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SUMMARY

The prevalence of diabetes mellitus is increasing in the general population, and it
has been the fifth leading cause of death among Koreans. Controlling blood
glucose levels as close to normal and preventing diabetic complications are the
major goals in the treatment of diabetes mellitus. Intensive glycemic control is
essential for risk reduction of diabetes-related complications, which are the major
causes of premature death among patients with diabetes. Dyslipidemia and
oxidative stress are also related with risk for diabetic complications. Although
oral hypoglycemic agents are used to treat diabetes, the chronic use of these
agents can result in side effects. Therefore, numerous studies have evaluated
natural products with hypoglycemic effect, as alternative hypoglycemic agents for
diabetes to be used in addition to conventional treatments. Cancer is the first
leading cause of death among Koreans. Trapa japonica Flerov. has been
traditionally used to treat cancer and diabetes without scientific evidences. The
previous studies showed that Trapa japonica Flerov. exerts strong antioxidant
effect in vitro. Thus it could be effective in preventing cancer and improving
diabetes mellitus.

The objectives of this study is to elucidate antidiabetic and anticancer effects of
Trapa japonica Flerov. and develop value-additive products. This project consists
of three subjects to fulfill the objectives. The first subject is to elucidate
antidiabetic effect of Trapa japonica Flerov. in vitro and in vivo and determine
efficacy of the products containing 7Trapa japonica Flerov. in the patients with
type 2 diabetes mellitus. The second is to determine the anticancer effect of
Trapa japonica Flerov. in vitro and in vivo and elucidate the mechanisms of
action by molecular biological methods. The third is to isolate and identify the
bioactive compounds from 7Trapa japonica Flerov. and develop functional food

materials.

1. Elucidation of antidiabetic effect of Trapa japonica Flerov. in animal
model of diabetes and in the patients with type 2 diabetes mellitus.

A. Inhibition of Trapa japonica Flerov. against carbohydrate digestion

enzyme in vitro and in vivo

- Alpha-glucosidase inhibitory activity in vitro
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Yeast n-glucosidase inhibitory activities of extracts of Trapa japonica
Flerov. were measured using g—nitrophenyl-n-glucopyranoside as substrate.
Methanol and 80% ethanol extract showed strong inhibitory activities

compared with Acarbose.

- Effect of Trapa japonica Flerov. on postprandial hyperglycemia in
diabetic rats

The effect of the methanol extract of 7Trapa japonica Flerov. on the
postprandial increase in  blood glucose levels was studied in
streptozotocin—-induced diabetic rats using a carbohydrate load test. Oral
administration of Trapa japonica Flerov. (0.5 g/kg) significantly decreased
incremental blood glucose levels at 30, 60, 90, and 120 min (p<0.05) after
an oral ingestion of starch (1 g/kg). The area under the glucose response
curve(AUC) of the Trapa japonica Flerov. group significantly decreased

compared to that of the control group.

B. Effect of chronic feeding Trapa japonica Flerov. on glycemic control
and lipid metabolism in db/db mice
- Glycemic control
The effect of chronic feeding of Trapa japonica Flerov. was studied in an
animal model of type 2 diabetes. Four-week-old db/db mice were fed
AIN-93G diet or diet containing 10% Trapa japonica Flerov. powder for 6
weeks. Consumption of 7Trapa japonica Flerov. significantly decreased
fasting plasma glucose and glycated hemoglobin and tended to decrease
plasma insulin. Chronic consumption of Trapa japonica Flerov. significantly

increased mRNA expression of hepatic GLUT4 and insulin receptor.

- Control of dyslipidemia and antioxidative effect

Chronic consumption of 7Trapa japonica Flerov. significantly decreased
plasma triglyceride and total cholesterol levels. Hepatic TBARS levels of
Trapa japonica Flerov. was significantly lower than the control group.
Trapa japonica Flerov. significantly increased hepatic glutathione level and
SOD activity.

C. Antidibetic effect of Trapa japonica Flerov. in the patients with type
2 diabetes mellitus
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- Acute effect of Trapa japonica Flerov. on postprandial glycemic
response
The effect of 95% ethanol extract of Trapa japonica Flerov. on postprandial
glucose was studied in 13 patients with type 2 diabetes mellitus. Each
subject ingested cooked rice containing 50g of available carbohydrates alone
or rice with Trapa japonica Flerov. extract (3 g) after an 12hr overnight
fast. Consumption of Trapa japonica Flerov. extract significantly decreased
postprandial blood glucose levels at 30, 60, 90, 120, 180 min and AUC of
glycemic response curve compared with the control group. Consumption of
Trapa japonica Flerov. extract significantly decreased postprandial plasma
insulin levels at 60 min The data suggest that acute ingestion of Trapa
japonica Flerov. extract could be effective in controlling postprandial

hyperglycemia in diabetic patients.

- Beneficial effect of chronic consumption of Trapa japonica Flerov.
in diabetic patients
Twenty patients with uncomplicated type 2 diabetes consumed meal
replacement containing milled barley, brown rice, buckwheat and Trapa
japonica Flerov. powder in the ratio of 36:27:27:10 (TJF group, 70 g/d) or
standard breakfast (control group) for 3 months. The amounts of
carbohydrates, fat, protein and dietary fiber contained in the grain products
and the regular breakfast were similar. BMI, waist circumference and body
fat content of the TJF group were not significantly different from those of
the control group. Consumption of Trapa japonica Flerov. significantly
decreased systolic blood pressure, fasting plasma glucose, insulin,
fructosamine, glycated hemoglobin and HOMA-IR. Consumption of Trapa
japonica  Flerov. significantly decreased plasma triglycerides, total
cholesterol, FFA, and TBARS and atherogenic index and increased RBC
SOD activity. Consumption of Trapa japonica Flerov improved glucose
tolerance. Thus Trapa japonica Flerov. could decrease risk for diabetic
complications by improving hyperglycemia and dyslipidemia and

antioxidative activity.
2. Investigation of the anticancer effect of Trapa japonica Flerov. in vitro

and in vivo and elucidation of the mechanisms of action by molecular
biological methods.
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A. Anticancer effects screening of Trapa japonica extracts

- Anticancer effects screening in cancer cell lines
Cytotoxic effects were evaluated by MTT assay and morphologic
observation in the cancer cells treated with Trapa japonica extracts.
Most effective fractions—hexane fraction was one of them- were
determined based on cyctotoxic analysis. Apoptosis was observed in
Trapa japonica extracts—treated cells deteremined by flow cytometric
analysis in that sub Gl fraction was markedly increased.

- Synergy evaluation with conventional anticancer drugs
Conventional anticancer drugs were shown to be synergic with Trapa
japonica extracts. Among the extracts, the water extract was synergic
with cisplatin in MDA-MB-231 cells and the 70% ethanol extract was
synergic with Taxol and cisplatin in MCF-7 cells. In drug resistant cells
the 70% ethanol extract was most effective but all extracts were
ineffective in adriamycin-resistant cells.

- Effector protein identification by proteomics
Effector proteins were identified by proteomics as a basic reference
protein map with effect of Trapa japonica extracts. Peroxiredoxin 2, a

thioredoxin enzyme system was identified as an effector protein.

B. Anticancer effects validation of Trapa japonica extracts

- Evaluation of sub—fractions isolated the screened fraction
Further screenings were done to define the most effective fraction.
Hexane fraction was defined as the candidate for following in vivo trial
in tumor bearing animal model.

- Animal tumor model development
Human peritoneal sarcoma cell line S-180 was used to develope cancer
in mouse. S-180 cells cultivated in flask culture were inoculated into
mouse peritoneal space by intraperitoneal injection(IP). Successful tumor
development was determined by the occurrence of significant ascites and
weight increase which signifies a malignant process. Survival time
spaned 16.3%¥1.1 days in tumor bearing mice. By contrast, mean survival
time was 35.1%£1.1 days in hexane fraction-treated tumor bearing mice.
These results showed that Trapa japonica extracts has a significant

anticancer efficacy.
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- Molecular biologic work to study the molecular mechanisms of
action
Effector proteins were analyzed by Western blot. Retinoblastoma
protein(RB), a tumor suppressor was dephosphorylated by Trapa
japonica extracts and becomes an active regulator of cell cycle
progression and acts as cancer cell growth inhibition. A proto-
oncogene, cyclin D1 was decreased by Trapa japonica extracts and also
deserved as being inhibitory to cell growing. Cdk4, a partner for cyclin
D1 was not changed. These results suggested that tumor growth
inhibition was executed by cell cycle arrest in G1/S transition controlled
by RB. These were similar with the effects of other anticancer drugs.

- Target protein identifications
Several proteins such as vimentin, cytokeratin 19, glutathion

S—transferase:increase, cathepsin D were identified by proteomic analysis.

C. In vivo anticancer drug validation of Trapa japonica and
determination of molecular mechanisms
- In vivo anticancer drug validation with animal tumor model
Tumor bearing rate was increased in mouse model by in vivo activation
of S-180 cells in mouse peritoneal space in addition to in vitro flask
culture. Based on the 2nd year data animal studies were followed by
grouping including solvent-DMSO group. A significant antitumor effects
were observed in Trapa japonica extracts—treated group. In this study
survival time reached upto 36 days in Trapa japonica extracts—treated
mice comparing 11-21 days of survival in control mice. These data
confirmed the anticancer efficacy of Trapa japonica. and suggested that
it may belong to a cytostatic anticancer agent.
- Study of molecular mechanism:
Trapa japonica did not appear to influence activity of peroxiredoxin 2.
Expression of peroxiredoxin 2 was increased in human breast cancer
tissues.
- Determination of target protein expression
A stable transfectant in which peroxiredoxin 2 (prx2) overexpressed was
established in cervical cancer cell line HelLa and used to assess the role
of prx2 in executing anticancer action by 7Trapa japonica. The result

with prx overexpressed cells showed that peroxiredoxin 2 overexpressing
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HeLa cells live longer than control cells with the treatment of Trapa
japonica. Further experiments showed that peroxiredoxin 2 acts as
chaperon protein and inhibits protein degradation induced by Trapa
Jjaponica. Ubiquitination was decreased in peroxiredoxin overexpressing
cells. These results showed peroxiredoxin 2 protects cancer cells from

the attack of anticancer agents such as Trapa japonica extract.

