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[~ PPAR- ¢ [’%’aﬂjﬁfﬂ monocyte 7 J4 alrsk (Jiang et al, 1998; Ricote et al,
1998) - PPAR 7% i : Zpuzppe (Chinetti ey al, 2000) - = U AT g/
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By [ > 7 $8 NF-kappaB, STAT, AP-1 ?*FJ@E IR % gL
g IL-1, IL-2, IL-6, IL-8, tumor necrosis factor- « ( TNF- a ) ,
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PGE2 IV %5y » ' ’H SN PR & 7P# (Huang et al, 2003) ©

T E{’Uﬁ’fﬁf{l[ Sk ;I*Jflf’JﬁL?“ fI1 > apoprotein (apo) E deficient ‘| EL
CSTBL/6 » K2 1 ke 19 [ RSP (o405 5 R e TRV - 59
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(chow diet) - #/E&— fji"]6 FEPR] (1) chow diet - MF18Fy ¥ SERETH]
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Fl1diz% > R [Mayrt » s Hematoxylin & Eosin stain ¥ }H i =4
i gR A KE-FIRT 30T (Hematoxylin & Eosin stain) » £ }{ﬁ‘[' R
EPRRE A, o F| Bk SR S B Q*’TYIEJ[%\N 7= i Image-pro plus 2.0
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4.7 PTG R TR
= E9Y%e) (aortic arch) MW= B94% (thoracic aorta) I'] 34%?5517[‘

( paraformadehyde ) [V PBS[il7E % » 'JPBSYETE & » #4509 isopropanol
105568 > F1] f‘ 11+f90il red-O (5mg/ml in isopropanol ) R 12558 » F|

I'1509% 1sopropanol St BAES %ﬁm‘FFW‘PBS[ [T o Z2F10il-red- O%«\“E I
o R R TIR o TT PTET

( Olympus ) lirfTElE:%{ =T ImageJﬁj’ﬁE' (NIHI?[@‘JFFWE 4 ) ST FI*J
IRE LS o0 = R Al *ET,T} R ESS o

=) afadike
1.RAW264.7 cell line ﬁ’JT/H%E%(PGEZ)NO ~IL-10~TNF-a 7j %> ®iNOS
F3
BT, *ﬁ%ﬁ (DMEM) iR 8 1 [AEE & Ao e -
BB A - L IMTTHA TS - 3 R ALl ) [
?ﬁiﬁ%liﬂﬂ“” AlESel F’Z&”" Vﬁiﬁ SR E % o R H&deé 4
PRSI ) PR SISO IRt i
743k [JLPS 100 ng/ml %El RAW264.7 18] B FHEPGE2 S % - @ﬁ%ﬁ}
G VP ) IS RAW264. TR I/PGEzﬂr sﬁ}ﬂ-'gfj%zgﬂ ’
]%EF'HJF P A R B S A S PGE2 5T A o BERd PR
i T A’Fﬁ‘/PGEﬁ%@ ERE FJV}H Eywell i VPGE2% A% & [55}' J1x105
kS aRlrAs V  TL-10 ~ TNF- I'JElisa » iNOSH| 7[%%[#%‘[]51 o
2.~ KSR O THP-1 MMP-9 %!
THP-1fgF1 47 A E‘rHI S [E:IF' |IRPMI 1640% ik (Gibco ) » HF
2 1t M L-glutamin ~ 4.5g/L glucose ~ 10Mm HEPES ~ 1.0mM sodium pyruvate
( SIGMA ) » 9f Yjifetal bovine serum 10 % ( Hyclone ) * 0.05mM
2-mercaptoethanol (SIGMA ) - J[I * 100 mg/ml PMA %%THP-I 48 h fRL
AEST (TR IIERE S > F Y50 mg/ml ox-LDL W5 )T P 155 AP ik
% o ]%‘E‘E'HJ Fé Human MMP9 set (R&D Systems ) %7 557 o
3. S A2 EIEL LART@AHICAMAL » 53 IAMCP-TENO % £ » [tk
FERE R -
HAECs 7f1J@ £k ( Cascade Biologics ) ~ FFﬁ #Z 1k M200 ( Cascade
Biologics ) ~ LSGS (Cascade Biologics ) ~ TE/TN ( Cascade Biologics )
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PSFHitt 2 (GIBCO) ~ iz Methyl 4-hydroxybenzoate ( SIGMA ) ~ 5!
Jui*DMSO ( SIGMA ) -~ trypan blue ( SIGMA )~ Jfkfiz Zt (757 )~ fetal bovine
serum (HyClone ) © [*[RAf @] [ TNF-a (2 ng/ml) [l [ﬁ Eﬁ23817§/

