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Abstract

In order to improve the use of pumpkin seed, the present study was performed to isolate compositions of
the bitter components which were not seen in pumpkin seed itself but newly biosynthesized during germination
of the seed. The compositions isolated were then further purified by TLC and preparative HPLC in which
a fraction with Rf 0.73 and RT 10.3 was obtained. Cucurbitacin E with molecular weight of 557 from the fraction
was finally identified by subsequent structural analysis of LC-MS/MS. The production of cucurbitacin E
peaked with 224.7 mg/kg at 4 days of germination at 20°C with the water supply at intervals of 48 hrs in
the darkness, while that of cucurbitacin E reached 146.7 mg/kg in the brightness. In vitro-cell based assays
demonstrated that the isolated and purified cucurbitacin E inhibited proliferation of A549 lung cancer cells
and suppressed expression of the IL-18- or PMA-induced cyclooxygenase—2, an inflammatory protein in A549
cells, suggesting its anti-proliferative and anti—-inflammatory activities.
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Dulcie(10)= Sahara®|%2] herb 92 2 F¥ cucurbita-
FE3t AN FAFZRE 7HA SR ES Y F
AstH o H, Fathi(1l)= ¥ A3 8] FsbHE A cucurbitacin
o] APAEE ety HFHS A Mgz e HE
ste] 2~4 D, kinetin, 14FE S #j Ao H71E o S 2 o]
ol ot B3ttt X3 Blaskovich $(12)& cu-
curbitacin I8} Q7} £-°]& 2 2 phosphorylation(13)S A 3}
st GAlE e FAS JA Itk B AL, Raloff(14)
© S5 Al Al A7) EAE SFAAR AFSSHAE &5

cinFE

Fo 385 ol kT AE FFoE o]fT F S
Buslgomn, Peters 5 (15)2 cucurbitacin B7} & 4EA|

2ol Be BUNE wop AFA A 42124
BAS PAstE A7E S Yol A St
RS gste.

SHE e AS dAsta o] & 1% %ﬁ@% l Al QOi
o 2 dAge 39 ol g Fol AAEHE 1HERS
TLC, HPLCZ £3], Asta LC/MSE +25 A3y
FA TEky| ol 2o E nu|EA A ARE =4
sgon B AT v EAe 48y, FATEHS

SAste] Hilsh= wholtt

SHp| o} ZAT D02 MY
F AGolA YA AT SAAE AHES] ol
AlZE A A & 15~30°Coll A 48~96A17F 2HE o= 1587t

o
<= XN AFFNA haek 1,000 Luxe] Fs 129
ZARIEA wE] FE-S F skl 60°CollM dF1x2T F
Hsho] ol o) whE VAR FEFS A FsAH

oo

Alek 5 EAMT|7|

AEEN 2 anAdE FE2 2 o3 288 f718ve
EF Ak HPLC, Mass spectrum F4]-8 1] = BakerAl A
ﬁ

, HPLCE &ull ¢} TLC plate(silica gel 60 Fosy, 2020 cm,
0.5 mm)= MerckAl A%, HPLC= Young-lin M 930
(Younglin Ins., Co., Ltd., Korea), LC-MS/MS+ HP 1100
series(Hewlett Packerd, USA), 4000 Q Trap(Applied Bio—
systems, USA)S AF&3}S T}

I0ME =& 4 22l

IHP RS FE] YA dxg ol TRk 9 B g
FE 30 g& chloroform&H o2 100] F& 7}8hod 2443
BAF FF T OA BWE 718t 33 wkE &34 &
Eo AggAZ o743 & 50°CollA vacuum evaporator®

Head part of pumpkin seed sprouts
‘ Refluxed chloroform

Chloroform extract

Added water 300 mL and n-hexane 300 mL
[ \

n-Hexane layer Water layer

Evaporation (50°C)

Dissolved with 20 mL methanol
Dehydrated with Na:SOq4

Thin layer chromatography

Chloroform / methanol (9:1, v/v)
Evaporation (50°C), freeze dried
Dissolved with 10 mL methanol

HPLC analysis

Liquid chromatograph / tandem mass spectrum analysis

Fig. 1. Purification and isolation procedure of bitter com-
pound from pumpkin seed sprouts.

