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A REIFB A THELZ ik 7k BTG ERAFY &5 2 F 8 547 8 in il 8 iz
BREGEME o A8 33 A8k A8 B AT (UPLC) 4% & 42 % ethylene bridged hybrid (BEH) C,, * f B2 47k (pH 3.0) i
T B R F I (acetoniltrile) R H 15% £ 95% 4 AF LI > T/ 12 min 2 XN » B BEA & ey o it

REALFNLE - S WHERET

kvl A 8 % 0 @3 psoralen » xanthotoxin ~ bergapten & 8-hydroxybergapte

FRAE T EAEM 9 mo 0 & EARIKMAI L 4 F > b 8-hydroxybergapten & % 5@ L thrivh F 2 & 10 £4
& o AEHL 3 mo & 6 mo X & I E I HI B RBREG AL ) Ak - BHIvHIE RS G EHRF T F 0 ARTHE

AT IR R R Ak TE o
RAfEE - AIEEH - BEE - BEERAENTE -

IS

BEEEW HE—TEEYEE (phyto-
alexins) » BHEY) Z [ EYE - IRBHEY) 4K
R#EY > BZEREABEGRET  E2F
REZTHRER BEERLTEBFENEFE
HY) - WEIZIERE (Apiaceae) ~ %7} (Astera-
ceae) - & F} (Fabaceae) ~ Z=F} (Moraceae)
Z Rl (Rosaceae) ~ 76 B F} (Rubiaceae) ~ =
EF} (Rutaceae) % (EI-Gendy et al. 2008) « [t
SIS E 3 N E R BB B
B - EEERELHYE  FEE LHEHEER
AILRS B B R 52 ¢ (psoriasis) » T8 Ry AR ERREL
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M7 %

BIEE MR D 25 B ER A2 A

HmTEtREZ R gREA R ESRE
FAEAHTEEH I (Angelica dahurica) » 4% 60C
HERZ & Ry - FREL 1 g HIEBRIIA S mL Z
We 2B > DI E I E% 30 min & > L 5,000x g
HEC 10 min - W EFIREDEE o BIEHE IO
AN ZBEZEHY » B EAOPER 2 % » IR
A LB - &RIE1% - BTSRRI 70C T i
TR R LR A AR BLULHREEEE 2
Z 1 mL > DL0.22 pm 38 B E > 55 AT
UPLC & T3 & & a1 i s P B T B 0 10
B - BRI Sigma-Aldrich /45 -
UPLC BEXREE1RA

&R EE A S e R E A
% > 151 & Waters ACQUITYTM UPLC system
(Waters Crop, Milford, MA, USA) » 73 7& B
BEH C,; column (reverse-phase chromato-
graphic column » 150 mm x 2.1 mm, [.D.1.7
um) ~ A S Ky ot B RS B A1 e (e M 23
(Photodiode Array Detector; PDA) » faHIE &
270 nm > FEHIAE 40C > BRI (gradient
elution) » £ 0 min [ - B EHH K B LK (pH
3.0): SUH 5 = 85 ¢ 15 (v/v) » 5 min B5 7% @)
H R Wz AL 7K (pH 3.0) = & fE = 60 : 40 (v/
v) > 10 min 5 85 8 48 55 6 5K (pH 3.0)
Fj5e = 70 : 30 (v/v) > 11 min BpREEHHH Ry (L
7K (pH 3.0) : & FEE =595 (v/v) » 12 min B
BEH B {E7K (pH 3.0) * HHJE = 85 : 15
(vIv) > R Ky 0.25 mL min” > B FOESTE
Spul e B b KZ BB DIRERE LB K2
pH 3.0 » FLL 0.22 pm (47 mm, FP-200™ Pall
Corporation) R & #H AT A el AR FIEE
AR ARSI > BY DL 0.22 pwm i8R AR 8 25 R
B o ARG Z AR S L 100% F A iR
% HEWMEREE EIEHEERESR -
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HIiE &8 & Be 22 BUR $ B i B s i 1
mlge ]t

% A BE J7 % M1 LA Tyrosinase Assay 2 75
7% > 28 Piao et al. (2004) JTERIIED - 75
R HIE LB ZB2E ) - DU R T i
WIMTE (0-0.4 g mL™) > T 80C/KIBZERZ -
AA 10 pL DMSO J&f# (% » 1A 190 pL #Y
F2 B /K [ 5% 5% DMSO %353% » JEA % > B
10,000% g @0y 3 min « HL B 40 pL > A
0.3 mg mL™' tyrosine (& * 1/15 M phosphate
buffer, pH 6.8) 120 uL > JE&H 5% > B0 40
uL tyrosinase solution (87.5 units mL™) » JH| 475
nm BEAE - B 37CRE 30 min » HIROEAE -
BL5% DMSO B IR & 22 A4 - [ L J57%
IR SEAE - Fris BUE DT D52 =0t S ik e B
ZiMHIgE

