[ M + H-CO-CO] * |
115.056 0[ M + H-CO,-CO] *

271.059 4[ M +H] * |
253.049 4[ M + H-H,0] * |
243.062 7[M + H-CO] * .

225.052 5[ M + H-H,0-CO] * |
215.071 4[ M + H-CO-COT * |
197.058 9[ M + H-H,0-CO-CO] * |
153.018 2[ M + H-C4H,0] *

283.059 O[ M+ H]* |
255.066 9[ M + H-COJ * |
227.070 1[ M + H-CO-CO] * |
199.076 2[ M + H-CO-CO-CO] * .
137.024 3[ M + H-C,Hs 0,1 * .
109.030 2[ M + H-C,H,0,-CO] *

7,2",4'-Trihydroxy-

3-arylcoumarin

CISHIOOS

Conlg 06 COI'y]ifo] E

REHIL

CisHioOs Daidzein

JEWE G FE A

C,cH,,0
16701275 Biochanin A

ZINEREES

Psoralen

G Hg 05

FAMEIRER

Isopsoralen

C11H603

ORI H

Genistein

CISHIOOS

A I S BT R

Ciotlio O Corylinal
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2:5% 2 ( Continued Tab. 2)

HSE  SEE o MS/MS '
- : R e 4
¥ ™ B i, Theoretical Measured FError MR BT M}jiif]:ar e
No. ('min) Ton mode value value P MS/MS ) Compound
(x10°) formula

(m/z) (m/z)

fragment ion

341.137 0[M+H] * |
323.127 2[ M + H-H,0] * |
269.079 4[ M + H-C,Hy0] * |
13 12.79  [M+H]* 341.1385 341.1384  0.58 221.079 8[ M + H-CgHz O] * | CyoHyOs  Psorachalcone A
203.070 1[ M + H-C4gHgO-H,0] * |
147.043 9[ M + H-C;, H,,0,] * .
119.049 4[ M + H-C,, H,, 0,-CO] *
341.138 9[M+H] * |
323.125 3[ M + H-H,0] * |
269.080 6[ M + H-C,H;0] * | \ A
14 13.04 [M+H]* 341.1383 341.1384  0.18 221.081 1[M +H-CgHg O] * CyoHy 05 ﬁtifﬁfm@ﬁiﬂl
203.070 1[ M + H-C4Hg0-H,0] * |
147.043 9[ M + H-C,, H,, 0,1 * .
119.049 3[ M + H-C,, H,, 0,-CO] *
339.123 0[M+H] * |
321.113 0[ M + H-H,0] * |
279.065 3[ M + H-H,0-C;Hg ] * .
15 13.07 [M+H]* 339.1230 339.1227  0.99 267.066 5[ M + H-C, H,0] * . CyHigO0s  Bakuisoflavone
239.071 2[ M + H-C,Hg0-CO] * |
137.023 2[ M + H-C\3H,,0] *

339.122 S[M+H]* 321.111 8[ M + H-H,0] *
279.065 2[ M + H-H,0-C,Hg ] * .
267.065 1[ M + H-C,H0] * . )
16 13.39 [M+H]* 339.1230 339.1227  0.86 CyoH505 Psoralenol
251.070 O[ M + H-H, 0-C, H,-CO] *
239.069 8[ M + H-C, H;0-CO] * |
137.023 7[ M + H-C,3 H,,0,] *

N

357.1342[M+H] * |
339.116 7[M + H-H,0] * |
17 13.76  [M+H]* 357.1333 357.1333  0.04 237.074 O[M + H-CsH}, 05 ] * | CyHy0s  Brosimacutin G
147.043 9[ M + H-C,, H,, 0,1 * .
119.049 3[ M + H-C, H,,0,-CO] *

337.107 4[M+H] * | e
. i . . SAEIRE
18 14.57 [M+H]* 337.1070 337.1071  -0.28 279.065 7[ M + H-C;Hg O] * | CyoHy605

Isopsoralidin
251.071 O[ M + H-C;H,0-CO] *
353.102 6[M+H] * |
281.044 7[M + H-C,H 0] * |

253.049 3[ M + H-C,Hg0-CO] * |
237.055 0[ M + H-C,Hg0-CO, | * | 2 3 RN G
+ C.nH,.O = H AR E
19 15.82  [M+H]" 353.1023 353.1020  0.95 225.054 8[ M + H-C,H 0-CO-COT * | 07166 pooralidin2’, 3 -oxide