3. Purification and characterization of bioactive compounds from Trapa
Jjaponica Flerov.

A. Purification and identification of bioactive compounds from the
extract

- Bioactivities of the solvent extracts
Eighty percent ethanol extract was prepared from the fruit shell of Trapa
Jjaponica Flerov. and fractionated by a series of extraction using hexane,
chloroform, ethylacetate, butanol, and water. Among the fractions,
ethylacetate extract showed both of strong DPPH radical scavenging
activity and a-glucosidase inhibitory activity.
— Purification of bioactive compounds from Trapa japonica Flerov.
Four kinds of effective bioactive compounds were purified using LH-20
column chromatography and Cis semi-preparative HPLC from ethylacetate
extract.
- Identification of bioactive compounds
Purified bioactive compounds are identified as gallic acid, 1,2,6-tri-O-
galloyl-b-D-glucose, tellimagrandin II, and 1,2,3,6-tetra-O-galloyl-b-
D-glucose using LC/MS, IR, and NMR analyses.

B. In vitro bioactivity of bioactive compounds purified from Trapa
japonica Flerov.
- Bioactivity of purified compounds
Among four bioactive compounds, gallic acid showed the strongest
antioxidant activity (IC5=60mg/mL) and tellimagrandin II showed the most
effective inhibitory activity against yeast a-glucosidase (ICs=0.38mg/mL).
- Enzyme inhibition property of bioactive compound
Enzyme inhibition of tellimagrandin II against ao-glucosidase was decreased

as the concentration of enzyme, substrate, and BSA added increased,
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showing the inhibition was related with tight binding inhibition and

competitive inhibition.

C. Contents of bioactive compounds in the fruits of Trapa japonica
Flerov.
- The contents of bioactive compounds in the ethanol extract of fruits from
Gihwa company (hot-air dried) and harvested from Changnyung, Korea
(freeze—dried) were 9.2% and 14.5%. Low content of the extract from
hot—air dried fruits may be due to the exposure to high temperature during
drying process where some of bioactive compounds could be degraded.
The contents of gallic acid, 1,2,6-tri-O-galloyl-b— D-glucose, tellimagrandin
II, and 1,2,3,6-tetra-O-galloyl-b-D-glucose in 1kg of hot-air dried powder
of the fruits supplied from Gihwa company were 1.5g, 1.5g, 19g, and 3.3g,

respectively.

4. Development of functional food materials using bioactive Trapa japonica
Flerov.

A. Optimization of extraction procedure from Trapa japonica Flerov.
- The optimized condition for the extraction of bioactive compounds from
Trapa japonica Flerov. is two times extraction using 80% ethanol as

solvent at a temperature of 40C and pH of 4 for 24hr.

B. Physicochemical stability of bioactive compounds from Trapa
japonica Flerov.
- Physicochemical stabilities of bioactive compounds against temperature,
pH and metal ion were determined. High molecular weight gallotannins
were easily degraded during an incubation at high temperature (100C) for
20hr and most of active compounds were destroyed at alkaline pH.
Therefore, to avoid high temperature and high pH during the process is

helpful to maintain the bioactive compounds.

C. Development of functional food materials using bioactive compounds
- On the basis of this study capsule type product and meal replacement
such as Sunshik are recommended because the major gallotannin
compounds have bitter taste. Toxicity evaluation is prerequisite for more

application to functional foods.
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The results on this study elucidated antidiabetic and anticancer effect of

Trapa japonica Flerov.

_24_



Chapter 1.
Session 1.
Session 2.
Session 3.

Chapter 2.
Session 1.
Session 2.
Session 3.

Chapter 3.
Session 1.
Session 2.
Session 3.

Chapter 4.
Session 1.
Session 2.
Session 3.
Session 4.

Chapter 5.
Session 1.
Session 2.
Session 3.

Chapter 6.

Chapter 7.

CONTENTS

Outlines ~———————————"———————————— 30
Research Objectives —————————————————————————————————— 30
Research Necessity ~——————--"""""""""""""""""—""—— 30
Research Scopes - 35
International and Domestic Technology Status ———————- 39
International and Domestic Status —————————-——-—""————— 39
problems ~--------------------------———-——-——-—-——- 40
Solutions for the problems ———--------—————————————————- 41
Methods and Results ————--—----------—--———-——————~ 42
Overall design of the study ~———""""""""""""""""— 42
Materials and methods -—-—--------=-===-"=———-————-————— 45
Results and discussions ———————-————————————————————— 67
Achivement and Contribution to related fields ————--—- 144
Achivements ———————————————————————————————————————— 144
Contribution to related fields ~————————---"""""""""""-—— 147
Contrubution to the related fileds ~—————"""""""""— 149
Outcome of the study —————------""""""----—————————— 151
Application of Results ---------—------—--————————- 153
Necessity of additional research ~—————————-""--"""""-— 153
Application to other studies —-----——————————————————-—- 153
Methods for manufacturing ~————-—————-—-""""""""———————— 154
Information collected from overseas ——————————-————-—-— 155
References ~-----—-——-—-——------"-"-"-"""""""""""-——"———— 160

_25_



A1 AIEABHAY AL oo 30
AL AFAE BAH oo 30
A2 A AFAY BRA - 30

1 @ATALE] BAA 31

b 71EH BB oo 31

W A - APGH F oo 33
R 34

A 38 AFAE W - 3
1 ATAE BES WG - 3

2. AR AL BHES} WG e 36

A2 A WY AEAT BF oo 39

A LA TR BF oo 39

L9 2 8 FF - 39
oA AAY G B FIE FA 39
Gk @Ae FAp 39

2. Fu L ABA FERW A 39

3. T+ & BAIG ——mmmmmm oo 40
A 2B FAR - 40
A 3A BARY MAWE —-mmmmmmm oo a1
1 $Ago] g HALAY AW e a1

2. Aol Mol AYsL A%H oz ol HeF a1

A3FATAEFE WG L B o 42
A LA AFAG FRAAA —--mmmmmmmmmmmmmm oo 42

LIRS e 43

_26_



45

BT e 4

5+

53
54

?} FAF - 49

N

9=
=]
B e

8
2

]_

Aol glefA mH el

o]

g A
Jolgs 2Fayd e 53

5|

ko=
=

Fol A <]
oFA 2} o] synergy

1

2
2
z

13

9]6

7 o Al

=

7}. In vitrool A

. S5 27 oA
=

2. vhEo @

3. mf

)

Jo
o

—~

o
o
il
B
o

B

55

!
umo
o
o0
To°
o)
o
i

il

ali
_ZT-E
_ZT

o

b 58 2doX9 in vivo

H

& iAYSE: Y —————— 57

Z}
2l

1

TE 3

gl

pa,

Tor

S
&

=i
=

X
g

~

58

]
o
B

60

S

)
=

Z]

A3 A AFAL FHAF - 6]

=]

% FY o= 71
- 27 -

8

5t

°

FA

&
=

7}. In vitrool A
Y. EEdA A



ok Fr@el glojA vhEel

5 23 - 89

B

oF
=

FolMel g

ST
X

ok Al

7}

.

93

B BA mmmmmmmmmmmemeee

=

A ¢kl synergy

Forer

=
-

]

7

95

R

™
o
Hr

faw
)

Jo

o

o
i

H

96

Nlo
!
umO
ol
!
o)
o)
i
o

ao

A
_ZT.C
_ZT

]

w

. 58 2949 in vivo

H

g
ol
oF
el

T

ot

q

I
;O_v

)

A A

N Gt = 99

WA Y
d @A o] in vivo

~

AP —----mm—————= 101

=
=]

-- 106

AR

=13
=

gy Qe T2 B o 112

e vhEel fae

Aegd Aee e ————— 125

e

)

=11

130

A8 e

wy

=
s}

i

o

0

_]

el 24

rE

7h v o 25

136

A WA e

34

=7

g

—

=
=%

J,mo
T
o
oF
oF

o

144

BABOO Y I AT oo

=i
=

A4 BFEGHE

A 1B BERHYE ~——mmmmm e 44

144

L AP oo

_28_



R 145

3 3R E —mm 146
A2A AFAEEES] GHE - 147
1L A7dzte] A R BHE 147
A3A BAEF NAE 149
A48 @FATF —mmmmm oo 151
A5 AFABAHY GEAY oo 153
A1AFAATY BRA ~--mmmmm oo 153
A2 A B AT §§ 153
A3 A 7 Q8 R oo 154
A6 g ATFAEARAN FAF AAHGAERR ———————— - 155
AlA 3w 85 B ARG EAR ~———--mmmmmmmmmm 155
A2AGE 55 B AYFAANEHE e 157
A3d FaEd 29, 54 29 AYRHN AR - 159
A 7T BTED ~m-mmmmmmmmm oo 160

_29_



A1 AFNEFAY Ma

o
frt
4
i)
4
L4
ofo
o
e
M
o=
o
iz
ox
-
45
2
no
ofl
=
ok,
f
2
ol
WE,
oSt
s
B~
2
lo

A 24 AFNE DA

O wh&ol @2

Fig. 1. Trapa japonica Flerov.

g9 54
@ w}E(Trapa japonica Flerov., Fig. 1)< 3= Ao EXsln e FAXE
2 QEA7E FAI Fo] Hlo] BHRE wo=E= Addo] 9o = =

ghefj kol E9).

Ir

A AF7] WEQE Aoyt JomA gE Fo] W x
Mol Fgoz 2 glo] A
(water chestnut) =¥ Wwlolglx &

boes 5 Skl g 39

@ mtEo] W (ES) Trapas e ojolA we w2 npZo] K7} o Hho] F7)
3

(Fig. 1). &
2rha st &

w2, T HA

oz %

o

_30_



@ olARE AE AAL ol Hu & Fo] Wi F Ayoem o

gor), @elAe o AujE SACGEN), FEOKHIGNE e WAL
]

d

nE duls Ute oA 4, XNE, A5, A, T 59 AR
f5o] (B, 1976; AEA, 1984). vl dujE E 2 doji] miAd
A5 ZH7F Q3 53 Y, AR, AT 2 U=
e 9oy, #HeHoem I EFS FEIF AT

rie -

2

1] 1]

o

(www.okmedi.net).

