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Development of Quantitative Analytical Method for Isoflavonoid
Compounds from Fruits of Cudrania Tricuspidata'

Sun Young Yoon® - Seok Ju Kim? - Su Jin Sim’ - Hak-Ju Lee*t
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B 3L xR ool A Ba] U A5t isoflavonoid AdEof] thdle] Ultra Performance Liquid Chromatography
(UPLC)E ©]838to] A S st F5stat skgick A EUT IS methanol2 F=%3}0] n-hexane, ethyl
acetate, & O 2 HA & ethyl acetate +EE2S silica gel ZH1} sephadex LH-20 ZAHS AFE3}o] 4329
isoflavonoid5-& 2|5}t E2|3t 459 isoflavonoid5-2 7|7]E4(UV-Vis spectroscopy, ESI-MS, 'H NMR, "cC
NMR)2 %3}9] alpinumisoflavone, 6,8-diprenyl orobol, 6,8-diprenyl genistein, 4’-O-methylalpinumisoflavone &2 2}9]
g =35kt o] ABES 2% acetic acid 8H(&1 A)1} 2% acetic acid7} $G-E MeOH £H(&1f B)S 7]&7]
olFALO 7 Flo] Cy AHo] A& UPLCE 243514t B4 272 ICH (International Conference on Harmonisation)
AolEeielo] 7148 B, HAK, HeehA, AETA, Aok W AUAS 2gstel BAve] B A5
o T AET EAUE olfelo] FARUR dule] AN TS ZASIAT. T A3, vlIke 7903} 89)
ol 2t 48o] Befo] ZrIeSIE7} 9Lolls USRI, H4THe] 4§ 9% Bl bt 2 JEEol AYHHOR Bol

el gk

ABSTRACT

In this study, an analytical method to evaluate the quality of isoflavonoid compounds purified and isolated from the
fruits of Cudrania tricuspidata was developed and validated using Ultra Performance Liquid Chromatography (UPLC).
The fruits of C. tricuspidata were extracted with methanol and further fractioned with n-hexane, ethyl acetate and
water. The resulting ethyl acetate extract separated into four isoflavonoid compounds by a combination of silica gel
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and sephadex LH-20 column chromatography. The structures of the compounds were elucidated as alpinumisoflavone,
6,8-diprenyl genistein, 6,8-diprenyl orobol, 4/-O-methylalpinumisoflavone by various techniques such as UV-Vis,

ESI-MS, 'H NMR and *C NMR spectroscopy. Finally, a method to characterize the compounds was developed by

using the UPLC equipped with a C;s column and a gradient mobile phase system consisting of 2% acetic acid in water

(solvent A) and 2% acetic acid in methanol (solvent B). The developed method was validated with the parameters such

as selectivity, linearity, limit of detection, limit of quantitation, accuracy, and precision, which are defined by the ICH
(International Conference on Harmonization). Using the validated method, the compounds in the fruits harvested in

different months were also quantitatively analyzed. We propose this approach this approach can readily be utilized as
an efficient evaluation method to quantify the extracts of C. tricuspidata.

Keywords : Cudrania tricuspidata, alpinumisoflavone, 6,8-diprenyl genistein, 6,8-diprenyl orobol, 4/-O-methyl-
alpinumisoflavone, ultra performance liquid chromatography, validation
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A BT (Cudrania tricuspidata)= E 51}
(Moraceae)o| <35} Foprlo} Ao de] HiE
o] Y= U 2uE s TEO|Th AR 9]
T A= AFUREN AN oA
%, G, 7] ol ko= ARgsa glon vzt
M= o NEE 98 AHgsh UrkChoi I,
2012; Jung -5, 2013; Koh &, 2014; Kim &, 2014).
TR BUE Ful9] methanol (MeOH) %! ethanol
(EtOH) =& A+ polyphenola} flavonoidE-2] &+
ool w3 gpuIsh Bl Frhn wuH v gl
(Youn¥} Kim, 2012; Choi &, 2009), Seo 5(2013)2
TRy HAFUE FufjolA] F=E3 polyphenol©]
W] 57 ma} Slehn waslslch. PARUR o
] methylene chloride FEE2 o4 mono-
amined] A18}E olAsk 17l glom, oje} v
% 127} 9] prenyl ¥ benzyl flavonoidEo| &2 U
SAE AR Xiang 5, 2005; Xiang 5, 2009). FE3+
Jeong 5-(2010)> A FUE Guij7} ARS} AE A
ol ofgk AEEHS oAl At ek wirsh
Ao, Lee 5(2015)2 A FUF ool A =&
3t 6,8-diprenyl orobolo| FMA3}IA|, 7+ HE AL,
Fis 59 &Ao] lrkar Buskgich ol Y o
& 7 Aoz vehd RAFURE 22
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(Kim, 2012).