209.058 9[ M + H-C, H;0-C0,-CO] * |
197.060 4[ M + H-C, Hg0-CO-CO-CO] * |
181.064 6[ M + H-C, H;0-CO,-CO-CO] *

353.101 3[M+H]* |
335.091 8[ M + H-H,0] * |
T e
20 16.69 [M+H]* 353.1022 353.1020  0.59 307.096 8[ M + H-H,0-CO] * | CyoH,60g IR R SLHERE A
Bavacumestan A
267.066 3[ M + H-CsH,,0] * |
239.069 8[ M + H-CsH,,0-COT *
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2:5% 2 ( Continued Tab. 2)

BLibAAYIED S . MS/MS .
FE 1 Bt Theorﬂiaal Mfii%d R BT AT &
No. ('min) Ton mode value value Erro; MS/MS Molecular Compound
(m/z) (m/z) (x107) fragment ion formula
339.120 5[M +H] * |
311.125 4[M + H-CO] * |
283.060 2[ M + H-C,Hg ] * | 30— LA
21 16.80 [M+H]* 339.1229 339.1227  0.71 265.049 2[ M + H-C4Hg-H,0] * | CyHigOs  FEYURLARZE
255.065 2[ M + H-C,Hg-COJ * | Isowighteone
237.054 5[ M + H-C,Hg-H,0-CO] * |
153.070 6[ M + H-C;;H,,0] *
303.163 8[ M + COOH ", 15-Demetyl-12,13-
22 17.12 [M+COOH]303.159 8 303.1591  2.32 185.058 8[ M + COOH-C4HgO] ", C,H,,0, dihydro-13-
157.028 5[ M + COOH-C, H,0-C,H, ]~ ketobakuchiol

341.138 8[M+H] * .
269.081 0[ M + H-C,H,0] * .
23 18.35 [M+H]* 341.1385 341.1384  0.37 221.081 O[ M + H-CgHgO] * | Cy0Hyy O Bakuchalcone
147.044 3[ M + H-C, H,, 0, ] * .
119.050 O] M + H-C,, H,,05-CO] *
323.1278[M+H] * .
267.064 9[ M + H-C,H, ] * .
255.064 8[ M + H-CsHy ] * .
24*  19.09 [M+H]* 323.1276 323.1278  0.49 2;;903394?1[“]\1:[@;515331 CpH, 0, PRI S
211.075 6[ M + H-C, H;-CO-CO] *
199.075 6[ M + H-C, Hg-C, HO-CO] *
137.024 2[ M + H-C,;H,,0] *

Neobavaisoflavone

323.128 5[ M+H] * .
267.064 5[ M + H-C,Hy ] * .
255.065 3[ M + H-C;Hg ] * .
25 19.44  [M+H] " 323.127 8 323.127 8 0.12 239.070 30 M + H-C, H-CO] * . CyH;304  Chromenoflavanone
211.075 3[ M + H-C, H;-C0O-CO] * .

121.029 3[ M + H-C,, H,, 0, ] *

299.083 7[M+H]* .
179.035 1[ M + H-CyH 0] * |
o B 1L Fer i
26 19.47 [M+H]* 299.0911 299.0914  -0.93 151.039 3[ M + H-C4H;0-CO] * | € Hy, 05 PO AMITI R R0
Isoneobavachalcone
147.010 8[ M + H-CgHy 0,1 *
121.029 8[ M + H-CyH,0,] *

325.143 5[M+H]* |
269.080 9[ M + H-C,Hg ] * .
. C.H.O0T* . AME R
27 19.73 [M+H]* 325.1435 325.1434  0.34 205.085 8[ M + H-CgH O] * | CyH, 0, Sy
avac.
149.023 2[ M + H-CgHg O-C,Hg | * .
121.029 2[ M + H-Cg HgO-C, Hg-CO | *
289.179 9[M +H] * |

N C,gH,, 0 Psoracoryli
28 19.85 [M+H]* 289.1799 289.179 8 0.12 123.045 1[ M + H-C, H ;0] * 18H24 03 Psoracorylifol A

293.043 7[M+H] * |
265.047 8[ M + H-CO] * | _—
. . WA I
29 20.28 [M+H]* 293.0445 293.0444  0.26 237.054 3[ M + H-CO-CO] * | C,,H, 05 .~ =
opsorale:
221.059 6[ M + H-CO-CO, ] * . P
209.060 3[ M + H-CO-CO-CO] *
289.179 8[M +H] * |

* - CysH,,0 soracorylif
30 20.84 [M+H]* 289.179 8 289.179 8 0.16 123.045 2[ M + H-C, H,40] * 18H24 O3 Psoracorylifol B
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2:5% 2 ( Continued Tab. 2)

s
No.

