B o
Kor. J.
48(2) :

8 3 A
Pharmacogn.
160 ~ 165 (2017)

DFEMEZ2E] Icariside E2t Vanilloyl Icariside E2]

2M8" - Yin Jun' - ot&||Al" - Le Thi Tam' - HME? . 0l=27|? . M52 .

= =
g
Usfor? - ofgla’™

'St oFsthe}, Tmubg s

Quantitative Analysis of Icariside E; and Vanilloyl Icariside E; from the
Seed of Capsicum annuum. L

Sung Hye Youn', Jun Yin', Hye Shin Ahn', Le Thi Tam', Suk Hyung Kwon’, Bokkee Min’,
Seong Ho Yun’, Hwa Yeon Kim” and Min Won Lee'*

"Laboratory of Pharmacognosy and Natural Product Derived Medicine, College of Pharmacy,
Chung-Ang University, Seoul 156-756, Korea
*Novarex, 94, Gangni 1-gil, Ochang-eup, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do, 363-885, Korea

Abstract — Capsicum annuum L. (CA) is reported to be the most widely cultivated species of the Capsicum throughout the
world. Its fruit and the seeds have been used as spice after drying and grinding. It is reported that the fruit and seeds contain
capsaicinoid such as capsaicin and dihydrocapsaicin, carotenoid such as capsanthin and B-carotene with its anti-tumor effect,
anti-obesity effect, anti-diabetic action. Present study, we isolated two lignans, icariside E5 and vanilloyl icariside E; from the
seed of CA and validation and content determination were confirmed using High-Performance Liquid Chromatography
(HPLC). As a result, the contents of the lignans, icariside E; and vanilloyl icariside E; were 0.28%, 0.085%, respectively in

the extract.
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2o B33k linoleic acid 68~72%, E3}A W]
palmitic acid®} oleic acid7} Zt2} 13~15%, 9~11%%5 T
skal Qo] A%, 7he F Ai7E A dojur] wiEel
F87F AlgHA o)t} B3l a2 FEol whet A9 v
= AL Aolslr] "ol FE AFRRS] o] VA E
EA7F HaL ek

359 et olyg} capsanthin,
capsorubin, cryptocapsin® 72 acid-amide”, quercetin,
luteolin® 7+ flavonoidE FHrattta B =}
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Aot 2 7]|7| - High—Performance Liquid Chromato-
graphy(HPLC) 7]7]+= Waters 600E Multisolvent Delivery
System(Waters, America)< AH8-3F3th 2 H -2 Kromasil
100-5-C18 column(5 um, 250%4.6 mm)(AkzoNobel, Bohus,
Sweden)S AME-3}SITE A0l AMEE 8l Whatman®
Membrane filters(0.45 um, diam. 47 mm)E ©|-&3}] &3}
H 89E ARSI, TLCE pre-coated silica gel 60 F254
plate(Merck, Darmastadt, Germany)S AF&-sI3it). @ 3}
FEL| FEE 5] fl8f 0183k NMR(Nuclear magnetic
resonance) spectrum- VarianAte] 600 MHz('H: 600 MHz,
BC: 150 MHz)Z AME8lo] 27431913, NMR £71E Sigma.
Inc(USA)2] Acetond-d6, methanol-d4Z AHE-3131t}.
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Healthcare Bio-Science AB, Uppsala, Sweden), MCI-gel
CHP 20P(75-150 um, Mitsubishi Chemical, Tokyo, Japan)
2 ODS-B gel(40-60 um, Daiso, Osaka, Japan)©|31t}.
Column chromatographys ©]-8-3td X225 2|5
om FxEAL VarianAte] 600 MHz('H: 600 MHz, "°C:
150 MHz)E ©]-&3} icariside E5(1)%} vanilloyl icariside
EQ)Z 722 543 kFig 1).”

