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Herb-based Functional Foods from
Laboratory to The Market

H.S. Tsay

National Science and Technology Program for
Agricultural Biotechnology

Council of Agriculture, National Science Council,
Chaoyang University of Technology
TAIWAN

Commercial Application of Research Projects
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8.

9.

Dendrobium huoshanense ( Yang-Ming University )

Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Cordyceps sinensis ( Taiwan Sugar Company )
Anoectochilus formosanus (China Medical University )
Taxus mairei ( Taiwan Forestry Research Institute )

Yam for health cooky ( Taiwan Agricultural Research
Institute )

Yam for cardiovascular diseases ( Taipei Medical
University )

Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

Antrodia cinnamomea (Chung-Hsing University )

10. Coconut ( Yang-Ming University )
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Control of light scatter

& absorption of light energy
Uptake and conversions Maintenance of the

of retinoids outer blood-retinal barrier

Multiple function

Macrophage-like cell

Exchange of
nutrients and metabolite
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Commercial Application of Research Projects
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Dendrobium huoshanense ( Yang-Ming University )

Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Cordyceps sinensis ( Taiwan Sugar Company )
Anoectochilus formosanus (China Medical University )
Taxus mairei ( Taiwan Forestry Research Institute )
Antrodia cinnamomea (Chung-Hsing University )

Yam for health cooky ( Taiwan Agricultural Research
Institute )

Yam for cardiovascular diseases ( Taipei Medical
University )

Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

10. Coconut ( Yang-Ming University )
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Bupleurum kaoi Liu, Chao & Chuang

@ Family : Umbelliferae @ Distribute : Endemic in Taiwan

@ Part Used : Roots

® Type of Plant
A perennial erect
glabrous herb,
about 40— 70 cm
high.

® Medicinal Use
In Taiwan the water decoctions of B. kaoi roots has become

The roots, flowers and fruits of B. kaoi

famous as a hepatoprotective agents.

Bupleurum kaoi Liu, Chao & Chuang

® Major Active Chemicals : Saikosaponins —a, -c, -d
The root of B. kaoi contains the highest amount of
saikosaponins more than B. chinense, a species in
China, and B. falcatum, a species in Japan. .

“CH,0H

® Documented by Research
% The Hepatoprotective Effects of B. kaoi Against CCl,-induced, or

Galactosamine-induced Acute Hepatic Damage in Rats.
Am. J. Chin. Med. 18 : 105 - 112, 1990.

J. Ethnopham. 34 : 155-165, 1991.
Fitoterapia 55 : 409-417,1994.

% The Hepatoprotective Effect of Bupleurum Kaoi, an Endemic Plant to Taiwan,

Against Dimethylnitrosamine-induced Hepatic Fibrosis in Rats.
Biol. & Pharmaceut. Bull. 28(3), 442-448, 2005.
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Commercial Application of Research Projects
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Dendrobium huoshanense ( Yang-Ming University )

Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Cordyceps sinensis ( Taiwan Sugar Company )
Anoectochilus formosanus (China Medical University )
Taxus mairei ( Taiwan Forestry Research Institute )
Antrodia cinnamomea (Chung-Hsing University )

Yam for health cooky ( Taiwan Agricultural Research
Institute )

8. Yam for cardiovascular diseases ( Taipei Medical
University )

9. Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute

10. Coconut ( Yang-Ming University )
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1. Hepatoprotection
Kinsenoside which is a major component of A. v _DT,'__;'_")'-°
formosanus shows a novel antifibrotic agent for g "
preventionand treatment of liver fibrosis bt . St
. Liver fibrosis
Control CCl4+H20  CCl4 +AF 1 glkg
: : OH
2. Antiamnesic effect o o
Gatrodin which is a component of A. formosanus 12, [T
attenutes amnesia induced by scopolamine OH
Gastrodin

3. Prebiotic effect Bifidobacteria
AF stimulates the growth of bifidobacteria
in rats.

Control AF 0.2 g/kg

4. Bone health
Long term beneficial effects of AF on bone health have been indicated

by accumulation of bone mineral content in growing rats or
prevention of bone loss in ovariectomized rats

¥ o8 8

growing rats

on per day (mg)
Caretention (mg)
*

5 5 8

Ca absorpti

£F 200 AFEF 400 00 mghkg

5. Immunomodulation
AF attenuates the ovalbumin-induced airway inflammation in mice.

airway inflammation

Control OVA+ H20 OVA+ AF 1 g/kg
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Commercial Application of Research Projects
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8.

9.

Dendrobium huoshanense ( Yang-Ming University )

Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Cordyceps sinensis ( Taiwan Sugar Company )
Anoectochilus formosanus ( China Medical University )

Yam for health cooky ( Taiwan Agricultural Research
Institute )

Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

Yam for cardiovascular diseases ( Taipei Medical
University )

Taxus mairei ( Taiwan Forestry Research Institute )
Antrodia cinnamomea ( Chung-Hsing University)

10. Coconut ( Yang-Ming University)



TR S R A (R g iR 15

Stage 1 Pioneer Projects

Effects o fyamtuber storage proteins, dioscorins, on the antihypertensive activity in spontaneously hypertensive rats
(NSC92-2317-B-038-001-) 92/08/01~93/07/31

Publication: Effects of tuber storage protein of yam (Dioscorea alata cv. Tainong No.1) and its peptic hy droly sates on spontaneously

hy pertensive rats. J. Sci. Food Agric., 2006, 86: 1489-1494.

Stage 2 Technology Extension and Application Projects

The application of yam in development of healthy food for cardiovascular disease prevention ---Evaluation in blood
viscosity improvement and hypertension regulation (95AS-6.2.1-ST-a5) 95/04/01~95/12/31
PI: Hou, Wen-Chi (i = 3 ) Liu,Der-Zen ( %1 iz ) supported by AOC/AGV Products Corp. (& s & s> 22 )

BRZRAKRAIARL
WAL

A K B X )

Yam dioscorin

Tainong 2 yam

For antihypertensive effects of yam processed samples on SHR, it Regarding  the  improvement  of  hemorheological

was found that air-dried powders of yam slices (60°Cfor 2day's, 40 abrormalities, we used 24-months old aging rats and 8-week
and 60 mg/Kg SHRY); cooked and then air-cried powcers of yam diabetic rats as the experimental anmal n}wdeIA The results
slices (50°Cfor 2cay, 80 mg/Kg SHR) showed the antihy pertensive showed that after the treament of dioscarin for 21 days the
effects during 24-h by oral administrations once. The water extracts abnormal  hemorheological - properties were  significant
heated at 90°C for 10min was used for long-term oral administrations improved in either aging rats or diabetic rats including a
once a day. It was found that at present data the feeding trial decreas in blood viscosity and erythrocyte aggregability,

exhibited apparently lowered blood pressure than that of the control. and an increase in erythrocye defomability and oxygen
carrying capability .
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Commercial Application of Research Projects
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8.

9.

Dendrobium huoshanense ( Yang-Ming University )

Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Cordyceps sinensis ( Taiwan Sugar Company )
Anoectochilus formosanus ( China Medical University )

Yam for health cooky ( Taiwan Agricultural Research
Institute )

Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

Yam for cardiovascular diseases ( Taipei Medical
University )

Taxus mairei ( Taiwan Forestry Research Institute )
Antrodia cinnamomea ( Chung-Hsing University )

10. Coconut ( Yang-Ming University)

Taxol production models from 7axus mairer

From flasks to stirred From flask to air lift From extensive cutivation of
bioreactor bioreactor superior clones » 2 kg taxol
5~7 mg/L/d baccatin 111~ 1~2 mg/L/d taxol /halyr since 3 yr plantation
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Commercial Application of Research Projects
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8.

9.

Dendrobium huoshanense ( Yang-Ming University )

Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Cordyceps sinensis ( Taiwan Sugar Company )
Anoectochilus formosanus (China Medical University )

Yam for health cooky ( Taiwan Agricultural Research
Institute )

Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

Yam for cardiovascular diseases ( Taipei Medical
University )

Taxus mairei ( Taiwan Forestry Research Institute )
Antrodia cinnamomea (Chung-Hsing University )

10. Coconut ( Yang-Ming University )

Salvia miltiorrhiza Bunge
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Water-Soluble Extracts of Salvia miltiorrhiza Bunge

Reduced erythrocyte membrane MDA
levels

Increased erythrocyte deformability and
decreased erythrocyte flow resistance

Reduced erythrocyte aggregation ~ blood
viscosity and blood viscoelasticity

Increased oxygen-carrying capability of
whole blood

cryptotanshinone tanshinone ITA
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Commercial Application of Research Projects

1. Dendrobium huoshanense ( Yang-Ming University )

2. Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

3. Cordyceps sinensis ( Taiwan Sugar Company )

4. Anoectochilus formosanus (China Medical University)

5. Yam for health cooky ( Taiwan Agricultural Research
Institute )

6. Yam for cardiovascular diseases ( Taipei Medical
University )

7. Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

8. Taxus mairei ( Taiwan Forestry Research Institute )
9. Antrodia cinnamomea (Chung-Hsing University )
10. Coconut ( Yang-Ming University )

Transgenic Lines from activation tagging
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Establishment of Industrial System for Healthy Food,

Antrodia cinnamomea

Microarray @
—\/Antrodia cinnamomea
Metabolomics Bioactivity

) NSTRAB

-

Differential expressed genes
Homocysteine methyltransferase

Polyphenol oxidase
Proteasome maturation factor umpl

—

Oligopeptide transporter 7
Nucleoporin p58/p45
6 Unknown genes

HPLC Chromatography of Metabolites from the 18 Nove I ge nes

. Defferent Strains of Antrodia cinnamomea
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Bitter Gourd
(Bitter Melon, Karela, etc.)
Momordica Charantia

1. Extract of Bitter gourd activates PPARa and PPARYy,
nuclear receptors that regulate homeostasis of lipid and
glucose metabolism.

2. ldentification of 9c, 11t, 13t-conjugated linolenic acid
(CLN) as one of the active compounds. Searching of
more active compounds is still ongoing.

3. In high fat diet induced metabolic syndrome in rats and
mice, 1% (wt/wt) of lyophilized bitter gourd in the diet
effectively ameliorated vabdominal obesity

4. Breeding of wild bitter ¥ hyperglycemia

gourd with high ¥ hyperinsulinemia

PPAR activity v'hypertriglyceridemia §s

and high yield.
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Commercial Application of Research Projects

1. Dendrobium huoshanense ( Yang-Ming University)

2. Bupleurum Kaoi ( Kao-Hsiung Medical University and
Taiwan Agricultural Research Institute )

Anoectochilus formosanus ( China Medical University )
Cordyceps sinensis ( Taiwan Sugar Company )

5. Yam for health cooky ( Taiwan Agricultural Research
Institute and Yimei Food Company)

6. Yam for cardiovascular diseases ( Taipel Medical
University )

7. Yam (Selection of multiple genotypes and GAP) ( Taiwan
Agricultural Research Institute )

8. Taxus mairei ( Taiwan Forestry Research Institute )
9. Antrodia cinnamomea ( Chung-Hsing University )
10. Coconut ( Yang-Ming University )

kW
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Fig. 9. Comparison of lightening effect of some commercially available agents in skin pigmentation
induced by UV-light irradiation. Samples were applied for 4 weeks after UV-light irradiation (eight
times). Upper left; ellagic acid (1%), upper right; vehicle, lower left; arbutin (1%), lower right; kojic
acid (1%).
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i 4.8 0.7 150 119 452 56 390
festh 6.0 7.6 535 2130 1798 586 7
(2006 F {*=)
ESRN 6.6 4.1 388 265 5682 185 86
e 5.8 4.5 225 148 3288 321 333
i 6.3 1.2 125 71 2485 158 1049
(2007 — H{*=)
i 7.1 1.0 194 56 1131 105 846
Fi 6.0 0.9 20 28 352 51 268
s 7.0 0.5 131 20 5587 81 15
(2007 = H{®=)
s 5.1 1.3 163 25 665 60 750
(2007 = H[®=)
FIA 4.4 1.8 58 55 278 27 360
festh 6.7 0.4 70 16 9899 144 2
s 6.1 1.0 75 150 1460 214 1069
(2007 PH[=)
e 5.9 0.1 163 22 305 24 231
(2008 — HAf®=)
i 6.7 1.6 938 88 841 110 311
P 6.3 1.9 250 80 2257 80 105
festh 7.1 24 250 10 853 35 196

