J East Asian Soc Dietary Life
24(3): 351 ~358 (2014)

Analysis of Fatty Acid Composition and Effects of Pumpkin Seed Oil on
Human Umbilical Vein Endothelial Cells
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Abstract

Pumpkin seed oil (PSO) was investigated for its parasite elimination activity and efficacy in treating disorders of the prostate
gland and urinary bladder. We confirmed the composition of PSO and identified its ability to improve vessels. Gas chromatography
coupled with mass spectrometric (GC-MS) system was used for PSO composition analysis. Cytotoxicity and cell proliferation were
confirmed by Cell Counting Kit-8 (CCK-8) assay. Nitric oxide(NO) production was measured with Griess reagent, and inter-
cellular adhesion molecule (ICAM)-1 and vascular cell adhesion molecule (VCAM)-1 mRNA expression levels were measured
by reverse transcription polymerase chain reaction (RT-PCR). As a result, PSO revealed the presence of several components such
as linoleic acid, oleic acid, palmitic acid and stearic acid. Cytotoxic effects of PSO were not observed, and PSO increased nitric
oxide production in human umbilical vein endothelial cells (HUVEC). Additionally, TNF-a-induced cell proliferation and ICAM-1
expression in HUVEC were inhibited by PSO treatment, whereas VCAM-1 expression was not significantly reduced. Taken
together, these results show that PSO is worthy of study as a candidate food material for improvement of vascular disease.
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Cucurbitaceae@}ol] &3}, koA Aufsl= FL
oful2]7} = WA ] dAdff obl|2]7t LA
Al ZHKC. moschata), FoFH 27} YAike] A FA ]
axima), HA|Z 49 Eolv|g]7} L4ke] = A
epo)4 3 7EX17} Sith(Jang et al 2003). ©] % %A
HL& H 28 33 - i A2 datg Al7|7) 7}
o2 2AH ] o ZRE o 58 T uA LT
O F o] &HU, F A B g 7|E]o] ¢
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urease”} 91, 7] 80] <k 40~50% UTE 71 B9 FAHARL 7
BAE LAk Zu|EAL AHofEAlo] & A] dth(Procida et
al 2012). IR EX A4 2lEatkd Sqko 2 of

Fold Qo elsite 93 A0 4 LA A, &

B Ak 3 LL Hol 9l 5 Ak <kl a3t e A
o8 4#A th(Procida e al 2012, Zhao et al 2005, Sales-
Campos et al 2013).

o] 17 fleliAe s 28ska, g3 ] ol &4
o] AL ke Blo] 7MY Fastth 92 Ao vt

A A 3] Mo} 25 Al 5T o|¢ho] fr|H e
24 HA fAEthHorowitz et al 1996, Fleming &
Busse 2003). ¥ to] 7RI AV /o] 571 o
o] A olgkalA] FshH dsto] Aseta, 18 <l
aff mEsh, g, Almh] 9l FaA st sk "ot
(Kang et al 2013). HEAQ P& ojeIAZ= 3 Ul
AM|3E2] endothelial nitric oxide synthase(eNOS)ol| ]3] A}
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S nitric oxide(NO)7} & L& #] 9J.2™, o] anti-atheroge-
nic £ = Aozx 44 Jth(Fleming & Busse
2003). W3] Al ZolA Aakd NOE HHETO R 0|53
o] ME W guanylate cyclase(GC)2} AgalA w1, A3t
GC+= guanosine triphosphate(GTP)E cyclic guanosine mono-
phosphate(cGMP) 2 # 25} ¢GMP-dependent protein kinase
G(PKG)E &4 3}slo] Ca*'-activated K' channel©] Y} myosin
light-chain phosphatase®] &4 $715 B3 &3 oS &=
1Al EthKang e al 2013, Buys & Sips 2014). ©|¢} &
g olehs B3 dgre] 2P Wk ol dllA AFet
anti-atherogenic & X3HeE o] 334 FA o vkt
o g 2+8-5l= Ao] HaEo] ¢t Tousoulis ef al 2012).