(4-B) - (C-D) x 100
A-B

t 37TCRJET% blank BE(H
© 37TCR IR blank R E{E
P 3TCR FER B RO E
L 3TCRERIR B (B

% inhibition =

A
B
C
D

HE
UPLC DTt 2 fELL

HIEREAFLZEELERK D » KT E
BRESMBTEEELRLEY HANETD
FIEAE AL UPLC BB o et - 7 A/ T
ZATAE S LBy 0.625-825 pg mL™ 2B
A &R e R BB S BT K B e g - LA
JE& 2 5 =0 AT (R B o A B E B BLER (cinnamic
acid ~ p-cinnamic acid) ~ #1I% (umbelliferone)
S = 3% (psoralen ~ xanthotoxin ~ bergapten JZ
8-hydroxybergapten) Z HE.Z& (& 1) - JfEH
I8 B Jz s B4 B ] 43 1 B p-cinnamic acid, 3.52
min ; umbelliferone, 3.93 min : §-hydroxyber-
gapten, 5.71 min ; cinnamic acid, 6.34 min ;
psoralen, 6.78 min ; xanthotoxin, 7.14 min ;
bergapten, 8.30 min (£ 1) - F—F T Z AT
B [T R AT AR PR (% (R* > 0.99) ([E 2) -
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1. THH G ZEELN Y SREERMHENTE (UPLC) ° 1: cinnamic acid; 2: p-cinnamic acid; 3: umbelliferon; 4:
porsalen; 5: bergapten; 6: xanthotoxin; 7: 8-hydroxybergapten °

Fig. 1. The chromatograms of ultra performance liquid chromatography (UPLC) of seven authentic coumarins. 1:
cinnamic acid; 2: cinnamic acid; 3: umbelliferon; 4: porsalen; 5: bergapten; 6: xanthotoxin; and 7: 8-hydroxybergap-
ten.

F 1. HFERMETEN - HBARE RO FRE -

Table 1. The reproducibility of regression equation, coefficient of determination and retention time of coumarins.

Item Regression equation ~ Coefficient of determination (R*) Retention time (min) ~Concentration (ug mL™)
Cinnamic acid y =81063x + 3689.5 0.9925 6.34 26-413
p-Coumaric acid y=941.61x — 140.9 0.9999 3.52 28.75-230
Umbelliferon y =11565x + 795.66 0.9971 3.93 71.5-825
Porsalen y =777393x +342.27 0.9997 6.78 0.625-50
Bergapten y=63119x + 665.23 0.9997 8.30 37.5-600
Xanthotoxin y=78291x + 158.44 0.9998 7.14 31.1-337.5
8-Hydroxybergapten y=3970.3x + 1458.9 0.9993 5.71 7.8-125

NEGREEMG  GEEEN - ETE RS RGEN R 0.8-1.9 [ » BURHASHEE
H [ (intra-day) & 52 H [ (inter-day) =58 ° (precision) R4 o
BCEYA R AR R EIRY 6 d B FSS 6 K P —— e
:)’K’/Eﬁﬂl 5ul H’%ﬁﬁ%ZﬁﬁE‘E (retention time EJJ:K'EIER”&H%&H%HB{MZ%EL N=—F-:I
K peak area) Ff EfZ#E {7 7 (standard devia- U H TEAR EER UL (3~ 6 ~ 9 mo) &3
tion) HH%E FLLH] (coefficient of variation) (& fir (Ff ~ &~ ) Z 2B OFRZFRY) > DLk
1)« 7% 5 & Intra-day 2 7 B4 15 [if] 8 2 (% FiEETL 2 53 B IR A BRET A [E] R U B BA & B i 2
# (% CV) /11~ 0.5-0.7 > ifii Inter-day 2 /i B4 BEZEEE - AR ZHEASMALEZERY
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Fig. 2. Linearity of responses of seven authentic coumarin standards.