S, A% 79 isoflavonoid BFHE2] 42 7]
2407 dFLEE o]§sto] FE3 ThE acetic acid
£ 385t E3} acetonitrileS 7]L7] o|FAIOE AF
€351 HPLC EA4¥H(Mauricio 5, 2003; Radka 5,
2007) = acetic acidES 53t E3 MeOHE 7|
7] olEde® AR&E HPLC FAH(Qizhen 3,
2001; Mauricio %, 2005)°] /\]——RQ_I_ At} A7)t

AR
é]%%ﬂ o] soybean 1soﬂav0n01ds.4 53,—%7]—,501]
5 o7 AMEE|1 Qlth E3F Association of
Official Agricultural Chemists (AOAC)Y v|=+oFA
(The United States Pharmacopeial, USP) %54 %
7)%(Monograph method)o| &= 7|EA o0& Z}o]7}
SITHAOAC, 2008; USP, 2011). &L} 0|58 me
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EtOAc laver

27.83 g

)

| Silica gel (CH:Cl : MeOH gradient)

! l |

l |

TH1-4-1 TH1-4-2 TH1-4-3 TH1-4-5 TH1-4-6 TH1-4-6
28.3 mg 2071 mg 9.68 g 2.3 mg 2.1 mg 548 mg
| Silica gel (mHexane : EtOAc gradient)
TH1-4-3-1 TH1-4-3-2 TH1-4-3-3 TH1-4-34 TH1-4-3-5 TH1-4-3-6 TH1-4-3-7
101.3 mg 408 mg 161 mg 4.7 mg 909.3 mg 1.67 mg 4974 mg

Sephadex LH-20

4-Fmethoxylalpinumisoflavone
27.3 mg

)

alpinumiscflavone
23.5 mg

)

6,8-diprenyl orobol
10.9 mg

)

6,8-diprenyl genistein
13.0 mg

)

Scheme 1. The column chromatography flow-chart for separation and isolation of 4 isoflavonoid compounds

from EtOAc extracts of fruits of C. tricuspidata.
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flavone (95%)2 T=reHAIARISH A& =42
oA FYgste] ARgsIATh FEo ARSE WES
(95.1~96.9%) ol 2ol FABIAoll A FU5)
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Ack. £33, A4 @ UPLC E4o) 4 AR&-3t MeOH,

n-hexan, ethyl acetate (EtOAc), methylene chloride
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(Thin Chromatograhpy, TLC)Z &15}0] 67]9] B3&
(TH1-4-1-TH-1-4-6)2 L=¢ic}. th] 812 TH1-4-3
(9.68 g)© Z X E| n-hexane : EtOAcE S&8|2 A}
83} silica gel columng ©]-83lo] &3t & TLC
2 slolalo] 77)2] HE1E(THI-10-1-TH-1-10-7)& L}
e, T Z£8E(THI-10-2)2}F 22l=(THI1-10-3)
S 7 HE Sephadex LH-20 52 o]-&3lo] 21z 313t

=52 & - ZAIsHAtk(Scheme 1).

2.4. 717124

2a)¥ IHEELS UV-Vis spectroscopy (Optizen
pop, Korea), ESI-MS (Waters Q-TOF micromass
spectroscopy, USA) % 'H - *C NMR spectroscopy
(Varian 500 MHz, USA) 52 7715 AMgsto] £%

g $gsher

2.4.1. &2 1 (alpinumisoflavone)

Yellow needle. ESI-MS m/z 337 [M+H]". UV Amax
281 nm.

'H NMR (500 MHz, CDCL): & 13.1 (I1H, s,
5-OH), 7.81 (1H, s, H-2), 7.35 (2H, d, J = 8.6 Hz,
H-2, H-¢/), 6.84 2H, d, J = 8.6 Hz, H-3’, H-5),
6.72 (1H, d, J = 10.0 Hz, H-4"), 6.34 (1H, s, H-8),
5.63 (1H, d, J = 10.0 Hz, H-3""), 1.47 (6H, s, H-5"",
H-6”, -CH).

