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Abstract

This study was carried out to investigate the total polyphenol, total flavonoid content, antioxidant activity,
angiotensin I-converting enzyme (ACE) inhibitory activity, a-glucosidase inhibitory activity, and anti-
proliferation activity of the citron seed. The citron seed were separated to hull and embryo, and extracted with
n-hexane and 70% ethanol. Antioxidant activity of ethanol extract was higher than that of n-hexane extract.
ICs0 value for DPPH radical scavenging activity of ethanol extract of hull (CSE1) and embryo (CSE2) were
3.18 and 8.43 mg/mL, and those of total antioxidant activity were 19.96 and 11.28 mg AA eq/g, respectively.
ACE inhibitory activity and a-glucosidase inhibitory activity on CSE1 showed the highest values of 31.61 and
45.17%, respectively. Antiproliferation effects on the MCF7, HepG2, H460, HCT-116, and PC3 cell line showed
the highest values of 14.09, 19.12, 12.29, 9.78, and 9.12% in extract concentration of 5 mg/mL, respectively.
These results suggested that citron seed can be used for development of functional food material which have

biological activities.
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Column2 Nova-pak C18(3.9 mmx 150 mm, 4 ym, Waters
Corp., Milford, MA), mobile phase AS 10 mM phos-
phoric acid(pH 2.5), BE MethanolZ AF&3lo] A:Bo] %7]
B &S 100:08.2 A|&3sle] 8%l 40:60, 13l 0:100, 18%
o 100:09] ®l& = ©A Al gradient systern—% ALg-slA T

Flow rate= 0.8 mL/min®] %22 E# 3% 1, injection



1674 ol &R - &<l

volume= 20 pL, detectore UV-detector(228 nm)S A&
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%3] ethanol FEE(CSE1) ¥ Hl{+ ethanol & & (CSE2)
o et FE582 77} 4.86, 3240, 840 F 18.79%°] At}
%3] ethanol F&E© < YEh R,
= n-hexane FEE°| 4 2 FE25EE YEUSIT
ol¢} & AF}E FAANE FH WFE EEetA ¥
£35S ul, Woo 5(20)°] ®i1sh
19.22~21.49%<} Kwon 5 (21)°] B3k 9.82% 9} vl u s &
o 2 A A9 ethanol FE5E(F I +8lF)2 27.19%
2 52 FE5ES YA 3 FAH4 F3 ethanol
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Table 1. Extraction yield, total phenolic, flavonoid content, DPPH radical sacvenging activity (ICs), and total antioxidant

activity (AEAC) of citron seed extracts

Extraction Total phenolic Total flavonoid ICa (mg/mL) AEAC
yield (%) content (mg/g) content (mg/g) 20 Mg (mg AA eq/g)
CsH1Y 4.86 15.64+0.90™ ND? - -
CSH2 32.40 52.85+1.47" ND — —
CSE1 8.40 201.84 £3.60° 45.64+0.28" 3.18£0.09" 19.96+0.21"
CSE2 18.79 246.31+14.17 28.90+0.48" 8.43+0.36" 11.28£0.39*

YCSH1: n-hexane extract of citron seed hull, CSH2: n-hexane extract of citron seed embryo, CSEl: ethanol extract of citron seed

hull, CSE2: ethanol extract of citron seed embryo.

2)Any means in the same column followed by the different superscripts are significantly different (p<0.05) by Duncan’s multiple range

_test.
IND: not detected.
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(IC50)& 3.18 mg/mLZ Lee 5(24)0] B3t §4} 748 F
T A 10% PRk A4S Bl A
FZE 1 mg/mLY FxA 125~20.7% H o &
AT v & W A&7 J3 FEFER
=2 HHZaATS YA
7MY =2 duzZAaASE JERd CSELe] tig & &9
59 FUZ2ASTEDA%)E 548 23 2 mg/mLe
F %o A n-hexane, chloroform, ethyl acetate, butanol &
water 52 EDA(%) #2 22 1559, 21.95, 73.81, 31.96
2 5527%= ethyl acetate &°] 71 £& &4+318H S UE
W ATH Table 2).