Icariside Es(1)—'H-NMR (600 MHz, Acetone-d,), &
6.93 (IH, d, /1.9 Hz, H-2), § 6.90 (1H, d, /~1.9 Hz,
H-6, & 6.68 (IH, d, J=2.0 Hz, H-2), § 6.57 (IH, d,
J=8.0 Hz, H-5), 6 6.50 (1H, d, J=15.9 Hz, H-7'), 6 6.48
(1H, dd, /=8.0, 2.0 Hz, H-6),  6.30 (1H, dt, /=159, 54
Hz, H-8), § 4.67 (1H, d, /=72 Hz, H-1"), § 4.17 (1H, d,
J=54 Hz, H-9), & 400 (IH, m, H-8), 6§ 3.79 (3H, s,
OCH3-10), & 3.74 (IH, dd, J=114, 2.4 Hz, H-6"a), §

Vanilloyl

Fig. 1. Chemical structures of icariside E5(1) and vanilloyl ica-
riside E4(2) isolated form Capsicum annuum L. seed.
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372 (IH, dd, J=108, 54 Hz, H9-a), 5 3.68 (3H, s,
OCH3-10), ¢ 3.64 (1H, dd, J/=11.4, 5.4 Hz, 2H, H-6'b), &
3.62 (1H, dd, /=78, 10.8 Hz, H-9b), & 348 (1H, m, H-
2", & 3.47 (1H, m, H-3"), § 340 (1H, m, H-4"), & 3.15
(1H, ddd, J=9.8, 54, 2.4 Hz, H-5"), 6 3.02 (1H, dd,
J=142, 54 Hz, H-7a), & 2.71 (1H, dd, /~14.2, 9.9 Hz,
H-7b); "C-NMR (150 MHz, Acetone-d;) & 153.2 (C-3), &
1483 (C-3), & 1453 (C-4), 5 144.8 (C-4), & 1389 (C-5),
1354 (C-17, & 133.1 (C-1), & 130.6 (C-77, & 1305 (C-
8), & 122.5 (C-6), 5 119.1 (C-6"), & 115.7 (C-2), 5 113.8
(C-5), & 109.0 (C-27, & 1056 (C-17), & 779 (C-3"), &
775 (C-5"), & 75.8 (C-2"), & 70.8 (C-4"), & 67.0 (C-9), &
633 (C-9), & 623 (C-6"), & 56.7 (C-10), & 565 (C-10"),
5 42.1 (C-8), 5 38.8 (C-7).

Vanilloylicariside E5(2)—'H-NMR (600 MHz, DMSO-
d;+D,0) 6 729 (1H, J=1.8 Hz, H-2"), & 7.27 (1H, J=84,
1.8 Hz, H-6"), & 691 (1H, d, J=1.8 Hz, H-2"), & 6.84
(1H, d, J=1.8 Hz, H-6"), 8 6.76 (1H, d, J=8.4 Hz, H-5"),
8 6.62 (1H, d, J=1.8 Hz, H-2), 8 6.51 (IH, d, J=7.8 Hz,
H-5), § 645 (1H, d, J=162 Hz, H-7), & 6.43 (IH, dd,
J=7.8 Hz, 18, H-6), 5 627 (IH, dt, J=16.2, 54 Hz, H-
8", & 472 (1H, d, /<72 Hz, H-1"), & 447 (1H, dd,
J=12.0, 2.4 Hz, H-6"a), 6 4.11 (1H, dd, /~12.0, 6.0 Hz,
H-6"b), & 409 H, d, J=5.4 Hz, H9'), & 3.76 (1H, m,
H-8), & 3.60 (3H, s, OCH3-10"), & 3.67 (3H, s, OCH3-
10), & 3.61 (3H, s, OCH3-8"), & 3.57 (1H, dd, J=5.4,
10.2 Hz, H-9a), & 3.37 (1H, dd, J=7.2, 10.2 Hz, H-9b), &
330 (1H, m, H2", § 329 (1H, m, H-3", § 3.24 (IH,
m, H-4", § 320 (1H, m, H-5"), & 2.95 (IH, dd, /=138,
6 Hz, H-7a), 8 2.66 (1H, dd, J=13.8, 9.0 Hz, H-Tb); C-
NMR (150 MHz, DMSO-d+D,0), § 166.7 (C-7"), &
151.8 (C-3"), 6 151.4 (C-4™), & 147.3 (C-3), 6 147.1 (C-
37, & 144.1 (C-4), & 1427 (C-4), & 1378 (C-5), &
135.2 (C-1°), & 1329 (C- 2™), & 131.7 (C-1), & 129.7 (C-
7), & 1289 (C-8), & 123.7 (C-6™), & 121.1 (C-6), &
120.7 (C-1"), & 118.6 (C-6°), 5 1152 (C-5"), & 114.9 (C-
2), 5 1129 (C-5), 5 108.1 (C=2, & 103.0 (C-17), & 76.2
(C-3", & 744 (C-5", & 742 (C2"), & T1.1 (C-4"), 5 64.3
(C-9), 5 64.0 (C-6"), 5 61.6 (C-9), & 56.0 (C-10), & 55.6
(C-8"), & 55.5 (C-10"), & 41.1 (C-8), & 369 (C-7).