& 14 FA] 9 v HS @R ol &
Ao] X e Flolth 53], @& U FF(atheroma) A4
S 1= thFet cell adhesion molecule(CAM)
% intercellular adhesion molecule(ICAM)-1 2 vascular cell
adhesion molecule(VCAM)-12] H&Z AAsh= A dH A
& AAE Y3 a3k a4o]th(Naito & Yoshikawa 2009).
Chang et al(2013)> HUVEC®|A TNF-aol| 2J&] S7}=
ICAM-12} VCAM-19] @& Aglate slo] 4 F97s)
o Ao Ego] E F 5S Busisith ek TNF-aol
9J&] Z71E HUVECs?] proliferatione & Al Ao g gk
ol Mo e B8 4 da, A 5o 3 A
o3t AW S fEg = glon g olF AT E AL T
3 A 3 A4l ofal B o e AW die] &9
£ 7|e 4= dti(Yamasaki et al 2003, Weidemann et al
2013). o]l & A= 7129 roasting T GEekE WH|

ohUet @4t £7] §uIZ o] &3l F2T

1. SEMF M=

U {(Pumpkin seed oil; PSO)YE ZHH| 550 goll n-
hexane 700 mLE &313F 3 308 39t 259} FE3 U5 1
U= 24A17F 2A] A7 3 045 pm filter 2 o 2}ato] 744 %

% % BN ARE AL,

2. BHRY MR 2
1) GC 248 AR Fxz)

R R Nl DR E TR

sobAlo} fukimsfrik

AZ 25 mgS cap tubeol] A&3EaL, 0.5 N methanolic NaOH
1.5 mLE 71 5 100C 71ge] 3|’ &5l 523t 7125131
th 254 fAlde EgZeAdgte| =] ofo] Hof |3}
2 vl s A 719E AFE 30~40T9]
B A 1~233F Wasta, Wzbd Alsmel Fuf JEE 9
3l 14% BF-methanol(Supelco Inc, bellefonte, PA, USA) 2

£ 7k 5 539 vortexdt F °F 100C S® EFofA]
oF 237k 713l o] F 30~40T FE7delA 1~28 1
2)8te] s WA AT W2kE Al Zof| Isooctane 2 mL <}
& # A 7] Yl saturated NaCl 1 mLE 7}8}
, o] Z¥3| vortexd F 1~283IF W3 H FEHS
3)=5te] sodium sulfateE ©]-835Fe] ol¥} E3F H gas
chromatography(Agilent 6890N GC/FID, Beijing, China)Z &

ek,

ol

o)

= A A = 2
A B2 o) 7]%8}e] gas chromatography S ©]-8-35}o] A
e BT At BEENE XAk wg o AE
23(37%) EFTF FAME Mix C4-C24(Supelco Inc, bellefonte,
PA, USA) 100 mg= isooctane 1 mLol| =of ZA|5A . A
Hhake] 3-8 918l gas chromatography S ©]-&3}5 21, %]
WAl 3789 HRE oAE RISk fl8 GC/MSD(Agilent
5975C, Agilent Technologies, Santa Clara, CA, USA)E °©]-&
St 4 27102 Table 13} 2ok

F Aate] $AE Hopr B AP} £

3. HUVEC it 3! SEMRel Mz S4

Table 1. Analysis condition of GC and GC/MSD

Condition
Item
GC GC/MSD
Supelco SP-2560(US)  Supelco SP-2560(US)
Column (100 mx0.25 mm (100 mx0.25 mm
I.D, 0.20 pm film) LD, 0.20 pum film)
Detector FID, 260C -

100C3 min) —  100C(3 min) — 3C/min

Oven 3C/min — 240C — 240C
(20 min) (15 min)

Injector 225C 240°C
Split ratio 100:1 10:1
Injection

volume Ik 02 L
Mobile He, 0.8 mL/min He, 0.75 mL/min

phase
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HUVEC(Human umbilical vein endothelial cell)= 7+ th
gl I3 A AE](Kangwon, Korea) 2H-E] oo} A&
3} th. HUVECS 10% fetal bovine serum(FBS, Welgene,
Daegu, Korea)Z} 1% penicillin-streptomycin(PE-ST, Welgene)
o] 37} Dulbeco’s Modified Eagle’s Medium(DMEM, Wel-
gene, Daegu, Korea)ol| A 37C, 5% CO, 271004 v s}t

PSO2] Al =/J-2 Cell Counting Kit(CCK)-8(Dojindo La-
boratories, Kumamoto, Japan)2 ©]-&3}] 215} th. HUVEC
< 96-well tissue culture plate©l] 1x10* cells/well 2 100 uLA|
Tk, 24413t B vl - FBS7F A 7bEA] 942 vl
o PSOE FEHE A2 F AlE] 22| F 2443F F<F
37CA wieFatsint 2413 3 vk F<21 wx]o] CCK-8
reagentE 10 pLA 718511, 3A1ZF BRF 37 CollA] vkt &
ELISA microplate reader(EL808, BioTek, Winooski, USA)E
AFE3He] 450 nmell A FF =S S35t} o 2T (control)
o] FHE < VIR AX FAS vusth