7 w5t &ulE A AAFAT. F& FEE
exane 300 mL¢} & 300 mLE ¥ o] 147t shaking 3+
AAet] Mot AHE A st AAstL E

7t =3 3 4 1%3 methanol 20 mLE 7}3H

Thin layer chromatographydll 2|st oA 89| Ea|

245 A5+ TLC plate(20 x 20 cm, silica gel 60 F254,
0.5 mm, Merck) %3oll 23} chloroform : methanol(9:1)
2 ZA/MAA UV lamp, 254 nmoll A bandS #&3} T}

High  performance  liqud  chromatographyoll 2|8t
J0ME Ee| gl ™2k

TLCo A 31m]7}F 1 bandi+ Ko} methanolel] <1
A4 (3,000 g, 15 min)E B3t
F553ta F4dx shh °]74£
302 uL ¥HE o33 &
% 10 uLE 33} HPLC°ﬂ Fdst 9 EHYS g o}
B4 24 Table 13 2o nvu|EZe
& 3= 248 column(Phenomenex C18 250 x 10 mm,
15 W< ©]&3tAtH16).

Liquid chromatograph/tandem mass spectrometry
24
&4 B83" v AE 0.3 mge 1 mL methanolol] =4

Table 1. Operating conditions for analysis of bitter compo-
nent of pumpkin seed sprouts by HPLC

Apparatus Young-lin M930

Column Reversed phase (Agilent C18, 250 x 4.60 mm,
5w

Mobile phase Methanol/water (70:30, v/v)

Flow rate 0.8 mL/min

Detector UV detector, 234 nm
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liquid chromatograph/tandem mass spectrometerel] 53}
o BEA5la o4 29 1v|AdES 818 & mass spec
trometer2 ©] 234171 & 370 9] mass analyzerdl] o3 &
S =Asta v AR 3etd FXE Foldlu A=
3tk o] Wl EFE2 2 cucurbitacin E(Cu E)$} retention
timeS vl TR PES &2l FAAG

T0[AE0| Bloky

AEWE D A FHF: QA7F H AT AL AS49= 37°C
COz Al EZ8] 704 10% heat-inactivated fetal bovine se-
rum, 100 U/mL penicillin & 100 pg/mL streptomycin®] &
fr¥ RPMI AlZuf Ao A s FAI AT B Cu ES] F4F
g £4& 98l CuEY 954 @9 d COX-2 23
zd a8 B43d. ol 93l A549 M= Cu EE
IAZE & A & MENAE AA & FY Ax
COX-2 v Aol vty F=E2=2 4HA interleukin-18
(IL-1B) T+ phorbol-12-myristate-13-acetate(PMA)E
@= EE Cu B9} W83t 6417 Bt AE & AlxE W
COX-2 &l d W FS ofef o] Western blot ®HOE =
A3tAT. Cu E9] SAHE A 275 golr 7] $J3l A549
Ao Cu EE A7t v #HUhshA] &3 8, 24 == 4847
AT ZH2be] A g AIZE A o]F AlEo MTS
LA (A) EE trypan blue QM EB)E 42 Qa1 otz 9
Ao Z A ST 4 = ASHNESFE 3
At

