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which were confirmed as vicine (1) and a-eleostearic acid
Abstract (2) based on their NMR and ESI-MS spectroscopic data.

Among them, a-eleostearic acid (2) possessed potent a
BACKGROUND: Momordica charantia (MC) have been -glucosidase inhibitory activities with I1Cso values from 32.4
used in various parts of the world to treat diabetes. Despite Hg/mL.
the highest effects of phytochemicals than any other part of CONCLUSION: Collectively, the results from this present
the plant, the main components of seed of MC grown in study strongly suggest that both extract and a-eleostearic
Korea and their properties have not been studied acid (2) have potent a-glucosidase inhibitory activity.
extensively. Furthermore, a-eleostearic acid (2) as the most active a
METHODS AND RESULTS: The seeds of MC were -glucosidase inhibitor was proven to be present in high
extracted into five different polarity solvents: 30%, 50%, quantities in the MC seeds by a HPLC chromatogram.
70%, 95% ethanol and distilled water. The 95% ethanol
extract showed the most potent inhibition (1Cs5=88.7 Key words: Bitter melon, a-Eleostearic acid,

ug/mL) against a-glucosidase. To investigate the compounds ~ g-Glucosidase, Momordica charantia, Vicine
responsible for this effect, activity guided fractionation of

MC seeds by chromatography yielded two phytochemicals
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H dubAQl #ado] opuet A5t iR E8uo] gt
(Giron et al, 1991, Zong et al, 1995; Virdi et al,
2003). -Evetelr= vls #4025k mitel] eoleta
T o 9EA AER Aol FE WHEo®E ogdl gto,
7154 Aol =& HAARS] o] molAwA TR,
o, A, AFE T Ax AN AFE Al 7k
sto] HIPHAE Eole w7 WolAal Qi

ool A thekst AR A S YRl Aiso] Balsa
A=, A9 O 2= essential oil, flavonoid, phenolic
acid, triterpene %! alkaloid 5°] €## UtHLiu et al,
2009; Singh et al, 2012; Kenny et al, 2013; Kim ef al,
2013). 53] 4F9] e FFHol U= triterpene
glycoside?! charantino|eh= Adt #7e] pA|3Ee] 2H&-
slo] Qledle] EulE FXsto g oS vy F= odF
S k= Zo® HaE 1 QJtiParkash ef al, 2002; Rathi
et al, 2002; Schmourlo ef al, 2005). %3 alkaloid |
vicineolZh= A% polypeptide-pth=  21E Q&
(vegetable insulin) 9A] dd7stel a3t e Fow
de] 44 AWHKhanna et al, 1981) o5 4 ©]9]¢]
a9 53], A(FAD Y T8 Aedd=d 2 e
ol oigt A= AL sle AAolth

HE AASE BEES PR sl AuE
o] AstE MR H we} vRklT-e] SR Qs P
27 543 F7kebAA ARSA] EAIE FEL Qth o
-glucosidase= &7l EAlsh= G EAEA 1 AsfAl
= BrslEe] xR0 RO AsE AAAFOEH, A A
9] gAE AaAlE 98-S sthMaki ef al, 2007).
HA7HA oFg2=REE a-glucosidase A3A|9] £ Bl
TEEel W A7F Eds] IR QoW (Hu ef al,
2013), A Al 2= deoxynojirimycin (DNJ)7} a-glucosidase
Afdds vehla Qla, I gel%  acarbose ¥
voglibose 59 A AE A=l THCreutzfeldt,
1999; Asano, 2003). sHX|RF 7| o g HEsh 9 EY
Akt FE F FAgo] yehd - Qloms oRgAERT
H a-glucosidase®] GAS AN F Q= 7164 2AE
ATk 22 wf F23ith

wheba] 2 A el AEE o Tl Sl ofF
H F2E2 a-glucosidase A3 a¥s S7dstal i 7]
SRR ARIAE dotr At st s GAAE
Ae] ghgs HPLCE &3t A4S TaTOZH of 74
of $Hre 7S] "N A ook 2R e S87Fs
e A8

-

A2t % 717

A3 el A3t a-glucosidase (EC 3.2.1.20, from Baker’s
Yeast) 9} 7]%4(pnitrophenyl-a-D-glucopyranoside)<- Sigma
(St. Louis, MO, USA)°llA T§latsl o, Aol o] g3t &

HO

\ 7/

Fig. 1. Chemical structures of vicine (1) and « -eleostearic
acid (2) from the seeds of Momordica charantia.