4. Nitric Oxide &H

PSO2] NO #H] &2 Griess ReagentE ©]-8-3Fo] &2l1s}]
THWang et al 2007). HUVEC-S 96-well tissue culture plate
ol 1 x 10° cells/well 2 100 pL2} FF3}aL 24413 F<k vk
& 5 FBS7}F H7H=A] %2 wjx]o] s A %3 PSO%t
TNF-a(100 ng/mL)E Al 3ol A 2]gh & 24413k F<F 37T
A vkttt 24413 3 vl eFE] viA] 100 pLell &%
Griess A]2FS o] 1087t ¥H2-A]71 & ELISA microplate
reader(EL808, BioTek, Winooski, USA)S ©]-&3}o] 540 nm
dA FF=E 43I

5. ICAM-1 & VCAM-12| &3 =0l

HUVECS- 6-well platesol] 1x10° cells/mLZ £33+ 5 24
A7t Z<t wjoket F PSO 0.1 mg/mL 2 TNF-a 100 ng/mLE
Aelete] 72413t Ft v etsith PSO7E g iR E Al
78t & QlAzol lysis reagent(Qiagen, Hilden, Germany)E 7}
wellsol] 1 mL¥] #F3F] M EZE lysissFSI T Lysate:= chlo-
roform 200 pLE ®F3ko] 1527 ATk 2 3 12,000 xg
1587 94 BEelste] A3&9S isopropanol 500 L7} S
AE FEA &7 AUk THA] 12,000xg 10327 L4 w2
3t aL, 1 AEd S A A F 100% ethanol @} 0.1% diethyl
pyrocarbonate(DEPC) waterg 75:252 4701 THE 75% ethanol
£ 7} FEo| 1 mLY 53k 12,000 xgol| Al SE3F LA &
23t 7 A5 AAT FH AoA HEAIZTE Nuclease
free waterg 40 pL¥ #538l] 590 & RNA 5 Lol 0.1%
DEPC waterE 995 uLE H7}sked 260 nmollA &3 =743}
o] total RNASS % Fat3ith.

o

M
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g
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First strand cDNAE 3/d317] ¢l8te] AmfiRiert Platinum
cDNA synthesis Master Mix(GenDEPOT, Barker, TX, USA)
£ o] 8319tk =3 RNAQ pg)9t RNase free water= 9 pL
9231, 70CoA] 587F ¥H--A1Z] T 2xcDNA synthesis
9= 89 10 uL, cDNA synthesis Enzyme Mix 1 pLE 4]
11 uL ZF PCR tubeol] B & 25T ollA] 58, 42 CllA] 60
2, 70TolA 1583 ¥-gA1A cDNAE sl

ICAM-1 2 VCAM-19] mRNA 232 =4 317] 96t
cDNAZ RT-PCRES AHASAt} A& A3 primer se-
quence= Table 22} 2T} PCR tubel]l Go Tag Green Master
(Promega, Madison, WI, USA) 10 pL, forward primer(15 uM)
9} reverse primer(15 pM)E 2+2} 0.5 pL, nuclease free water
8 uL, 433t first-stand cDNA 1 uLE H7lste] 2 4 &
PCRE A 35t oM, PCR 2H=-2 0.002% ethidium bromide
7} 2718 1.0% agarose gelol] 100 VoA 3083 A7]9% &
UV Zo = §Ax ¥ Aes dolhdth 1 Wi=e] e
£ imageJ(National institutes of health, Bethesda, MD, USA)
AZEZ olgste] B4 FHstl

]

T

6. HUVEC Cell Proliferation

Cell proliferationi= Chung 5°] A}8-3F 3-[4,5-dimethylthi-
azole-2-yl]-2,5-di-phenyl-tetrazolium bromide(MTT) 2 4+
WS o]-&-sto] =431 th HUVECS 96 well plated]] 1x10°*
cells/mLE 100 LA EF3}a, 2413t ot vjekdl & FBS
oF A7} H7bEA] @ wi]o] A|Z3 PSOSH TNF-a
(100 ng/mL)E Al 3ol A2] F- 24213 53t vl Faiiet. 24
AZE Z RS A A S MTT Al 9HS mg/mL)S ¥, 44]
b ERb wieket = AedE AASATE 2 wellell B/9€
formazan®] DMSO 100 pLE 3 7}3t & shakerE ©|&3}]
Zolal, 30% & UV/vis spectrophotometerE A8l 570
moA FFEE SFA . dEZT(control)®] FFE G