I
('min)

AR RERN

Ton mode

I SCA
Theoretical Measured
value value

(m/z) (m/z)

R
Error

(x10°)

MS/MS
BT
MS/MS

fragment ion

53
Molecular
formula

HEY
Compound

31

32

33

34"

35

36"

38

20.85

21.33

21.90

21.93

22.03

22.44

22.55

22.66

[M+H]*

[M+H]*

[M+H] ™

[M+H]*

[M+H]™

[M+H]*

[M+H]*

[M+H]*

321.112 4 321.1121

323.1279 323.127 8

341.138 6 341.138 4

337.107 0 337.107 1

407.185 3 407.185 3

325.1433 325.143 4

339.158 8 339.159 1

335.091 3 335.091 4

0.43

0.65

0.14

0.51

0.75

0.37

321,112 8[M+H] * |
306.089 7[ M + H-CH, ] * |
279.066 O[ M + H-C;Hg ] * |

137.023 8[ M+ H-C3H,,0] *

323.128 5[M+H] * |
267.064 S[M + H-C,Hg ] * |
255.065 3[ M + H-CsHg ] * |
203.070 2[ M + H-CgHgO] *

147.044 7[ M + H-C,, H,0,] * |
119.049 9[ M + H-C,;H,,0,-CO] *

341.138 6[M+H] * |
285.073 8[ M + H-C,Hg ] * .
165.017 4] M + H-C, Hg-CgHg O] *
137.022 3[ M + H-C, Hy-CgHg0-COT * |
121.064 O[ M + H-C},H,,0,] *

337.108 8[M+H] * |
309.114 O[ M + H-CO] * |
281.044 8[ M + H-C,Hg ] * |
253.049 9[ M + H-C,Hy-CO] * |
237.055 5[ M + H-C, Hg-CO, ] * |
225.055 1[ M + H-C, Hg-CO-CO] * |
209.060 2[ M + H-C, Hg-CO-CO, ] * .
197.059 7[ M + H-C, H;-CO-CO-CO] * |
181.065 1[ M + H-C, Hg-C0O-CO,-CO ] *
407.186 8[ M +H] * |
389.174 9 M + H-H,0] * |
267.065 1[ M+ H-CoH,0] * .
255.064 8[ M + H-C,yH,;0] * .
239.070 1[ M + H-CoH, 0-COJ *
137.023 7[ M + H-C;4 Hp, 0, ] *

325.143 3[M+H] * |
269.080 6[ M + H-C,Hg ] * .
205.086 O[ M + H-CgH,0] * .

149.022 8[ M + H-CgHgO-C, Hg ] *
131.012 5[ M + H-C4 Hg 0-C, Hg-H,0] * |
121.028 6[ M + H-CgHg0-C, Hg-CO ] *

339.159 5[M+H] * |
283.096 8[ M + H-C,Hg ] * .
271.096 1[M + H-CsHg ] * .

256.073 3[ M + H-CsHg-CH, ] * |
219.100 9[ M + H-CgH,0] * .
151.038 6[ M + H-CgHg O-C5H, ] *

335.001 1[M+H] ",
307.096 9[ M + H-CO] * .
263.070 3[ M + H-CO-CO, ] * |
235.075 5[ M + H-CO-CO,-CO ]
195.080 1[ M +H-CO-CO,-CsHg ] *

C'201-[1604

C‘Z()H]XO4

CZO H20 05

C20H1605

CZS H26 05

C‘Z() HZ() 04

Cy Hy 04

CZOHMOS

IR T
Corylin

SAMEIRE
Ho 22 H-

IsobavachroMene

6-Prenylnaringenin

A E e
Psoralidin

Corylifol G

IR

Isobavachalcone

HI A B AR A

Bavachinin

ML) ST A

Sophoracoumestan A
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2:5% 2 ( Continued Tab. 2)

s
No.