£ Aloke SAloke AMgaile, 22 $21% 913 Column
chromatography (CC)$- silica gel ¥ octadecyl silica
gel (ODS)2 Merck (Darmstadt, Germany)—%, Sephadex
LH-20 (Amersham Biosciences, Uppsala, Sweden)= At
S3t3lal, w415 913l nuclear magnetic resonance (NMR)
spectrum% Bruker AM500 instrument (Billerica, MA,
USA)SZ  Z43}%3l, electronic ionization mass
spectrometer (EI/MS) spectrum<> JEOL JMS 505-WA
(JEOL, Tokyo, Japan)® Z7sl3ith A4 2 FZAs
918l 2998 photodiode array detector (PDA)7} 32
Alliance €2695 HPLC system (Waters Co., Milford,
MA, USA) % Micromass ZQ MS (Waters Co., Milford,
MA, USA)E ARE&HIL

el AR oAM= e QlA 2014
9go] AT AFIALS FAlst] 53 gad HNE R
TANZE T 5 HF LHsto] ARkl
9, 30%, 50%, 70% olehe 4 95%
F& A a-glucosidase AdEd=
A 7 2 AAEHE 7 95% olehE FEE
YA BeE A FF 8l Adssith &
3 A 2200 g 95% ofle-gel 147+ FAA
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slo] o2} AZwET Y] 9 A%
£319] 1559 vicine (1) 2] 31%oH, A7]9]
32 HPLC-ESI/MS, 'H and "“C
NMR 59 77184 Fe ZTM o ghetd 1+ ot
Frt. o] % ikl tiste] silica gel CCE A3 (A
o EobAHIO)| E=20:1—1:1) 7709 FEE(A-G)S Atk
71 % TLCO AAAA UVES7E okl 9L, 10% ks
i, xS 5 uAgk A 4o R waly BIE Co
el sephadex LH-202] CCE &8 AE#l Al 24
AA AxFEe IFE eleostearic acid (2)F wEl5te
HPLC-ESI/MS 9 GC-EI/MSE 53l %5523 njw
o] F/3EA sIithFig. 1).

Vicine (1): White powder; ESI-MS m/z 305 [M
+H]"; 'TH NMR (500 MHz, DMSO) & 6.35 (3-NHb,), 6.00
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(5-NHy), 5.03 (H-1"), 3.63 (H-2, 5, 3.16 (H-6), 3.06
(H-3", 4); ®C NMR (125 MHz, DMSO) & 159.65 (C-1),
158.87 (C-5), 152.45 (C-3), 113.93 (C-6), 108.43 (C-1°),
7794 (C-57), 7650 (C-2), 7349 (C-3"), 70.17 (C-4),
61.60 (C-67).

a-Eleostearic acid (2): Colorless oil; ESI-MS m/z
279 [M+H]*; HR-EIMS m/z 2782250 (calc. 278.2246,
err 1.5 ppm); 'H NMR (500 MHz, MeOD) & 6.40
(H-11, =135 Hz), 6.17 (H-12, /=135 Hz), 6.10 (H-13,
=142 Hz), 599 (H-10, =109 Hz), 571 (H-14, ~14.1
Hz), 5.39 (H-9, /=109 Hz), 2.29 (H-2, /=7.4 Hz), 2.19
(H-8, j=6.8 Hz), 2.12 (H-15, /=6.8 Hz), 1.61 (H-3), 1.35
(H-4, 5, 6, 7, 16, 17), 0.93 (H-18, /=6.9 Hz); °C NMR
(125 MHz, MeOD) & 179.35 (C-1), 134.39 (C-14), 132.73
(C-11), 13097 (C-9), 130.66 (C-13), 128.68 (C-10),
125.70 (C-12), 33.58 (C-2), 32.15 (C-15), 31.35 (C-16),
29.35-28.72 (C-4, 5, 6, 7), 27.25 (C-8), 24.70 (C-3), 21.90
(C-17), 12.87 (C-18).