= 7.4 1.2 175 51 7280 98 54
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25
;F—‘Jjg’!r Hh o s FT“T%;'@ G ?‘l 5l 8
(PPm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
524 fifl 1530 <20 <25 <0.5 <039 <10 <10 <15
(2006 }Ff\' =)
e 93 30 509 0.61 0.32 3.3 1.7 0.8
e 46 1.3 53 0.54 — — — —
A 15 22 9.5 0.28 — — — —
T3 34 06  10.1 4.97 - - — -
(2006 FJ )
ke 148 26 458 1.35 - - - -
e 19 18.5 247 0.50 0.16 0.7 2.1 13
i 54 6.9 9.5 0.22 0.16 1.1 0.8 2.6
(2007 ~ =)
e 84 42 7.7 0.19 0.30 1.7 0.7 5.8
Frid 20 1.7 9.7 0.17 0.09 0.2 N.D. ND.
(e 79 0.4 1.8 0.15 0.04  0.03 0.1 0.9
(2007 ~ W[®=)
A 27 3.7 6.7 0.31 0.07 0.5 0.2 N.D.
(2007 = {=)
P 71 1.9 8.8 0.68 0.07 0.2 ND. 14
(e 106  N.D. 0.9 0.18 0.06 0.1 0.3 N.D.
i 58 5.6 11.2 0.16 N.D. 0.8 0.6 1.7
(2007 PHI[=)
i 18 4.8 6.5 0.18 0.06 0.3 N.D 1.5
(2008 — Hf®=)
S 16 3.7 3.6 0.17 0.10 0.5 0.5 0.4
Fi 39 0.6 4.4 0.70 0.08 N.D. 0.8 N.D.
Thsd 80 12.7 8.8 0.33 0.08 0.3 2.0 N.D.
=R 68 2.4 5.0 0.30 0.07 N.D. 0.04 1.18
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e T 5 L B P R
. TSR 4 % 47 #* &8 0
DR PR (ﬁ?l) (pi?n) (fm) (pﬁn) (ppm) (p?m) oom) _ (ppe)
“Fﬁ‘.?r[’@ 6.0-9.0 0.75 0.2 2.0 0.01 0.1 0.2 0.1 0.2
(2006)
fé,]if% 6.9 0.50 ND. N.D. - 0.04  0.04 - ND.
[l 6.7 2.02 N.D. N.D. - 0.02  0.06 - 087
i 7.4 0.56 N.D. N.D. - 0.03  0.08 - ND.
fé,]if% 7.0 0.43 0.02 N.D. - 0.004  0.01 - ND.
[l 6.6 2.05 0.02 N.D. - 0.006 N.D. - ND.
(2007 — (=)
ﬁnﬁ% 6.2 0.41 N.D. N.D. 0.004 002 ND. 006 ND.
Fif 6.6 0.55 N.D. N.D. 0.002 001 ND. ND ND.
T3 7.7 0.43 003 ND. ND. ND. ND. ND. 005
(2007 = #(®)
e (1) 6.6 0.45 0.08 N.D. 0.020 000 001 ND. ND.
M @) 6.8 0.43 0054 ND. 0011 ND. 001 ND. ND.
(2007 = H[®)
[E 7.3 0.56 0.1 ND. 0.005 002 ND. ND. 0.3
st 6.7 0.45 0.1 ND. 0002 002 ND. ND. ND
ES 7.0 0.18 0.1 ND. 0.008 001 ND. ND. ND.
(2007 PHEA[)
LES 5.9 0.37 ND. ND. 0005 ND. 003 ND. ND.
(2008 — HH[=)
fé,'ﬁ% 7.0 0.45 ND. N.D. 0.009 003 006 ND. ND.
Fif 7.1 0.54 N.D. ND. 0006 00l 004 ND. ND.
T3 7.2 0.29 ND. ND. 0008 ND. 004 ND. ND.
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AP (R R S U R R R B

/. R Z B T
R e N S S VA N
FIRl %) (o) (%) () (%) (%) (ppm)
(2006 F =)
ER [l 5.7 733 45 1.0 L1 19 06 5766
el i 5.1 796 52 16 23 30 05 1813
(2006 & T =)
NUE[EEE 1! 5.4 480 56 10 04 - 26 03
4 3 9.3 199 1.7 02 02 - 29 960
(2007)
R 3.14
Chib§33) 2 7.9 260 1.7 02 05 14 13 6092
- 7.19
EIEST iyt 6.5 708 37 20 0 0002 0 1347
ﬁlji%
« 10.24
.
£ s 53 93.7 56 06 14 13 03 1
(2008 71 )
R 4.10
1 g 7.4 753 60 14 1.6 05 05 1
CPYR) S
= ssehol
Jlek Y10 %4 790 46 09 12 09 11 1

(&febr) ~E
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FTE

! Fr & s B IR @ 5 4l &
SR (ppm) (ppm) (ppm) (mS/cm) (ppm) (ppm) (ppm) (ppm)

(2006 i ()

Bl PR 277 405 1517 654 023 588 249 27

P Pt 053 450 1468 784  0.83 1249 461 N.D.

(2006 FJ )

T e TR 218 11 65 17.09 - - - -

4 33 52 237 798 - - - -

(2007)

R 31 124 48 30.8 0.85 3936 104.85 228.95 9.344

- 7.19

EIES e 198 224 1687 634 051 386 367 223
ﬁl]/‘;

D 10.24

EIEST , 6 02 02 449 0.129 ND. 0298 0.099
FIJIZ\%

(2008 %)

R 4.10

NS o 4 02 02 297 0.074 N.D. 0.08 0.015

(PYH) = E

ERST 4.10

(2iaemr)  =E 4 08 85 1.88  0.02 0608 0.492 0342
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A~ 2006-2007 £ 7% GAP I 20k B ity

- e /| & Yk E Iy % [l

il ey Iﬂ J EF NP Eﬁ/ﬁi g2 (ilF/fﬁE?) ( FE /[1TE gl P

(2006 ?\, =)

Testh LB 1538/1494 10.7 90 963 5.8-7.5
1Lt 2 B 1022/1162 8.7 60 522 5.8-7.5

e R 662.2/572 11.6 24 278 5.4-6.4
T 2 B 315/352 8.9 21 187 5.4-6.4
T I 246/352 7.0 36 252 5.4-6.4

SO R 745/341 35.9 60 2,152 5.10-6.27
Thsdh 2 8 531.5/170.5 51.4 60 3,084 5.10-6.27
T EI (D 267.5/170.5 25.5 60 1,529 5.10-6.27

priv L 1B 482.2/129.3 29.2 45 1,314 5.10-6.27
Tt 2 B 928.2/258.6 24.1 45 1,080 5.10-6.27
T IR 141.2/129.3 10.9 45 4,914 5.10-6.27

(2006 Fi =)

Test LB 78.3/131 6.0 90 540 10.5-11.15
TLsth 2 B 74/131 5.6 60 336 9.20-11.13
glE 1) 72.5/131 5.5 90 495 9.20-11.13

L R 250.1/216 11.6 25 290 9.9-12.20
TLsth 2 B 323.5/216 15.0 25 375 9.5-12.26

ES N R R 151.2/131 11.5 60 690 9.14-10.11
Lt 2 B 184.8/131 14.1 60 846 9.7-10.12
1 FICEHED 63.5/131 4.8 60 288 9.7-10.12

riv L 19 261.8/258.6 10.1 45 455 9.9-11.16
Testh 2 B 548.4/388 14.1 45 634500  9.5-11.16

(2007 — #{=)

[ 2B s 1387/320 434 60 2604.0 5.1~7.31

W (RB 28 e 1994/310 61.0 51.1 3117.1 5.1~8.13

i fel2BE EY 2112/360 58.7 50 1935 5.21~7.16

(2007 = =)
W (LB 2B s 556/385 214 15.6 333.8 6.8~8.6
(2007 = #i{%) (A7 57p @ 10 71 4-6 [1)

[ L A i 108/330 3.52 60 211.2 9.15~10.5

W (ub 2 = 123/380 4.7 32 150.4 9.17~10.5

fi e 20 dEfE 535/380 20.1 50 1005 5.9~12.11

(2007 U fE)
U 334/600 20.0 51.4 1028 12.22~1.28
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Ay PP RS GAP i
- GAP 4 &% ﬁ%@l&%ﬂ%‘ﬁ“@%
B . 1] (= 1l )
oty pe e BEFE SR mhem
(2006 E ()
T T 1B N 122.1 127.6 43.6 10.15
Lt 2 B Fi 120.2 153.4 55.3 10.15
i Tesds 15 S 138.3 136.8 54.2 10.12
T 2 B P 171.7 176.2 56.2 10.12
TG B 57.2 97.8 42.5 10.12
e Teh 15 Tt 98.2 123.9 46.7 10.13
L3 2 9 Fi 135.6 170.2 52.2 10.13
TEIGETRD BGR 66.9 115.6 46.8 10.13
g T 1B b 87.9 89.1 48.0 10.13
T 2 B Fi 192.7 175.6 61.1 10.13
TR PG 55.1 116.9 43.3 10.13
(2007 — #{%=)
i TLith 2 58 Fli 161.75 162 57.7 6.8
A Tt 2 8 Fi 199.0 185.5 59.20 6.7
P Lt 2 58 Al 148.03 168.9 57.6 7.16
(2007 = #]f*=)
A et 2 5 Fi 138.0 153 56.16 6.7
(2007 = #4{®=)
1= fb2s : -
A Testh 2 5F Fi 1123 132 56.5 10.18
Fis Teid 2 5 Fi 136.92 156 57.37 9.12
(2007 P [E)
2 Test 2 8 Fi 215.9 297.9 66.7 12.19

63
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# 7 2006-2007 F 1-12 7[5, T GAP 4 BERET 1L (C)

%Eﬁ i i FiA e S

E {5y 2006 2007 2006 2007 2006 2006 2007
1 18.9 18.5 15.5 16.3 17.1 20.5 19.7
2 18.8 20.2 15.9 17.7 17.8 21.5 22.1
3 19.5 20.8 18.0 19.1 19.3 22.6 23.5
4 22.8 21.9 22.5 20.8 24.0 25.9 25.0
5 25.1 25.4 24.5 25.7 25.9 27.7 27.7
6 25.9 27.7 27.0 27.6 27.0 28.5 28.9
7 27.8 29.8 28.6 30.0 28.4 28.4 30.2
8 27.1 27.6 28.1 28.4 28.1 28.4 28.1
9 25.4 27.0 25.8 27.6 26.8 27.1 28.2
10 24.0 25.0 23.6 24.5 25.3 26.6 26.8
11 21.6 22.1 21.0 20.5 22.7 24.9 23.4
12 18.7 20.5 16.9 18.6 18.2 21.5 21.8

5 INGAPAE FERRFE B E

2006-2007 i FEERIIS AV 5 ﬁ%gﬁg SRR W
S~ P Flﬁ\lbﬁ%(%l‘) filE: E:ﬁ;gggl;,ﬂ/_i @*;ay%f?ypqg[
- ’ﬂf st g 2006 F 3 5| 19sc 22007 # 2 F] bl E R 20 H
FLEF Ol L A 4 1£ 24°C » 2007 F FIRIEIEL 4 5] SR T
%&520’*" M i?*’ui WO T 2 3 F I 4 PR
gt e T“ﬂ—" T%HS‘HFJ PR 6 IR U S U ([
= ) iy 2006?‘ 3 TSR 20 1) 12007 5 11719
Co AR = FATRATI > T 23 FRES- ﬁFIﬁbﬁg TR R o
T =4 EEE ~HFJ|'ﬁ7 E|i& = PUB =10 Bl T“% ES TN
EOC TR 12 PSR AR N 20 R 5 T S 'ET“"?%’F”VE%
# Wlﬁﬁﬂ/#iﬁﬂﬁ”& 3 E[-11 F] PJF'JL%%E%&T ) Jr:;%qﬁlg
B 20 D)o 12 FI G2 s I T S G (IR Rl

ASEFES TR Ry VLR & =S @E'F PP 1o
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FEL PR ERATR] S “ﬁ} I[’nm]ﬁaiﬁi;ﬁfﬁﬁ[ﬁmIE'l%ﬁﬁﬂS[;‘/ﬂiﬁll’"‘ﬁﬁ’
PE¥ (GAP) 4 e 4R o 3 s B (Bt
5 (AR | S AR - T TS - T
gﬁ I i e T A st
G -2 BR S5 PPAR 7 50 - W@”ﬁi“‘ﬂﬁiﬁﬂg A
A T IFIPE R T R F R T I EF— I @ﬁ* SN NS
[ERNISNER: * A= TE Sy i Rl o I/f:,g[[et %j\geﬁ,b_
*%‘Tﬁﬁ[ﬁﬂ@i RS S 1) R IORRR > TR T FE VEH
1> ity P, T f

253k
L% 2004 L AT BEAVETEEE il ’E”rﬁ*ﬁku 2004 [BFESER Y% 3
ﬂ’p%i 1 F I pp283-202 SIEREE D FI €7 (lhln K o U HAIH] -

S EF12004 flEBEE ]“F*’rplggﬁpmﬁ;@!w%m & 2004 [BH[ESER
#’J%iéﬁﬂﬂfﬁf JJIU pp283-292 1 HR W F £l ‘ﬁ'T"ﬁE&:&id;}i
i -

3AHA T 2007 )RS (RS gV A ] R )
2007.7:32-37 -

4.Lee-Huang,S.,Huang,P.L.,Nara,P.L.,Chen,H.C.,Kung,H.F.,Huang,P.,Huang, H
J.,Huang,P.L.(1990)MAP 30:a new inhibitor of HIV- 1 infection and
replication. FEBS Lett. 272 (1-2): 12-8.