EEZHo| =N - AFHZRE 2], FAS icariside
E#} vanilloyl icariside EqS 7t 1 mg® A <s] F sl 717}
MeOHE- 1 mL7}31 stock solution(1000 pg/mLYS- ZA| 3]
t}. o] stock solutions 31413} icariside Es= 1000, 500,
250, 125 pg/mL, vanilloyl icariside Es= 500, 250, 125,
62.5 ug/mL =2 FFENS A STt
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Hollo| =X — ¥4 20 mgS 50% methanol 1 mLo] &
ERZ & 289 32 sk 3282 CNW AL Nylon
0.45 um filter2 J3}3F 3 HPLC HY o= ARE-31S T}

HPLC =71 — 33%< icariside Es®t vanilloyl icariside
E8] 42715 Table 13+ 7Fo] A3 th, o] ¥4 %7
o we} ZHzke] A|Fe] validation?} & A4S AAISHA T

A gho| 2Z(Validation) - HPLC 2-4ube] % 8
d 2 AAAEE HAF3] $18ted KFDARF2] k&t A])
o] FojokEs Aol Edol e gk 7tol =gkl
of mta o)A, HAd, A, B B AEAd 3
7+ Al

£0| 4 (Specificity) - A #dw0] IFH FEE W] ot
2 EZ3 7} HEA UV detectors ©]-8-5F0] 1]=.9]
retention time(RT)S AE3I] 139

HEM, X MY (Linearity) — 244 F7HE 918 A
< A7) 918 EFFE icariside EgS methanolZ 3]451e] 4
702l & =(1000, 500, 250, 125 pg/mL), ¥ vanilloyl
icariside EsS methanol2 3|4 3}od 470 9] %(500, 250,
125, 62.5 pg/mLy’}F =5 &8s vhEo] AFS AAE
T} Linear regression equation (y=ax+b y: peak H%, x: A]
B FE a J49] 7187, b: yAH)S Falglen R gt
S Balo] XL gkt R ghol 0.99013¢1 7
T AR TS Hrteke AFACE ARSI

HEFBHA|(LOQ) - EA =4 A o] 7hss AATEE
lalr] §5te] H A (LOQYE S sttt A A
(LOQ)= QL=10xc/S(c: WFg-2] EFHzL, S: A#Ale] 7]
27DE S3t AT 71€7] Se EAEES A
S BHE Tl AN ydAe] EEAAE B
2t 62X o] &3kt

HEHd(Accuracy) ® "2 (Precision) - Fd A&
tiste] A3 g wiwe] mE d3e] Wt A=

Table I. HPLC condition of icariside E (1) and vanilloyl
icariside E4(2)

HPLC condition

Column Kromasil 100-5-C18
Flow rate 1 ml/min

UV length 280 nm

Injection volume 10 pl

A: 0.2% Acetic acid;
B: Acetonitrile

Mobile solvent

Mobile phase Time (min) A B
0 95 5
30 45 55
45 0 100
55 0 100
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7] flete] g B g2 WS skeitt Ieariside Es2t
vanilloyl icariside Es®] &% 278N 4] FX(Icariside
Eg; 1000, 500, 250, 125 pg/mL, vanilloyl icariside E5 500,
250, 125, 62.5 pg/mL)2] HINA, 7 A8 FET 3U7F
wREg A, O 38) WY AR Skt AEde ¥
TR ST 7 dAHE AR 2jlsglen, 4