€ 7122 cell proliferations H] 1w 3}$]Th

Table 2. PCR primer sets used in the experiment

PCR
Primer Sequence(5'—3") product
size
Sense CCAGGACCTGGCAATGCC
ICAM-1 355bp
Antisense CACCCTCCACCTGGCAGCG
Sense CACTGAATGGGAAGGTGACG
VCAM-1 250bp
Antisense TCCAGCCTGTCAAATGGGTA
Sense ACAGGAAGTCCCTTGCCATC
B-Actin 248bp
Antisense  AGGGAGACCAAAAGCCTTCA
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7. EA4 M2|

Ao Aol Azpe] TAA F2id2 SPSS(statitical
package for social sciences, Version 10.0, Chicago, USA)
program= ©|-&35to] Ha+RFHARE FEA]3F5] 1L, One-way
ANOVA testol] ]3] p<0.05 FFollA] 2F A 1He] fe

e AT,
An ¥ o

1. Fatty acid profiles by GC

S UMK = standard fatty acid mix(FAME Mix C4-C24,
Supelco Inc, bellefonte, PA, USA)2] retardation time= 7|5
o7 I T4 AES 246 PSol e AEE &
A A3k Fig. 13 22 2345 gRlstglon, 1 ke
Table 31| %3 2]g+ vle} 2t} Procida et al(2012)2] =5-of| A
H ¥ ule} 2] linoleic acid, oleic acid, palmitic acid, stearic
acid® F9 AEo = 3lu Yglom, F71=2 arachidic acid
7} e RIS} WF s 222 A8-H undecanoic acid
o] FFE VIFor A A3, B3t AR linoleic
acid”} 44.7%, oleic acid?} 25.3%= 9] 70%E *FAstaL
AR om, E3} AR palmitic acid”} 17.4%, stearic acid”}
7.9%, arachidic acid”} 0.4%= <F 26%= X591, 7€} 1
o] JEEol oF 4% FHrEo] AUk ©] FEFE Procida e
al(2012)2] =-oA1 33 linoleic acid 35.6~60.8%, oleic
acid 21.0~46.9%, palmitic acid 9.5~14.5%, stearic acid 3.1~
7.4% B} A, 23} W4 palmitic acid$} stearic
acid7} B E &FH T A% SUhEl AR A A 23}
AR} sl A HAke] e vlddle @ nIXA] e

oltt,

Table 3. Fatty acid profiles of pumpkin seed 0il(PSO)

e AU - A o] -

e

il HOoFA o} RATHEETE

FIDT A, [FAME[SAMISIG10009.0)

2

.......................

Fig. 1. GC chromatograms and MS fragments of individual
fatty acids extracted from pumpkin seed o0il(PSO).
1 : undecanoic acid, 2 : palmitic acid, 3 : stearic acid, 4 : oleic
acid, 5 : linoleic acid, 6 : arachidic acid.

2. PSOS| M= =4

PSOE dimethyl sulfoxide(DMSO)ZS &1l 2 dlo] 2 23
o] AF&E e =2 PSOL] HUVECs Al Eollx 2] 54 282
DMSO &l ehs A g]#} vl wste] 21831 thFig. 2). PSO
= = wg} 0.01 mg/mL, 0.05 mg/mL, 0.1 mg/mL, 0.2 mg/
mL 28] 1 04 mgmLE H3hem, 1 %2 04 my
mLoA] EA40] #EH QT 12v DMSO £mjdE AT
M= PSO 54 A7 FLdd AHE IR 4 AT
ol AEoA #ZHE PSOQ AE =Ao] oil A¥o] opd
DMSO02] ol me AU & 5= UQlTh o] AE nigt
° 7 o]Fe] A& PSO 0.2 mg/mLsE o]kl A 3
=g

3.PSO X{z|of| 2|5t Nitric Oxide (NO) 2H|ZF &X
NOE 3 Wy Al Zelr #ulses tlx2Q g3 ojgh