5.Lee-Huang S.,Huang PL, Chen HC,Huang PL, Bourinbaiar A, Huang HI,
Kung HF. (1995)Anti-HIV and anti-tumor activities of recombinant MAP30
from bitter melon. Gene 161 (2): 151-6
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Breeding of New Bitter Gourd Varity and
establishment of the GAP System

Jong-Ho chyuan

Hualien District Agricultural Research and Extension Station,

Council of Agriculture

ABSTRACT

By using the cross breeding approaches between wild and native bitter
gourds, the Hualien District Agricultural Research and Extension Station
(Hualien DARES) have successfully bred four new cultivars, Hualien No.1’,
Hualien No.2’, Hualien No.3” and Hualien No.4” during 2006-2008. Following
the “Good Agricultural Practice” (GAP) cultivating techniques, these new
varieties were grown and provided for further bioactivity assays and relative
studies. To establish the GAP system, Halien No.1’ and Hualine No.2’ were
conducted in a one-year-two-crop trial at four areas including Hsinchu, Yunlin,
Kaohsiung and Hualien during 2006; and cultivars Hualien No.2’ and Hualien
No.4> were conducted in both a two-year-two-crop trial and a
two-year-four-crop trial in Miaoli and Hualien; and in Kaohsiung, respectively
during 2007-2008. Special farmer and farm has been selected for the organic
farming. Following the GAP principles, we have detected the secure level of
soil, fertilizer and irrigate water at regular intervals. No detectable difference of
fruit shape, fruit color and full-size has been observed among the whole
planting experiment.This indicates the stable agriculture properties of these
new cultivars.The highest yield for spring crop is observed in the Kaohsiung
area of 61 tons/ha. According to data recorded from the growth conduction, the
growth yield and the climate condition, we recommended the best planting

period for the north, east and central areas is from March through October.



0 SRR O

However, there have no boundaries of planting period for the south area

(covering the whole year).

Key words : bitter gourd, GAP ( Good Agricultural Practice )
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wm %

5T BIBOR AL % (OB RS HL R R4 Cinsulin
resistance ) 1YY % J%{J PRI T IJ?%EF#I?JE@%I,H“? ViR SR P JLHFZ
VM EYZ F'Wgﬁﬁﬁ”ﬁ IREAES ﬁ%"’%" =R ’ﬁ?{ V’ff I?F ¢TJI3[“’T§LI'"5EI*J?H’J?E‘P
RS 4 f ljfgxﬁafru IS TNF-a ( tumor necrosis factor- o ) mﬂiﬁr’
?”?E" i Bt FL83B ﬁI%EW@Ei%EJiﬁL > g - PRV BeiE
s [ E et fF",%&Ff*' I '?F‘ﬁi [EIEAN JIF%Z"’F'}’IFAE?EUE"E;'%T'[
mfﬁ 3.0 PR P » L 6 - S A A P £t
S5 LA AP Y < B, A
F Y- WFH TV Sy BE H[}E Ik g*i'“éjj Mo F ;H}E e b
HoiRYy 22 {553k (fractions) » FREFN 3 nffz"‘ys[s‘? A L SR Pl E
2]k ﬁifl[ o 73k 13 R o3k 18 RY 5 =IRla (PRt o ZTH[1 > AT
CHI10 ~ CH63 = CH93 ¥y hﬂalﬁiﬁulﬂi“];[ﬁwﬂ AR R TRS-1 f~
n%&ﬁﬁlﬁﬁﬁﬁﬁﬁﬁ“ IRl > 3 ﬁ%ﬁﬂﬁﬂMHmIAMﬁ
activated protein kinase I WEWF[ [|ERPES ﬁmﬂéﬁfl{ﬁf [/ T8 2 90 &S
GEET (e FIFE J/zﬁff‘ S T (P RO SRR
U 0 T M R RO ) 5 AT R A
Y ic SRS (BRI

SRR - 50 BRIREGVE) ~ B Sl ~ ol s Tl 2 BT  AMP-
activated protein kinase, FL83B 7' &
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A&
7J~Uffiﬁl A b F[[ﬁ&[ﬁ jF" Thip* %)ﬁjﬂ[*%ﬂ%ﬁ ( Gerich, 2001 ) ° F‘
ﬁ%#ﬁkDT@QEWW’_ T et USRS I « £
R FIED %ﬁﬁ#ﬂﬁ%ﬂ%ﬁﬁ?,’ﬁ”HJ?W%ﬁ?’ﬁﬁﬂﬂ
Sefy 95%‘+J o FUSGRET e RIS » ReflUE ) 9T BIPE 7]““? Tt ELUF?J;VH']
;J’?E‘"%'Tjut'iff‘@lﬁ it (7 RBPE [%ﬁ“’:) P | 1 P R
wwf’ﬁﬁﬂrﬁﬁﬁa%ﬂm#ﬂﬁﬁ? S Sk PR
FRRAELY S T B wwpmﬁﬁ%ﬁﬁwEmwﬁﬂﬁv
RIS > TR EU R S EORIRE » ISR oagan o s EL Pt
T+ AT -

ﬁ:[ ETI ﬁ{éﬁﬁ’[fj&@ I’g;fllﬁgi;n%%aﬁgﬁ L[~E 53 »[sri/ ’g’ff_a[ ° 7[:(‘{];%{¢ EI[;’\FﬁJE |
g@::,z@yw;qr T [E » ﬁtﬁ F*"‘i‘% @}"J qjjﬁ 1“1'[ JT 1{: Tk % J:‘%ﬂ“ﬁﬁ']@}”d ) ,ﬁ“\;ﬁfj
AUHE i ol T3S o R Jiﬁﬂ&?'lﬁﬂ SN L E 3R 'F}H'fi?i[“t@ﬁ{
I AR R L [ ﬁngﬁﬁﬁwﬂ%’ﬂdﬂﬁ ki
ITER] o FTFIE  FUA ~ HIR  FSPNERY S S BRI R AR
TR s H[Eﬁl ], {5 [pﬁ‘#b cp}}"“ﬂi"if TP 7Ji)ff(Grover and Yadav,
2004) » {FRLEN[RE ©oph 1 S GRS 55 ll= TS SR R T e
P - T~ ﬁgf(ﬁﬂﬁ}fr’? i SURLT RURND e

R T E@faijg',’@i% IR 5 » i
ETPUETRE T EFE'E' B SR ?4%@6#’@[%1%41 T EE T (B
PRI = i’F'JIU'“F'EJéE'J Ay 2 }HwE‘ﬁu’ﬁi:’E HRIEE %Hiﬁuli =
L R R RO PR S TR E Jﬁiw'%'“E“i“’%*‘D?%ﬁ%?PW’F' REIESSN
P

"Bl =k AR TR PR /ﬁiﬁigﬁwﬁa |f=E P RBpvRe IR (S
(Zick, 2001) = 5] » lirrﬁ'ﬂ%’_* & AV i %‘i&’?‘ﬁ“ > SPRATY R 2
U ] R B PERTRRE o R T
st s 9 (B 89 i) Ehypertension) 1 B
(dyslipidemia) ~ f¥%fK1 {~ (atherosclerosis) ~ % & 1(microalbuminuria) ~ =
Ik bb ek (hypercoagulability) ~ fl %44 (central obesity) & £l F‘ﬁlb\:’"*ﬁ?ﬂ%
Vﬁjiﬁ (Weyer et al., 1999; Isomaa et al., 2001; Hanley et al., 2002) » [N 5,3
Pl A B (U EBPE{% ¥ (the metabolic syndrome) (Lebovitz, 2001) - ’Fﬂrﬁu Y

Bl 207 BIRRVERUE T RV 10-20 # i) e TR S et -
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Iy = BT B ?ﬁg“ﬁu | HuF Skl (Lillioja, 1988) » [NIFHuE, Sl
o I‘;‘;H@?Jt bl i —”ﬁﬁ' J'"ﬁ“gﬂﬁi’: Ay BT B 7}“# J AL )= (Lillioja, 1988;
Warram et al., 1990; Shulman, 2000) ’FPI“JDH o B SRt 5+ ﬁkﬁrﬂ“’ﬁ’
B T 7 ELEERE Zp[1. 7 IRS(insulin receptor substrate) [V [ig 1 i it [~
(tyrosine phosphorylatlon) EJ% Pafh s 7 RLERD A - IRS [N Tifh
PREGHR [~ [0 B3 [ > SE[ AR = W B S R [an PERE I o ]Eﬂ%'
S B R PR » 3 RS O (O R )
iﬁ [~ fﬁ;l VEE o (VB SR P RL RN F,FI*JHIEB’T(Dresner et al., 1999;
Lebovitz and Banerji, 2004)

PRI RS SOy TR - Pt - s
S A 53 34 adipokines £ < BT » AR - AV BV
O 53 4EE % TNF- oo TNF- o (Tl IRS-1£5 RS 9= o1 isoform
J= ) PR PG [ R SR LAY ® (Zick, 2001) [Pfﬁ T
BRI AR 1%%51 F’Hﬁ?yﬁjﬁ A PR o e I[_{ET';FL_T
SR I N Q%Hiﬁu[ikﬁ J{Eiqwt F ) ETFFE’EL[',H .;Ist‘F P\/“Td QB“E[qwq&HiﬁL
'[‘EEF[U?”J@T ’ ?]L?jﬁiﬁlzﬁﬁ%&% 537 BIpE 7}‘“?

q&ﬁjiﬁ?gﬁ?ugg[njg El [EE G RET E qra[m[;[qajwqp%,gqpqaj o LI”EJ
BRI TNF- o BCET PR fR(del Aguila et al., 1999) R 5703 ok
(Iwata et al., 2001) + 7 [PV & UL e - fgﬂﬁ“a A A 3 Ve
ARk - ) C2C12 B 3T3LL » AR5 (=) S PR A -
PPk teraprdy fEe il [ B THFEE [Ej RAIE LAY £ — ][4[%:@ HH\E'.‘#J@TEJ
R R T+ [y AR T ORIV R 53 (O e
AR > AR SR S AR T[] > SEsb R 0 TP ET D ]
SPAOLE 3 B o (SR (RO « [P A P9 S
ﬁI%E'WﬁFItE At ’F\F‘“ﬂi AR | V“E‘ﬁwﬁiﬁ JE&rﬁﬁI%%E‘ﬁ“’ﬁ
FL83B o P Matk T “asalsd (b e B J s 1% - P RI5E%5 FL83B
IR TNF-a%;%M@ﬁ%H% et o SRR 7
30 e 2 B [, TR I Tk el i R
P TEREETN IR [ER IS R J%KFT‘]‘ °

P%”S
- JTNF-a;@ﬁFLss»B;E'ﬁwEf‘Fi%H < Pi®



T4 ]