CSEl ¥ CSE29 % A= (AEAC)S X3¢ 4% 74
7} 1996 2 11.28 mg AA eq/gSZ(Table 1) “HTrEC]— %39
oA F FAkstE o] A YEyth 7MY =2 % 3

ZE 1 mg/mLe F
z} 3]
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Table 2. Extraction yields, DPPH radical scavenging activity
(EDA%) and total antioxidant activity (AEAC) of solvent
fractions of ethanol extract of citron seed hull (CSE1)

Solvent Extraction oD AEAC
fractions yield (%) EDA (%) (mg AA eq/g)
Hexane 2.72 15.59+0.86" 5.61+0.40°
Chloroform 11.62 21.952047°  19.29+0.74°
Ethyl acetate 8.05 73.81+1.25° 56.64+1.19°
Buthanol 20.90 31.96+0.50° 13.92+1.32°
Water 56.42 55.27+0.90°  39.18+1.63¢

UThe concentrations of ethanol extracts of citron seed hull were
2 mg/mL.

o) A &3} 1675
2bstEl & Bl CSElel digh &miEd=9 F 34tste
(AEAC)< n-hexane, chloroform, ethyl acetate, butanol %
water SN A 24z} 561, 19.29, 56.64, 1392 2 39.18 mg AA
eq/g S Z(Table 2) DPPH 2}t 24759 239} fFAISHA
o & EH9E, EgExolE §F 9 T ks E o g
BAE A 22 F S8 F FAsE Alolo=

0.85(p<0.01), E&H o] =9} ICao%k Atol el = 0.71(p<0.01)
o g FRBAT BIT B Gkt F FUR

ABBAE BAT A9 0529 & ABRBAZ

(data not shown).
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ACE(Angiotensin Converting Enzyme 1) X{sH&HA

ACEE 843 9 angiotensin-I(decapeptide)®] C &
o] EA)3t= His-Leug Aste] 339 #5485 ste
angiotensin- I (octapeptide) & A3 LS ZHAA]7)
+ bradykining E843} Al7]= &4 0]tH25). ACE A 3|
A= ACEY #48 A8 =M angiotensin-1T 9 A
]3], aldoterone ¥HIZ+4, BE74A) Q) bradykinin®] &
7t 59 #AE 53 A4 HE FFAA sodiume] HI S
ZR%ozH s EFo F F JLH26). FAH FE2E
< 1 mg/mLe] FEoA ACEANEAS Rokor CSEle
A 3161%2 YEhY 71 =2 848 By o] e tE
FEEH U ESGS W oF 20 A= =2 &5 JE

A tH(Table 3).
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a-Glucosidase 4|2t

a-Glucosidasew= 47 3] M Z 2] brush-border mem-
branedl] EAjst= EAL2A o|FFU TFFE BrsEo]
43 F457) s AHQ 9 FE e Edcie 98
gt} a-Glucosidasel] EH??_ 1 H%% el E 2o &
TS AT § o] &
FAH FEE2 10 mg/mL9] %Eoﬂ/ﬂ a-glucosidase <
ALgdAd S Btorm CSEIANA 45.17% 2 Yely 7 =&
g4E BRATH(Table 3).

Table 3. Angiotensin I-converting enzyme (ACE) inhibitory
activity and a-glucosidase inhibitory activity of citron seed
extracts'

a-Glucosidase
inhibitory activity (%)

ACE inhibitory
activity (%)

CSH1 18.09+0.76" 27.05+2.37"
CSH2 16.80+0.89" 32.33+0.73"
CSE1 31.61+1.3° 45.17+053°
CSE2 1554 +1.22° 35.30+£2.67°
ACE inhibitor 46.37+1.70 —
Arcabose — 43.67+1.49

YSee the Table 1. The concentrations of citron seed extract
on ACE inhibitory activity and a-glucosidase inhibitory ac—
tivity were 1 and 10 mg/mL, respectively. The concentration
of ACE inhibitor and a-glucosidase inhibitor were 5 pg/mL
and 1 mg/mL, respectively.
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FAH FZEol et FL A 2 (MCF-7 cell) %’—‘w‘%‘xﬂ

£S =43 A7 (Fig. 1) CSHI, CSH2, CSE1 2 CSE2 &
AE%(0.32~1.25 mg/mL)ol A& kA E o =218 04
Al

3tA Z3hs o2 vehgth CSE1% CSHIS 2.5 mg/
FEEoN A 747} 83.74% <} 69.79% 9] FHAAE AE
&2 BIAT 5 mg/mLe] AsZolME Z2t 14.09%
4854% =2 S A AL le AL Z UEEth o]l
Hhal CSH2 % CSE2%E 5 mg/mLe] IF Tl A% F13hA

T A& AA A Bagrh 7hA Z (Hep-G2 cell) &

mL2]

21 A& Tf—’-: % At A3} CSEl2 AF%(0.32~2.5 mg/mL)
oﬂ}ﬂ ]Ji__/] Z)xlcﬂxﬂg_q_ﬂ_ Lx]u]— :J—y_ln:l:‘o] 5
mg/mLoﬂ 1% 0.12% 2 =& Z2IJAa3=E Jel AT