O rtge RE

b

d

rlo

o
s

gl 2

AZAHE el S M AE o BEa Aol Eofutd £S5 O

£ 5 N2 4

s oo i

1 d7A2e Ha A

N obo
ol

-1

rE &

o At

=
s

Aoz AsfA

449

g ool de] Bl glow AFAu AR, At &3] &
FAAEY. g T/ 2 Agd gid B3 (Chung, et al, 1987)°l
FEvketell = F 77FA O] whEo] A Astm o] FellA Japonica type©l
o] F i AL wtES AW fsiAe TSl Euivb o miEX

o) 4|

O Zx¥szte] g9 243 T A5 YA AUANEHE
M E AAE Fd 257HR 71548 LAY g

O AAEZHH sfdso] F28o] gle I 7IsA &A A

O 3%, Fgase] AAun, AAde] A U F8& 58
oo g FFo| 7t AAle At

_31_



o] 7bA

o 4_.
o K (- = ma o
M~ o = = T3
= A R R W
) —_ N —
s yoo e o~ & W
o B N i T o op X o = N R
= W< a3 b T2 G
=l 7 W i 17r = T o
i i} F o5 B dn & i Y T P i ol m o i
= uwmaﬂm_me ¥ " " W%%H @ﬂ%v o
B X T N @ua_. my @ WﬁMaTq T D i
Fo T ﬂe@ﬂoTMt A.ﬂ% iﬂ/l 0 ﬂ_]ﬂmﬂL ﬂ]owuma Hhn
o b & O - KW ol < o = @ a
w (- > o , S = 2 o
Ea B o A 7 A Calk XEH%
oouo]za 3 g o e E ﬁolsﬂ =
= h " ° 5 oo R = B ! T A < M- X
i B R PR o ol z A =
&L < oF W< O T 5 R =T o e = A4 W
B T H T 7T LarE BT
) = ooy N - - T " = o s ol 3 o
g ©° o ol X = A ~ 1 .]nx_u ]dn
ﬂiTuTElmMuﬂl _,1%1 .x.ﬁﬁ G xn_tuoﬁM mmoﬂwi N
o ﬁon_tuﬂAH,_ma .oﬁyuﬂ% oH o *zE By M9 6
_AO# .Oxﬁﬁ LU)‘I.AO ]O O%\Ll ‘Ir‘.ﬂOU O~I
RErET: > wgTws _% =L o s
ﬁfﬂﬂ@%ﬂ%& _:mﬂum * :oﬂz_ o gaf %
oK B = N Bo o o= H - e o N ojp ~ ny NE 2mouk do 3 &a ..ﬂ, HO <0
Lﬂ.ﬂxamﬁqma% %ﬂﬁhw o o @_1%,5,3 ﬁmfwﬁ% e
; 3 — ! ~+ =
M&oxﬂmﬁ@rﬂi_g mﬂ%%z m :omo%uﬂ Lié% 7 o
HLXﬁﬂH] T ol = N JI_E 3 LILHT b - - D ;&1
i i3 HM N Jo 3 2n ojn S V ny X o ol N A o i o 0| oW on
HTaL70uﬂaomoaom %@Wﬂw& % ﬂ%ﬂﬂ..] 7 R mun_/w
%Hdm:ﬂ%1% ﬂ%oﬁaomﬁso 5 = :H_:mﬁﬂy OLME aox.
dlo ) 5 o M= n TR T X A N
Lﬂwr 5 N QLOMJPJK ] lo%x]r 7L1rz - oap R
OE o X W N ORTOR £l o o N : iy Lo DK R N e I o
eI Moo < qu_LHEOﬁWL mp = G| ﬂlu L|u_,£ ~ o
i~ oTﬂaéﬂL s N A ¥ HE S g .ﬂvt Lmﬂﬂ
= 3 hTT T - E eI ;%XM@ ® o =
—~ B 0 ; T By % g _
5 7 = %ng%a%W@ wx N bl e T
= = bop LTk TN o < s
< - HE N o] = K > I < = = 9
—_ N J.X ],_.m—l ‘IXE X _/ﬂ_wmga
0 > XﬁmmﬂOOHB q‘_H_olcz.,.#xopﬁ o Hin
: L ﬁ¢%.a%ugg g T
x = owuﬂ}zﬁ%ﬂ x
N > o T w o BT
3 —~ SN 63
£l Hoé%
ho)_/
NN
2)

levamisol
b

]

[e]
okl

7]%3%

- 32 -

)



1 AA R

=3ye]
o

leukovorin

S|

wir

oﬁ

R

Folw

ol

Fol =il el A

Ccas

=

HZx

o)
=
leukovorin<

~
;OO

% 4 &3t 9l
7

5}

TA ek o

o=
o ey, o EAke] At

R
4
Hi

Z7hs AL

4ol

)
=

EERE R

5

on

el

s I R e e

X(—)] 3

il

)A
B

ojn

oh) mEkA, Add &Y FF

2 S dedo] BAF.

= AFL

st A3

73

o
=

Al A

= ] H 3

1

, 2B Aol 7

al

[e3]
A

D A 2R ot Aol

2

N
Hip

14

93]

AR 1 A TEA el o

il

of, AARNE 754 &

o]
A

55 o]

w0l

3

3

=

HAE Aol

o
gl

p—

0
_r
ﬁo
<
|
’

st A

J kg A

oA
=

5

b kel A A

3
s

gape] Sk A

o}
=1

o]
e

o
oF

oy

of e}

R

</

=

A7A Aol o] YA L, Hol

Bl

- [e)
P

)

]_

N

te] ez 714,

3

2 gkel| H|

=
-

o o] 1

}2 (Rosenberg SA, 1997).

S gabgol A5

o] el

=

A ALE A

_33_



HAl = A €

LAy

oF ol

o)
o

Al

o

it

o
b
m
o
R

AL
00

(Ahmedzai SH, 2000).

1
=

o]:7] k)

=

=

AL3] A A 2 A

o
w

el A Ak 7t

-{51_

3) =AhAE 9

el
%
ol
)
B

o

7 @A AHE-H

A=

2=
T

@

71

=

=

bl

s

W) getd stgomnE AAMe & mEssA 4
A ehA)

A 7F

ba glo] Al

)

7}
S vtatel A 300-5009H A ER oAEw, G

7t 743 3

o)
)

X
B

R
i

Nfo

P—

o)

oln], el Al

KeN
=

1] A

==
K3

\mo

T 4

—_—

<!

= ol A

3

w2}A)

of, BAel ae A A
[e)
.

o= oy

o]
A
R

Al
Al

=
T

fu

1

5t

°

7}

=

F53] 3
A7 Aol &

7H @A7A G

~O

<H
K
‘wO
To
)

Nlo

~
;OO

o

o
il

o
o
il
™
o

o)

TH

<

~
H_O

o
o

40~50tH ol

p

o

}_

S

d A Age] A

S [e)
R

ARl o2 7}
- 34 -

R

o]‘—

=
-

1 /Kg

A=)
=

oF
=

o) wEA Fxe dW
A3 da%

7hH A



S7 = AES Holi lo] A3 EAe] B AZE

) utES SRy vt 2 FelA ddx 2 et a3ub o4y
A dol Wizt A ofg o g A& Eo] ghg oledt FAA S AL 9o
o5 Hes HIHORE AT vt Huste] H99 Ag FE A
B S BEdlAl 5 A ofAokH HTbel A whEe] AlE| &
ol AFE =Eo] B HAARE 1 Yigo] in vitro ks &4 2
AEZEAo et 7|22 ARAS AAS B AFoz sy s
TA Aol AAA AT wu|g AU

th) A &9 d 2 Xg27)%0] de D &AY o] AAI

a3

A3 A AT HAY

(

i)
il
o
u
-z
)
4z
2
o
o
g2
=l
oM.
2
2
[-40
R
r
it
Ho
&
O~
oft
ke
B
2
e,
o+~
ol
B
e
lo

2. 4xE A7 S8 HE

_35_



& =z +
X0 i oF Mm o=
A = = ° = G
d ° g [ R g g Q
T X 0 gl < o o 3 X 70 —
W 3 o o e W
5| 2 £ A o > up Mﬁ wow R
19 3 =
® B ow T R g ooz o F
= o " QO < rE 30 Boow — e ok W
K e - = 5 B oo N o 5
m _Zrl o HT_ . ,_Iryl ;oT ~ (9] L«U ﬂ_yl qA-U HT m
% i oﬁa = N ~0 ol ;ﬁ ﬂ ~n e O = EO | — M.H
T Ewe s I JTPTEE W g T o B
T A U N Zo o T il M_Tw = 8 N m Gl T o= P g
W 3 = o B = o X o T = =5 o ® ©
= Zﬁ W JRa | R <P o X oo ol o a Jjo 0 ° ey o
~ ol o ° T ap Noo g %P .2 od MRS &0
Sl gy BN R T 10 22w s M w 8%
@L@@onaﬁeﬁﬂemaﬂaaaﬂlﬂo ﬂomﬂ = o B ! j.MoJ._,outm
2% SEY %ﬁziﬂ_é i o q S A Mo mfulxoﬁ,}mwf
wo = = A S [ oo o o o N N S x°
Jo © djo = o RGN ] - = 5= B e = g N R T - S o
o o 5 o 2 o X o T 8 w2 T -
g m ﬂ}_ﬁc%?ﬁlﬂr 1zgﬂﬂ%rﬂ? W T o 5 R
2 op = 3 o Mo 5 = 2 o 5 N R S ol B o i 7 < 2
v}ufm%@%m@;am% ;Tzz@@%avoq A )
cERITaABLEIR R e © | wawT o EE
| < = = T N T - xR0 < S5 o Ho ° e 5 o
° o ! ;e X oF of T B WS Ko R 7 o JNog X
° o R ~ Eé e_uum%%ﬂlﬂ
I e ) =~
nn_ 4 ° o = = ERNGH
H.__l ‘WO © @) ! o , 1
il 760 Ho R
i
- g IF i o] of
I+ ) o T kR
| =9 _—ou_ Em ,_Ir.” .Aluﬂ E.E HT_
& O L R
I M = g
ia = O
TE
TS

- 36 -



=
ML
R
=
=\‘l:

)

L,
e
H
(2
=
X
i
<
o
s
2
£

o B TES WHeE I AVEE
5

E 2d9l db/db moused Al 657+

|
X
[N}
oft
oft
kr

>,
bl
H
H

o H
o dgxdan 4 Ao MdEd 24}
- F&5 g ded, g9 XA profile, T E=E
2ZW T 54
- 82 BUN, creatinine2 Z7%3s}o] A&7z 1
A= e A

MAET 74 - Aldose reductase &4, sorbitol ¥ glutathione &t
o, AdHistE gy Akt e LA 4 SA

o Aldose reductase®} AF3} & A7
o A7l AHAE A o)A WHEE ekl =
Z o] @A+ mRNA expressions =3 3slo],