BC NMR (125 MHz, CDCL): & 181.1 (C-4),
159.7 (C-7), 157.4 (C-9), 157.0 (C-5), 156.2 (C-4"),
152.8 (C-2), 130.4 (C-2’, C-6), 128.3 (C-3"), 123.7
(C-3), 122.8 (C-1%), 115.8 (C-3/, C-5’), 115.6 (C-4""),
106.2 (C-10), 105.6 (C-6), 95.0 (C-8), 782 (C-2"),
28.4 (C-5, C-6""-CHj).

2.4.2. 3etg 2 (6,8—diprenyl orobol)

Yellow needle. ESI-MS m/z 423 [M+H]", 421
[M-H]. UV Amax 272 nm.

'H NMR (500 MHz, CDCL): & 13.1 (IH, s,
5-OH), 7.87 (1H, s, H-2), 6.95 (1H, d, J = 1.1 Hz,
H-2%), 6.80 (1H, d, J = 8.1 Hz, H-5), 6.73 (1H, dd,

. Al

A

4441 - of3t

ot

J = 8.1, 1.1 Hz, H-¢"), 523 (1H, m, H-2"), 5.21
(1H, m, H-2"), 3.45, (2H, m, H-17), 3.43 (2H, m,
H-17), 1.83 (3H, s, H-4"), 1.82 (3H, d, J = 0.9 Hz,
H-57), 1.75 (3H, s, H-5"), 1.73 (3H, d, J = 0.9 Hz,
H-477).

BC NMR (125 MHz, CDCl;): & 181.9 (C-4),
163.6 (C-9), 160.0 (C-7), 157.4 (C-5), 153.4 (C-2),
144.8 (C-4%), 144.1 (C-3’), 135.6 (C-3"), 134.5 (C-3"),
123.6 (C-3), 122.8 (C-17), 121.5 (C-2""), 121.4 (C-6"),
1214 (C-27), 1166 (C-2), 1156 (C-5), 110.6
(C-6), 105.8 (C-10), 105.7 (C-8), 26.0 (C-5"), 25.9
(C-4"7), 21.8 (C-177), 21.8 (C-1"), 18.1 (C-4""), 18.0
(C-5"").

2.4.3. sFetE 3 (6,8—diprenyl genistein)

Yellow needle. ESI-MS m/z 407 [M+H]", 405
[M-H]. UV Amax 270 nm.

'H NMR (500 MHz, CDCl;): 6§ 13.1 (1H, s,
5-OH), 7.82 (1H, s, H-2), 7.26 (2H, d, J = 8.5 Hz,
H-2, H-¢/), 6.77 (2H, d, J = 8.5 Hz, H-3’, H-5),
5.18 (1H, m, H-2"), 5.14 (1H, m, H-2""), 3.40 (2H,
m, H-17), 1.76 (3H, d, J = 1.1 Hz, H-4”), 1.75 (3H,
d, J= 0.7 Hz, H-5""), 1.69 (3H, d, J = 1.1 Hz, H-5"),
1.66, 3H, d, J = 0.7 Hz, H-4"").

BC NMR (125 MHz, CDCL): & 181.6 (C-4),
159.7 (C-7), 157.6 (C-5), 156.6 (C-4’), 153.5 (C-9),
152.8 (C-2), 135.6 (C-3"), 134.2 (C-3""), 130.4 (C-2,
C-6’), 123.4 (C-3), 122.7 (C-1’), 121.7 (C-2""),
121.4 (C-27), 115.8 (C-3’, C-5%), 110.4 (C-6), 105.9
(C-10), 105.4 (C-8), 26.0 (C-5"), 25.9(C-4"""), 21.8
(C-17), 21.8 (C -17), 18.1 (C-5""), 18.0 (C-4""),

2.4.4, 3I8tE 4 (4/—0-methylalpinumisoflavone)

Yellow needle. ESI-MS m/z 351 [M+H]", 349
[M-H]". UV Amax 282 nm.