W PYSe o BRG] Ud SHE Aol

1o ox ke

&t2k(Content) — Validation 3-8-& &3] &7gt HPLC
TR I3 FE5 W] A
Zaks)

XEEE 22| - 5K FE=(300 gy Eoll sl celite
2 o743 & Sephadex LH-20 column chromatography &
o] &3} H20/MeOH(gradient)2 &3A1A AH o=
U3 fraction 25 MCl-gel CHP20P(0% MeOH—>100%
MeOH, gradient)®} prep. HPLCE &3t icariside Eq(1,
80mg)S #2150 em ODS-B gel(40% MeOH—100%
MeOH, gradient)¥} Sephadex gel(80% EtOH)S &3t
vanilloyl icariside E4(2, 8 mg)< 2|3t th. Icariside Es,
vanilloyl icariside Es9] +Z+= Fig. 1914 Yehd 23} 72
T:]—_B)

2 "H-NMR spectrumell4 § 6.68 (1H, d, J=2.0 Hz, H-
2), 8 657 (1H, d, J=8.0 Hz, H-5), 8 648 (1H, dd, J=8.0,
2.0 Hz, H-6)°l14] aromatic ABX spin system= 2F213}%1t}.
3§ 3.02 (IH, dd, /=142, 5.4 Hz, H-7a), § 2.71 (IH,
dd, /~14.2, 9.9 Hz, H-7b)°|X] H-7 methylene2 22135}
©m™ § 4.00 (1H, m, H-8)*14] H-8 methineS €133 2
™ § 3.72 (1H, dd, J=10.8, 5.4 Hz, H9-a), § 3.62 (1H,
dd, J=7.8, 10.8 Hz, H-9b)oll 4] H-99] axial®} equatorial
protons &l th 3 § 3.79 (3H, s, OCH3-107), &
3.68 (3H, s, OCH3-10)2 27119] methoxy 152 213}
t}. 5 693 (H, d, /<19 Hz, H-2Y), § 690 (1H, d, J~1.9 Hz,
H-6)2 aromatic meta-coupling system= 213} o™, §
6.50 (1H, d, J~15.9 Hz, H-7'), & 6.30 (1H, dt, /<159, 5.4
Hz, H-8)9|X= trans alkene®l| 9|3t o]FA 7S g3
o H-8'3% coupling 3= H-9T6 4.17 (1H, d, J=5.4 Hz,
H-9E &<l § 467 (1H, d, /<72 Hz, H-1"), §
3.74 (1H, dd, /=114, 2.4 Hz, H-6"a), 6 3.64 (1H, dd,
J=11.4, 5.4 Hz, 2H, H-6"by= glucopyranose®] 1, 6 44~
£ 3Hol&kaith. PC-NMR spectrumoll Al Bh2 1871¢] 2]z
st R F4ol HAeH §105.6 (C-17), 8 779 (C-
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3", 6 77.5 (C-5"), &6 75.8 (C-2"), & 70.8 (C-4"), 6 623
(C-6"elA glucopyranoses BRIEIAT. HEFH 02 F3S
v wale] icariside B2 722 F483ch”

2 '"H-NMR spectrumel A 13} w9 fAMI o™ 13}
2] § 729 (1H, J=1.8 Hz, H2"), § 727 (1H, J=8.4, 1.8
Hz, H-6"), 8 3.61 (3H, s, OCH3-8")¢ 4] vanilloyl moiety
2 Jehlem PC-NMR spectrumel A% vanilloyl group
[6 166.7 (C-7"), & 151.4 (C-4"), & 147.1 (C-3"), 5 1329
(C-2"), 6 123.7 (C-6"), &6 120.7 (C-1"), & 115.2 (C-5"),
8 55.6 (C-8")]°] EAIE HeRHATE HEH o2 3l v
&) 2= vanilloylicariside E2 725 543813 ch"”

&gl - AHEAE icariside Es9}F vanilloyl
icariside E®] A4S a7 218 A o] 4ol &
)3} o] =4 8ulE A: water, B: acetonitrileZ 41733}
o] 27} gradient elutiong #-8¢o2A A2 ¥AE ©]
oz Belgd 4= A Icariside Es> 19.49%, vanilloyl
icariside Eq2 220700 HAZHUch F+ A4S UV &
T 3¢ 280 nm=E AAst] 129 HMAE S