S EEIEE RSN

of\
o
=
n1m
ox,
ox, ©

22} o A28 Pt 9ol AZEAY zAFI FA
dx - AN vhE FAFEE AHFH A AF d9A |
5l =3
o e E SA AT S 2
AF- TA el AR A
O] mb=eo] apop| TE RdeA9] in vivo &% 4]
53 79 - ICR mouse®l| A &7 24 G5
- T8 AR Folol wWE Y 5T &9l
- &% 7EE 9% xHstE BAAESH A
AA
o FAdw, Ao AHEHY £ F
- GPC, recycling HPLC, TLC, HPLC & °]-&3}
O wee ga| L TEEwE wTEUl £
O I
g =4 o - NMR, GC-MS, LC-MS, MALDI-TOF/MS &<
EQAT °l-8ted —L‘%ﬂ% wg%gq %7

I 1Cs kw4

_37_



W dlo ,
= 7 MM g = i £ q
= - s ¢ <+ il
N - 8 - E
£3 gl i) i K 5 EK M- . MM M o
5 ~ :.; ZE \_mw_- B B = X =
~a o Jlo T pit
i i o R W N N i3 e " o =
= iy X ~ _Uh Jo N - & - = W = ~
w - ) n N JMN L ,ﬂui o] oh = X o iR h of
Gl —_ ) ~ sl
= X W < T O ﬁ = M 70 T o= mjr MW 5 T 7o @
) _— =) 0 .. s
= o T G —_— M Njo do -§ B T OF XO =
% I -~ X Zﬂ Iy o X - ™ R o)
o T omo 2o F o T XS e X7 o q
= ol o el oo o W Pl o & L | o R Hie
W | = m % 8= % o T g B OR W o W <
ol = = S X oo W iod O o ¥ T = =
= |3 ol = oo nhy w8 < | Lo T Yo oy o B
55,0 F20grEr pienfiiTEzaty
il ‘A%.__ %0 C N < = rm To =< " N e - ‘Wm mK o [ o oy %o T =T
SLET mrmwfumﬂ_gﬁimﬂﬁ wER LT SR g
N < — - ~ RV = T W T B ol ~ —_ oy 0 N
) SR Mﬁguﬁ&m%aaé%éoo_ﬂfgmw
o w o I R oo TR BT W T
ﬁmm%muﬁé%gmﬂﬂs EJ&%@&%EH%@%VW@:E
feTorTaTe LT EER Y el E SRR S
R Lo B | ! o | 1 o om g = 1 oF o Mom | HD o ,mw_ Md'
o o o ! Lo Co ok
22 o o o o o roo
0
mr = do GG o
X ~ «
# % q o - © W
—_ W R jof T T B =
~ =1 o oo ™
Mﬂ ..}yo Iyt BK o _—
"+ ~ oH o ‘B o K
= ® o) E od d
3! [ u oF o
H O
i % 48
w R

- 38 -




A2 =W VleNd %

A1 A she] 9%
1 gw3 2 daxy %

oA AL a8 F7 FA

D A AAA ez 19940l 191-REg o] lar, 2010 ol =
o 22009) F74E o

2) $-euhet Frdabs 300-500%

Qe 10%2 FHHM, Fue @I Aga

S BT D ABEV ATt BUs] F3%

o

elvhetel A oAb
B A Av 5047 AgEe] A
O =
—— 3

7}8lE= A A (Parker et al., 1996).

2. 3 W EAAY GEQYY FFE

2993-d9wnig o 2

1 2 (www.biozine.kribb.re.kr).
5 o ATg 2AYE gnd Sugo &)

hogndA FO10%E Adse ALY gnadt Aed awe AAs,
90%% AAst= A2Y FudAs ATELRA aWS AN ol

w g AstAls AEeaAl, vlgoluo] =) a-glucosidase HAIA To= &
T AEeLAE A ez EYY ded ZHE o
Aol #28S dod F gdom, Moo=

B
(gluconeogenesis) 2 ZdxA E&fES A=, 2475
of =

7150 AstE s
—glucosidase AsjAlE Ao A
o Aslsted, FRAN T E
oo Az Y FS
g ez st

BE
A8 = (lactic acidosis) g e
g3l Eo] 4slE JAs 4

59 gl 92,

7 of 27] F%A Anst BASH A9 gL o 4
S gersietagel KA el Hiul o4, FE, B4, 1 2 A
A% Aol B A FREon AnE ASY F e 497 B ol

_39_



o)
A

1o Ao

3
s

B A o

o}
o] 7] F 2l levamisol, G4HHF-EA 21 leukovorin®] 7HEE o] =] 2] ol A

5

)\01-

¥
[eg]
S

ofell AAA
=

3
3t

] leukovorine
o

= =]
= °
3L 2=
=

woli e
oo o
e, dBRe A7

o
I~
ol =T

W) ol
B o

7ts 1

=
[}

KN
=

I

719l

SERS

s

of el gl &

=
=]

7F =del A o] Foj i wt

1

3|
pul

of WAl #

FoohE

3
pud

o]

Iy

wio]l Baxe] 215 (Choi, et al, 1997).

2002-0084984) 4 %7}

3

=
=T

Al

\=|
a2

s

9]

v

L
L

=8z

. =

il

A7 ARAS B (Kim, et al., 1997).

opAlokd FAhoA] whE

=T

A=) =]
o

2} ] A]
o] HuHJA T 1 &o] in vitro

s A
=

el

s,

3

O

3}

s

d AFe= A

T
A A (Rahman, et al., 2000;

(e}

al 7

715

EL:]
R

Amnts AN

L 2

244

SR ERE

ek =
Kosuge et al., 1986).
o wetA o}

Jo

G|
o
o

-
i

KoL

—_

)

"
o
,_Ir.yl

B

W

—_—

Jo

H
i

o I, F
-1 = I A

=
=]

A=

A %

98

=
=

3 &A

A2dZAA

Exd R

mo
o

al

I sty AEY A, Oy

A=A

o
N

—_—

Njo
,mo
ox

}+= polyol pathway 2343

3|

aldose reductase’} o]

AEZA B F=

15A4= ¢S 9

X

oﬁ

5o} 9

Nfo

Al el

15

N

7o

g

M

oa

,_1t

$33 webd

=7}

FA Q)

o 3

_40_



mon
of
il

p—

o

el

GERED

FA3H4
o grart

el R=

R S

. webA

o
=

o)
A

R

o

)

—
o

N
P

el

s

=0

B

A 3Hd EAHY A2

A

J

2 $ARAZ A1 9

Ao G FA

PHoz hEoERE YPn L PG 2AY Aol Y AF

s
Hr

=]
.

A&7 7]

7h 4

=
o

H7E 7.

T

2 FHFol 7t

&350

s A

2. 989 7140 A¥

.
fi%e)

B
i

B
</

X

on

X

¢+

o

Ho

8
4r

il
s

)

e

52 Aabell &g

X

|
=

o

g

ﬁo

A=A Al A

ShA 2K (

FAl W

ol
K
A
<

jze]

R BT RERE

7

=

!

ol

e o

N

o
w

B

_41_



A 3%

(8.'7_7]:'%%:‘33 "H‘%‘ 1;‘1 éﬂ]—

A LA AFAE 2247

O% =

uhE e g R by, gl alel ]l AR At

A
=
(3 14] 5)

FEEY
&, B4
(24| =)

12hd 5

27

3

CERCTTE A

- 42 -

= I'- -,
| (A ) [
cvimEa Eae e -4
- o -HEE M g )
I | , I :
: *ﬂér H‘H-.T-I (="
T | e ||
&3 = guea
L | A L ﬂ-ﬁ' | P \ | )
¢ 12 22 N
- S E=H t;fﬁfj& ot
enromaton -HMR, IR, LCMS oA EL Y
. chromatography | | )L |
+ 4 EY7HE
« HAR
(HHE7)



O A1) §714

A 1A - A
(1419

Y5 A
(374

dat 24

2 vl
it

9714 A 24 - A
(7] 3hA k&)

[e]
R

1 1Idd =

7. 1415 A
2 2 2uj R in vitro A4S E ¥ 2 aldose reductase A S FA}
&

i, vhE F22 AYRHAIE P FERAL GAPOR § WAL

=

. A2A4 F-ZA
e B SRS in vitro ©dtE FaEL A2 2ART vhEo

= .
dE Aol AlE

23E 45 AABARAL 14 Bastd AR 2 ,
g 2L FARHL AT

o d 3 3A
AAEFAM  AZ delsHE =AY FYaTee 2addsta, V€ #
A

o opAlshel e A FT.

_43_



2. 224 =

7. 1415 3-A)

(RS R E=s
F2 2 Wy

5|

N

Nlo
,WO
ToR

K

& i

=
=]

o
mo

. 24153 A

!
g

;OL

viel

o

iz

el
R

SHA AE, G

ol
= H

5} 4]

AiES AlLA

=

g & I4A

o

=

g Eahol

5}

sto] 24

o =Y

el

]

o

H

7F. 1A R A

i
—_

A 24 F- A ol A 7]

1}, 243 7]

to, ALA 2R 2

dE)= LS

e

3L
h=)

2 A (24 A1 3

=
Fol Al €]

5|

715 A

o]
dE At AA

3

|

0
o

R
ﬂv.o

1513
=

o

_44_



A2AddFNE 3RS

AugR BAES AOACH Slstol RS I, obvleit B AW 24

1) 853E A3t84 AHEAH &3

eSS TAAZEE F 100% HEE 9 80% dlers® FEste] S 53t
Atk A5 9] a-glucosidase A 3&4dS Watanabe 52 "ol we} 43S
T} 50ul yeast n—glucosidased] A E2FE&E 10E 7}l ODysE A3
t}. 58 3o 7] (para-nitrophenyl-n-D-glucopyranoside) S 500 3 7}3sFaL
2 g

Aol M 527 BESAI7]aL ODuss SAko] F35k WMI=RH ai A
d&

2) In vitrodl A fFElgdZd £2A% FA}
2o B e 70% o S acetone, isopropyl alcohol FEE 9 in vitro
FgikslsS DPPHH S o83t FAadddsoz FHAAth(Blois, 1958). vl

o FAEEA, A4, A5 Megs FEes Axsta, d4queE 2
g

godo] FAssS DPPHHS ol&dte] ZAagdth A& 30uel 2 x 10-'M
DPPH (1,1-diphenyl-picryhydrazyl)E& 7}staL, 10&E3%o] 517nmolA 3 =&
SAAT AR FHEE dxT9 FFdEe vlauste] YT AAES (%R