Peak # Name(acid methyl esters) Retenti?n Area Area(%)
time[min]
1 1 Undecanoic acid methyl ester(ISTD) 29.121 24.8763 3.2237
2 - 34.248 4.1967 0.5438
3 2 Palmitic acid methyl ester 41.618 134.4874 17.2484
4 3 Stearic acid methyl ester 45.906 60.9159 7.8942
5 4 Oleic acid methyl ester 47.334 195.2507 25.3028
6 - 47.499 3.5445 0.4593
7 5 Linoleic acid methyl ester 49.368 345.0544 44.7162
8 6 Arachidic acid methyl ester 49.846 3.3279 0.4312

Undecanoic acid(Ciy, 29.065 min) was used as a internal standard(ISTD).
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Fig. 2. Concentration-dependent effects of pumpkin seed
0il(PSO) on HUVEC cell growth.
Cell viability was analyzed using the CCK-8 assay kit. Each bar
is the mean+S.D. from three independent experiment. =
significant differences(P<0.001) by ANOVA test.

indicate

Q1x}e]™, NO-cGMP-PKG pathway©l] 2]3F &3 o] ¢k 717 o]
2 A3 A JthKang et al 2013, Buys & Sips 2014). & 4
o A= PSO # )7} HUVEC®|A] NO<] 4| n|x]= 43
2] W NO9 s ST oA IRl o glglon,
ZA3+= Fig. 32 2t} TNF-a2] 2ol 9% NO<9| 74
control tH] <F 23%= =4 = o™, TNF-a¢} &7 PSO
x2]8k A%, control THH] 0.01 mg/mLelA 13%, 0.05
mg/mLoA] 11%, 0.1 mg/mLoA] 29%2] NO #¥] 57} &3
7} AP o™, TNF-a ©=A 2]l ¥laste] 0.01 mg/mLel
A} 26%, 0.05 mg/mLolA] 24%, 0.1 mg/mLol|A 42%= ek
o] s= &L gAY, 523 NO ®v] 74 gt &
2=t o] 232 E3) PSO7F TNF-aol] &k &t o] <1
A1 NO #H] A 2482 Aafigorn dvto| ojghel =
2 F F Udgs A § AUAh oA El-Mosallamy
et al,.(2012)°] 8ol FEH FHollA FEE PSOL NO
A frE A2dat vl sgk Aol PSOC| jtAEt 75l
gt 71d A 2488 Bo s e

e e Wote =

4. ICAM-1 U VCAM-19] et oix| BA =3

ICAM-13} VCAM-1-2 immunoglobulin superfamily©l] <
= 1349 cell adhesion molecule®]t}. ©] &2 £/ B
733t oA W] SrtEe] e AoR Il S5
= 7I&slete] o) 7les AstAl7IE Aem deA 9
THFotis et al 2012). ©]A ICAM-13} VCAM-1 ©1A}2] mRNA
W8] A 3l2 PSO im S sl A3 Fig 49 2t} ICAM-
12] mRNA 23d-2 TNF-a2] 2]l 2|3} control THH] <F 2u]

s fe] ¥4 % A% B} 355

160 -
PS0O 0.01 mg/ml s
140 4 PS0 0.05 mg/ml
5ps0 0.1 mg/ml

=E‘ 120 T
t T
]
G 100
&
c
]
-E 80 A
]
]
T 60 -
8
Z 40

20 -

0
Control TNF-c TNF-a

+
PSO
Fig. 3. Effect of pumpkin seed o0il(PSO) on nitric oxide
(NO) secretion.
Results are presented as meantS.D. of three independent experi-

ments. " p<0.01 as compared to the control. ** p<0.001 as com-
pared to the TNF-a(100 ng/mL).

}, PSO 0.1 mg/mLTa‘ F7F A= & fefet
J% 4 A THFig. 4A). VCAM-1
U o s lgk Av
PSO A 2]l 4811 6}—5— 73 BAEJA T Foldk
o] Wl oMf;}rJr(Flg. 4B). °]& E3f PSo2 A&
VCAM-1 Bt} ICAM-19] O Z3}8 o7 #8at= AL gl
& 4 UATE ICAM-12 U9 Ao Wi o] A7t oA 2
migration TA0] F23F J&-S = Aoz deA UTFotis
et al 2012, Tousoulis et al 2006). L2122 PSO2] 2|7} =
)\1— Euﬂﬁg}r Hﬂtﬂoﬂ thsﬂ:rL_q =] zl— g migrationt% Qﬂxﬂiﬂ—oﬂ
3 A3 /A L b £8o] 4 9le-S AF Avlz
o= 4= o} Livingstone et al(2014)2] R aoE F4
2] =9 A8 linoleic acid, oleic acid, palmitic acid, stearic
acid o] ICAM-12] 23S Z7A71A 9t VCAM-19l& <4
g5 nx2 £l AE FAT S otk o] PSO9
ICAM-1 A&l &7} A9 fatty acide] Ao 2|3k Aol
ol PSO° ¥ thE gl o3 BRI S 5T 5