LS &4 =% (Western blot £4): A8 A8 &£
B =R & A549 M EE PBS(phosphate buffered sal-
ine, pH 74)2 A& & A E-83]2[50 mmol/L Tris-HCI(pH
7.4), 150 mmol/L NaCl, 0.1% sodium dodecyl sulfate(SDS),
0.25% sodium deoxychlolate, 1% Triton X-100, 1%
Nonidet P-40, 1 mmol/L NA3VO,, 1 mmol/L NaF, 1 mmol/
EDTA, 1 mmol/L EGTA, proteinase inhibitor cocktail
(1x)]& €3 A 1083 XA o2 448 3}
o AA A FHstt Biorad 3AMMississauga, ON,
USA) x-]]ﬁp,] 1\:_]—&[1%4& kitES o]_Q_sl_oq 1:]—13)1741 o E g}
At oF 40 ug @A S SDS-PAGE(sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis) 2 A 7]9% & ©

j}i

WA S nitrocellulose membrane(Millipore Co., Bedford,
MA, USA)ZE A719F ¥t Membranes 5% skim milk

7} &2 Tris-buffered saline-Tween 20(TBST) & <[10
mmol/L Tris(pH 7.5), 150 mmol/L NaCl, 0.05% Tween 20]
o] 1A1ZE &< blocking ¢ Tha YA [COX-2(1:1,000)
T actin(1:5,000)]& 2L 4°Col A 16417 &<t HESAI A
o Membranes TBST &gz A2 F o]xgA(1:
500008 7} & 424 2413t ¥E--Al A H. MembraneS
TBST €922 A& ¥ enhanced chemiluminescence kit
(Amersham, Oakville, ON, USA)E o]&3}o] AXZ W) COX

-2 & actin @A HHE FASFHTHIT).
AEZSAE B (MTS assay): Ab49 A EZ 96 well
culture plateo] ¥ 10,000 M|3Z/100 pL/well2 33}
37°C, 5% CO9 Hi 71 A overnight ¥ A1 H T & &
AB49 A2l Cu EE H718HA AU w55 23t Cu
EE 8 24 &= 48’\]7]’ A $ wAE AAS AT 27
A AIZE AR F A549 AlE ] MTS[3-(4,5-dimethyl-
thiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2(4-sulfo—-
phenyl)-2H-tetrazolium, inner salt] LS Y31 37°C, 5%
COp w7l A 1A1ZE A3 & Victor 3(Perkin Elmer,
Fremont, CA, USA)Z 490 nmollA FF =S =439 H1S).
AEAE 5 AA (cell survival assay): Ab49 A XS
6 well culture plate 2 100,0004] %,/1000 pL/well2 &3}
& 37°C, 5% CO. Bl 7)ol A overnight B FAIZ Tt o2
g A549 Hl¥Eo Cu EZ H718HA AU TS 28351y
CuEE 8 24 & BA7F A F wiAE AASA A&
e & oSS AASL MEE FHs dAEE A
o} 343k A4 $2o] A X AE A trypan blue A FS
0.2%7} =2 713 tS hematocytometerE ©]-83}1]
trypan bluedll FA = =] ¢k WE NEFE 2GS A T
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Fig. 2. Thin layer chromatogram of bitter components of
pumpkin seed sprouts.
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Fig. 3. HPLC chromatogram of TLC Rf 0.73 subfraction
of bitter component of pumpkin seed sprouts.
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E(Cu E)2 &5t}
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Fig. 4. Tandem mass spectrum of bitter component iso-
lated from pumpkin seed sprouts.

A: HPLC chromatogram of bitter component isolated from
pumpkin seed sprouts, B: LC-MS spectrum of bitter component
isolated from pumpkin seed sprouts, C: LC-MS/MS spectrum
of bitter component isolated from pumpkin seed sprouts.

Cucurbitacin E

Fig. 5. Identified chemical structure of bitter component
of pumpkin seed sprouts.
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Table 2. Changes of cucurbitacin E contents in the head
of pumpkin seed sprouts according to water supply during
germination at 20°C (mg/kg)

Water Sprouting period (day)

supply 0 2 4 6 8 10
N-0 h 0 13.7 166.7 132.0 1128 1024
N-48 h 0 12.6 224.7 175.8 180.8 1849

N-96 h 0 11.6 75.8 1840 2034 1889

N-0 h: No water supply, N-48 h: Water supply for 48 hrs inter—
val, N-96 h: Water supply for 96 hrs interval.