EAISIA T =% 02 & L-ascorbic acidE AF&3F

3) In vitrool A aldose reductase A A A =A

G SHE o X2 E59E 2AE] Y8 A8 aldose reductase A 3
S Hayman & Kinoshita®(1965)2. 2 =A3sdtt. A= 250-300g¢ SD
A ratg heart puncture® 3|AAZl F lensE AFHSF T Lensol 0.1M
phosphate  buffer  saline(pH7.4)& 1081 3 7}8}9]  homogenated}<]
5,000g*x10min centrifugedt & A5 NS FH3Ath D, L-glyceraldehydeE 712

e
ox [
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2 AF83}31, beta-NADPH
o7 3H0nmolA FTIE=E

IC50E T3t
Y. EEDANA BF A} & 13

1) STZ-f% BxF o A AF FF Astad 19
A5 250-300ge] Sprague-Dawley Al 3 2 FH A 0.1M citrate buffer(pH
45)9 & A7l streptozotocin(Sigma Co., USA)S E7d] FAIoZH
(65mg/kg BW) @xs ettt 159 F s&5Ad A4S aeg oA
A FH3Fo] 7rold A Z(Glucotrend, Roche, Germany) d3<& ZA3do] 200~
400mg/dLel s H = FEs AEste] F Loz YFduhn=12). &< 16
AZE AAAZL & diz2ddAlE A& H(1lg/ke)s PhEl A= {lﬂr Sl
(1g/kg) % vlE Wee FHE589(05g/keg)S 27 gastric intubatloné‘}
Aol 30, 30, 60, 90, 120, 180, 240%-o zmz] A A sl &

Zoldy AR 33 FHAste] dIWsE AT A F3S ‘%
(Area under the curve, AUC)E AASIA Y. BE F£X+= H
YER AT 7 Abol o] {94 Student's t-test® w413k

}Lm[o—ﬁ

| e
JH
FPI >
MN Lo
2y oﬂ 52 oo

=)
I

\&

s &
Il
@

a=0.0
2) A28 BuFE YA uEe T &7 71

7 AdTE 2 Aoz
A AFE A28 dxid 47 db/db mouse(n=12)& F +o= U
AIN-93G basal 2J¢] 9 & I3 = 7t
AT Aol gstE, dld Ak Aol dfo S FUdsHA
i, B3y G 43 MEE FASIEE SR tHTable 1). &0l Al
Holt= ad libitumo® FFAAL, AFAY 2% L FEE 20~25T,

o
50~60% = TI‘X] %]\ 7%]?:}% 12/\12_]' {Pﬁ,gg 4‘: DJ /\v—o]—
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Table 1. Composition of basal and Trapa japonica Flerov. diets

Ingredient Basal diet Trapa japonica Flerov.
(%) diet (%)
Corn starch 39.75 33.09
Dextrinized cornstarch 13.20 13.20
Casein 20.00 18.88
Sucrose 10.00 10.00
Alpha—cellulose 5.00 2.81
Mineral mixture 3.50 3.50
Vitamin mixture 1.00 1.00
L-cystine 0.30 0.30
Choline bitartrate 0.25 0.25
Tert-butyl hydroquinone 0.0014 0.0014
Soybean oil 7.00 6.97
Trapa japonica Flerov.” - 10.00
“Freeze—dried
4 2 2 PR
49 FB AF L Aol HABL F 238 ZARAL A Aol HH 6
FAl, UAE AN RS SANAT P Fetsr IR aRvE
adsyel olsl SAsEa, B4 TEd, FAAY, FelxHE, HDL-2
2HE, BUN Y creatinine %5+ EA4Wow SAH3AY. Aded 7%
radioimmunoassay ' &2 3% &}l t}.
) 3PS Adad =4

(1) Z+z=Z 9 ANAH3E F= 2 carbonyl & 53
bz o] AAHRLEE ] 542 Ohkawa 5(1979)2] WHS o] 831
thiobarbituric acid(TBA)$¢} 4¥H§-3l+ malondialdehyde(MDA)®] 3+ %
=A% EFEHoZ = 1,1,3,3,-tetramethoxypropane(TMP) &
st 3+ =A9 oA carbonyl TR

hydrazine)Z ©]-&3F Oliver 5(1987)2] WH & o] &3] =A3 )
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(2) Z¥ZZ4 ¢l Glutathione 5% =3

7 229] glutathione &%+ Richardson¥} Murphy & (1975)¢] %
o] g3to] FABIATE AlFE9F 4% sulfosalicylic acidE  WHSAIZ]
2,500rpmel Al 105t IAEAI & A5 dS FHshar disulfide

reagents 7}8te] 412nmelA FHE=E S35 h

o nlo

(3) Ttx= 9 FiAsasA &4 A

7F ZA A 9] superoxide dismutase(SOD) &4 Marklund 5 (1974)
o] WS o] g3lo] dzte] AEjoll A pyrogallol®] AgAtsbe] o] gk -
o2 Z7Ast9th Catalase B4 AebiH(1984) 202 F33ton, T4
4L 1 < lumoled] 712 S FaAI7IE 549 S lunit=2 33
t}. Glutathione peroxidase(GSH-px) &4 Lawrence®t Burk(1976)2]
o] o)s FA35%l L, lunite 193F lpmole®] NADPHE 4tshAl7]+=
B Fom Aot

(4) AFx2A 9] aldose reductase &4 % lens? sorbitol T& 73
A Az 2 2] aldose reductase A4S Hayman & Kinoshita® (1965) 2. &2
=439 1L, lens® sorbitol X% sorbitol dehydrogenaseE ©] &3}
A7 - FREE SASHA

) 559 1 2 AFEAY FHA TAFE AL

k& AV AH7E F4ks &4 aldose reductase, insulin receptor,
glucose transporter(GLUT4)9] gene expression®] "] X|+&= 93-S FASHAA
tf B2 7k AAZXAY total RNAZS TRI reagentE Alg3te] 283+
o} 2293 total RNAE 1.2% formaldehyde-agarose gel®l| fractionationgk
% Hybond N+ nylon membrane®| transferd}it}. Target gene?]
p-labeled cDNAE probe® A}-43}4] northern blot hybridizationg 21 A]
sk St

v BAA Y
RE 3L PTHEFPAR Gehiglon], ¥ 2o F999 ol
& ttest® AH8 3k THP<0.05).

I+

4

oN T
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sto] EH& %F/]%}&’iu‘r.
radioimmunoassay =
Hlalsto] F7RAE 741*&6}1
(AUC)S AAretarh. 7+ A
t-test= A A5 H(p<0.05).

AU/
i

1
o
_O|L
2
&
o
I 1 o

EE
HU

2 o Ho

o) B4
BE SAAE HAExATHAE e o, 7 e §9Fd Ao
ASLS t-testE AFE3FA TH(p<0.05).

A2¥ FTEBA QAA mrEe B HHAER

7F) A AE
20219 A28

a3t AR %}M

- o] : 35-754

- AAFASF 0 19-32kg/m”
- TE "84 126-270mg/dL
- gt RZFEY 0 >65%
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W) e AAAF 4

e A ®E, @, m, Egsto] Alxs A tH(Fig. 2). B
2], @n, W2 77 18] AA sk, 158 ko] Eoll 33t th(E e 40
W, dn) 508, WY 4083, FHE 247 steaming@ (3 kg/m’, 30%
). A=A 110°CA A 483 e &, 43 HTHI0 mesh). 12,
v, M2S 4339 HleE e e 13 AHT § Fddxs)
3 A THO0 mesh). PHEY FE7F 5%, 10%, 15% WAl &3 =+
o S EFste] AAAES ML iEE AFe] deHAE
AAAEIL SFHTE 139 v&=2 EFste] mE] Fd¥ 15219 panel©]
M (color), F(flavor), ZA7(texture), Uhtaste), T34 715 %= (overall
quality) & S5HM o= ZAbste], (1) - 7 F96GH) ez Frtetsl
o YA HAL EAEXHANOVA) % Turkey's test® A A tH
(p<0.05). #5 HAAAI 10% viE e+ AAAEol 7Hd 58kl HE
L 70g @92 A4Sl g WA a7 ARl ARE-skSiTh

=

| Barley, Brown rice and Buckwheat | | Trapa japonica Flerov. |
v V

| Soaking & Steaming | | Washing |
V W/

|Dryir1g & Roasting (110T) | | Freeze-drying |

\V

| Milling (90 mesh) | | Milling (90 mesh) |
\/

| Mixing |

W
| Mixing” |
\/

| Nitrogen flushing |

W

| Packaging |

Fig. 2. Manufacturing process of mealreplacementcontaining barley,
brown rice, buckwheat and Trapa japonica Flerov. powder.