JHFL83BI'| [l IV TNF- a (10 ng/ml ~ 20 ng/m)ZERF w5 | 1 - 1
WFIREICIE RGP - R [ MEMEBREERLI100 nMLE
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Fig. 1. Induction of insulin resistance in FL83B cells by TNF-a. Control was
normal cells without insulin stimulation; control+insulin was normal
cells stimulated with insulin; other groups of cells were pre-incubated
for 5 hours in medium containing either 10 ng/ml or 20 ng/ml of TNF-a,
then stimulated with insulin. Glucose concentrations of the media were
assayed at the time points indicated on the x-axis. Glucose
concentrations were presented as absorbance at 500 nm and plotted as
the y-axis. Each experiment was carried out in triplets. Data represent
mean + SD. Dataset of each cell group was statistically analyzed versus
that of “control+insulin”by two-way ANOVA. “p between groups <
0.05; * p of interaction < 0.05.
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Fig. 2. Glucose uptake assays for cells treated with the crude extracts from
different parts of M. charantia. Control and control+insulin were
identical to those in Figure 1. Resistant+insulin was cells incubated in
20 ng/ml_ of TNF-gfor 5 hours (i.e. insulin-resistant cells) before
stimulated by insulin. Other groups of cells were insulin-resistant cells
treated with 50pg/ml of the methanol extract of either the stem, fruit, or
seed of M. charantia, or treated with 50uM troglitazone, then stimulated
by insulin. All groups of cells were assayed simultaneously, but due to
the overlapping of curves, crude extract-treated groups were presented
separately in two figures to make their curves more observable. The
assays were carried out in duplicates. Data represent mean = SD.
Dataset of each cell group was statistically analyzed versus that of
“resistant+insulin”’by two-way ANOVA. “p between groups < 0.05; * p
of interaction < 0.05.
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Fig. 3. A flow chart showing the partitioning and purification of components in
the methanol extract of the stem of M. charantia.
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Fig. 4. Glucose uptake assays for cells treated with the partitions of the
methanol extract of bitter melon stems. Glucose uptake assays were
performed as in Figure 2. Crude, hexane, EA (ethyl acetate), BuOH
(butanol), and water represent insulin-resistant cells treated with the
partition marked as (1), (2), (3), (4), and (5) in Figure 3, respectively,
then stimulated with insulin. The assays were carried out in triplets.
Data represent mean + SD. Dataset of each cell group was statistically
analyzed versus that of “resistant+insulin”by two-way ANOVA. "o

between groups < 0.05 and p of interaction < 0.05.
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Fig. 5. Glucose uptake assays for cells treated with fractions of the hexane
layer and the chemical structures of CH10, CH63, and CH93. A, assays
for fractions 10~13; B, assays for fractions 14~18; C, assays for
fractions 19~22. All fractions were in 10pg/ml, and all were performed
in triplets. Data represent mean = SD. Dataset of each group was
statistically analyzed versus that of “resistanttinsulin” by two-way
ANOVA. #p between groups and p of interaction both < 0.05. D, the
chemical structures of CH10, CH63, and CH93.
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Fig. 6.Assay for the activities of CH10 ~ CH63 and CH93. 10pg/ml of CH10,
CH63, or CH93 was used to treat insulin-resistant cells. A, glucose
uptake assays as in Figure 2. Data represent mean + SD. Dataset of each
group was statistically analyzed versus that of “resistant+insulin” by
two-way ANOVA. “p between groups and p of interaction both < 0.05. B,
cells were harvested at 30 minutes after the treatment. Cellular proteins
were immunoprecipitated by an IRS-1-specific antibody, then analyzed
by Western blotting using either a phosphotyrosine-specific antibody
(panel Y-P), or the IRS-I-specific antibody (panel IRS-1). Fold
represents the relative band intensities between lanes in panel Y-P that
were pre-normalized by the amount of IRS-1. The band intensity of
“control” was set as 1. C, Western blotting using an antibody specific for
the phosphorylated form of AMPK (panel AMPK) and an antibody
forf-actin (panel actin). Cells were harvested at 30 minutes after insulin
stimulation. The histogram shows the relative band intensities of
phosphorylated AMPK that were normalized by the levels of actin, with

the band intensity of control being set as 1.
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Fig. 7. Glucose uptake assays for insulin-resistant cells treated with RA2-10 ~

RA2-11 or RA2-19. 10pg/ml of RA2-10 ~ RA2-11 or RA2-19 was used
to treat insulin-resistant cells, and glucose uptake assays were
performed as in Figure 2. Data represent mean + SD. Dataset of each
group was statistically analyzed versus that of “resistant+insulin” by
two-way ANOVA. *p between groups and p of interaction both < 0.05.
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ABSTRACT

Insulin resistance plays a major role in the development of type 2 diabetes.
Therefore, treatment of insulin resistance is suggested to prevent the
occurrence of type 2 diabetes or improve the conditions of diabetic patients. To
mimic the molecular mechanism of the development of cellular insulin
resistance in vivo, we have treated mouse liver cell line FL83B with tumor
necrosis factor-a(TNF-a) for the induction of insulin resistance. This
established a system for the screening of hypoglycemic compounds from
Momordica charantia. It was revealed that the crude extracts of stem, fruit,
seed of M. charantia all contained bioactive compounds that could overcome
cellular insulin resistance and improve glucose uptake of the cells. The extract
from the stem of bitter gourds was further partitioned that three out of 22
fractions were with obvious hypoglycemic activities. Subsequently, pure
compounds CH10, CH63 and CH93 were isolated from fractions 13 and 18.
These compounds were confirmed to enhance glucose uptake and tyrosine
phosphorylation of IRS-1 in insulin-resistant cells. Moreover, they were shown
to activate AMP-activated protein kinase. Similar approaches were utilized to
screen hypoglycemic compounds from a new strain of M. charantia , Hualien
no. 2 wild bitter melon. Currently, at least one pure compound was isolated and
identified to contain a similar effect. These results support that M. charantia
contains components able to overcome cellular insulin resistance, suggesting a
great potential of M. charantia in the development of new anti-diabetic food

supplement or medicine.

Key words : type 2 diabetes, insulin resistance, Momordica charantia, Hualien
no. 2 wild bitter melon, AMP- activated protein kinase, FL83B
cells.
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ABSTRACT

Bitter gourd ( Momordica charantiaL.) is a commonly known vegetable
and medicinal herb. Severalscientific papers indicated that bitter gourd extracts
are used for the treatment of diabetes and its complications, such as
nephropathy, cataract and insulin resistance, by regulating the levels of blood
glucose. However, the active components of bitter gourd responsible for
hypoglycemic activities remained to be identified. In the first-year project, we
have demonstrated that the protein extracts of bitter gourd exhibited the
hypoglycemic activities by glucose tolerance test in mice. By molecular weight
cutting assay, we identified that specific protein components were responsible
for the regulation of blood glucose. In the second- year and third-year project,
we will compare the effects of various species and parts of bitter gourd on the
regulation of blood glucose. The protein components of bitter gourd will be
identified by proteomic approach and the hypoglycemic mechanism of protein
components will be demonstrated by molecular biology approach. The
chemical defined, bioactivity defined, and biosafe bitter gourd health food for
the regulation of blood glucose will be further developed. The better
understanding of the functional proteins could provide the molecular evidences
for the hypoglycemic activity of bitter gourd and further develop as the health

food for the improvement of diabetes.

Key words : bitter gourd, hypoglycemic activity, health food, proteomics
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Table 1. Abnormalities associated with the
metabolic syndrome

(modified from [Reaven, 2002])

The core Cluster
» Central Obesity ” CI;rITl]J ;gisrg Olln; ;);:i:%nce
> Dyslipidemia glucose
hypertriglyceridemia -impaired glucose
-low HDL cholesterol tolerance
-small, dense LDL
particles

type 2 diabetes

» Insulin resistance

» Hypertention
Prevalence: ~1/4 in USA, 14% in Taiwan
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Definition of metabolic syndrome
World Health Organization

€ The patient must have 1 of the following:
Diabetes mellitus

Impaired glucose tolerance

Insulin resistance

@ Plus any 2 of the following:
Central obesity
Dyslipidemia
Hypertension

3
AmJ Clin Nutr 2006,83:1237—- 47.

PPARS :

Peroxisome Proliferator Activated Receptor

»Ligand-activated transcription factors
»Member of

Steroid hormone nuclear receptor superfamily
$PPARa & fibratesif™ & "q & 2 (% A3 & ih
“PPARy 5 Thiazolidinedione#f iy i s % 4+ 2 f®
* A3 fEeh
+PPAR & it 3 1#i& cholesterol reverse transport
$PPARE * # 3| E ditinie 3 %2 5 L £ gt #7%
G ]
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Transactivation Assay for Nuclear Receptors

(UAS),-Alkaline phos phatase Reporter

GAL4-PPARa ory LBD
Chimeric receptors
CHO-K1 cell @ Cotransfection

V' 5hours
Treat sample extract, or positive
control (WY-14643 or BRL-49653)
\ 48 hours
Collect medium and ALP activity
assay (ELISA) >

EA extract of bitter gourd

16 a a

o ab

12 - a b

Fold activation
o
1

PPARa activation

0.1% 100 150 Wy BRL
Vehicle  BGEAE (ug/ml)  10uM  05uM

T ﬁ PPARYy activation

I T It is a dual agonist
o == - I:‘ g 6

01% 100 150 BAL Wy . .
Vehicle  BGEAE (ug/ml)  0.5uM 10 pM J Biomed Sci 10: 782-791

Fold activation
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Animal Study :
Bitter Gourd (momordica charantia)
and Metabolic syndrome

Improvement study @
Experimental It High fat dlet - C57BLI6J mice

Prevention study 3%

Experimental II: High fat diet- Wistar Rats
Normal diet- C57BL/6J mice

Dose-Response study /&l

Experimental III: High fat diet-Wistar Rats
Normal diet- C57BL/6J mice

Exp. I: Improvement study

High fat diet induced metobolic syndrome

I CS7BL/6J mice I

5% soybean oil diet 30%fat diet
(Basal diet) : 16 wlaeks (Hllgh fat Control diet, C)
;i 0
E |

[c+swBer(BaP) |

[ c+0.25%EAE (EAF) |

| C + Rosiglitazone (R) |

[ c+ clofibrate (cP) |
|
i 11 weeks

Oral glucose tolerance test
(1g glucose/kr body weight)

1 weeks
sacrificed
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Total food intake (g)

400

Body weight gain (g)

Body weight
at 11 weeks after test diets feeding

a
300 4

200 4

100

i EZF%TEI{]’?%H?)@?’@I%?#?E ML 2L PR

a
1400 I
@ 1200
<
b b ¢ 1000
g
£
800
&
2
& 600
B
°
F 400
200
T o T
R CF B

Plasma glucose

at 4 and 11 weeks after test diets feeding

400

300 A

mg/dL

100 A

200 ~

-10

Weeks

15

20
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(=) OGTT

29 glucose/kg bw
700

, control
600

500 [

400

300 -

200 -

Serum glucose conc. (mg/dL)

100 |

0 20 40 60 80 100
min
Fig. 7 B6 4 & § =% 4444 ¥ s 2 OGTT % %

AEFREFTNFREFZ LA BB L BEER E

1

11

Area Under Curve of the OGTT
after 11 weeks of test diets feeding

60000
50000 - ‘ a
ab “'
b

40000 A '|'

30000 -

20000 -

10000 -+

OGTT: Oral Glucose Tolerance Test 12
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Plasma TG concentrations
at 4 and 11 weeks of test diets feeding

160

140 A

120 A

100 A

80 1

mg/dL

60 -

40 -

20 +

0

T T T T T T
-6 -4 -2 0 2 4 6 8 10 12 14
13

Plasma cholesterol concentrations
after 11 weeks of test diets feeding

300

. X

200 A

150 A

mg/dL
(e}

100 A

50 A

CF 14
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mg/ g liver

S T 7

Liver TG
after 11 weeks of test diets feeding

mg/ g liver mg/ total liver

50

be 30 4

mg/ total liver

10 4

Summary

@ 5% bitter gourd significantly improved
1. Body weight gain
2. Hyperglycemia
3. Glucose intolerance
4. Hypertriglyceridemia
5. Hypercholesterolemia
6. Liver TG accumulation

@ 0.25% EAE of bitter gourd
=ameliorated the liver TG accumulation

15

16
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Experimental Il: Prevention study
A: High fat diet induced metabolic syndrome

Wistar rats
1 1
5% soybean oil diet 30%fat diet
(Basal diet) 3 weeks (Hi-fat Control diet, C)
T | T {}

l [c

[c+s5%BGP (BGP)

[ c+3% EtoH (B)

| C + Rosiglitazone (R)

|
|
[c+1%EAE(EAE) |
|
|
|

[ c+ clofibrate (cP)
| |

l 4 weeks
Oral glucose tolerance test

(1g glucose/kr body weight)

1 weeks 17
sacrificed

Plasma glucose and insulin
at 4 weeks of test diets feeding

glucose insulin

%\200 600
E, o @ ab ab - a ‘ ‘
= ab i
= I A = R S S
g T |3
S T T Q40r b ‘
a S
8 =
2 100 < 30 ¢ o
£ g
550 $
o 100
'_
o
o) 0

0 CF

B C BGP EAE E R CF B C B BAE E R
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(B) OGTT at Wk 4

1 g glucose/kgbw

350

g =2 C: Hi-fat control

P 300 o ggp

S —s— EAE

§ 250 —=— E

2 —e— R )i

a —— CF /

o 200 r

=

) —_—

E 150

@ .