HPLC-ESI/MSOi| 2|8t /=M

WAANE ZAE 98 52 AXBAISE 1 g2 cornical
tubecl] &3kl 30 mLe o€-2(30%, 50% 70%, 95%)
4 FRTE FEEUE sto] 50T ollx] 1A7HsF 2501
Z(sonication) sIItE. FEH 7 A5E 41723000 rpm,
15 min)E & ¥ 45A& Fdlo] 02 um PTFE syringe
filterZ ©}¥}3lo] o]5 HPLC-MS WAAIERE ARE8ITh
4] 9> Phenomenex hydro-RP C18, 80A (250%4.60
mm, 4 micron, Phenomenex, Torrance, CA, USA)E At
3197 AR FUHES 10 pl, AEFIELS 270 nmeold =
As3itt o] 5o 2= AEl(0.5% formic acid in water)
9} BE1(0.5% formic acid in acetonitrile)S AM-3}51 1,
45 0.8 mL/min® SiSith o] g/de] FulES B
LS 108704 4% DSl 4181931, 328714 90%
2 A SV F 374874 A HIF(B, 100%)2F 40
70 BE 0% w4 HAaAIZh FFEAE fIg
FFE99 Az 001, 005, 0.1, 0.5, 1 mg/mLZ 72}
zAsl] HFAs A & A e w yYehdilth
ofFH 8] EledEA ] RS S8 MSe A
cone voltage 30 V, source temperature 120C, desovation
temperature 350C, 1% N, 7k~ L/ho|glom, Ak
S m/z 100-10000.2 A3k

a -Glucosidase Mol =3

a-glucosidase #3123 $/d714<Q1 1 mM pitrophenyl
-a-D-glucopyranoside (pPNPG)E phosphate buffer (pH
6.8)°ll A7kt & AlRE ¥al 11 Efe] gad 7 #
37°CelA 1527 H-&A1713L 0.1 M NaOHE F71ste] 1t
&= TANA 71421 pNPGEHH frE]Ho] vhes ke A

dE<2] pnitrophenol 2 405 nmeilX 573} a-glucosidase

9] oA 2 SFSATHYuk ef al, 2011). BE
H7H= negative control® ARGl oM, 71 F37
= blank@ ARESISITE AR TRy} 2t

Inhibition rate (%)=[1-(AbSsample-AbSbiank) / AbScontro] X100,
AbSsample, blank, and control: Absorbance of the sample,
blank, and control

SHHE

AglelA ozl Ao FAA 24 SPSS (statistical
package for social sciences, Version 10.0, Chicago,
USA)E o]43t BE 72 mean+SD # o= YERI L,
7 owme HirAe BAN fol8E p0os Tl
Duncan’s multiple range testell 2J&l 73}tk

o4 500 g= ofhEE FA|ste] doldl FE=
o] Ao wet F2 2 ¥ F(chloroform)d} &
3L 27} E5ste] 2709] BEES Aol 4t

N2

10 o

A
[M+H]" 9] #Ato]& peak?} #5550 AFFS 3045 2%
sigith 53] 2/0F o]2(fragment ion)?! m/z 143< %
3 9le] 6 skt At WAl kY-S F53191
th. ®C-NMR spectrumeA] 107§9] carbono] #5911,
3etd o)< ¢ 159.65 (C-1)°14 171¢] hydroxylated
aromatic carbon A|Z1d°], & 158.87 (C-5), & 152.45
(C-3)°llX 2748 ofw|=7]7} A8kl carbon Al1'de] w2
=9tk §108.43 (C-1)0A] 171¢] oper Bk A|1do]
FElo] ghiate] do] AREY 5= ¢ F AL AHA
ol wd(glucose)?] carbon A1l & 7794 (C-5), §
7650 (C-27), § 7349 (C-3"), & 70.17 (C-4)2 Fl5}30
™, 17]¢] methylene carbon & 61.60 (C-67)°] #5553t
olgfst AuE EUlRE s}eE 12 T3 9} vlwste] ¢AE
o] =(alkaloid) Al $F&HE<Q] vicine & E 73+ tHDelfini
et al, 1990).

sleE 2= FA10] 99(oil) HEjQ] FRREE & &
FE= 1840 EAE ESI/MSOIA m/z 279 [M+H]™<]
Aol peak7t #EEC] EAFEE 278% AW
'H-NMR spectrum©lA § 6.40 (H-11), 6.17 (H-12), 6.10
(H-13), 5.99 (H-10), 5.71 (H-14), 5.39 (H-9)2] Al 1425
] olefinic methine proton 67117} EA1gHS &1k, &
229 (H-2), 2.19 (H-8), 2.12 (H-15), 1.61 (H-3)9] A1t
25 ally 91219 methyleneo] ¥Z%|9ich T8k & 1.35
(H-4, 5, 6, 7, 16, 17)°I1*] ©2] methylene proton 4|71
943} §0.93 (H-18)°I14] triplet®] 2% methyl proton Al

e
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Fig. 2. Positive ion mass spectrum acquired by HPLC-ESI/MS analysis of vicine (A) and a -eleostearic acid (B).