* Trapa japonica Flerov. powder is added at the concentration of 5%,
10% and 15%.
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) HEAEY Fuy ANELY 24}

Ao #7het Fndtate 25 AERYolA BAFEd A AE 585k
Atk AFRWAAE randomdtA 272 UFE 3 37€7 ATl A=
nhES 10% it FRA2(70 g/day)s o AAF tHEA o= AlFsa,
zwoAle 43 Fo dFas dqUuAE ATsts BT obd AL 2
(standard meal)S AlFsATE whE T EErF2Alole] dubdE H

Aol 447 e Table 20] vheR2Le,

AEre A2 70ge §-f 200mLet A ol HAALR 1253 B85
A2 70gel e et AUA FHFE Table 200 YEFHATE T
ANA AFd FFolHAAL Adke FHRT 2ws (3 140g), AR o S5F
T 0503 (Fa7], A7), @A) 5 SF 20g EE spApn], ol b
T, ), ®Bol, Hof, 7], e A T A 25g), M 1ad (w5
A 30g B A=A T A 35g), - 200mLo| vk AR Fet A}
T Bl H&8 & dEFYoA A EIANAE AHH R 58351
AL, AAA QD AAAEY life styles FAEAoH, AR7|ZF < HEAT
TR, ALY 5o B AlES BusEE 39 th

vREAE BE AT 3N A Foll AAAFES AAlska, deke
SAATE ARV A, Fo FEAAH AP NS AfFH s, FeE R
Z249 g3 2 ¥4 T EAM(fructosamine), Q& Y 2HE =
JA %, HDL-Zu ~H &, LDL-ZFH2HE v55 At 84 A4
WaratE gy ¥ gatsasd) 248 AT £2Y Faky
AR FEALC 75 g XEFS AAAZ F, 2= Fal 241 ol 4F
o] g9 42 ed&Ed T8 A3

Table 2. Nutrient and energy content of grain product containing 7Trapa
japonica Flerov

Nutrient Carbohydrates Protein Fat Energy

Amount 518 g 71 g 12 g 246 kcal

“Amount contained in 70g of the product

(1) AAAZ=
A7 A, Fel A R ATE S48k AE AT (body mass
index, BMDE st3laL, slelzdl, d¢s SAste] ¥t =5 A

3Tk A A S A X WA (TBF-105, Tanica, Japan)E Al-g&3te] =43}
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At

(2) @9xd 25

A A 9 104 o] Folle w2AZ & ted of3 T E AdH el
A A dAG AFsA. Il EIZEN S ARvEIIHoeR
=4k A3 MELS 3000rpmol A 1587 AR & I3
S FHAY. ¥€98 aayer FAHsa, ¥F A€W TEE
radioimmunoassay™ © &, fructosamine &2 TAWOoRE =AY
A28 FudAe] T i U JdEd AP v = dFgFS
2AFsk7] f1skel HOMA-IR(FHEY X 35 d&d / 405) & AXtst
Atk 7lss SAs] sk GOT(glutamate  oxaloacetate

transaminase), GPT(glutamate pyruvate transaminase)Z, A3 7]5<
=43}l7] 93t BUN(blood urea nitrogen), creatinine2 TAHOoZ =
A3t

(3) Glucose tolerance
%5”5119] ﬂx}g} 7 6""“5 A F Thge EX=
-

% c
B oA 9 ¥EY R 1208
3

o o

radioimmunoassay = =73

& oo o
= =14 =
Atk Y @ AxA Fr FAAE A

(4) A A A&

g4 ZdzdsE, $AAY, HDL-2d2HE 3 LDL-Zd2HE §%=

94 f2] A Ak(free fatty acids, FFA) =& ZAHoz =439t
Ll 7 3} X 42 (Triglycerides/HDL-Z 9 2~ H| £)Z 3} %t}

(5) AAFHLASE G FAi3 544 &4

o] A distE @S Ohkawa o WHS(1979) o] &3t
thiobarbituric acid(TBA)$} ¥F$-3}= malondialdehyde(MDA)2] 3$Fak&
SA39 1, xT-gdo2= 11,33 tetramethoxypropane(TMP)S A&
stk Ad el e A EE Choi 59 WHS(1994) o] &3t
conjugated diene WA Fo A ASIAHAEE FAsIon, 27| H]
Howm Aol T/ wfo] FE GAIT :{;’T%E Hstg =M ALt
3tk SOD @42 pyrogallol?] AE

antioxidant capacityS =73} t}. Catalase
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peroxide®Z 83t & hydrogen peroxided ZAHS A&t 13k

t}.  Glutathione peroxidase A2 t-butyhydroperoxide®l

glutathiones 2F3}A1 71 3 Ak}l glutathione©] glutathione reductase
¢} NADPH®| <&Astoll thA] glutathioneo 2 U= w 249

NADPH 52 =A3s}o] 5190}

) TAAY

BEed hgTds 49 A % ide 29000 5 T 5449 2

o] (difference)& T-3til, differencete] Fol4d 5 Student’s t-testE

AF-g-Fo] A A8 TH(P<0.05).

3. kg FEIA 7

7h @ AEFAAY FUES 2394

D& AZF B

U 2 Fd gigk HUE 95t 2 M EFEMCF-7, MDA-MB-231)%

A wjgste] vtE FEES AZsAT
2) & AX AEFE dF
7)) MTT assayE &% ICss = Z2A

g JMEE £33 & FE2H AIRE DMSO £3A1A w x|l Az
Zo] ASFo] PBSH &ad MTT(tetraZOhum salt)A] ¢F 3} RES-A] 7] 531

weuoﬂ DMSOE 7hste]l =<l § 4x3F A3tste] MTT7F #dH == 3

‘6‘

oﬂg%

=S o
o ]
25% Fad =7

T E 540nmoll A SFAske], 1 ghol dlxwtol H]ske] 50%,

S F9 A J)Fow Aol AFe Y

W) AExsAe FH 53 ﬂ%}

MEZ F7t ZAAastEA ZF AXES FE 7 S5 Axd ¥wdo] njnz
o,

A4 Zam HQ FRe] AVWA RAHES A3 Wo=w M A
pZs

t}) Flow cytometry

vhE ARE Agsta zde 2 dE FHAEE 10047 HEs S
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o oetEE 1AHI} & cycle TEST PLUS DNA reagent kit(Becton
Dickinson)S ©] &3t A|EE propidium iodide(PDE GM3 F FACS
Vantages ©]&3sto] +43190

Y. 71& g %A 29 synergyEFH £

g FEEY VIS IS A AsadsE AR st MTTHS °&
ato] mtE FEEH 7S FerASe] AYA gdE ASstdoh AMEE 7E
kol kA E &2+ Taxol, cisplatin, adriamycine]le™ ntE FEELS EFEE,
0% AdedEFEE 95 ol oA 7 24X wjdete] MTTHOZ Alx
=4S A5 At ofgy g9 Ax A Mg B ddo] FoH b oF
Aol WdE Kol Afolnz ¢k ofAl A AMEF datode FdasS
parentM| XX &} FLeA 23Tty Z2H}ES M2 Wusy d4 a5 A
3kt

o ZZEHF ATE T &% ¥ 5 aiFd 53

TEE G A o AlEzdA Zeddyd Ao wdo] Wslste o
HAe] fe A4S 3

1) ZE2EF 49 A8 dAF

MEE AFol lysis bufferg 7Fste] 4 &ald $  trichloroacetic
acid(TCA)Z HAAA P4 Ee3A ). Ethyl ether2 TCAE AAT U
A7 2 ethyl etherE A A%, A AEE lysis buffero] =o] AF£3}19

2) Isoelectric focusing(IEF)

Z} peptided st zfol] 93t Azt EE 9slo] Strip holderdl IPG strips ¥
a1, #8]E A2 9} rehydration bufferE 7}ste] WA rehydration Al Zth ©] &
IPG Phor(Pharmacia)ell Z2 3 500VelA 1A]%F, 800VelA 1A]ZF 8000VelA 4
AzZE ol AVIE HolFol F 40,000Vhrrt HEE stk o]2A 3k
Isoelectric focusing®] &% stripl & ZF peptide@ & z}ol] 9]3F o]z} Eo =

9 3}te] second dimensional electrophoresisS =3 3} 1

3) Second dimensional electrophoresis & Visualization

IEF2 #83 stripS 7%-18%¢] SDS-PAGE gradient gels AF&3&to] 77

dE o F & dMely}t Coomassie blue Moz Tl ds WA 5 oju|x|
A

= =
B4 £ZES O (PDQuest)E o] &ste] 2d ARl A st #4S 9% F
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LRt S

o

AA 3 & MALDI-TOF mass spectrometry (MS)E 533}

4) @A 714 E3) ¢} peptide mapping fingerprinting

Aol A S o] E2ld I AS trypsin®ZE A 2|3}t peptideE Aol
°o]Z MALDI-TOF MSo9|A peptide mapping fingerprintingS <33t} 7}
peptide®] #= FES Tt o ARE "SR MS-Fits9 protein

database®] HZ:35to] Tl Ao HAS F9EY

*

SE AF £89 4 88 AT
o] ¥ mE FEEEEFH Ax
buthane(Bu), hexane, ethanol, chlorform % aquous¥
fste] & MEF MCF-7 9 E+¢ AEXF S-180¢ 7 &8 A
Ho=z oF Az 48 AT 7 & g2 DMSOe° &3l st
= 5

&3ttt EelE 24 289 AZAIEEIAE FAsko] A24
c

uhg

3poF

[el =

Olr —‘NI

ot

In vitro A@olA ZHd &9 T347F vEbd #£8< hexanew® g5 in vivo
g5 79 Agd ARSI o MEF S-180AIXE 6-75% ICR female
mouse(B.W. 25.2g)¢] &7+ o] =

o B B At A 559 A FFE ddsidoh e
MEF MCF-7, 9 AIXF SNU-1 5% A% o fo3 of A &
HE HolA] gola] E ATl = ¥ >
adherent cell2 Y™ XA 2/3= floating cell® T4 o= & £
o TEdl Aol7t A& £ Jqo =2 adherent cellE 7IAFHOoR EEldto
floating cell# #53A 4o|w2 wutale] whald 10° 719 S-180% MEE
57 Wl FAFstar AbFERAth B ol T AEES 5 el
Xz | in vitrool A1 2] flaskW
e A o R FAHste] vty FEEY T FEE in vitto §EE
Fzate], FENA hexane FEFEIS 25 LA ZH7] 200 uL A A el
of E7 ol FAet AlSetda ddade =9 AEVY HEEF
A

g 243l 2

8
@]
=}
o,
Q
<
@]
=
u
o
)
o
ol
9
s
il
g
fru
ks
Y
=
oX,
o
BN
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o

o
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2) 3g 55 I 9 55 7HS A% 2FY, EAAYESH A7
1) Western blotting
AgE A8EZ 05% NP-400] F33% lysis buffer®2 944 &3] & vz A

F T 4T F& 10% SDS-PAGE gelell loadste] &2]s}il nitrocellulose
ol &2 F HA dwEe] FAE Zb7] 1413F incubationd §- 23 FAE
7}7) 1A12F 748 ¥ ECL kitE o] -&3he] 2Als9d

2) Ubiquitination assay

Ubiquitinaion % % AXE <4719t 54 @A S nitrocellulose®oll &
713 7% nitrocellulose 91S #+ Eol 583 974 9o vhulA L5 o

WAL FE3lal 3 ubiquitin® A S 1417} incubationdl il 2318 2 ECLE

7hstel wAlshe] waehA .