'é 100 | C+ 5% Bitter Gourd
L ‘ ‘ ‘ .1

6] 20 40 60 80 100

Time (min)

B,C,R,CF e § kit {7 15~ diisn it hd &

BGP,E &> f 5t (7 304~ 4afs o EE R F @
B

19

Area Under Curve of the OGTT
at 4 weeks of test diets feeding

B C BGP EAE E R CF 20



) S0F [ PPAR 55 571 3 e [t 1 i t“?‘-ﬁiﬁﬁélﬁii@[ﬁiﬁﬁ [ N

Experimental Il: prevention study

B: Freeze-Dried Wild Bitter Gourd diet effects on C57BL/6J mice

C57BL/6J mice

[ (1) 5%BGP diet

—— (2) control diet
(5% soybean oil AIN-76 diet)
— (3) MEAE
(500mg/kg BW/day)
2 weeks

— (4) hEAE
i (1000mg/kg BW/day)

___ (5) Clofibrate
i (100mg/kg BW)

control diet
+

gavage

—c (6) Rosiglitazone
(10mg/kg BW)

Body weight

o ¥

a 149 a a
L T

b
-

25

20

15

10

final body weight (g)

C 5% mEAE hEAE CF RSG
BGP

(Food and energy intake have no significant difference)

— sacrificed

21

22
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Plasma glucose concentrations

300 I
1
- i
E 250 I ;|;
j@)] a 1
\E/ 200 ab |
= ‘ P=0.054
8 b
g 150 * I
=) ¢ !
[1+] 100 !
£ !
8 . ;
!
0 ;
C 5% mMEAE hEAE CF RSG
BGP
23
HOMA index
16 1
i
14 )
i
< 121 i
3 i
c 10 i
1
s |
O & :
T a !
4 !
ab !
21 ; b !
1
) I N 0 =1 B 2
C

5% mEAE hEAE CF RSG
BGP

HOMA (homeostasis model assessment) index
=[fasting plasma glucose(mmol/L) x fasting plasma insulin (  M/mL)/22.5] 24
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Summary
High fat diet induced obesity (Wistar rats)

€ 5% bitter gourd significantly prevented
1. Hyperglycemia
2. Hyperinsulinemia
3. Glucose intolerance
@ 1% EAE of bitter gourd significantly prevented
Hyperinsulinemia

C57BL/6J mice
€ 5% bitter gourd significantly prevented
1. Body weight gain

2. Hyperglycemia 25

Experimental lll: dose-response study
A: High fat diet induced metabolic syndrome
Wistar rats
1 1

5% soybean oil diet 30% butter oil diet

(Basal diet) (Control diet, C)
T 3 welaks I

; 3

[c

[c+1%B0P (BGP)

|
|
[c+3wBer (Bor) |
|

[ c+5%BGP (BGP)
| J
1 14 weeks

Oral glucose tolerance test
(19 glucose/kr body weight)

1 weeks
sacrificed
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Area Under Curve of the OGTT

18000 - ‘
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C 4000 |
2000 1
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HOMA index
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5
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Liver cholesterol contents
after 15 weeks of test diets feeding

mg/g liver

a

|

4“

100

80

60

40

20

mg

a

[total liver

l&“

B C

1% 3% 5%
BGP BGP BGP

C

1% 3% 5%
BGP BGP BGP

Muscle TG contents
after 15 weeks of test diets feeding

mg/g muscle

a

AR

TT

|
B Cc

1% 3% 5%
BGP BGP BGP

50

40

|

a

1

mg/ total muscle

Y

T

29

B

C

1% 3% 5%
BGP BGP BGP

30
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Experimental Ill: Dose-Response study

B: Freeze-Dried Wild Bitter Gourd diet effects on C57BL/6J mice

[ control diet
(5% soybean oil AIN-76 diet)

® [ 05%BGP diet
€
3
2 [— 1%BGP diet 2W_eeks, g
~ sacrificed
L0
O
— 3% BGP diet
5% BGP diet
31
Body weight
30 a ‘
ab ‘
A oy 2@
T

20

15

10

Body weight (g)

C 05% 1% 3% 5%
BGP BGP BGP BGP

32
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Plasma glucose concentrations

plasma glucose (mg/dL)

plasmatriglyceride (mg/dL)

400

[ a 43%

[ ‘ 56% 60%
, VoV
200 -|- b

L T

300

100

Cc 05% 1% 3% 5%
BGP BGP BGP BGP

33

Plasma TG contents

140

100

80

o -
—o
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40

20

C 05% 1% 3% 5%
BGP BGP BGP BGP

34
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Plasma CHOL concentrations

160
- R B | ¥
E 140 'l' b b b
> T b
\E/ 120 T T T
E 100
8
Qe
©
- 60
G
g 40
§ 20
o
° C 05% 1% 3% 5%
BGP BGP BGP BGP
35
Conclusion

1% bitter gourd diet significantly prevented
¢ High fat diet induced obesity (Wistar rats)
1. Hyperinsulinemia
2. Glucose intolerance
3. Liver CHOL accumulation
4. Muscle TG accumulation

¢ C57BL/6J
1. Hyperglycemia
2. Hypertriglyceridemia
3. Hypercholesterolemia

1% bitter gourd diet
~ 4.5 g dry bitter gourd powder/day
=~ 75 g fresh bitter gourd / day

36
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Improved exp.

Prevented exp.

Dose-dependent

exp.
C57BLJ6J Wistar C57BLJ6J Wistar C57BLJ6J
506BGP 025% EAE 5%BGP 1% EAE 5% BGP 1% BGP

I Hyperglycemia I I 3 I

IGIu.intoIerance | | L 4 |

Hyperinsulinemia

I Hypertryglyceridemia II

-

I Hypercholesterokmia I I

I Liver TG accumulation I I

-

-

Liver CHOL
accumulation

| s |

| e |

[ ]

L]
[ ]

[ ]
L]

Muscle TG
accumulation 37
Liver damage index: GOT and GPT
Group GOT (U/) GPT (U
Contorl 322+154¢b 11.3+£3.5a
5% BGP 39.7+11.0° 16.6 £ 6.62
MEAE 339+10.7° 10.6+2.6°
hEAE 653+31.12 94+49b
Clofibrate 28.1+£5.6° 10.2+1.5b
Rosiglitazone 40.7+119°b 10.6+£1.0°
Normal range:
GOT=50~100 UM
38

GPT =20~50 U/
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Purification and structural determination of
bioactive constituents from Momordica charantia

IRk
NS S PRI RIS

Chi-I Chang,t Chiy-Rong Chen,{ Yun-Wen Liao, T Hsueh-Ling Cheng,
Yo-Chia Chen,T and Chang-Hung Chou §

Graduate Institute of Biotechnology, National Pingtung University of
Science and Technology, Pingtung 912, Taiwan, Institute of
Molecular Biology, National Chung Hsing University, Taichung 402,
Taiwan, and Department of Tropical Agriculture and International
Cooperation, National Pingtung University of Science and
Technology, Pingtung 912, Taiwan

ABSTRACT

Five new cucurbitane-type triterpenes, (23FE)-25-methoxycucurbit-23-ene
-3B, 7B-diol (1), (23E)-cucurbita-5,23,25-triene-33,7B-diol (2), (23E)-25-
hydroxycucurbita -5,23-diene-3,7-dione (3), (23E)- cucurbita-5,23,25-triene-3,7-
dione (4), and (23F)- 5B,19-epoxycucurbita-6,23-diene-3f,25-diol (5) together
with five known triterpene, (23E)-5f,19-epoxy-25-methoxycucurbita-6,23-dien
-3B-ol (6), 3 B,25-dihydroxy-7 8 -methoxycucurbita-5,23(F)-diene (7), 3 8
-hydroxy-7 5,25-dimethoxycucurbita-5, 23(E)-diene (8), 3B,7p,25-
trihydroxycucurbita-5,23(E)-dien-19-al (9), and 25- methoxy-3p,7p-
dihydroxycucurbita-5,23(E)-dien-19-al (10) have been isolated from the
methanol extract of the stems of Momordica charantia. The structures of the
new compounds were elucidated by spectroscopic methods.

Key words : Momordica charantia; stem; triterpene; cucurbitane
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Momordica charantia L. (Cucurbitaceae), a slender-stemmed tendril
climber, is wildly cultivated as a vegetable crop and has been used extensively
in folk medicine as a remedy for diabetes in Asia. Previous investigations have
shown that crude extracts of the fruit of M. charantia possess antidiabetic
activity'? and many cucurbitane-type triterpenoids have been isolated from the

10-12 . 13 . .
and leaves and vines ~ of M. charantia. Based on an interest

fruits,3 9 seeds,
in the discovery of bioactive natural products, we have continued with our
efforts to elucidate the antidiabetic components from Taiwanese M. charantia.
We have examined the methanolic extract of the stems of this plant and have
isolated five new cucurbitane-type triterpenoids (compounds 1-5), together
with five known cucurbitane-type triterpene (compound 6-10).>'*'" In this
paper, we report the extraction, isolation, purification, and structural

elucidation of those new constituents based on spectroscopic analysis.

Results and Discussion

Compound 1 gave a positive Liebermann-Burchard test. The HREIMS of
the ion peak at m/z 472.3916 [M]" was consistent with the molecular formula,
C31Hs,0;. The IR spectrum showed the presence of hydroxyl (3360 cm™) and
double bond (1625 and 700 cm™) functionalities. The 'H and °C NMR spectra
of 1 (Table 1) indicated the presence of seven tertiary methyls [0y 0.69, 0.89,
1.01, 1.04, 1.19 (3H each, s), 1.23 (3H x 2, s)], one secondary methyl [0y 0.87
(3H, d, J = 6.6 Hz)], a methoxyl [0y 3.12 (3H, s)], and two oxymethines [dy
3.52 (1 H, br s), 3.92 (1H, d, J = 5.6 Hz)]. In addition, olefinic NMR signals of
a trisubstituted double bond [dy 5.80 (1H, d, J = 5.6 Hz); d¢ 122.6 (d), 146.8 (s)]
and a trans-oriented disubstituted double bond [6y 5.36 (1H, d, J = 15.6 Hz),
5.48 (1H, ddd, J = 15.6, 8.4, 5.6 Hz); d¢ 128.5 (d), 136.7 (d)] coupling to a
neighboring methylene [0y 1.76 m, 2.16 m; d¢ 39.4 (t)] were also found. The
BC NMR spectrum of 1 revealed 31 carbon signals, which were assigned by
DEPT experiments as nine methyls, seven methylenes, four methines, five
quaternary carbons, four olefinic carbons, and two oxygenated carbons. By
comparison of the 'H and >C NMR data with the known compound,
(23E)-3p-hydroxy-7p, 25-dimethoxycucurbita-5,23-dien-19-al,” compound 1
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was considered as a cucurbitane-type triterpene with a A* -unsaturated C-8
side chain moiety. The downfield shift of H-7 [0y 3.92 (1H, d,J=5.6 Hz)] in 1
indicated the presence of a hydroxyl group at C-7 instead of 7g-methoxy group.
Moreover, the disappearance of aldehyde signal of C-19, along with the
presence of one additional methyl carbon signal (¢ 29.5) led to the proposal
that the aldehyde group of (23FE)-3P-hydroxy-78,
25-dimethoxycucurbita-5,23-dien-19-al was reduced to a methyl group in 1.
The HMBC spectrum of 1 showed long-range correlations between H-3 (0
3.52) and C-1 (6¢ 20.9) and C-5 (6¢ 146.8), and between H-7 (dy 3.92) and C-5
(O¢ 146.8), C-6 (d¢ 122.6), C-8 (d¢ 53.2), and C-9 (d¢ 33.9), and this suggested
that two hydroxyl groups were located at C-3 and C-7, respectively. The
olefinic proton H-6 (6y 5.80) also exhibited HMBC correlations with C-4 (3¢
41.5), C-7 (0¢c 68.2), C-8 (0¢ 53.2), and C-10 (d¢ 38.5). Futhermore, the «
orientation of H-7 was determined by the cross-peaks between H-7 (0 3.92)
and H-30 (0y 0.69) observed in the NOESY spectrum of 1. From the above
evidence, compound 1 was characterized as (23E)-25-methoxycucurbit-
23-ene-3p,7p-diol. Complete 'H and *C NMR chemical shifts were established
by 'H- '"H COSY, HMQC, HMBC, and NOESY spectra.