2tk st ol | AdE o] ASE A kil ol 2¢ A
FE 1u|dEo] AEH7] AlASte] 8AIF 2tH o2 e 4
Z3 FAME 49 o R FHeko] 2247 mg/kg S
2 HAaE vepdile 96417 THAS 2 A E] e 3YA
of HFS YA ol 717t B ES AEIA &S
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Table 3. Changes of cucurbitacin E contents in the head
of pumpkin seed sprouts according to light illumination

during germination at 20°C (mg/kg)
. Sprouting period (day)

Light 0 2 4 6 8 10

Dark 0 13.2 46.1 2189 2053 177.1

Light (1000 Lux) 0 0.3 7.8 50.8 1315 146.7

Table 4. Changes of cucurbitacin E contents in the head of
pumpkin seed sprouts during germination at various tem-—

peratures (mg/kg)
Temperature Sprouting period (day)
0 2 4 6 8 10 12
15°C 0 0.0 11.1 98.3 1487 198.2 203.4
20°C 0 126 2247 1758 1808 1849 1815
30°C 0 203 189.6 95.9 92.9 780 72.0

ALk, 15CNA Wold 73 o} 271
U okl 5o} Baktel net gl
Lo, 30°CA okt }
o} 6] wEl o] Fapol F23

At

B A¥FI), F, £EF geshuA wopa 7 Zupsel
o8 Cu E FEe 4843 F712 BE XA
20°C, F2olM A:ghe erpln

Cucurbitacin EQ| &+ E 3! stetaty

1L-1B #% COX-2 4= @92 23 oA &7k HLO}
SR ERE 27 AR Cu EY 1L-18 §& COX-2 4
chaild Wy o7 &3 Fig. 6914 B AX 3 A549 /‘1]_‘—&
o] 54 Aol E7HQ 1L-1B(5 ng/mL)E 6A17F 2] Al
A Y COX-2 @ d o] =T (ane 1ol W3 =
A Z7+at e tHane 3). P FAE 0.001, 001 2 0.1 yM
Cu E "AE A] 1L-1B9] 93 COX-2 9™ Wdo] 5%
& o2 7HAaEthlanes 4~6). ©] = Cu E 0.1 yM A
g Al 1L-18 F% COX-2 ©uld w3y o] 714 =A A3
A Hlane 5). A9 0.001, 0.01 £ 0.1 uM Cu E A=A )
Al actin @A DH L= & W37t gl 1 uM Cu

S g5oz AAHT Al AE U COX-2 Tl d ddo] of
7t SR o actin @A FEe 93|E A A
tHlane 2). 1L-18¢+ 1 uM Cu ES #H-& X8 Al COX-2
E}unﬁ u]—a o] 5_74] &7}3}9101,]. actin D}HHZ1 u)—z‘sq_o_ 374]
ZolEtHlane 7). ©] A3+ 0.001~0.01 yM Cu E7} 1L-
1Bl 938 =% COX-2 g5dmd vud S 34 A
T USE HAFUTH

o] A= Cu EZF vl Z e FH%(0.001~0.01 uM)ol
A COX-2 @il d dtd A E 53 ¢4 A8 a5
£ 7HAI S FAEk L ik

PMA = COX-2 §399 3 Id A &3} Do}
) TR ZRE 22 GA S Cu Edll 93 &= o2 COX-2
ol Hefﬂ = g%‘ol PMA % COX-2 &8 o= a7}
= £ AXY A549 A PMA
(60 nM>—EE— 6/\]{} A Al COX-2 @ d dd o] =T
(lane 1)ol B8l =713t thlane 3). TH|EAE 1,2, 3 2
51M Cu E AAg] TolH PMA % COX-2 @4 g o]

Lane 1 2 3 4 5 6 7

IL-18 (5 ng/mL) - - + + o+ o+ o+
Cu E (uM) - 1 - 0001001 01 1

Fig. 6. Effect of cucurbitacin E on IL-1B-induced in-
flammatory COX-2 protein expression in A549 cells.
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Lane 1 2 3 4 5 6 7

PMA (60 nM) e
Cu E (uM) - 5 - 1 2 3 5

Fig. 7. Effect of cucurbitacin E on PMA-induced in-
flammatory COX-2 protein expression in A549 cells.