T TERY AL 2 E5EH
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tlo
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ol
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s

ol
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32 ol 2 o 9

oo
ol
2L
=2
s
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e
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i

=)

iy

(animal tumor model)& &3t wl&
c koA B el BaE A
O.& Aﬂz 2l S-180& RPMI-16404 %]

Fstol of 1548 % Abssto]
%3}04 A v Fat ek o] # A
23 FALR JFoto] 2FH % ALSES
t}. In vitro *e?:oll A e 1Cs #kol 278t mtg F=
AR A mE9-2m o] 1A =
uL ATH A A odste] 2L &

Ao T2 so= FskA
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Z 9dRE FAstE @R san 53 34 722 ukE AT oA
Z M 1) B4 Aol HA 25%0| AadE AL 2) AE 77
H A 25%0] Eoldt A9 23 50 U= HAoE A

A EAAEBHA ATE FH A& AAUS T

1) 343t 93 9 F: theoredoxinAl & F9

71 #4375 4
oF AFEo nlES Ayt &4 A4 AA 58S peroxidased Ao ¢ 3

NADPH®| Atstrm= i 7129 4hs}
L5 340nm 3ol A FAHsto] A AP A

1}) Stable transfectantE ©]-& 3 theoredoxin A& &4 A 98 1
28 AIXF(HeLa)ol # @47 59 syl peroxiredoxin MME 49
AAE A9 H oz o] Y(transfection)A] 7| 2 o] & & (overexpression) Al
A g gk a3 Ao B g4t oW IS A FALF s Th
HeLaAl 3% (HelLa)S RPMI-16408] =] ol A #j %3} H A pCDNA III vectordel
peroxiredoxin II F+AAE A % Lipofectamine®] §3FA#A transfection
sk & G418F A stell At wlgste] stable transfectantE I H 3
(HeLa-prxz} A3H). o]#A 4H¥ stable transfectanto] parent cellS

tol vhg F28e Aestel AU

!
rlot
o,
=2
=)
it
w
o
D
Q
=
Q
8
—t
S
<
1o,
oy
ofd

ol

F

of

control cell=

t}) Western blotZ ©]£3% #d gudEe 2d € 24 7|2 7#9
nhE &5 e #dHE o FAEE dwd o] dHWEE western
blots &3t FAFSHA T

g FEEC e Aeh Gy DA Al oF AN &4 T o] golx
WA AE AbEol] o]2 Ao R Holi=d chaperon ¥ A E 2] o] 7}
Hol guld £ Zold &Y &% AR olojX A "ok m3 &4d
“ldo] @e 49 ubiquitinationo] o] dojwdri

old AAES wEgor nE FEES Y T wHlE EaAxE

(proteolytic system)o] #old o= W o]AS FTHel7] 9135t Hela
2 HeLa-prx AMEEo] nE, 394 taxol 2 proteasome inhibitor?l
MG-132 5<% A8 % ubiquitin western blotS A]&&to] 2z} A L o) A
ubiquitination®] zelE FA}F shAth whEeo &< #E 7S e
#3ke] flow cytometry 2 apoptosis®] #HZF A2l wA<Ql PARPS W&

9k AFS western bloto 2 ALY T,

ol
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of, A ZAs3 NS F
oF Al X oA chaperon
Y dHEE AAFE
Atk olE  FlsH]

immunohistochemistry =

4. +72 AYEAY =4 £9-83 2 4

7}.

e 332 4B 2

_10

Buchi Labor technik AG, Switzerland)Z A}

Azl &8 A

3) AEEY

up=Z29] 80% ethanol F&& dAH
T %2 n-hexane
#3319 th. n-Hexane
n-hexanes 7}8}o] &
chloroform, ethyl acetate,

7bstel wHakedm, wob

Ha

7sted

&
aE
= 5k 5

(
4

rlo
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Trapa japonica
Flerov.

extract three rimes with 80% ethanol

80% EtOH

fractionation with hexane

Hexane extract H,0

‘ fractionation with chloroform

H,0 CHCI, extract

fractionation with ethylacetate

EtOAC extract H,0

fractionation with butanol

BuOH extract H,0

Fig. 3. Solvent fractionation of the fruits from Trapa japonica Flerov.

4) MtEFEES AYEH A

7}) DPPH free radical &2A &4

Choi®} Kwake] B S ¥Waste] DPPH @tz A2AEAS SAHsIALE ©
Z 96-well plated] ARE TEEHZ HulA Y3 dgE2ZE £34]
0.lmM¢e] DPPH &5 245uL % 7pste] HE F9]7F 250ul7}F H =% 383
o dxz7= AlE di4l DMSOE 22 nl&= 7kt ol& d2olA
208-7F WF3-A1Z1 & micro-plate reader (SynergeHT, Bio Tek, USA)E A}
&3te] 51nmellA FHEE ST EFEZEE L-ascorbic acidé
ARGt Al ks &S tjxFol] Hlste] FAES FAE oAGE %
L2 S48 B3 i Blugdls u 50% A EHE AEY s
ICs0% YEFH AT

ﬂllﬂ.l o
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}) a-Glucosidase * 3|34

g o] grstE Azt AsEds 54371 A8 o-glucosidase A3 &
S Wang¥? Kims9 WHel wal ZA3sldth WA 50mM phosphate
buffer(pH 7.0) 100uLel] 25ul. yeast a-glucosidase(0.7U/mL)2} A|& 10uL
£ 96-well plated] ¥ 37ColA o<Ld3 v 5&F F 05%(w/v) pNPG
125uLE Y 3l micro-plate readerE ©]-§3F¢] 400nmell Al 5&3F HE-EA| 7] H

FHEE AT o] F4% WEHH n-glucosidase A LS

qao 24 FHE T
P EECIEVDE 140}915} MPEFEEe]l XFEA B2 dHETe] 2
23} mlaste]l a8y AsiEs Aitedv £ dzad vadls
o &) FAo] 50% A= AR FEE G2 YEFH AT

4. vE FEEY R AEEAEEZY B9 2 54

D wE*@ﬂ%’é“"J 12 £3

vhE FEEolA gestE &35 a4 A,

gakst 3o S ARgdds o
e 1x 285 A vt FEE T A 540 M =4 JEd
A 85 MEsle] liquid chromatography(LC)S o] &3] FE IS A9t LC
Wl AMSH = Ay W AA = e 2o
7}) LH-20 column chromatography
gakst A 92 a-glucosidase A& o] £ ethylacetate FEES
sephadex LH-20 (Amersham Bioscience, Sweden) resing ©] &3}

column chromatography S A A3} th WA resing 50% methanol 200mL

of 2A17F B¢t swellingAl 7] & glass column(30x25cm)ol 9 12417 &

oF et BN AL FEELS 50% methanold]l &3 A1A 40%(w/v)e] &%

column®l| 2mL loading3}$ith ol &4 o2& 50%, 75%, 100% methanolS

ALg3le] @A A © 2 methanole] H| &S S7IA7]E step-wise WS

ALgstETr, B3E& 98 A9 = Fraction collector(FC205, Gilson,
o}

France)& o|&3sle] ®gtom o FE3O methanol® 108] 3]4]35}4
280nmeoll Al &3 =E =43 T gnalytical HPLCZ A &S 22135t H]
ek R R8s Bol AF AHlA SulE Ax:AASH o F

semi-preparative HPLC Al &2 Abg3tath (Fig. 4).
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Trapa japonica

Flerov.
80% EtOH

Hexane CHCI, EtOAc BuOH H,0

Sephadex LH-20

: Solvent-MeOH:H,O (1:1— 1:0)
Fraction I Fraction II Fraction 111 Fraction IV
Preparative Preparative Preparative Preparative

HPLC HPLC HPLC HPLC

Fig. 4. Procedure for the purification of bioactive compounds from Trapa

japonica Flerov.

Y}) Analytical HPLC-DAD &4

HPLCE DAD detector”} 2H#l Agilent 1100 series(USA)E AF-&3} 1t
Columne gemini 58 Cis column(250x4.6mm, Phenomenex, USA)E Al-&
st ol EF g 0.05%(v/v) TFAE H7ket &8 ASv= 0.05%(v/v)
TFA7} H7}E  acetonitriles BE&"E A28 th. DAD detectors 205,
254, 280, 183 320nmE FAlO AREStY FAsARow flow rate™
ImL/min® 2 Als+ bulA FYstatt. Gradient 2712 BE&wE 0-30%
24023 AAAHeRE FIHAH S ZF Awe HAg S e

190-400nm ¢l M =430t

J
¢



3)

s sAad. 12 83 £8S& liquid chromatography (LC)
LCWHol AMgs = A7 2 A= 59 2o

7}) Semi-preparative HPLC #4]

Sephadex LH-20 column chromatography® 92 Fraction I, II, III, IVE
221 AAs7] $18F4] semi-preparative HPLCE o] &390t} Column
gemini 104 Cijs column (250x10.0mm, Phenomenex, USA)E A}-&33 1
ol 542 0.05%(v/v) TFAE #H7Fsk 15%(v/v) acetonitriles A&w|=
0.05%(v/v) TFAZ} H7Fd 100%(v/v) acetonitriles B&vlZ AF-&3} T,
A7 AEL 320nmolA s eH flow ratex 3mL/min, Al &&= 254
LA FstAtt Gradient 2732 BEWE 10-20%, 203 A$=2 A5 w

s,
29 408 249 FREA

7H) FT-IR
=49 functional groups 4317 st Aol FF7](FT-IR)S A&
stk T W= 400014 4000cm AR AR o A8 WA g

=
BA &F LAAE 2mgol KBro 9o pellets WHE $ R4l o] 8319

1) LC/MS

249 BA#HS Agilent LC/MSDHP 1101)¢] &2¥l LC-ESIE A}-&-3}
o OwenH o2 =439t Columne HPLC &4 A AF&3F columny}
F U3 Cis reverse—phase(5i) column (250x4.6mm, Phenomenex, USA)Z
AbgE A, ol FA o RE 04%(v/v) formic acidZ7b ¥3tE E(ASH)<}t
100% acetonitrile(B& )& A}&38A . Gradient =712 0-3#3F 0%B,
3-30%7F 0-30%B, 30-40%3F 30-40%B 7S Al&3l9 . Mass 542
ESI(Electro spray ionazation)®2 22 dry gas (nitrogen) flow =
10L/min; nebulizer pressure = 30psi; drying gas temperature = 350C;
capillary voltage = 2500V, fragmenter voltage = 100V, mass range =

100-1000Da %71 ©. 2 negative ion mode°l| Al =743} %)

t}) NMR

2ho F2EAS 9sd 'H 9@ BC NMR(NM-ECX 400, JEOL Co.