KRBy [ 5.0 i P 1) (75 L[4 202 (BAE - SWNS)
H [ﬁj&“ﬁfﬂu 4 Ef o I')JHuman CCL2/MCP-1 kit assay (R&D Systems) 7j
PTMCP-1 ; I'| Griess Reagent Systems-' ( Promega ) 7J ff’:rNO ?E EVAE e
FIERT) Ffj %Ui (Western blotting ) 3£/ 77 #7ICAM o [*|RefVa/HiAY
,T%fﬁﬁu o AL ER (20,77 -bis (2- carboxyethyl) 5 (6 )
-carboxyfluore- scein acetoxymethyl ester ; Invitrogen, 2% ) 152+ U9375F
fo LA BT g ) ﬁﬁ@ﬁvmmm
Techonolgies ) FEZVEx 485/Em 53057k gﬁ”}" o

() A ¢ FHPLH -

=~ AR
(= ) piprdife
Hk& 1992 B4J% Intima / Media area ratio
[T5r Clofibrate £ #i#* Chow diet ~ T EA #{Iiy i /32 > = EA
SR (S

Fo—~ w2 FIIT Intima / Media area ratio (Exp. 1)
Table 1. The Intima / Media area ratio of thoracic aorta in apoE knockout mice
fed six different diets

A= Il n Intima/Media Area ratio
Chow diet 5 0.230 + 0.058"

E E 10 0.739 + 0.225%
LIRS 10 0.440 + 0.114
i JJF' EA 10 0.320 + 0.062°
Clofibrate 5 0.999 + 0.297%

TZD 5 0.665 % 0.123%

1.Values are Mean+SEM
2.Data were analyzed by one-way ANOVA LSD test. Values with different
superscript letters are significantly different at p<<0.05 level
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FE1 oil-red-O e 13 EVIRTTHHTHTY » 3 BT PO O
Fio78» I') ANOVA LSD p;['*ﬂf@;ﬁ SIFT E qFI EA i, BE/\F EJFﬁI[ g

R I3z ) -

T PR )

Table 2. Percent of aortic lesion areas in apoE knockout mice fed three

different diets.
A= Il n Lesion areas (%)
E:ﬁﬁ 11 11.51 + 1.26
ﬁj e '3 10 13.04+1.21°%
ﬁlgﬂ EA 10 8.35+0.59°

1.Values are Mean+=SEM

2.Data were analyzed by ANOVA LSD test. Values with different
superscript letters are significantly different at p<0.05 level
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Table3. the outcome of animal models(1&2)
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Jﬁﬂﬁjﬂ PGE2 Z 5yp{EH |

(Fig 1-A) = ¢k 4 VPIEAB)FIE I A5 PIWE)F - (Fig

1-C) -
A 18000 | C lg000 -
+LPS +LP
16000 | , > 16000 | a s
= 14000 L IC,, = 14.2 mg/mL - . IC,, = 8.9 mg/mL
3 l Max inhibition = 99.1% 3 14000 I : Max inhibition = 66.9%
% 12000 | o 12000 L
% 10000 b ke = be
o i % 10000 | be ¢
28000 | cd =
& d @ 8000 c
o 6000 | =
G o 6000 |
& 4000 | ©
R & 4000
e 1 2000 + d
0 1 1 |0 =
0 I ==
0 5 10 50 100 150 200 basal
Bitter gourd EAE (pg/mL) 0 5 10 50 100 200 basal
Bitter gourd WE (pg/mL)
B D
-LPS
e 5 600
g 600 5 a a
= ¥ 400 a a
Z 400 S,
& S 200
~ 200 i
3 G
E -9 0 L L L L |
0 0 5 10 50 100
5 25 50 100 Bitter gourd WE (ug/mL)