CSH1= 25%} 5 mg/mL2] F=olA Z+z}h 71.23%2} 4895%
2 A FAE A A2 e AT CSH29
CSE2¥E 5 mg/mLe] nEsEore FAE] S48 oA
3HA] Rehe Ao 2 Yelsth(Fig. 2). ¥ A £ (NCI-H460
cel) FHAA LS = ?‘5 A3} CSE1e A% %(0.32~1.25
mg/mL)A A e HFMEL F2& AAA TN A Z3FHA T

o

= %

Fig. 1. Antiproliferation effects of citron seed extracts on the
human breast cancer cells (MCF-7). Different letters on the
bars of same items indicate a significant difference (p<0.05) by
Duncan’s multiple range test.

Fig. 2. Antiproliferation effects of citron seed extracts on the
human liver cancer cells (HepG2). Different letters on the bars
of same items indicate a significant difference (p<0.05) by
Duncan’s multiple range test.

EERERE S R
25 mg/mLe ¥ Eo] A& 7843%, 5 mg/mLe] F A=
1229%= #HAA o S4S dAsts o= veisith

CSHI2 0.63~25 mg/mLe F%ol| A 71.09~75.70%2] 4
EES B SA9A a7 Gk AT 5 mg/mLe AEE
ANHE 2222% 2 ¥ AFAAEHZS YERH AT CSE2
9} CSH2¥E 5 mg/mLe 15 EdA 60.46%<} 50.15%2] A
EEE oAl FEFE Fole dIAEY F24ES AAs)
E fE3AR) Fe 7)\22 = A tH(Fig. 3). HAGA =
(HCT-116 cell) 2 ﬂ%% CSE19] A9 AFzdAre
ZA AN AT EU% 1 mg/mL2] F=oME 63.27%

Z

283 5 mg/mLe] %EOH 1% T8N E EAJA ARt &
ZA3HA Z7bstAth CSHIL F = 9|&32 < 3¢S Holx
2 AA T 0.32~25 mg/mLe] FZ oA 67.13~77.84%2] A
E£&S YA 5 mg/mLe] i% NME 16.14%E =
2 A4 235 etk CSE2L 15 %2 5 mg/
mL9] FxolA 52.97%9] A f%E B, CSH2S 259

5 mg/mLY F=A Z+7; 56.84% <} 39. 57?«] AEES
BAoh /b B3 gF A E SAdAZHE Hole 5
mg/mLe] FEAA ¥ B3-S Wl ethanol FEE°| =
& FAAAERE RYon wifite T 1 &3
7} =A YeEldtH(Fig. 4). AR A LA EPC-3 cell) 241
A4S A3 Ay} Fig. 504 BE ule} o] CSE1S As

=(0.32~0.63 mg/mL)olA= 29[ azrt kA v
1.25 mg/mL9¢] FEo|AE 59.00%, 5 mg/mLe] FEdAlE=

=0 Z/\]O-l

9.12%Z Wl =2 AANEH#E ettt CSHIS
0.63~25 mg/mL9] FEolA 47.14~56.79%2] HZ=L&S YU
Ble™, 5 mg/mLe FEAAE 2630%2] HESES H
o 2 FAAAEHRE YN IA T T ethanol FE
(CSEDE Y= A YEhgth CSE2E AFZoA s F4
A EI7F SRA T 1.25~25 mg/mLe] FEAME 5746
~62.49% 183 5 mg/mLe TEEdAME 3156%2 A&

|

&2 Ho SAGAER} sle Ao yEyt =3
CSH2E AFrdMe T4 AAad7}E SR AT 5=l

Fig. 3. Antiproliferation effects of citron seed extracts on the
human lung cancer cells (NCI-H460). Different letters on the
bars of same items indicate a significant difference (p<0.05) by
Duncan’s multiple range test.
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Fig. 4. Antiproliferation effects of citron seed extracts on the
human colon cancer cells (HCT-116). Different letters on the
bars of same items indicate a significant difference (p<0.05) by
Duncan’s multiple range test.

Fig. 5. Antiproliferation effects of citron seed extracts on the
human prostate cancer cells (PC-3). Different letters on the
bars of same items indicate a significant difference (p<0.05) by
Duncan’s multiple range test.
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ZEo) i3t d4rslstAl ACE Al &4, a-glucosidase o
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hexane %% (CSH1), ¥l n—hexane FZ&(CSH2), £
70% ethanol 2% (CSE1) 2 "l 70% ethanol &%
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