A A Atlane 4-7). 3A, hZF(anel)ol HIF 5
M Cu E &5 A ] Al(lane 2) == PMAS} Cu E(1, 2, =&
5uM) B-& A2l Al actin B A Ldo] i AES &
T AtHlane 2). o] 2F}+= A & Fx9A Cu E7}
PMAS] 91611 THE COX—2 9¥d 24388 axxog
A F S BAFUY. o|& 47= CuE
=L F=(1~5 Mol = PMA f% COX-2 g d g
JAE 53 FET AHEY 945 /AT IS IS
Jayaprakasam 5 (192 389 4359 Cucurbita an-
drena 59 Cu E¥ COX-1 E4KRTE COX-2 42 oL
&3tA At Aoz yEh B Ao A e frAkg A
=3
A549 A7 #H ¢ A3 AEF ZF A &b A549 Al
o T=E glste] £ A Cu EE 8 24 T+ 484
F A2 sk Zhzke] Xg] AlIRE A $ A9 Al MTS
M(A) =& trypan blue GMFEB)E Y 479 AE
AT e £ A3 A= o3 2o Fig.
8(A) A BE A 1, 10, 100, 1000 nM Cu E 8417+ A8
Al A9 A ZF2ele 2 FFS XA ZJoh A% Cu
E 100 T+ 1000 nMS- 24 2 48717 A 8] A Zhzh 20~28%
2 56~58%2] A549 M EZ2 oA &7} YEwth A549
AZ &9 A9, Fig. 3B)olA Be AAYE 1 =5 10 nM
CuE 8, 24 2 48717t 2] A] A549 N ZAE] & JFS
o] X2 ¢4gko 1} 100 nM Cu E 24417 2 48417 2] A
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H & o) 7~50 nM FENA 2~693F =EA17]H 50%
AEA s Ayt Jebdd s B3k vl 9lof B Ao 4=
gt Cu E9 dddajMzd tist SAdAaRRT d]
At Axzol| AAEHYE A JERRTE 3 Attard 5(20)
o] AFdAE Cu Ex G E e tiste] AFAA &3
7F Aoy dup dA X = A a7} A EHA] L

e <

cul T4 o] A4S FHAIFIY] st mEF FAS W
OoRXA ZHAAM A T RS AEEAS st v
EAE &7 BEEd BAS L F2EAE Btk A
H avEAY Fd5 24 L HGAE digh Az 7
AA B4 SHS Ao o2 2 36 TS o}
A7 Fdol= EAEA e | Ed o] ol &3t
ARHEZ o] BAS silica gel TLC, HPLCO 9&te] &=
8¢ 23 Rf 0.73, RT 1039 A& Eo} LC*MS/MSE
T2 E4E st A5 55721 Cucurbitacin E(Cu E)&2
AU B AxF7V], F, 255 G 3IHA wdolAzl
o] i AdEQl CuE F3F2 BAIE 7|2 £ AX
SIHA 20°C, Aol A 4U 7t oA A S wf 2247 mg/kgE

A ARl @ttt 2 FAg Cu E= in vitrool A Cu
E7} Bl ¥ H%(1~100 nM)oll A 1L-1Bd] 9J3 d=
A COX-2 @il We S FA ZAANZAL, HE &
T(1~5 pM)lAE PMA9) 9§ COX-2 thilz ug o4
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Fig. 8. Inhibitory effects of cucurbitacin E on lung cancer A549 cells.
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