=
glon], #7149 JE 243 Ygo] BaPE HolE

_i
|o
HU
\l
E,T
o F
= =
mlo
Jﬁ‘

5. Pumpkin Seed Qil(PSO)2| HUVEC Proliferation X5l
TNF-a #2]el] 2|3k HUVEC®] proliferation S71= 2 &
) THYamamoto et al 2004, Zhang et al 2007). T3+ =}

ol 2]3k HUVECY proliferation 57} angiogenesis <}
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Control TNF-a TMF-a+ PSO
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H
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S
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o
&
3
< 100 A
E
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=
S 50 4

v}
Control TNF-ax TNF o
PSO
(a)

TNF-a

Control TNF-ct+ PSO

350 -
300 +
250 A w
200 ~
150 -

100 A

VCAM-1 mRNA expression/B-actin

50 1

TNF-a TNF-a

+
PSO

Control

(b)

Fig. 4. Effect of pumpkin seed 0il(PSO, 0.1 mg/mL) on
the intracellular adhesion molecule-1(ICAM-1, a) and vascular
cell adhesion molecule-1(VCAM-1, b) mRNA expression in
a HUVECs.

Results are presented as mean+S.D. of three independent
experiments. ~ p<0.01 as compared to the control. ~ p<0.001
as compared to the TNF-a(100 ng/mL).

_,

Ho] Buxo] loi(Kurzen et al 2003) TNF-aol 23|
7+ HUVECY] proliferation A|ol= 74 943}t 213

A
=
o

2o . ojge - = FOFAlo} Rk ifE e

e

(Fujita et al 2006)2} $HA| 3 Ad % (Saraswati et al 2013) A3}
o BHE %E%} T U2 B Tt o] B HAEL
TNF-a°l] 93] =318 HUVECsY] proliferations PSO *E]
£ B3l Adlstaier, 1 A¥= Fig. 59 2tk Control(100
%)} ¥ wdted TNF-a 100 ng/mL =] 2](113%)<] prolifera-
tion®] F2J3t o2 FrlsleE AL #HEAE on, TNF-a
<} 3 PSO 0.01 mg/mL, 0.05 mg/mL 2 0.1 mg/mLE Z}+7}
Al TellA T &AL FAEA] FUAT 100.7%,
100.8%, 90.3%Z proliferation®] control > L= 1 |32
st AS B2 = ATk Ciapaite et al(2007)Z Lu
et al(2010)«] AT A] linoleic acid2} palmitic acid”} A 3Z2]
proliferations AT 4= -8 HuslSich ol
9} palmitic acidE E3sh= PSOY )7} TNF-aoll &t =
7 FHAsY S AT F UeS Bl

linoleic acid

2 o
® AT E TR HR 54T 71549 7% A

£ 98 FIEAG 1 AR, s A= gERl vt
2} 2] linoleic acid(44.7%), oleic acid(25.3%), palmitic acid
(17.4%), stearic acid(7.9%)7} B = o™, 0]FFe] arachi-
donic acid(0.4%) W3 ot UATh AlX 54 HES
E3) 02 mg/mL EE7A] EA0] TR P9kT, 1 o] A
o] FroME TuMfFET= §rfjol] og Fi4do]
At A A ol T AR B el Eld

H B0 &
o'xL"xL‘}ﬁlE

PSO 0.01 mg/ml PSO 0.05 mg/ml H PSSO 0.1 mg/ml

140 4

e
* #

120 4
52‘ 100 4
]
=
S
S
-
[=] ED E
®
F=
]
=
=
T 60 -
=
e
=5
S 40

20 4

0
Control TNF-o TNF -3
PSO

Fig. 5. Effect of pumpkin seed 0il(PSO) on HUVECs
proliferation.
Results are presented as meantS.D. of three in- dependent
experiments. * p<0.01 as compared to the control. * p<0.01, **
p<0.001 as compared to the TNF-a(100 ng/mL).
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STHH RS o] gdto] AF Ho L A oo i3l AAA
SAE AF3E7] Y3l nitric oxide EH| =%, tHEA Q]
A E F2 o] [CAM-1 2 VCAM-19] ¥+ 3} cell proli-
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