'H NMR (500 MHz, CDCl;): 6§ 132 (1H, s,
5-OH), 7.82 (1H, s, H-2), 7.45 (2H, d, J = 8.6 Hz
H-3’, H-5"), 6.73 (1H, d, J = 10.1 Hz, H-4"), 6.33
(1H, s, H-8), 5.62 (H, d, J = 10.1 Hz, H-3"), 3.84
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(3H, s, H-4’, -OCH3), 1.47 (6H, s, H-5", H-6""-CH).
¥C NMR (125 MHz, CDCl;): 6 181.0 (C-4), 159.9
(C-4), 159.7 (C-7), 157.3 (C-9), 157.1 (C-5), 152.6
(C-2), 130.3 (C-2’, C-6'), 128.3 (C-3"), 123.6 (C-3),
123.1 (C-1%), 115.6 (C-4"), 1142 (C-3/, C-5’), 106.2
(C-10), 105.7 (C-6), 95.0 (C-8), 78.2 (C-2), 55.5
(C-4/, -OCH3), 28.4 (C-5”, C-6”, -CH,).

2.5. UPLC &4

FE2AE AoFA|olA AR A77sAE A
A5 9@ 7154 9= mEsh A A(Korea Food
& Drug Administration, 2008)& Hlgto 2 FZ-8uj
W, B, FEUS L ARPES 27 A
of 25 80 & YHOE F5 24 AHHI
A, AR 24 91 Al®e] HAE 9 UPLC 24
27e ARISAEFA 354 BAYNE WRelol
ARE-3l9th(Korea Food & Drug Administration,
2014)

25.1. #E=E9| =X

EZE2 2 AME3 alpinumisoflavone, 6,8-diprenyl
orobol, 6,8-diprenyl genistein, 4’-O-methylalpinumiso-
flavone 2.0 mgS AW3| =435} 10 mg HuojZa}
2229 Yo the MeOHE 7hsto] $hs] el &
olg EEFYoR Atk EEYUNS MeOH
S ARgste] ZbzE 200, 100, 50, 25, 12.5 pg/m0=
8 4sto] EEGIAOR Aot

Lok

2.5.2. AdEAM| =X

A Az AU G 10 g& 50% 7
100 meE ARE-SFo] 2ol A 24A7F HAANA &
sttt 252 Whatman No. 6 9IS ARE-3h
o] ojatst the, 3A AFEZ7|E 4000 =

st 2FEEs ARSI Axd 23EE2 §
Kl

mix® 557F wEsla, 147 B9 280t 222
AN FEgde AR w2h

3000 rpmO.Z 4] Hagt o3 As
WEHYQ |2 ouetar, 11 ozt S Hol o= Ab
|51t

25.3. UPLC M =

REEAN PARLE Qo) 2320 BAe
Photodiode Array (PDA) detector”} A2FEl Waters
Acquity I-class UPLC system (Waters, USA)S A&
slo] BASHcE AHL Waters Acquity C18 col-
umn (1.7 pm, 150 x 2.1 mm, USA)S A3}l
Y 2% 40CE FA8ITE o542 0.25 me/min
9] §&07 2% acetic acid EM(E AT 2%
acetic acid7} % MeOH £-8(841] B)= 20:80
o] H| &R A|ZSlo] 68, 14:86 — 7, 0:100, 15
A — 98, 20: 80, 32 FA|] HI&EE 1283 &)
Hl8S WSl ARSI AR FALE 2 weol
9131, PDA AZ7|= UV 270 nmol|A ZAstgict.
7} isoflavone®] &2 Al (1) AFR-3lo] AALs}

o},

32

Isoflavone & (ng/g) = A x (B / S) x P - (1)
A A RS Fk(pg/ml)

 A|ggote] HHmo)

: ARA )

L BEEY &k

T v W

2.5.4. UPLCE 0|88t 2AY ZZS(validation)

FABUE o] 2EZA Felgt 4714 24
Ho 2x=2 slo] EAHE A} International
Conference on Harmonisation (ICH, 2005) 7}o]=g}
AL AEon BAYE AFHAT. 1N B
249wz wEEgsie] Sol4(specificity),
A1 A A (linearity), 7Z3HA(limit of detection, LOD),
AeFsHA| (limit of quantitation, LOQ), &+d(accuracy)

W U precision) Zse] BAME A5

o (specificity)> 4714 #EELS A



Mo
>
of,
_l

N

21 KA (linearity)> ZF 5= A4S 3
H %5_;( SRR 01_9_6‘]_0:‘ A A3k A
s}

(Y

HAReL 71275 ARESH] A (2), (3)oll wht AlLtst
ek

LOD = 3.3 X g / § -rererereemmennnennnneseennes Q)
LOQ = 10 X g / S e, 3)

o: yAHY BEUR
S: AFHel 7187

A2 d(accuracy)> Y5 E o] xEELE 33 o
B =43l UPLC AEuEIH|A B2EH 03
WA o] A2 3483} At EEH X} (relative stand-
ard deviation, RSD%)E &9l3lo] =43}4c}.
HWHE A (repeatability) 1} A1 A