Bitter gourd EAE (ug/mL)

=~ e SF PR T E RAW264.7 Y PGE, % Ry BV Y

Fig 1. Effects of ethyl acetate extract (EAE) (A, B) and water soluble extract
(WE) (C, D) of bitter gourd on PGE; production in RAW264.7 cells.
The cells were treated with various concentrations of the extracts in the
presence (+LPS) or absence (-LPS) of LPS (100 ng/mL) for 18 hrs and
then medium was collected for PGE, analysis using an EIA.

Basal: RAW264.7 cells incubated with medium only. 0: RW264.7 cells treated
with LPS only.
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2,117, 'T EAE AL fﬁ]ﬁy‘l‘ﬂfﬁ%ﬂ‘%fﬁ’" 4 % silica gel column chromatographies
= reverse phase C-18 chromatography iﬁ‘[‘ﬁrﬁﬁ“ & RP-10 Bho3¥7 Fag
H-NMR = H-H COSY 53733 E 3 ISR Thpe = PR fTE » 1)
*Ejﬁﬁ%@‘?ﬁﬂ?ﬁﬁﬂfﬁﬂ PGE2 ﬁ’?‘/ f=77 » 385 capric acid ﬁ‘l‘?ﬁﬁﬂj(ﬁg 2A)
MCT , octaredoic acid, nonaredoic acid |k {Xf ] (Fig2B-D) e

A 12000 . a € 2000 |
a a
a IC5026.64HM b b
— 10000 | i ab abe
Z L b Max inhibition = 98.7% _toooo v T ¢
3 M = =]
o 8000 ¢ 8 8000 - cd bed gy
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?n 6000 - c é 6000 |
S 4000 | d 2
Y & 4000 |
£ 2000 &
" [a ™
ﬂ e e 2000 | e
0 L L L L A = =
0 01 1 10 25 50 100 basal 0 b-l
- 0 1 10 25 50 100 200 basa
C d(uM
apric acid (uM) Octanedioic acid (uM)
D
12000 - , 12000 -,
— 10000 | a ab
z L o Z 10000 [T @ P,
S 8000 | ¢ 3 I = b
2 ¢ . o 8000
w —
5 0000 X 6000 |
S 4000 | B
g S 4000 |
& 2000 | 2
d = 2000 + c
0 L L L L | |
0 01 1 10 25 basal 0
MCT (pg/mL) 0 1 10 25 50 100 200 basal
Nonanedioic acid (uM)

H‘?\‘ﬂj ~ capric acid (A), MCT (B), octanedioic acid (C) » nonanedioic acid (D)
%f RAW264.7 af s PGE, % »YE&! VY%

Fig 2.Effects of capric acid (A), MCT (B), octanedioic acid (C), and
nonanedioic acid (D) on PGE, production in RAW264.7 cells. The cells
were treated with various concentrations of fatty acids or MCT in the
presence of LPS (100 ng/mL) for 18 hrs and then medium was collected
for PGE; analysis using an EIA.
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3 ISV B NO RLEE S > T SR SRR P [ LPS
W Raw264.7 19 INOS k1% NO # 2 » 2 EIEI = i (Fig 3) -

| AR o
s 5 acin

S50

30

20

Nitrite (uM)
S
*

10 *

= .-
(1] i T T — f
Control 0 100 150 200 250 300

EAE (ug/ml)
LPS (1pg/ml)