Table 1. The contents of vicine (1) and « -eleostearic acid (2) in various extracts from the seeds of Momordica charantia

Peak. & Dried seeds (mg/ g)a)

no. (min) H,O 30% EtOH 50% EtOH 70% EtOH 95% EtOH
1 10.6 7.10+0.4" a 4.60+0.3 b 3.98+04 ¢ 3.34+0.3 d 0.52+0.1 e
2 29.8 ND? ¢ 0.59+0.1 ¢ 10.9+0.9 b 217421 a 235+1.7 a

? Extract contents at 270 nm are given as mg/g dry weight

P All values are means+SD (n=3)
? ND=not detected

o] #=E3Ih PCNMR spectrum©l X 18702] carbon
o] #ZHIL § 179.35 (C-1)°llA carbonyl carbon? &
13439 (C-14), 132.73 (C-11), 130.97 (C-9), 130.66 (C-13),
128.68 (C-10), 125.70 (C-12)°14 6719] olefinic carbon,
33.58~21.90 Alelell A methylene A|71'd3, & 12.870l4
terminal methyl Al 7d¢] g1¥ 91t B} gksh 284
Gy A2 4 Y8l GC-EI/MS 404 [M]'=
2789 ANFE 2 BEARRY] ol2gts d%loH, 1l
AEM7|(HREIMS) S E3F 2782250 (calc. 278.2246,
err 1.5 ppm)¢] &3 44 A2)7bA) 9] A ekst dekgs
Ao g EXSAUARL Bl AH|(18:3) S He
AFAlE o 7 AQth B8 23S gt 25
Ase] HEARY, AP FFNE(Mna=270.5 nm) ] H]
WE 53l SRR UER] a-eleostearic acid (a
-ESA)Z F43I3ItHKai ef al, 2014).

HPLCO| 2st MM

olFH oA FeAdEs sl §1% HPLC 2424+
AES Ao A Fig. 20149} 7] Phenomenex hydro-RP
C18 (250x4.60 mm, 4 pm, 80A)2] {1 (paticle size)7}
2re HC18)HHE AMHSISS W vicine, a-ESA 5 F
8 AR Heleo] YEaisith # ATelM= ofF
A9 ogkE FEEEe st FoARY ks FAs]
sl 4719 F ARs AR HE AYste 254
S AMdsieit). #4 9] HPLC A zdstlA dojzl
R A= vicine (1), a-ESA (2) A4&<] 10, 50,

T

100, 500, 1000 pg/mL &% W9lelA 3]72o] 22zt
28869x+23910, y=14983x+6838.40|11, AJAAG(r)
77} 0.9998, 0.9999 24 ¥ Z(y) 3 AEES] FE(x)
oo ME9 AAFE AT 4 U3k

el FEE 2Est] AAFH ] FEES AxS &
7} FEE AW TS $4 % A= Table 13 23k
th FE2580] 7FY =9 70% oeE FEE F vicine,
a-ESA ¥ Z17F 334103, 21.7+21 mg/golATh
vicine (1)9 3% &, 30%, 50%, 70%, 95% ol|&-g F&5
WA 247} 7.10+0.4, 4.60+0.3, 3.98+0.4, 3.34+0.4, 0.52+0.1
o] s UERglen, S5 S7FESE o FEEH4
3 95% ollehe: FEEIME 11 gRko] dA3] S ESIth
1 a-eleostearic acid (2)] ¢ o&teE Ll FE2E2
Z47F ND(HE¢H), 0.59+0.1, 10.9+0.9, 21.7+2.1, 23.5+1.7
o] drke UERIGa £3], 50% olghe- o]ake] #8454
o] FERUAA I ko] AEAoR TSIt oY e