A A(intermediate  precision) 2.2 ﬁolﬁl—@‘i}
HhEAe sE Aol AlgE 27 AW
pg/ mo)2] 100%e] sFsh= 5&=(50 g/ mﬂ)

2 REgS 2Ask] 33 v 2451 ofo] o}
£ 4518 RsDvz shasisleh WA Ul AU e

A A (precision)<

3.1.1. 3= 1

s 12 k=g A
AFEA7)(ESI-MS)Z =3t AT} positive 7A}0]
£ 137} miz 337 M + HI'S Vet UV =34
Ol A Amax 281 nmoflA] v - vrebiich

521 - o3}

=
=TT

313HE 19 'H NMROJA 6y 13.19] 9JA]9] sin-
glet2 UER}:= isoflavone 22 C-5¢]%]of Bx}7t
422~ ZA%H(intramolecular hydrogen-bonded)o] 7]21%l
OH7|9] ZA15 &g 4= 9tk C NMRojA| 2]
Sc 157.09] A1 C-59]19] ghaof A&sqich
E3t 8y 7.35 (2H, d, H-2, H-6/)2} Sy 6.84 (2H, d,
H-3, H-5)9] 4H9| sFsh= a0l Lehd 2749
doublet A1 (J = 8.6 Hz)> AFZAQI 1-, 4-, 2-%]
o WAse] 412 e olek oy 1470 Lhek
W 6Hol| sljdsh= Al AR Wel 2712 |
27|(H-57, H-6")olA 71¢8t= 2 0 4= 3l
ek E3F 3HE 19] "C NMROJA 6c 156.28
C-4, 1304& C-2/, C-¢/, 183l §¢ 115.8& C-3,
C-579] Ebxof Z+zF A5Gt o|Are] 7171824 A
e} B 52 vjust 23}, 3HE 12 isoflavone
=249 3ghEol C-6, C-7 flofl Akt At

alpinumisoflavone &2 %% A s} ctH(Uddin %,

2011; Fig. 1).

312 =tE 2

3petE 2 gkl AR R HaEglo
AEFEA7](Mass spectrometry)2 =43t 23} pos-

itive Ex}o]-& = =7} m/iz 423 [M+H]', negative &
4ol WA} miz 421 [M-H[S Z+zt Yepict UV
ZA0NA Amax 272 nmoflA FHT) oS e
3HE 29] 'H NMROJA 8y 6.95 (1H, d, H-2%),
6.80 (1H, d, H-5), 6.73 (1H, dd, 1.1 Hz, H-6/)<]
3HO] 3Fst= aof UeERd 2719] doublete} 17)
9] double doublet (J = 8.1, 1.1 Hz) A| 122 A A
&l 1., 3+, 4-, 3K AAH ] 25 el it
Su 5.23 (1H, m), 3.43 (2H, m), 1.83 3H, s), 1.75
(H, )¢+ 64 5.21 (1H, m), 3.45, (2H, m), 1.82 (3H,
d). 1.73 3H, d)2 =84 2712] 3-methylbut-3-enyl
(prenyl) groupo] EAgHE &I 4= Qi) ESH
S}gHE 29] PC NMROJA] §c 144.8%= C-4, 144.1=
C-37 9 116.6= C-29] &4, 8|3 2709] prenyl
group?} A¥3t §¢ 110.6= C-6, 5¢ 105.7= C-8 9]
O vhavof| Z¥7F A5Gt oo 717 A At}
24 & vt} FE 2= C-6 219 C-8 Fof
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3

(C))

Fig. 1. Structures of 4 isoflavonoids. The isoflavonoids are (1) alpinumisoflavone, (2) 4’-O-methylalpinumiso-
flavone, (3) 6,8-diprenyl genistein, (4) 6,8-diprenyl orobol.

2709] prenyl groupe] ZA3St 6,8-diprenyl orobol o
2 31254 3¥thUddin 5, 2011; Fig. 1).