The HREIMS of 2 showed a molecular ion peak at m/z 440.3625,
corresponding to the molecular formula, C;0H430,, and indicating seven
degrees of unsaturation. The IR spectrum displayed absorptions for hydroxyl
(3350 cm™), and terminal double bond (3080, 1650, 875 cm™) functionalities.
The '"H NMR spectrum of 2 (Table 1) showed resonances for five tertiary
methyls [0y 0.69, 0.90, 1.03, 1.06, 1.20 (3H each, s)], a secondary methyl [0y
0.89 (3H, d, J = 6.4 Hz)], a vinylic methyl [0y 1.83 (3H, s)], two secondary
oxygenated methines [0y 3.52 (1 H, t, J = 2.4 Hz), 3.92 (1H, d, J = 5.6 Hz)],
and a terminal methylene [dy 4.83 (2H, br s)]. Besides, olefinic proton signals
attributing to a trisubstituted double bond [dy 5.80 (1H, d, /= 5.6 Hz)] and a
trans-oriented disubstituted double bond [6y 6.08 (1H, d, J = 15.6 Hz), 5.60
(1H, ddd, J = 15.6, 7.2, 7.2 Hz)] coupling to a neighboring methylene [dy 1.79
m, 2.22 m; d¢ 39.7 (t)] were also observed. Altogether, 30 carbon signals were
observed in the °C NMR spectrum of 2 and were sorted into seven methyls,
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seven methylenes, four methines, four quaternary carbons, six olefinic carbons,

and two secondary oxygenated carbons. The >C NMR data were very similar
to those of 1, except for the signals of C-17—C-23 of the side chain. A (23E)-A
22 _conjugated diene C-8 moiety as the side chain of 2 was suggested by both
the NMR data [dy 4.83 (2H, br s, H-27), 5.60 (1H, ddd, J = 15.6, 7.2, 7.2 Hz),
6.08 (1H, d, J = 15.6 Hz); ¢ 114.0 (C-27), 129.4 (C-23), 134.1 (C-24), 142.2
(C-25)] and the fragment ions in the EIMS at m/z 81 [CH,CHCHC(CH;)CH,]",
m/z 109 [side chain]”, m/z 331 [M—side chain]”. In a HMBC experiment,
correlations between H-23 (dy 5.60) and C-20 (8¢ 36.6), C-22 (8¢ 39.7), C-25
(8¢ 142.2) and H-27 (3y 4.83) and C-23 (8¢ 129.4), C-25 (8¢ 142.2), C-26 (3¢
18.7) were observed. The relative configurations of methyl groups and other
protons in the tetracyclic rings were determined by significant NOE
correlations between H-3 (0y 3.52) and H-28 (6 4.83), H-7 (0 3.92) and H-30
Oy 0.69), H-30 (dy 0.69) and H-17 (0 1.46) in the NOESY spectrum. Thus,
compound 2 was elucidated as (23E)-cucurbita-5,23,25-triene-38,7p-
diol.

By HREIMS, compound 3 revealed a molecular formula of C3yH4cO3 from
the molecular ion at m/z [M]" 454.3423, indicating the presence of eight
degrees of unsaturation. The IR spectrum showed absorption bands at 3400
cm” (hydroxyl), 1710 cm™ (isolated ketone), and 1655 cm™ (conjugated
ketone). The UV spectrum displayed an absorption maximum at 256 nm. The
'H and ">C NMR spectra of 3 (Tables 1 and 2) exhibited seven tertiary methyls
[0n 0.86, 0.87, 0.93, 1.31, 1.33 (3H each, s) and 1.28 (3H x 2, s)] and a
secondary methyl [640.88 (3H, d, J = 6.6 Hz)], and a a-H of a,pB-unsaturated
carbonyl system [oy 6.14 (1H, d, J= 2.4 Hz); 6¢ 125.4 (d), 167.6 (s), 202.4 (s)].
Unambiguous comparison of 'H and °C NMR data between 1 and 3 revealed
that two oxymethines at C-3 and C-7 in 1 were absent. Instead, an isolated
ketone and a a,B-unsaturated carbonyl carbons at 6¢ 211.6 (C-3) and 6¢202.4
(C-7) and a low field shifted carbon at 6¢ 38.1 (C-2) were observed, indicating
that 3 is an oxidized derivative of 1. The isolated ketone and a,B-unsaturated
carbonyl carbons were respectively assigned at C-3 and C-7, which were
supported by the HMBC correlations between H-2 ( 8y2.50, 2.58 ) and C-1 (0¢
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23.6), C-3 (8¢ 211.6), and C-10 (0¢ 41.2 ), and between H-6 ( oy 6.14 ) and
C-4 (8¢ 51.4), C-7 (8¢202.4 ), C-8 (8¢ 59.2 ), and C-10 (8¢ 41.2). '"H-'H
COSY, HMQC, and HMBC analysis, together with the fragment ion at m/z 355
[M — CH,CHCHC(CH;3),0H] * confirmed the side chain to be
CH,CHCHC(CH3),0OH. Compound 3 was accordingly determined as
(23E)-25-hydroxycucurbita-5,23-diene-3,7-dione.

The molecular formula of compound 4 was assigned as C3oHs4O,, on the
basis of the HREIMS ([M]" m/z 436.3342), C NMR, and DEPT spectra.
Analysis of the IR spectrum of 4 suggested that it contains an isolated ketone
(1715 cm™), a conjugated ketone (1665 cm™), and a conjugated terminal
double bond (3085, 1655, 880 cm™). The UV spectrum exhibited an absorption
maximum at 258 nm. 'H and >C NMR data (Tables 1 and 2) of the tetracyclic
part of the triterpene skeleton were almost the same as compound 3, but the
data in the the side chain were very similar to that of 2. The proposed structure
was also supported by the fragment ion peaks in the EIMS at m/z 81
[CH,CHCHC(CH3)CH,]", m/z 109 [side chain]’, m/z 327 [M—side chain],
and m/z 355 [M — CH,CHCHC(CH;)CH,]". Thus, compound 4 was
elucidated as (23E)-cucurbita-5,23,25-triene-3,7-dione.

Compound 5 was deduced to be a triterpenoid due to a positive
Liebermann- Burchard test and was assigned the molecular formula of
C30H4303, on the basis of molecular ion peak at m/z 456.3588 in the HREIMS.
The IR spectrum of 5 showed bands attributable to hydroxyl group (3360 cm™)
and double bond (1623 and 700 cm™) functionalities. The 'H and *C NMR
data (Tables 1 and 2) indicated the presence of six tertiary methyls [0y 0.87,
1.18 (3H each, s), 0.84, 1.29 (3H x 2, s)], a secondary methyl [6;0.87 (3H, d,
J=6.6 Hz)], an oxomethylene [y 3.50 (1H, d, /= 8.4 Hz), 3.65 (1H, d, /=84
Hz); 6¢ 79.8 (t)], and a multiplet oxymethine [0y 3.36 (1H, W), = 6.6 Hz, H-3)]
coupling to a hydroxyl group [0y 3.98 (1H, d, J = 9.6 Hz); disappeared on D,O
exchange]. In addition, the NMR signals for an allylic ABX system of
cis-oriented cyclohexene [0y 6.02 (1H, dd, J = 9.6, 1.6 Hz, H-6), 5.61 (1H, dd,
J=9.6, 3.6 Hz, H-7), 2.32 (1H, br s); ¢ 131.9 (d), 131.5 (d), 52.0 (d)] were
also found. The above NMR data of 5§ were very similar to that of the known
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compound, (23E)-5p,19-epoxy-25-methoxycucurbita-6,23-diene-3p-diol (6),"
except that the methoxy group being replaced by a hydroxyl group at C-25.
The structure of the side chain of 5 was also supported by the base peak of
EIMS at m/z 109 ([side chain-H,O]"). Thus, compound 5 was determined as
(23E)-5B,19-epoxy-cucurbita-6, 23-diene-3f,25-diol. Although compound 5
has been obtained by the hydrolysis of momordicoside L* it was isolated for the

first time as a natural product in the present investigation.

Experimental Section

General Experimental Procedures. Optical rotations were measured
using a JASCO DIP-180 digital spectropolarimeter. UV spectra were measured
in MeOH on a Shimadzu UV-1601PC spectrophotometer. IR spectra were
recorded on a Nicolet 510P FT-IR spectrometer. NMR spectra were recorded in
CDCl; at room temperature on a Varian Mercury plus 400 NMR spectrometer,
and the solvent resonance was used as internal shift reference (TMS as
standard). The 2D NMR spectra were recorded using standard pulse sequences.
EIMS and HREIMS were recorded on a Finnigan TSQ-700 and a JEOL
SX-102A spectrometer, respectively. TLC was performed by using silica gel 60
Fas4 plates (200 g m, Merck). CC was performed on silica gel ( 230—400
mesh ASTM, Merck). HPLC was performed by using a Lichrosorb silica gel 60
(5 £ m) column (250 x 10 mm).

Plant Material. The stems of Momordica charantia were collected in
Ping-Tung, Taiwan in July, 2003. The plant material was identified by Prof.
Sheng-Zehn Yang, Department of Forestry, National Pingtung University of
Science and Technology. A voucher specimen (no. 2013) has been deposited

at the Herbarium of this same institution.

Extraction and Isolation. Air-dried pieces of the stems of M. charantia
(18 kg) were extracted three times with methanol (30 L) at room temperature
(7 days each). The MeOH extract was evaporated in vacuo to afford a black
residue, which was suspended in H,O (3 L), and then partitioned sequentially
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using EtOAc and n-BuOH (2L x 3). The EtOAc fraction (386 g) was
chromatographed over silica gel, using mixtures of n-hexane and EtOAc of
increasing polarity as eluents. Eleven fractions were collected as follows: fr. 1
[5000 mL, n-hexane], fr. 2 [4000 mL, n-hexane —EtOAc (49:1)], fr. 3 [4000
mL, n-hexane —EtOAc (19:1)], fr. 4 [4000 mL, n-hexane —EtOAc (9:1)], fr. 5
[4000 mL, n-hexane — EtOAc (17:3)], fr. 6 [4000 mL, n-hexane — EtOAc (8:2)],
fr. 7 [4000 mL, n-hexane —EtOAc (7:3)], fr. 8 [3000 mL, n-hexane —EtOAc
(5:5)], fr. 9 [3000 mL, n-hexane — EtOAc (4:6)], fr. 10 [(3000 mL, n-hexane —
EtOAc (2:8)), fr. 11 (6000 mL, EtOAc). Fraction 5 was further
chromatographed on a silica gel column (7%45 cm), eluted with n-hexane —
CH,Cl, —EtOAc (8:6:1) to yield eight fractions (each 700 mL), fr. SA-fr. SH.
HPLC of fr. 5D with n-hexane — EtOAc (8:2) as eluent, 2 mL/min, afforded 6"
(16 mg, fr = 12.2 min) and 5 (12 mg, r = 21.3 min), respectively. Fraction 6
was further purified on a silica gel column (5x45 cm) eluted with CH,Cl, —
EtOAc (8:1). Seven fractions (each 700 mL) were obtained as follows: fr. 6A-fr.
6G. HPLC of fr. 6E with n-hexane —CH,Cl, —EtOAc (8:6:1) as eluent, 2
mL/min, and afforded 2 (10 mg, tr = 15.6 min) and 1 (8 mg, fgr = 18.2 min),
respectively. Fraction 7 was further chromatographyed on a silica gel column
(5%45 cm), eluted with CH,Cl,—EtOAc (8:1), to generate seven fractions
(each 600 mL), fr. 7A-fr. 7G. HPLC of fr. 6F with n-hexane —EtOAc (17:3) as
eluent, 2 mL/min, afforded 4 (9 mg, tr = 13.5 min) and 3 (12 mg, tr = 20.2

min), respectively.

(23E)-25-Methoxycucurbit-23-ene-3p,7p-diol (1): amorphous white
powder; [a]*p +86.6 (¢ 0.4, CHCL); IR (KBr) vimax 3360, 1625, 1463, 1379,
1242, 1191, 1131, 1021, 957, 825, 700 cm™; 'H and *C NMR data, see Tables
1 and 2; EIMS m/z 472 [M]" (3), 454 (14), 422 (27), 389 (100), 185 (12), 171
(13), 109 (15); HREIMS m/z 472.3916 (calcd for C3Hs,O3 472.3819).