I
('min)

PG
BTHi. Theoretical
Ton mode value

(m/z)

el

Measured

value

(m/z)

MS/MS
BT
MS/MS

fragment ion

R
Error

x10%)

53
Molecular
formula

HEY
Compound

39

40

41

42

43

44

45

46

47

22.

23.

23.

23.

23.

24.

24.

25.

25.

82

89

91

93

95

68

16

21

[M+H]* 391.1902 391.190 4

[M+H]* 257.

[M+H]* 273.

[M+H]* 459.

[ M + COOH]299.

[M+H]* 279.

[M+H]* 281.

[M +COOH]573.

[M+H]* 543.

189 7

184 2

252 4

165 0

2321

247 6

3573

346 9

257.

273.

459.

299.

279.

281.

573.

543.

190 0

184 9

253 0

164 2

2319

2475

3575

346 9

391.191 4[M+H] * |
335.128 8[ M + H-C,Hg ] * .
323.127 8[ M + H-CsHg ] * |
279.065 5[ M + H-CgH,s ] * .
0.52 267.064 2[ M + H-CoHs ] * .
255.064 6[ M + H-C,H,0,] * .
239.068 9[ M + H-CoH,-CO] * |
211.075 2[ M + H-CyH,,-CO-CO] * .
137.023 7[ M + H-C,4Hp, 0] *

257.190 9[M +H] * |
201.128 O[ M + H-C,Hg ] * .

187. 111 5[ M + H-C,Hg-CH, ] * |
173.095 9[ M + H-C, Hy-CH,-CH, ] *
147.080 7[ M + H-C, Hy-CH, -CH,-C,H, ] * |
133.065 3[ M + H-C, Hy-CH,-CH, -C, H,-CH, ] * .
121.065 4[ M + H-C, Hg-CH, -CH, -C, H,-C, H, ] *
107.049 7[ M + H-C, H,g ] *

-1.04

273.184 2[M+H] *
2.47 191.111 1[M+H-CoH,y ] * .
123.045 4[ M + H-C, H4 ] *

459.262 8[M+H] * |
403.189 5[M + H-C,Hg] * .
391.189 3[ M + H-CsHg ] * .
375.159 7[ M + H-C,Hy-COJ * |
1.26 279.064 8[ M + H-C,Hg-CoHyo ] * |
267.064 6[ M + H-CsHg-CoHyo ] * |
255.064 8[ M + H-C,, H},0,] * |
251.069 5[ M + H-C, Hyg-CoH,,-CO] * |
137.022 8[ M + H-CsHg-C g Hy, O] *
299.163 8[ M + COOH] ",
2.78 171.081 2[ M + COOH-C(H,, |-,
156.058 O[ M + COOH-CH,,-CH, |-

279.092 4[M+H] * |
0.77 149.022 6[ M + H-C,H,,0,] * |
109.101 8[ M + H-C,,H,50,] *
281.291 3[M+H] * |
263.068 6[ M + H-H,0] *
573.348 6[ M + COOH]" .
527.3529[ M-H]"
485.283 5[ M + COOH-C;H, ]~ .
271.169 5[ M + COOH-C 4 H,,0]" .
255.174 7[ M + COOH-C 4 H,,0, ",
172.089 2[ M + COOH-C 4 H,,0,-C¢H,, ]~
543.349 4[M+H] * |
0.03 525.341 6[ M + H-H,0] * |
387.194 8[ M + H-H,0-C,Hs ] *

C25 H26 04

CigHy 0

C18H2402

C30H3, 04

CISHZZO

CISHSOOZ

C18H3202

C‘36 H48 03

C36 H46 04

Corylifol A

M e
Bakuchiol

Psoracorylifol D

7-0-
Isoprenylcorylifol A

Delta( 1) ,3-bakuchiol

P JRRF- R R
Alpha-linolenic acid

iR

Linoleic acid

(12'S) -
Bisbakuchiol C

Bisbakuchiol A

e XX LS E R B A

Note: * Compounds identified by comparison with reference substance.
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2.1.1 FERELFRSER [M+ H-C,H,,0,-CO ] * F1199. 075 2[ M + H-C(H,