1.8, =3

she 32 b IFAPAE EeEglow,
AFEA7)(ESI-MS)Z =3t AT} positive A}0]
£ 937} m/z 407 [M+H]", negative E-2}o]-20] m/z
405 [M-HI'E 22 Yetlleh. UV SA A Amax 270
nm Z|t o3-S e

3HE 39] 'H NMRQ] 6y 7.26 (2H, d)@} 61 6.77
(2H, d)9] 4He| Aotz Aol vehd 2749] dou-
blet (J = 8.5 Hz) A2 AFA 1, 4-, 2|3}
WA el 2424 §y 5.18 (1H, m), 5.14 (1H, m),
3.40 (2H, m), 1.76 (3H, d, J = 1.1 Hz), 1.75 (3H, d,
J =0.7 Hz), 1.69 3H, d, J = 1.1 Hz), 1.66 (3H, d,
J =07 HpY| A1g952 3E 39 X%
A 2719 prenyl7]oll f-Efsts ZREC 212 7]
elgteh. wet skl 32] C NMROj|A] 271<] prenyl
group’} A3t §c 110.4= C-6, 5c 105.4= C-8 &
O] ghavof| Z¥7Zy AL o]4Fe] 71714 At

A 52 Hwste] SHE 32 C-6, C-8 919 T

of 27§9] prenyl”7|7} FREILZZE AstE 6,8-diprenyl
genistein® 2 I xXFA 3 tH(Uddin 5, 2011;
Fig. 1).

Hn

~

sietE 4
S1ohE 4= b AYAPAE B =HoleH,
AFEA7(ESI-MS)Z 575 A1} positive wA0]
L£0] m/z 351[M+H]", negative Ex}0]20] m/z 349
[M-HI'E ZHZF Uehsllth UV S0 = Ama 282
nmol| A o #-E Uyt

3ZE 49 'H NMROJA] 6y 3.84 (3H, s, H-4/)2]
singlet A|71'9-2 Al HEA7|(-OCH;)o &2
St ZREEO] F&Ttelom, ou 1479 YEhu=
6Hol| d|3t= singlet A]|7192 € 7|(-CHs)oll &
gele Aoz st 4= Qich svtE 49 Pc
NMROJAE= §¢ 181.0& C-4, §c 157.1& C-5, ¢
123.6& C-3 919] §anof 22 ALSIGeh B3 6c
555% C-4 919 WEA], §¢ 284 C-57, C-6”
o] wdr]e] 7115 TS 21l S5t o4t
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Table 1. Linearity of preservatives and correlation coefficients of standard compounds

Correlation

3. 6,8-diprenyl genistein

Standard Linear range (png/m¢) Slope Intercept coefficient (R?)
alpinumisoflavone 12.5~200 42987 -41929 1.0000
6,8-diprenyl orobol 12.5~200 33146 -79712 0.9997
6,8-diprenyl genistein 12.5~200 45217 -29455 1.0000
4/-O-methylalpinumisoflavone 12.5~200 44682 -39243 1.0000
Table 2. LOD and LOQ of standard compounds
Standard LOD (nug/mg) LOQ (ug/mp)
alpinumisoflavone 2.89 8.77
6,8-diprenyl orobol 1.27 3.84
6,8-diprenyl genistein 0.84 2.54
4/-0O-methylalpinumisoflavone 0.86 2.61
of 71 Amet BY 5L vwsl] g 4 o
C-# glof| HEA7]7} A3t 4’-O-methylalpinumiso- 0504
flavone® &l 9 x4 st¢ick(Uddin 5, 2011; e " o
Fig. 1). 2 030] |2 V‘ “‘ 2. 6,8-diprenyl orobol

3.2. UPLCE 0|8

9

B M ZA=(validation)

3.2.1. E0|4

Alpinumisoflavone, 6,8-diprenyl orobol, 6,8-diprenyl
genistein, 4’-O-methylalpinumisoflavoneS £33t 3%
Fgo) B AT}, HRES] BEE A7H 27 R

3.59, 3.88, 4.98, 5.57&0] UYEPF 2R oA &
ZEglon® 1 Eolde 2RIaky E}(Flg 2).

12.5~200 pg/me H FEENS 747} 33 b
Eoto] BEAT obg Hed A AkEskeaL, 1 2
I A ASTE 0,999 o)de] AAde Bk
(Table 1).