(23E)-Cucurbita-5,23,23-triene-3p,7p-diol (2): amorphous white powder;
[a]*b +81.5 (¢ 0.3, CHCl3); IR (KBr) vinax 3350, 3080, 1650, 1463, 1379, 1264,
1241, 1151, 1081, 1062, 953 , 875 cm™; 'H and *C NMR data, see Tables 1
and 2; EIMS m/z 440 [M]" (1), 422 (18), 407 (14), 389 (18), 325 (5), 135 (19),
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109 (30), 81 (100); HREIMS m/z 440.3625 (calcd for C39H4s30, 440.3642).

(23E)-25-Hydroxycucurbita-5,23-diene-3,7-dione (3): amorphous white
powder; [a]”p +88.3 (¢ 0.3, CHCls); IR (KBr) vimax 3400, 1710, 1655, 1467,
1338, 1224, 1152, 1076, 958, 735 cm™; UV (MeOH) Amax (log €) 202 (4.30),
256 (3.76) nm; 'H and °C NMR data, see Tables 1 and 2; EIMS m/z 454 [M]"
(1), 355 (22), 205 (13), 121 (100), 95 (82); HREIMS m/z 454.3423 (calcd for
C30H4603 454.3435).

(23E)-Cucurbita-5,23,25-triene-3,7-dione (4): amorphous white powder;
[0]p +97.6 (¢ 0.4, CHCls); IR (KBr) vinax 3085, 1715, 1665, 1655, 1554, 1458,
1363, 1128, 1068, 998, 880, 737 cm™; UV (MeOH) Amax (log €) 202 (4.35), 258
(3.76) nm; 'H and °C NMR data, see Tables 1 and 2; EIMS m/z 436 [M]" (5),
393 (5), 355 (25), 327 (8), 149 (37), 121 (100), 79 (75); HREIMS m/z
436.3342 (caled for C30H440, 436.333).

(23E)-5B,19-Epoxy-cucurbita-6,23-diene-3p,25-diol  (5): amorphous
white powder; [a]*p —82.2 (¢ 0.3, CHCL;); 'H and °C NMR data, see Tables
1 and 2; IR (KBr) vimax 3360, 1623, 1457, 1375, 1236, 1160, 1035, 983, 851,
778, 700 cm™; EIMS m/z 456 [M]" (8), 438 (45), 390 (80), 309 (100), 281 (65);
HREIMS m/z 456.3588 [M]" (calcd for C30Hy303 456.3605).
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Table 2. °C NMR Data for 1-5 (75 MHz in CDCl5)

Ay P PR A [

135

position 1 2 3 4 5
1 20.9 21.0 23.6 23.6 17.6
2 28.6 28.7 38.1 38.1 273
3 76.7 76.7 211.6 211.6 76.1
4 41.5 41.5 51.4 514 37.2
5 146.8 146.7 167.6 167.6 87.5
6 122.6 122.5 125.4 125.4 131.9
7 68.2 68.2 202.4 202.3 131.5
8 53.2 53.1 59.2 59.2 52.0
9 33.9 33.9 36.8 36.8 45.4
10 38.5 38.6 41.2 41.2 38.8
11 324 325 31.3 313 235
12 30.0 30.0 29.7 29.7 30.8
13 45.9 459 48.5 48.5 45.4
14 48.2 48.2 45.7 45.8 48.8
15 34.6 34.6 34.5 34.5 33.1
16 27.7 27.8 27.7 27.8 28.0
17 49.9 50.1 49.4 49.6 50.0
18 15.4 15.4 15.4 15.4 14.9
19 29.5 29.6 27.2 27.2 79.8
20 36.1 36.6 36.2 36.6 36.1
21 18.7 18.8 18.7 18.9 18.6
22 39.4 39.7 39.0 39.6 39.1
23 128.5 129.4 125.0 129.0 125.1
24 136.7 134.1 139.6 1343 139.6
25 74.8 142.2 70.7 142.1 71.0
26 25.8 18.7 30.0 18.7 29.8
27 26.1 114.0 29.9 114.2 29.9
28 25.4 254 23.0 23.0 20.5
29 27.7 27.7 28.4 28.4 24.5
30 17.7 17.8 17.9 18.0 20.0

OCHj; 50.2
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IL-10 == ti’xﬂ]ﬁﬁﬂ T A= 3] 5%@14;‘?' Tﬁﬁéif'ﬁﬁﬂﬂ Pk 5
VIR 1SR ey D ﬁ@tﬁ}’ﬂbi’ﬂﬁrﬂeﬁ % (Manabe et al, 2003) o
Huang =7 * Bl 25, ) 13 quVJH ﬂ]fﬂ] RV peap etk e LPS i
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
10 {ﬁ‘*ﬁﬁﬁé‘}éﬁ? S REEL RS (A 1) fURTE | 3l 44 [Nakashima et al,
1994] » le:"’ﬁ%i#ﬁiﬁgﬁﬂ 600 mg/dL » I'*ﬁfj’f;&@ 100 mg/dL - = * % apoE2
HABEII PR VE - ﬁjé@ii fiY Type 111 hypercholesterolemia i {l] » Yl He=
TG #4- rffJﬁ'J » i PB4 Y FLE]] aortic root ~ aortic arch ~ pulmonary and
carotid arteries J&f A TEJ (5% » PPAR agonist fenofibrate i[5 {JF%& /|
E&F{*Jﬁ’f@rg}[{rﬁ (Duez et al, 2002 ) - * KI5 )ny FIRIAUAR S~ e |l i
I Pofsh =R - P ] E&i’%fﬁ ﬁﬁ%@ Egﬁ‘“ﬁﬁ'@aﬂl “AY LDL pyEl
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’EE‘T}U’?E' TR S TR IR RS (A LDL (Palinski W, 1996 ) -
PR SR [ e EF—I%U LR S [EE RLELNEUE  (ApoE deficient,
LDL receptor defect, apo B mutation ) ?]WFE[IE JH ] (Reddick et al, 1994 ) > [X
g -

$4PFEH | ApoE knockout mice AU HSER  X AN TRARI [ fud Sﬁ?‘, ¥
B0 T UGS 2 VIR 2 S O i Miedia area
ratio » == EYRATIR T TRIEA o W:;rsja IE Tﬁk,%gﬂq@’*{[ AR fE
73 > I RAW264.7 =1 e Eipsi =t IR 14k éfgff Pk 390 fl&j
[Rilpo Tt X JvPuss LPS ? FHpY PGE2 NO I X [ﬂ% » R IETRIE
=SB MMP- 7 5 ORISR : 251 * A1 A g o
ﬁbﬁw&TNFam%fk,mﬁﬁrmwﬁ[?f%?u%ﬂ%ﬁ%brsiﬁﬁeﬂ
RSR[50 (PRSI 1MV -

= R
(=) FPE

LR qﬁ;@fﬁli%ﬁg p%g&&iclywﬁ Lt = FEEED Ff[g
(E> =) fed- 5 WB15> H7H30070 7 o = PR = R mE R
SRl VRSEGE T NEZ  HE17.6 2 T iz o 3 ER5.990 o H
P {1139, 28V i ‘%“[‘f&#ﬁs 6596 ~ F38.296 ~ e 1HT4.5196 ~ T 556.7% ~
TFET2.6696 o 1[5 CRAPR R VP 1 SR 5 2T RS 150
SN ek éfﬂ gt 1R J%fif‘ﬁ' TV24-] [ o FPRE IR 60°C 2 5 AR
b fﬁ?UZSO_p‘d » FAVEFEI59% (BIHTN, 2005 ) -

(=) g
1LEaR]

AP UL £ A5 RS 22 AIN-76 ( American Institute of Nutrition,1997 ) [l
H(EET- }H LA (Samyang Genex Corp,Seoul,Korea ) #[15 P (1 [;Fﬁ?
EER) F‘Jf“lﬂﬁb"’?‘/l B PRy S5 w A,E' ‘&rf | (ICN Biomed) F'Vlﬁ
Wik (Sigma,USA) %@?éiﬁﬁ (JRS. Vitacel,German) + AIN-T6[fE PR 1)
(ICN Biomed) ~ AIN-765%% A1 (ICN Biomed ) - & (Sigma)
YaiE (Hanawa,Japan ) ~ 57 f&= 30 (7 A f== 00 ~ 59t GRS A0
DI A F) B0 U AR 1L 02 2 L [ 3R A 2V~ Clofibrate
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(Fluka) ~ TZD (Avandia) o I3, 35555 55 Fadifd IE Rl h“",*“ %L1
TR R [ 55 P PR istarch - (-2.9% ) ~ cellulose ( 2.1%) 5
IR SR TR PI1% TV ES 1% butter 5 IF9E - SEE) TaTE
protein, mineral, vitamin, cellulose .V nutrition density » {fi! [ﬁ A7 IEEﬁF,E}]?H

(chow diet) - #/E&— fji"]6 FEPR] (1) chow diet - MF18Fy ¥ SERETH]

(2) ﬁ.’ﬂ : FZO/iﬁlﬁ = (3) ﬁ £ A F20/?EI§E+S/L [} R
F oo (4) EI qF' 4Pk Afﬂﬁ P FA19/3EIEJF|+1/ Sk éfﬂf{' VP (5) FI
FiClofibrate : 3209 iElEJ,EHO 59 Clofibrate - (6) ﬁ“’,TZD : ﬁzoy 3EI§F,+
0.001239%TZD (rosiglitazone ) #/ k&= ffi* ﬁ’jflﬁ'fﬂ Vﬁ ﬁ qFﬁl' J
ﬁlj Fl ok Afﬁf{" Po= 7EEAR -

2. 8 g

Bk K] 18/EEGFICSTBL/6) apo E knockoutfiv 7% | EI45 € (MEEI T
BSoi6a™ > BRI BT 15E 104 7294~ 118 6{ﬁﬁ‘7{:ﬁUCS7BL/6J apo
Eknockoutp VZEE P ELH33E o (MR > FaEsTR S AT BRASYH - BERY

1 B FUVIHI2 T - B 12-T - 07 [IVC cage (5.%/%) SR B
?Eﬂﬁljﬁﬁ@ﬁélgi@j' > BR[OSV GREEVE B R TS
LT Y PR f’ﬁ%f%’ﬁ”ﬁiﬁﬁf” BRI R Eﬂ’f@'”ﬁ’ °
3.2 PRI o 1 e L e

}{ﬁ?v* &= E%e) (aortic arch ) RA4w= F4JT (thoracic aorta) ﬂj’Elfiﬁﬁ
AT 5 o [ A% TREH: (paraformadehyde ) VPRSI ks

El SR AT fé&’z‘i%'f‘ﬁf& A TR R S T TS T SRR
’“q"[/ﬁﬁﬁ’f?fl%J RS AT %ﬁﬂ UPBSF* J’f‘mt LR
% (308 %) > BRI UPBS I G H4°C =32 ﬁ[[futﬂj@ ( paraffin
embeddlng) }H SR T TH’LFAI'K’E DAV il A SR P A
I u\%ﬁmq@ iRV AR T B~ YR JI&F& A

115 um'pi yw.# <A, }{ﬁ]’ CINAYHE ST s 37~4OC7N@7I‘EE,1:.—:ﬂ
Heoo B 10M 5TV A A % poly-L-lysine VA j%%’/ HE3TCHE A S
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
fif (Olymus Model-ck30) 1™ ﬁﬁgﬂﬁ’fﬁ”ﬁ&ﬁ Y ETE el
‘et 781 F= 2k Intima/Media Ratio (i/[l[ﬁn“ﬁ?ﬁB -3-2) 0 FIESMF D -
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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



144

8 R 7

F= . PR 1 & 2 56

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
® =
?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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453 P [ N JIE AP ORE THP-1 & LPS il Ak 2 iy MMP-9
(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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6.Bi-Yu Lin, Ching-Jang Huang, Yueh-Hsiung Kuo, and Wen-Huey Wu,
Fractionation and identification of anti-inflammatory components in bitter
gourd. (Under review by Food Chemistry)
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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
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INTRODUCTION

Hepadnavirus is a small hepatotropic DNA-containing virus that
replicates through an RNA intermediate (). Huamn hepatitis B virus (HBV), a
member of the hepadnavirus family, is responsible for both acute and chronic
liver infection. Chronic HBV infection, which causes liver cirrhosis and
hepatocellular carcinoma (HCC), is a major global public health problem
(Hino et al., 2002). Over 350 millions people are chronically infected with
HBV and about 1 million people die of HBV related diseases each year,
although an effective vaccine has been available for 20 years, there is still no
effective treatment for HBV infected individuals (Ocama et al., 2005). The
clinical treatments such as interferon-o. (INF-a), nucleoside analog and gene
therapy strategy are of limited efficacy because of low rates of seroconversion
and the rapid development of drug-resistant mutants (Shindo et al., 1999;
Chiou et al., 2001; Liaw, 2002; Wolters et al., 2002). There is an urgent need
for more effective antiviral therapies or alternative approaches that can
completely reduce or inhibit HBV replication.