BSOS T H PIEENO W I INOS AREI VYA

Fig 3.Effect of ethyl acetate extract (EAE) of wild bitter gourd on LPS-Induced
nitric oxide production and iNOS expression in RAW 264.7 macrophage
cells. p<0.05 vs cells with LPS alone (0 g/ml of EAE).
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(Fig 4)

MMP-9
180
160 |
140 =
= 120 | bc bd
= a
5 100
(4]
= 80 I
= 50
40
20
0 : g :
con LPS B25 B100
PMA100ng/ml -+ -+ + +
LPS (10ng/ml) = -+ + -+
Bitter gourd( gz g/ml) = = 25 100

Fig 4. THP-1were treated with PMA 100ng/ml for 48hrs and then treated with
bitter gourd EAE extract and LPS for 24hrs. Medium were collected and
assayed for MMP9.
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5.4, S PN I TNFa [l ~ K O LA £ ICAM (Fig 5) 0

WA (Fig )

THF . N N + + +
[ ngfral B
Eﬁﬁ;fﬁf - — | 100 | 150 | 200 | 250 | 300

ICAT-1

s I ——

ICAH-1 axprassion
(fold of control}

*
#
3
2
#
iZ o Lo 13 200 230 300

P IEAEughl

1T~ )05 2381 TARTAPER P5 ICAM-1 335

U test at p < 0.05.

THF- ¢ 2 ngiml

LBy
Fig 5.Effects of wild bitter gourd 2381- ethylacetate extracts (2381-EAE) on
ICAM-1 expression in TNF-a stimulated HAEC. Cells incubated without
bitter gourd and TNF-a were the negative control (C). Amounts of
ICAM-1 were quantified using f-actin as loading control and are
expressed relative to those of control conditions. Values are means + SD,
n=4.*Significantly different from 0 pg/ml analyzed by Mann-Whitney
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Fig 6.Effects of extract of bitter gourd on the adhesion of U937 monocytes to
TNFa-stimulated HAEC. Monocytes were labeled with 2 uM 2',7'-bis
-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein acetoxymethylester
(BCECF-AM, Molecular Probes). Fluorescence was read using a filter
pair for excitation at 485 nm and emission at 530 nm. Cells incubated
without bitter gourd and TNF-a were the negative control (C). Values
are means + SD, n=3. *Significantly different from 0 pg/ml analyzed by
Mann-Whitney U test at p < 0.05.
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g ~ Hﬁ

SRR IR IR X EA HOPE [ (R 2 @R P L eHET R
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The effect of bitter gourd extracts on
atherosclerosis and its related factors

ABSTRACT

Bitter gourd contains some bioactive constituents which can activate
PPARa and y induce anti-inflammatory responses. This study was to
investigate the effect of bitter gourd extract on atherosclerosis and related
factors, and identify its active components for functional food development.
The results indicated that ethyl acetate extract of bitter gourd decreased
intima/media area ratio of aorta in apoE knockout mice and the effect was
consistent in young apoE knockout mice by decreasing en face lipid
accumulation of aorta. To investigate the mechanisms and establish screening
methods, several cell lines were used. Bitter gourd extract inhibited LPS
induced PGE2 production in Raw 246.7, and triglycerides constituted of short
chain and medium chain fatty acids were identified in the active fraction.
Among 3-20 C fatty acid, capric acid was found to possess the highest PGE2
inhibition effect. LPS induced NO production in Raw264.7, LPS induced
MMP-9 production in THP-1, and TNFa induced ICAM production in human
aorta endothelial cell (HAEC) decreased by bitter gourd extract. Monocyte
adhesion to TNFa stimulated HAEC also decreased. In conclusion, bitter gourd
extract improves atherosclerosis through anti-inflammation and inhibiting the
adhesion of monocytes to aorta endothelial cells, and potentially improves the
stability of atherosclerotic plagues by decreasing the production of MMP-9 in

macrophages.

Key words : bitter gourd, plasma lipids, anti-inflammation, atherosclerosis,
macrophages