= AR 9% LOD2F LOQ= /43t 4 (2)
oF (3)oll oJste] AAstlen 1 At alpinumiso-
2.89 pg/me, 8.77 pg/me, 6,8-di-
prenyl orobol2 Z}ZF 127 pg/m@, 3.84 pg/mg,
Zb7F 0.84 pg/ml, 2.54
pug/m@, 4’-O-methylalpinumisoflavone-2 Z}z+ 0.86
pg/ml, 2.61 pg/m o] F=oA FaT 30| 7

[e]
flavone2 7}z

6,8-diprenyl genistein

0.20] H H 4. 4-Omehylalpinumisoflavone

0.104 MH

000 -
R S e N B e i e
000 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
Minutes

Fig. 2. UPLC chromatogram of standard compounds.

© 2 UElTtH(Table 2).
Hauri o] AelAe skelsly] sl 25, 50,

0 pg/m¢ s=o tiste] 33 RHE A9l om,
AA Aol ol el @ AT AA g
(FZHE vt 34&(Recovery)S AAFSFATE 1
A3}, alpinumisoflavone 100.01 = 0.79%, 6,8-di-
prenyl orobol2 97.10 + 1.10%, 6,8-diprenyl genis-
tein 99.90 + 0.32%, 4’-0—methyla1pinumisoﬂavone

2 98.69 £ 0.67%2] 3482 H 3l RSDE A7 2]
O 3%E 94 ¥ @Q"ég Bk

EH Buid o] ulE AL 35105}y Hs}o:] B33
2 50 ug/mm Fof diste] 33] vhE A9
Asta T, A¥A U AU g}o]op] gl]s o]
2} rg A5kl EEEA 50 pg/m o T2 A

Ol
i mlo HN

oo

PN

mlm
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Table 3. Accuracy of standard compounds

=

Standard Injected conc. (pg/mg) Observed conc. (pug/mg) Recovery (%) RSD" (%)
25 25.16 £ 0.32 100.62 + 1.27 1.27
50 49.73 £ 0.17 99.45 + 0.33 0.34
alpinumisoflavone
100 99.92 + 0.77 99.92 + 0.77 0.77
Total 100.01 + 0.79
25 24.41 + 0.03 97.64 + 0.14 0.12
50 4791 £ 0.31 95.83 + 0.63 0.65
6,8-diprenyl orobol
100 97.82 + 2.53 97.82 + 2.53 2.59
Total 97.10 + 1.10
25 24.92 + 0.04 99.68 + 0.16 0.16
50 50.10 + 0.35 100.20 + 0.70 0.70
6,8-diprenyl genistein
100 99.82 + 0.08 99.82 + 0.08 0.08
Total 99.90 + 0.32
25 24.73 £ 037 98.90 + 1.49 1.50
50 48.85 + 0.08 97.70 £+ 0.17 0.16
4’-O-methylalpinumisoflavone
100 99.46 + 0.37 99.46 + 0.37 0.37
Total 98.69 + 0.67

* Relative standard deviation

Table 4. Repeatability of analytical results about 50 pg/m¢ of standard compounds

Peak area (uV'sec)

Conc. (pg/mg)

alpinumisoflavone 6,8-diprenyl orobol 6,8-diprenyl genistein 4’-O-methylalpinumisoflavone
1 2087529 2219243 2219243 2145457
50 2 2098041 2250838 2250838 2139310
3 2101249 2237367 2237367 2145926
Mean 2095606 1508474 2235816 2143564
SD 7176 10370 15854 3692
RSD" (%) 0.34 0.69 0.71 0.17

* Relative standard deviation

33 HiE A¥L 519t 1 A3}, alpinumisoflavone
2 0.34 RSD%, 6,8-diprenyl orobol> 0.69 RSD%,
6,8-diprenyl genistein> 0.71 RSD%, 4’-O-methyl-
alpinumisoflavone-2 0.17 RSD%2] HIE-Al-S- e
13 (Table 4), AFA Y ALUAL alpinumiso-
flavone®] 0.23 RSD%, 6,8-diprenyl orobol®] 0.30
RSD%, 6,8-diprenyl genistein®] 0.18 RSD%,
4’/-0-methylalpinumisoflavone®] 0.90 RSD%<2] #

X2 W ATKTable 5).