Herbal medications are currently being promoted for clinical use in
preventing virus infection or cancer therapy. Many of these claims are based on
anecdotes in traditional Chinese medicine. Nevertheless, it is conceivable that
certain herbs or natural products could have potent pharmacological properties.
Momordica charantia, a cucurbitaceae fruit widely consumed as a vegetable in
Asia, has been reported to possess several bioactivities including antidiabetic
activity, antimutagenicity, antiviral activity and cytotoxicity (Grover & Yadav,
2004). It is one of the plants that has been frequently used as medicine. MC is
commonly known as bitter gourd or bitter melon in English and cultivated
throughout the world for use as vegetable as well as medicine. Some of its
common uses in most countries are for treatment of diabetes (Day et al., 1990;
Grover et al., 2001). It was also reported to have prominent anti-virus activities
on human immunodeficiency virus (HIV) and herpes simplex virus (HSV) by
the MC-derived ribosome inactivating proteins, MAP30 and GAP31
(Lee-Huang et al., 1995; Bourinbaiar & Lee-Huang, 1996). Previous studies
have shown that crude MC extract and its various purified fractions from some
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species have anticancer activity against several malignancies such as lymphoid
leukemia, lymphoma, choriocarcinoma, melanoma, breast cancer, skin tumor,
prostatic cancer, squamous carcinoma of tongue and larynx, human bladder
carcinomas and Hodgkin’s disease (Battelli et al., 1996; Sun et al., 2001). In
addition to the reported anti-tumor activity of MAP30 and GAP31, momordin,
cucurbitacin and two glycoproteins, o and B momorcharins, from MC seeds
have also been elucidated to inhibit guanylate cyclase of pathogenesis and
replication of leukemia and other cancers (Takemoto et al., 1982; Ng et al.,
1992; Rybak et al., 1994; Arazi et al., 2002). HBV is highly associated with the
development of hepatocellular carcinoma. However, the bioactivities of MC on
HBV and the HBV related hepatocellular carcinoma remain to be elucidated.
To clarify the anti-tumor effect of MC on hepatocellular carcinoma,
HBV-infected cells will simultaneously aid to reveal the possible anti-virus
effect on the cells and the HBV regulatory mechanisms respond to MC. The
aim of this study intends to primarily evaluate the effect of MC extracted by
different parts or processes in human hepatocellular carcinoma HepG2 cells
and that HBV-infected HepG2.2.15 cells.

MATERIALS AND METHODS

Preparation of MC Extracts

Fruits, stems, leaves and seeds of MC were certified and kindly donated
by the District Agricultural Research and Extension Station, Council of
Agriculture (Hualien, Taiwan). Different parts of the fresh M. charantia were
chipped and extracted with CH,Cl, and ethanol under room temperature,
respectively. The CH,CI, and ethanol extracts were separately concentrated
under reduced pressure to give a brownish residue. The extracts were
consequently diluted with DMSO and PBS to the appropriate concentration
before using for various treatments.

Cell Lines and Culture
HepG2.2.15 cells (human hepatoma cell line HepG2 stably transfected
with HBV genome, kindly provided by Prof. W.L. Shih) and HepG2 cells
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(human hepatocellular carcinoma, obtained from American Type Culture
Collection) were cultured and maintained in Dulbecco’s modified Eagle’s
medium (DMEM), supplemented with 100 ml/l fetal bovine serum (FBS),
1.5¢/1 sodium bicarbonate, 1.0 mmol/l sodium pyruvate, 100 1U/ml penicillin
and 100 pg/ml streptomycin at 37°C in a humidified incubator with 5% CO,. A
final concentration of 200ug/ml G418 was contained in the medium for the
maintenance of HepG2.2.15 cells. Before the treatment, the cell count was
adjusted to 1x10° /ml and cell viability to higher than 90% by trypan blue
exclusion test. All cultures were free of mycoplasma.

MC Extracts Treatment and Cell Viability Assay

For MC extract treatments, 1x10* HepG2 and HepG2.2.15 cells were
seeded onto a 96-well plate and allowed to grow for one day before treatment
with different concentrations of MC extracts. After drug treatment, the cell
viability was measured based on the reduction of MTT in mitochondria. A
microculture tetrazolium colorimetric assay was performed to determine the
cytotoxicity and cell proliferation of MC by using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (MTT, Sigma
Chemical Co., St Louis, MO). After treating with MC for 0, 24 and 48 h, the
media were removed and cells were washed with phosphate-buffered saline
(PBS). MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
was then added to each well to a final concentration of 0.5 mg/ml and cells
were incubated at 37°C for 4 h. The reaction was terminated by removing the
supernatant gently and the purple formazan crystals were dissolved by adding
100 12 1 of DMSO, following by thorough mixing for 30 min. Plates were read
at 570 nm using the microplate reader (uQuant, Kcjunior, Bio-Tek Instruments,
Inc. U.S.A.) according to the manufacturer’s instruction. The means and
standard deviations were calculated from eight replicates. Relative cellular
growth was calculated by a ratio of average absorbance or counts of various
treatments to that of the control ones.
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Nuclear Staining with DAPI and Pl

Cellular changes after treatments were evaluated by staining with Pl and
DAPI. HepG2 and HepG2.2.15 cells were treated with the extracts of MC for
24h before staining. PI stained cells were fixed with 80% ethanol for 30 min
and incubated with a 5 ¢ M Propidium iodide solution for 30 min in the dark.
DAPI stained cells were fixed with 4% paraformaldehyde for 10 min and
incubated with a 0.4 ;2 g/ml DAPI solution for 10 min in the dark. The nuclear
morphology of the cells was examined by fluorescence microscopy (Axiovert
200, Zeiss, Germany).

Statistical Analysis

For all the treatments, data were expressed as meanzSE of six
independent experiments. Statistical analysis of variance followed by Student’s
t-test was used to assess the differences between control and cells treated with
the extraction of MC.

RESULT

Inhibition of Cell Growth by MC

As shown in Figure 1, the growth of HepG2 and HepG2.2.15 cells were
not inhibited significantly by MC after treating at a concentration of 1 or 2
mg/ml. The growth inhibition was comparatively evaluated with the control
cells and the cells treated by cisplatin which is an effective chemotherapeutic
agent. From the cell viability, fruit of 2381 and 5281 extracted by ethanol
showed a higher inhibitory effect on cell growth at the treated concentration of
2mg/ml. In general, at the same treatment condition, the growth inhibition of
MC on HepG2.2.15 cells was slightly higher than that on HepG2 cells. Among
all the different species of MC, ethanol extract of HM483 and HM17 showed
significant cell growth inhibition on HepG2 and HepG2.2.15 in a dose- and
time-dependent manner. As shown in Figure 2, the effect of MC on HepG2
cells was slightly higher than that on HepG2.2.15 cells. The effective dose used
for inhibiting the cell growth was lower than other MC extracts. In addition,
the MC from different cultivated area showed significant different growth
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inhibition on both cells (data not shown).

Morphological Observations

After treating with HM483 and HM17, both the cells declined
significantly with an increased dose. The nuclear condensation could be
observed at 24 h after treatments. The difference of cellular changes between
HepG2 and HepG2.2.15 was not significant.
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Figure 1.Effect of growth inhibition on HepG2 and HepG2.2.15 cells by

various MC extracts. HepG2 and HepG2.2.15 cells were treated with
the indicated concentrations of MC extracts for two days. MTT
assays were processed as described in Materials and Methods. Data
represent the cell growth inhibition rate to untreated controls
(MOCK).
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Figure 2.Effect of growth inhibition on HepG2 and HepG2.2.15 cells by

ethanol extracted HM483 and HM17. HepG2 and Hep2.2.15 were
treated with a gradient concentration from 0.2 to 0.5mg/ml.
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Figure 3.DAPI/PI double staining of HepG2 and HepG2.2.15 cells by treating
with the ethanol extracted HM483.

DISCUSSION

Numerous attempts have been made to identify treatment for HBV
infections because of the consequent diseases (Colacino, 1996; Huang et al.,
2006). Among them, several components from natural products and many
small molecules of herbal origin have been shown to have some anti-HBV
activities in vitro. These results partly explain the beneficial effects of
complementary or alternative strategy in the treatment of HBV-infected
patients. According to previous report using by MAP30, a plant protein
obtained from Momordica charantia, the production of HBV and expression of
HBsAg and HBeAg could be inhibited by MAP30 (Fan et al., 2007). Our result
from the cytotoxic analysis of MC on both HepG2 and HepG2.2.15 cells could
just show a significant anti-tumor activity by an appropriate MC extract, but it
didn’t demonstrate any information concerning the anti-virus activity on HBV.

MAP30 and another anti-HIVV protein from Gelonium multiflorum,
GAP31, have been reported to possess dual ability to act on both DNA and
RNA substrates. MAP has a novel DNA topological inactivation ability to
convert viral DNA into topologically inactive forms and interrupting DNA
function. The ability of MAP30 to interrupt essential topological
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interconversions of viral DNA and ribosomal function of rRNA in
viral-infected cells may provide novel mechanisms for its antiviral actions.
MAP30 also has potent anti-tumor activity against tumor cells (Rybak et al.,
1994). In addition to MAP30, extracts of MC contain many other components
which are not well characterized and may contain undefined biological
activities. The importance of MC in regulating cell viability is mediated by
several components.

This study on dosage-cell growth relationships showed that several
species of MC with appropriate extraction could inhibit the growth of HepG2
and HepG2.2.15 cells. The differences of growth inhibitory effect on HepG2
and HepG2.2.15 by specific MC extracts are not significant. With the
anti-HBV data of the HepG2.2.15 cells that didn’t be shown in this study, the
effective MC extracts for anti-virus and anti-tumor bioactivities are different. It
indicated that these bioactivities of MC extract on HepG2 cells with or without
HBV were mediated by different components.

Our results in this study indicated that MC is a potent anticancer drug on
both hepatocellular carcinoma cells with or without HBV infection. However,
the anti-HBV activity of MC extracts on HBV-infected hepatocellular
carcinoma cells and the relationship between anti-virus and anti-tumor activity
in HepG2.2.15 cells remain to be investigated.
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The Anti-virus and Anti-tumor Effect of
Momordica charantia on HepG2 and HepG2.2.15
Cells.

Shih-Fang Tsang®, Yi-Ling Yeh?, Jong-Ho Chyuan?, Hsue-Yin Hsu'

Institute and Department of Life Science, Tzu-Chi University".
Hualien District Agricultural Research and Extension Station®.

ABSTRACT

To search for virus and cancer chemopreventive agents from natural
resources, many phytochemicals and food additives have been screened. Bitter
gourd (Momordica charantia, MC), widely known for its hypoglycemic,
antiviral, antidiabetic and antitumor activities, has been used throughout the
world as both food and traditional medicine. To clarify the multifunctional
activities of MC with different species, the in vitro anti-virus and anti-tumor
activities of crude extracts from MC were evaluated in this study by
hepatocarcinoma cell lines, HepG2 cells and Hepatitis B virus (HBV)-infected
HepG2 cells, HepG2.2.15 cells. MTT analysis was used to compare the
cytotoxicity of cells treated with extracts of MC. Among the ethanol or
CH2CI2 extracts from MC seed, fruit, stem and leaves tested, only the ethanol
extracts from the fruit inhibited the growth of HepG2 or HepG2,2,15 cells.
Some extracts inhibited cell growth in both HepG2 and HepG2.2.15 cells in a
time- and dose-dependent manner. Ethanol extracts from fruits of HM483 and
HM17 showed significant growth inhibition on both cell lines at concentrations
higher than 0.4mg/ml. There was no difference between HepG2 and
HepG2.2.15 cells to all the MC extracts tested. It showed the presence of the
HBV genome in the HepG2.2.15 cells did not change the response of HepG2
cells to MC extracts.

Key words : Anti-virus, Anti-tumor, Momordica charantia, HepG2, HBV.
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