A

k2 vicine A&
[e)

s
> o

FEL 95% oflggHtl= o] ¥
B TE 5 70% olvkE olske] EeH(polar)$t
o FEeE Z0] A §E o golS Al

e
T30 PN

Z‘J o] [

on FA3 = ZANA a-eleostearic acid+ 95% ©l|&t

& FZEO dgo] 235+1.70% 7P EE AOF Hol
€l

50% oflekE ©]4<] non-polardt 7oA FEdk= Ao]
A &F0l o golghs #RIg 5= SItKFig. 3). o9
ANE EQE FEFE ARG 3L 18 W, o
-glucosidase®ll A& S Hehl= 54 B2 Alge]

3t HA 9 FEFXAL a-eleostearic acid Ad¥o| U =
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Fig. 3. HPLC-PDA profiles (at 270 nm) of vicine (1) and « -eleostearic acid (2) in seeds extracts from the five different

polarity solvents.

s 27090 95% oflehee) 231l
a -Glucosidase AMai&EY &3

ogh siel wE Hddt ofFH FEE Y FoUE
°] a-glucosidase #13l1&/d-> Table 2¢ YERHSITE pNPG
E 714 R M-St in vitro yeast a-glucosidase #131€/34

il

3, & FEE Y 30% olehs FEECIAE 1000 pg/mLe
A E TN AsfEo] 10% v|vke 2 Vel L, 50%, 70%,

95% ollehe FEE A& 247 62%, 72%, 80% ©I%
o= A vEbsth 7P Asigdo] w2 95% e 7=
B2 TR YEHOR HE aAE Adsislon, wAERE
M HAES 54 AdllEs HoR AEE 50% 5
2 A E=(ICs0) = 88.7 pg/mLE YERLTE whehr] o
TH FEE) ¥ a-glucosidase EA4EA A EE
< FE non-polardt FEE0] Xk Z 07 o550
23 AR5 Aaeds Atk

Vicine(1)> 57357} wll%- 2 B4 2A] a-glucosidase
o o 1000 pg/mLe] S74-skolA Asf&ol 13% olst
E Exghce] gk Asigds vEhA ZJch v«
-eleostearic acid (2)& €/3¢] 7|t non-polarst £
724 F9E SHsEM AdE 90% oo gt A
a9 eI B3 w5 EH O R a-glucosidase s
st oH, ICsak 434 pg/mLOE a-glucosidase)]

=
=}
Rl

=
5T
[¢)

Table 2. Inhibitory effects of the seed extract of
Momordica charantia using different solvents and vicine
(1) and «-eleostearic acid (2) on @-glucosidase inhibitory
activities

a-glucosidase

Compound 2) S b) o
IC5” (ug/mL) Inhibition™ (%)
H,O (distilled water) >1000 8.1+04 d
30% EtOH >1000 9.8+12 d
50% EtOH 252.8+14.3 62.3+2.1 ¢
70% EtOH 143.5+10.7 72.7+3.7 b
95% EtOH 88.7+6.4 80.1+2.8 a
1 >1000 13.4+1.6
2 434429 91.3+2.2

* All compounds were examined in a set of experiments
repeated three times; ICsp values of compounds
represent the concentration that caused 50% enzyme
activity loss

b Sample concentration was 1000 pg/mL

284 9 gzeHEE AMEE DNJ (ICs=124 pg/mL)xE
o} oF 3ul] 7hto] s A antE Eletlch mEkA of

FH FEEA AEpt 7P 955 95% ek FEE
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9 77 o vt g AR EAEAQ] a-eleostearic acid
= a-glucosidase A3l E3}el FQaHA 7]kl Qlas
ElfH, 439 g9 dsg JAANA & 5 U FAY

A& BT,

#H 501 o5 diie ket aso] Bargel
w715 AR hEal gk R ofF prte] AE
o7 oAk AFH EEE tpeket b S AE (3
olF 2 AR &, dr|x 5) FAHOE I AHH
7% gtk & datellds 3Hdole]e] 53, A Ayt viH]
g o5l thal A=) g 9 g avt
of et A5 s gt FE2= 2 G LYE
o] AW in vitrodTHIR) a-glucosidasel] ek A el a
I S8, BS el FEE Be R
FHEAE Fselth TAd o RE 5% dEE FEE W
HI=A Gl ol i 2= A8 E4E4 a-eleostearic
acide= 78t Aslass YERIItHICs=43.4 pg/mL).
3k gaAsAle] e HPLCE 53 s 3¢
owx oAFHel e Vs AR ddviAl A ook 44
29| $87FsAe Aaksith
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