BE > A[4F 12 min N5ERK ° [ T cinnamic acid ~
cinnamic acid fil umbelliferone & & ¥ & 4 &
fF FT 6 5 0 Az At O o8k 4 T F T2 pso-
ralen ~ xanthotoxin ~ bergapten #1 8-hydroxy-
bergapten &5 H] A H EfE R H A - Xanthotox-
in ~ bergapten + 8-hydroxybergapten }* 2 % 15
AE AT YR EHME] - [f] psoralen HEEFE 9 H
PRGBS HA 2 RS0 (6 e ) (EDRIE] (8RB
7~) © Xanthotoxin & & DL 3 mo R UX HA > TE
Fyfers 0 2 1.8 mg g 2 R RGN 0
IR R~ K& EMR/D - Bergapten & &
PLY9 mo R Z IR & B » 3.1 mg g
8-hydroxybergapten & = & 7% =34 bergapten »
xanthotoxin 10 &% » EHhDIfEE 3 mo 2 & &
B #33mgg’ (83) -
I 1E AN B SR U B HA 25 B0 A I Il B A B B
EEVA)

HUH TEA R BRUWGEHEL (3~ 6~ 9 mo) £ #)
fir (IR~ ¥~ 8) 22 ZBEIY) - ETH
I P T Bl Ve M oo M sl B - 45 IR BEUR 0 A 3
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R o HIHISUR 2 50% MR (IC,) fy 8.7
mg mL" - fEfE 9 mo 2 [{FE R 2R 5
HIC5, 4 5 150 mg mL™" « fEfE 9 mo Z fR T
00 751 s P T T Y BE 0D A 22 0 AE A MR T e [
400 mg mL™" A By A 50% Z HIHIRUR -

B

AW FE D FI A UPLC AE 12 min N » 58
BT AT AR TR TR ER
FEEM R Lo et al. (2012) B J575 » DABRRE
RAAKINEEER » EEOHHEERE KSR
T % > 4 coumaric acid ~ psoralen HJ R -
LSRR » AR - EERERD - B
H Al F F§ HPLC [EHf 7y i 2 E B R 704
(Xie et al. 2010; Zheng et al. 2010) » A £
AR PR R o 2 AR S AT IR (Wu et al.
2015) - HRIEVIZEEYIH - IFFE R EE
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T Z&%E  (A) Xanthotoxin; (B) Bergapten; (C)
8-Hydroxybergapten. Error bars {#fE4E7 -

Fig. 3. The furocoumarin contents at different devel-
opmental stages and different organs in Bai Zhi. (A)
Xanthotoxin; (B) Bergapten; and (C) 8-Hydroxybergap-
ten. The error bars represent SD.

RS TY% - R RER SRR B T i - BT SR
SRR RAMIEMNENETZ (s
TE £ 0.25 mL min o AR W ber-
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EF 12 min » IF 10-11 min ] > F G52
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Fig. 4. Dose-dependent inhibitory effects on mush-
room tyrosinase by ethyl acetate extract of root (A),
stem (B), and leaf (C) at different developmental stages
of Bai Zhi. The error bars represent SD.
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Ay Ry R PRSI W) 4a 2 YY) « T A PR AR ik
K 2 kIR & & > 1 $5 psoralen ~ xantho-
toxin ~ bergapten - 8-hydroxybergapten % & &
R ECARI I R R B - HERE R R R TR
ZREAEM=RMU E AT - FERNERES
BEEATENE—EUIFER - ROURTE T 4]
Rz A EEEEZRIMERZE > A
fEIRE - W EHFPE  NERZOYEME
ZER - EY 2 AP MEE N2 (Diawara
et al. 1995) » RLAIL S AR GREES
TEMEY) & [E -

ME BT (Apium graveolens L.)
BEEREZNM > BURBCERSEUNA BE
RIAHRED > RIARIHZE4E R A[E (Diawara et al.
1995) - HIEFRERHY bergapten & fy & ikfx =
{HEEE bergapten T B 71N B 4k e I i 417 5 1771 38
Al e B IE# # L bergapten & B MIZBR LA M
(bl %5 B (Ekiert & Gomélka 2000) » £ % 5
tHY) 2 kR E R YIRE R OReE Y 40 4% - ¢
T UV ARG E RENEYIRE SR (Tietjen et
al. 1983) « EHEEN S I AR > (HELEH
H E RS Y 2 B e B AR EE R
F o i~ HIE BRI S 8 7% ZERE
RYIEZ ARG - T EIER SR EE
#opAcrl > BER S 2 HEMHE -