2 °*] Icariside Es

1

M| EX.
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chromatographys H]131q icariside Es2} vanilloyl icariside
E°] retention times 213t A3}, thE Z43 7H] §lo]
52 peaks BRI ETE Y] RT+ icariside Es
19.49%, vanilloyl icariside E5 22002 SRIF|lom, A1
FH FZEU9 icariside E} vanilloyl icariside Es] RT
£ ZH7t 19.08%, 22,1080 2 FFgoo] ¥ fxA7k}
AFH FEEHe] Fa FAAZEe] AL X S g
Igro2M EoldS ASSITHFig. 2).

AEM, MM (Linearity) — Icariside E;©] HPLCZ £
st g sk 74 9] Linear regression equations Y=
12428X+137720°1 M (Fig. 3), A3 o] AAAFRYE
099982 =& A4S B AT} Vanilloyl icariside E&
HPLCZ A5t 2Hdgh A& 9] Linear regression
equation> Y=12947X-95797°1™ (Fig. 2), H&41<] =47l
FRY)E 09992 =2 A4S BT

HESIA|(LOQ) — F A (LOQYE-21S ol8-3l] F=st
AE T8It Ieariside E<2 94.87 pug/mL, vanilloyl icariside
Es 1338 ug/mLO 2 FRIEI1on 4] ik ol
7Fs e SR1SHATH(Table 10).

&M (Accuracy) ® MM (Precision) — Icariside E2]
292 98.32~10091% o= Blsigion, g2

i JMJJ'\,,J\ ISR VW N ,-MAA.,;,L J;,VLM.
= == ;
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Fig. 2. Specificity of icariside Es(1) and vanilloyl icariside E(2) in seed of capsicum annuum L.
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Icariside E;

15000000
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8000000

y = 12947x - 95797
6000000 R2 = 0'9999.___.-"
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-'...
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."'
o
0

0 100 200 300 400 500 600

Fig. 3. Linearity of standards of Icariside E5(1) and Vanilloyl
icariside E4(2). *y: peak area, x: concentration, R: Correlation
coefficient

lrE

FAIS(c.v., coefficient variation)24] 0.30~1.40%%= %
gk 28 VERNRICH(Table I0). Vanilloyl icariside Es®]
k42 98.72~103.50% o2 Sl o, UL i

L fol
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Table IV. Contents of icariside E;(1) and vanilloyl icariside
Es(2) in capsicum annuum L. seed

1 (%) 2 (%)
Capsicum annuum L. seed 0.28+£0.003*  0.085+0.001*

*Mean valuest=SD from analyzed experiments are shown.

BA5(c.v., coefficient variation)ZA] 0.14~1.942 453k 7k
< YERYTH(Table 1II).

g2k (Content) - ¥ TS o] &3t X EE=H]
s 5799 A3 234 extract WO icariside Eso] 3
F2 0.28%2 EH138I9. 2™, vanilloyl icariside E.9] &
<2 0.085%=Z EHRI3IHATHTable V).
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Table II. Linear ranges and LOQ of icariside E;(1) and vanilloyl icariside E(2)

Compounds Linear range Response Response Correlation LOQ
P (ug/mL) Slope (a) Factor (b) Coefficient (R%) (ng/mL)
1 250~1000 12428 137720 0.9998 94.87
2 62.5~500 12947 -95797 0.9999 13.38

Table III. Precision and accuracy of icariside E5(1) and vanilloyl icariside E4(2)

Conc. Accuracy (%) Precision (c.v.*,%)
Compounds
(ng/mL) Intra-day* Inter-day* Intra-day Inter-day
1 250 100.60 100.91 1.40 1.01
500 99.23 98.32 0.85 0.60
750 100.43 99.56 0.41 1.07
1000 99.92 100.40 0.30 0.50
2 62.5 98.98 103.50 0.56 1.94
125 98.84 99.67 1.59 1.64
250 101.31 98.72 1.01 0.82
500 99.76 100.29 0.15 0.14

*Intra-day: three times per day, Inter-day: one time analysis of standards per day for three days, c.v.: Coefficient of variation.
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