F£ PFE B S 4 5 31 27 A5 2 A7
P ki TR N TR s | ey g 8
PR = LSRR B 28— i 25 Wl BT Sl e )
T , VR R FEAT I 3E H AR 3K IR 39T - BT A R S
(RDA) . #2NREL2 (BT ) A1 24 (B OT)
BTN LGP 2 AR BFE 5. 81 min, 53F
0 Cy Hyy O, EAT FBS T H m/z 417.118 2 [ M
+H] " m/z255.064 4[ M + H-C,H,,0, | * HifES T
BRI 1 oy AR TR L O
T —2 % RDA B4 7= m/z 137.023 3[ M +
H-CH,,05-CiHO ] * \ B5 (R B F m/z 227. 069 7

0,-CO-CO] ", ZHMFICIR™ M % 5E 2 K E
1o L& 24 (A B BFE 2 19. 09 min, 733
CyoH, O, S F B Tl m/z 323. 127 8[ M +
H] ", H& 4 RDA 24f# 7242 m/z 137.024 2[ M + H-
C,H,0]" ,m/z267.064 9[ M + H-C,H, ] * F 0] H:
A R IR I, 25 G R BT m/z 255. 064 8,
239.069 9 .227.070 4 211.075 6 f1199.075 6, 5%}
HE it P % B B[RRI 7 8 AT 0T Lh, 255 4 OGS
BRT, TS 24 B AME I S B R , H MS/MS R i
IFIA] e o i 24 i 12 DLIET 3 Al 4

255.0648
239.0699
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137.0242 . 199.0756 i
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Fig. 3 The MS spectra of neopsoralen isoflavones
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Fig. 4 The possible fragmentation pathway of neopsoralen isoflavones
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FTER) M 34(WMEHNBEZ) BB A LG AR ILIE 5 FE 6. fbA ) 34 (R B ATTE] R 21. 93

9. {5 BNl S 11. 33 min, 4> T30 % C,, H,0,, M4y
TE T m/z 187.041 8 [M+H] ", HE%K 1 4>
F CO 74 m/z159.046 1[M + H-CO | * | i — %
g1 40 F CO 774 m/z 131. 049 7[ M + H-CO-
O]l ;i FETIEELLR 1 4-F CO, 77k m/z
143.051 O[ M + H-CO, | * ,it—HFF4 1 43 F CO 7=
4 m/z 115.055 4[ M + H-CO,-CO | *, 55 %} B& S iy 1
BRI R - 88 1 HEAT X 1L, 2 2% A0 06 ek ™, T
YE 9 NAMEIE R, H MS/MS [ 1% & F A GE i 44

131.0497

115.0554
103.0558

102.0481

143.?510

min, 5% F 2K Cy Hye Oy, W53 T 55 T Hg m/z
337.108 8 [M + H] ", m/z 281. 044 8 [ M + H-

Hy | "R H & 5 GRS, SR 8T
m/z 309. 114 0.253.049 9 237.055 5.225.055 1,
209.060 2 .197.059 7 1 181.065 1, 5 X} B8 5 4%
BRI (B R F 85 F HEAT X HG, 22 A G SC k™, ol
Yo 34 WAME IR RE , H MS/MS i A a] 5E
PRt UL E 7 FE 8,

159.0461 187.0418
1
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145
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Fig. 5 The MS spectra of psoralen
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Fig. 6 The possible fragmentation pathway of psoralen
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Fig. 7 The MS spectra of psoralidin
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Fig. 8 The possible fragmentation pathway of psoralidin

2.1.3 BiEd RAF e ER

5 PFE FE i i3 W0 4 2 51 8 /> Bl 1 28 1k~
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107.0497

121.0654 127.0547
| 133.0653

.

147.0807

115.0547 |
sl
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A aldil AN

173.9959

201. 128 O[ M + H-C,H, | *, &5 & H AR B 0 BE By
ZUH A R R BS T m/z 187,111 5 .173.095 9,
147.080 7.133.065 3 .121.065 4 f1107.049 7,5 %
FASESCHRT 0 % 5 40 g Hbh i A5 . H MS/MS
[T i IR AT fiE o i 2 i 42 DL T 9 FTAL 10,
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Fig. 9 The MS spectra of bakuchiol
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Fig. 10 The possible fragmentation pathway of bakuchiol
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Fig. 11  Effect of PFE on promoting the melanin formation in 72 hpf zebrafish
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