3.3. 2fgE EHEE 0|82 AZ|E FX|
ELUE Zof E=9| EEA

HAepde oA Auje TR dujo] A
7] alpinumisoflavone, 6,8-diprenyl orobol, 6,8-di-

prenyl genistein W 4’-O-methylalpinumisoflavone2]
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Table 5. Intermediate precision of analytical results about 50 pg/m¢ of standard compounds

Peak area (uV'sec)

Cone. (ng/mg) — . - .4 .
Alpinumisoflavone  6,8-diprenyl orobol  6,8-diprenyl genistein ~ 4/-O-methylalpinumisoflavone

1 2063918 1480771 2233456 2194680
50 2 2069634 1481122 2237122 2163111
3 2069634 1488649 2229132 2158790
Mean 2064602 1483514 2233237 2172194
SD 4726 4450 4000 19594
RSD (%) 0.23 0.30 0.18 0.90

* Relative standard deviation

Table 6. Alpinumisoflavone, 6,8-diprenyl orobol, 6,8-diprenyl genistein and 4’-O-methylalpinumisoflavone con-
tents in crude extracts from fruits of C. fricuspidata by collected time

Collected time Alpinumisoflavone 6,8-diprenyl orobol  6,8-diprenyl genistein 4/-O-methylalpinumisoflavone
(month) (ng/g) (ng/g) (ng/g) (rg/g)
6 689.00 + 3.89 2014.65 + 6.97 2213.16 + 8.32 126.88 + 0.36
7 3065.65 + 38.23 353527 + 36.59 6030.59 + 53.01 1069.87 + 12.53
8 3222.06 + 24.59 3686.16 + 29.92 5262.81 + 43.14 1804.69 = 14.26
9 (unripe) 1590.18 = 19.75 1036.66 = 18.29 1362.78 + 21.87 617.57 + 9.90
9 (ripe) 1208.55 + 12.88 295522 + 32.21 3441.55 + 34.06 1065.43 = 10.22
Fere 2ASLEON, 1 ATE Table 6] eyl o
oh FABUE dof visahs 793 8o 2 AR o 1
o |

1. alpinumisoflavone

ol kst ool RASALE. 68.di- oo |

prenyl genisteino] 7€l 6030.59 + 53.01 pg/gC = 2059 ‘ i ‘! = :ijizm ;';?gem

w2 g9 HEYI, alpinumisoflavone, 6,8-di- e | n “ . e

prenyl orobol X 4/-O-methylalpinumisoflavone-2 8 0104 \‘% ) “H‘ “‘ Fw‘

ol 747} 3686.16 + 29.9 pglg, 3222.06 £ 24.59 e e —————
000 100 200 300 400 500 600 700 8.00 9.00 1000 11.00 12.0(

ngle, 1804.69 + 1426 pg/g® 2 wol FHHElo] Qi

Aoz ZALE QT FA WYL du] AlLTlo] AL Fig. 3. UPLC chromatogram of crude extracts from

09 n|&IpRT) 7 JESo] AubH o wo| Bhe unripe fruits of C. tricuspidata collected in

N September.
o] gl oz ATk E3 90U vjSTHE A

Qe M= A|Ro)A 6,8-diprenyl genistein®] = 3+
o et

FAFUE Qo] 2EEA 470 a9 Ad&0]
L HEE, Fig. 33 o] Z} 3lekEo] gt 4
BE9 HEE AJ7to] Z+Z) 3.59, 3.88, 4.98, 5575
of yepdezx getstA EelEo] A& dEos
AME 7153 Aoz gk

2 AToIAE PARUR duje] HEE ¥
B0l stk BLAL 231 method validation 3Y
FAEARE ST 718 £ RAROIA
ABUR ShA o] o
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4.2 E

FABUYF GuE methanol2 &5l v &
3slo] AL ethyl acetate 71855 column chro-
matography S A A|5te] 450 4B £ 9 A
stk 22 7]7]18A4(UV  spectroscopy, ESI-MS,
'H NMR, "C NMR)Z E3}4 alpinumsioflavone,
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4’-O-methylalpinumisoflavone .2 Q1 9 JILRE
A5tk £8E AEES 7o = sko] UPLC
2 Z7AL ICH 7o|=)¢l

sho] A4, 4
|

b h
e 245t

1% o
N
o
o
o
o

N
HN
o
il
M
X o

[e]

g ;g
K

|

m
o]
il
St
~
O
ok

oX
ofl
)
X
jany
i
s
X
ox
ok

2 oo f o

1% k)
3

oX

tlo

o,

o\

ol

o

o
™
o

i
o ég
fr 1o

Higto 2 UPLCE ©]-8-5}o]
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alpinumisoflavone®] 3} ZARSH A3}, LAt
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