1 1F S E A A e B B R 7 AR AR T
8-hydroxybergapten & 2 /R LS H i 5 > BUR
EARRSIRBEPRES - AIEHNEEERE -
F% 8-hydroxybergapten ¥ » SCJikfi5 3 % H 4
Z T ZE » Yl scopoletin ~ esculetin & 22 fEFE
T ZINA FEARE (Masamoto et al. 2004) -
L4+ F 5 & 8-epicleomiscosin f & £ H
SEHL (methoxy substitution) 2 FH Z U
2-methoxycinnamic acid ~ 3-methoxycinnamic
acid J 4-methoxycinnamic acid 78RA 3 H &
(Ahmad et al. 2004) - [thEEY)E 2 S FAE H IE
Erho MHOIEEEARNERER > FiEE—
o AT o TAEME 3 mo 2 AR H#001 il % e ik B RE
JI K Y 9 mo ¢ {H I 8-hydroxybergapten &
EENMERG - E2EREREREEREE
HEGZRZEORNHEEER  ELREZHE
Al o U0 R e B BB AE 7 KR K (Ahmad
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et al. 2004; Masamoto et al. 2004) - [ [EFEE
9mo ZIRMEGZE DT FROGZHEL T
fEEHRE B (&R » FEPERS - BRTH
SELTEMN - HAM A2 EJE - flavonoids 7R
SR i HE M - b YE B s ZERENE
PRI EEDARG I UV (G E R - BEZHEER
TR o RIEEHA] - 505 A 11 1 s B i
FERE S » B& 8-hydroxybergapten 4p » [EZZIBEA
HMEFETZEZKG UV WERTERE -

HIFEEEHEZEANBEETE
BlEAHE - R IR I SIS R FR G - BEZAAR
B7E B IR Y= HRE T A F Bl (IC,, =
12.8 pg mL™") > {H 3 i 4 — 2 (1 4 (B RE HU: fi
A PLSE AR I B EE (Piao et al. 2004) = L) UPLC
SMATESREZELRAEN » FP I
(9 UPLC [E[FEM R AR &L/ 1 » BURMER L
MRy EAL > HEMSNE - EEETERK
YR WAREA S o /AN L R Ek R
TERRER I - B RS LB AR TR R B B el > 30
< S I e T 6 v A 1 BE ST AR AR T A R 2
2 &ZEE (Kubo et al. 2003) -

FREE TR - 5 H—XENT ERFE &% 18
SEVERR oy 2 oy i D77 0 T PRER E 15 1R R
EE R e Y e B o A e A A A B P B
7y Z BALTN AT EAE R BB R SUE R R T 2 2
i g

AW LLR R OR G BAL R BT/ K B E)
M2 B AR J7 = AT ER A FE & R
RN =RE TEETRLEY - FIHES
J7 ATk SE 4 fE 7 T & psoralen ~ xanthotoxin »
bergapten ~ 8-hydroxybergapten £ 7] 5> (5 =R
B a3 o g EE R R EDIF B AR
FEEY) ez HIEsRERERRRE /T > AR2RKT]
IEFIF o 2 82 HUR il 25 B 55 - SLAYSE
BT AT iRy B8 22 25 5 o 2 JEURH I A 26 T B
% o

=+5
e
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Simultaneous Quantification of Seven Coumarins in
Angelica dahurica (Bai Zhi) Using Ultra Performance
Liquid Chromatography and
Its Whitening Efficiency Assessment

Shu-Chin Lo""

Abstract

Lo, S. C. 2017. Simultaneous quantification of seven coumarins in Angelica dahurica
(Bai Zhi) using ultra performance liquid chromatography and its whitening efficiency
assessment. J. Taiwan Agric. Res. 66(2):105-112.

An improved ultra performance liquid chromatography method was developed to simultane-
ously quantify seven coumarins isolated from various organs of Bai Zhi [4ngelica dahurica (Fish.)
BENTH. et HOOK]. An efficient separation and quantification of coumarin can be established within
12 min using ethylene bridged hybrid (BEH) C,5 column and a gradient elution system with a acetoni-
trile concentrations varying from 15 to 95% (v/v) in acidic water (pH 3.0) elution. The furanocouma-
rins such as psoralen, xanthotoxin, bergapten, and 8-hydroxybergapten were detected in 9 month-old
Bai Zhi roots, in which the content of 8-hydroxybergapten was 10-fold higher than other coumarins.
Nevertheless, stems from 3 and 6 month-old Bai Zhi exhibited the highest inhibitory ability on tyrosi-
nase activity. In the future, coumarins extracted from the stems of Bai Zhi with high inhibitory effect
on tyrosinase could be further used in the cosmetic industry.

Key words: Angelica dahurica whitening efficiency, Coumarins, Ultra-performance liquid chroma-
tography.
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