Japan)& AU £ waol A Fio ArE A Aste]
=

DEPTE AAstt A 10mg< methanol-dy(CD;OD)ell & Al A
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400MHzol A =33t 2™ TMS (tetramethylsilane, (CH3)4S1)E 7]|+&3
2 AFE3k Tk

4) E2ld BYg8Y E29Y 54 Ad 54

7} a-Glucosidase A 3] &4
ntE 9] a-glucosidased] Wer A\ &AL oA 7|&3k upe} o] A3}

At

W) a-Glucosidase A3 &4

a-Glucosidase A 3] &4d o] 943} tellimagrandin IIo t)3F A3

w3 2ol AbEH 4 24 2 VdwEE A3 5SS dotR7] §
3led 99 e Wk3S 0.0lmg/mL-0.05mg/mLe EAFE9 2-20mg/mL
7HA o] 71d s E SASHATE ek Ve o5 v o] HIE Al A S
A ZHE dolry] fste] A& ¥F @Rl bovine  serum
albumin(BSA)E TR E H71ste] BSA Fxd W& AajadAe 74 A
=g vws Btk &4 25ul, AE 10ul, M 90uL, 71d 1250l T4
Al ¥al. BSA F7bske Ae-wh Wu S 95ulel A 25uL BSAZ7HES Al
9] gk 65uLE 3 7Fste] %7(33}9«1‘4.

5 "t FHe RAYBH/EZ FAFEH
Gallic acid A%< Hagerman®t Inoue WS 27t F=Hsle] A&}
Tannin®] % A& 5mgg 2N H.SO, SmLel] =<l

FE A%t D& S 100C dry ovenoll A 242417+ F<F w319t
5 SRR 108 AT o5 me FHE 0.667%(w/v)
rhodanine& ¢} (A}-& 2 Ao methanold]l oA FH])o] 200mLe] A &EE ¥
& etk 488 58 F 05N KOHE 200mLE i 2% 30% $ol
WS- 140mLE FH3le] 575 860mLE M 7Fsk et 583 BXd & 520nm
AN FREE SAsHATH

o= J

/\] & 7S /gl—::;l

6) vtE FA YABAHEZY 7oA HFLA=Y AT
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AQAoR £24e SN & At FEE U gz, 290 3
108 A4S LA GRS Bde PP wusel AL 5
g FEPEe Gy

(1) Al&EH

Aol A FHE viE AulE FAAEE F AUBHC ¥e AR
2 wastel B & F YBUel wuauA B Aol Agasivh

(2) & 2% @& FT3x v

WA 0, 20, 50, 80, 100% FH&NS 7+zh 4|5} }% 2g°ll Al79
108 (v/w)ell sl =3t= 20mL e 3

20A1%F B wwkele] FEEATE FELET AR 27TCTHE 40, 50,
60, 70C7HA] AAlstd o F&o] &4 Al 10,000rpmel A 101k
ARG T 28nmolA FHEE ST B A3 3utEsY

o

(3) F& &4 & FEAIYEAN EZ9 FFuu

25l FEAA AP 2=U0T)E AHI F 2 XA 0, 20, 50,

80, 100% FAHFTEE FEES 42 g HPLCE ®A3le] 72 f84

g&d 549 e v =3 dFFEE, S5 g 999
FE FH7Fsle] 100C #+ EolA 1083 F=3

1.5gell 100mL®] FH
AL G vlalsk sl

(4) 2 3Fd B FaAd848 49 FFu
FE35d e FEAYEY 249 IS wuar] g8 g FE
o] AE= ZHoR 1, 2 3% FEste] HluwBRAErt FEUWLe n)

.5
& 2gol AlZ9 108(v/w)el alFshs 20mLel 80%F A4S H7tete] 4
0C shaking incubatorel] A 204] k=l ==
o] #uH dAEgste] deds EE
80% TS F7stel 2, 32k F&&Ath F=c] € A&+ 10,000rpm
oA 107 st & e ds HPLCE #4383t

r\l
OPH

o T
=

T

T

2

(5) 2 pHel WE FEYYLEH 29 FZFuxn

FZ pHell whe fFadddsd 549 dFs rAlusty] s M F&
o] Z¥E oA pH W FEHato] HluEAeYrt. FEUHLS vl
& 2g°l A=< 108 (v/w)ell dlFsh= 20mLe] 80%FA S H7bste] 4
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0T shaking incubatorl A 20A]17F &<QF WHE W FE319 oM (0% F
A2 ZH7Z) pH 2, 4, 7, 10, 122 2% § A&t F50] #d AlR
= 10,000rpmell A 1027F YA R8s * F5HS HPLCE 43 3th

W) mhE %d fE ARAEAY BB AFA B4
W S FE AUBAEAS 54 AFLAR AT A AU AE
Sol W ARHS FAduA G

7]
A B oS3 pHel Ao kg8 B =
(B0C)x  Z2(100T)olA  w&Fol EA oAFd wE, o 7HA
pH(pH2T107FAD) el whel 4 Ajzkset Wxgk & 2F i sLEwstE
HPLCZ #4314
(1) Al B8 EH|
A FE HAxAE vH R FEES AXsAT & A=Y At
55 AEe & uAd Y A5 108l(v/w)el P 80%TH =
H7betel 40ColA 2041t 23] FE8H3th 10,000rpmeol A 10+ 3¢
s & O ATAE F3HF5F7](Rotavapor, Buchi Labor
technik AG, Switzerland)& AF&3te] 50T A 79t aFA12 & A=

stol AEZ AHgEHe

(2) E93%34 A4

229 s tAHA S AHRY] §5te] A= 30T 9 12221 100T ol A
I bEAE vt WA rEFEE 04gol 50% cl¥E 10mL<
H7rete] 4% W 5 & 20mLel "t& & 500uL&
1%7F HEE g o 30T9 100T

N Zh7 24A7F BAE B4R FEWE HPLCE AT
pHell w& <t 2 S A 30T 1 100C°ﬂ7\1 7&%*’? ZOmLoﬂ

o T

O
;<47].5] _Z_E_/,: ] U]——E— %_oﬂ% j}y/]_ %017‘5} H]—l]ﬂdj
BRIk B T

) utE FH & AYEREZDY 75A HAFEAZY AL

BhE U fE AYBY 2AL Tdes 754 AFLAT QNS F
Ao/l e (F)71Ak AAG] NsAAE] @ Fuel B AAE
g Agadrh ASH ARE nHE fd fE AYBYEL0] AFER ¥
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A3 A dFNE =323

npEo] AWt R BEAANE oSy ZtH(Table 3, 4, 5). vtE A& F 581%7F
6— ==

[e)

R =
Yoh e Ay 2xke] geke 7+ 10.1%, 0.3% = LERSE

% glutamate, histidine, arginine ¥%o] %A YeEwka, 7
U4 =A Yebgth vbE 359 AWAE F oleic acid 3

o] 5799% =2 =A e, 7 o= myristoleic acid & #o] 7298% 2 = A

Y
o 2 dn
rlr
=N
1%}

o
2
j)

D
i
ol
o

Table 3. Chemical composition of Trapa japonica Flerov.

Amount

(g/100g)
Water 71
Fat 0.3
Protein 10.1
Carbohydrates 58.1
Dietary fiber 21.9
Ash 2.5
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Table 4. Amino acid composition of Trapa japonica Flerov.

Amino acid Kernel Shell
(% in sample) (% in sample)
Asp. 0.032 0.004
Thr. 0.013 0.002
Ser. 0.019 0.003
Glu. 0.069 0.007
Pro. 0.013 0.009
Gly. 0.018 0.002
Ala. 0.019 0.005
Val. 0.016 0.003
Ile. 0.016 0.004
Leu. 0.024 0.003
Tyr. 0.016 0.006
Phe. 0.024 0.004
His. 0.048 0.024
Lys. 0.014 0.007
Arg. 0.044 0.003
Total 0.385 0.085

Table 5. Fatty acid composition of Trapa japonica Flerov.

% total fatty acid

Fatty acids

Kernel Shell
Myristoleic acid (Cis1) - 72.98
Magaric acid (Cyz0) 18.22 -
Stearic acid (Cigo) 7.63 -
Oleic, Elaidic acid (Cig1) 57.99 10.73
Linoleic, Linoleladic acid (Cig:2) - 5.57
Linolenic acid (Cis:) - 6.23
Arachidic acid (Capo) 7.01 -
Behenic acid (Cazo) 9.15 4.49
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2. 959 ¥3 = AF H

7}, In vitroolA 89z2d 2 9=

ot

MF AgEs 24

I

259 n-glucosidase AL 05 g/Le &X9A] 100% methanol
2 80% ethanol FEE°|] ZH7F 46.6%, 35.0%%= L}E}‘;A‘PQ.U%, HEFEol
acarbose?] A& &AL 29.7%= EFSTH(Table 6).

grdtes &3as A8
F A

1l &

Table 6. Inhibitory activities of 7Trapa japonica Flerov. against a

—-glucosidase
Sample an-glucosidase inhibitory activity
(%)
100% methanol 46.6
80% ethanol 35.0
Acarbose 29.7

2) In vitrodl A frE#HZd LA T FA}

S0 & HEE 70% o ¥, acetone, isopropyl alcohol F% & 2](0.05g/L)
in vitro ¥4FslsS DPPHHS o]l &3le] F4AFd5S SAH 2345 Fig 4
of Yelh Atk W E2(93.1%), acetone(93.3%), 70% o &=2(92.0%), & FE&
(899%94 Frel goz 27 se] xEFeR AHEE vE C(96,3%) FAL
3 A4S Yl o, isopropyl alcohol®} ether F&E 9 d4k3lso] thi

ge oz et (Fig. 5).

TEHEE A3 ntE vege FEE d4EsS DPPHY o2 A3 Ay
£ Fig. 69 YEHATE 02 g/Ls =X vtE FE2ES 944%° &4S vE
o] EEFEQ HERY C96.9%)¢F frAeE &4 YERdd ke A4d &
B2 945%° &4S dErd v ntE S FEEC @48 227%% e
ok fEl7] Aol e A nEA AN HEEE JoR Holn,
vhE RFelE oA frE vl A 74%01 AR FEE w2 {87 &
T2 ukE AA L Ade 49 005 0.1, 022 g/LEsEAAM fE7] AA%0]
FAEE o9, 0.025, 0.01 g/L oA F& A&Xmi 7l 27wl A
a1, BS99 A$, 001~02 g/Lo] FsEoA & dEHoR Ful7] &A
so] Wstaldirh wikA wlEE F4tsts ol OH Fol T T o,
A5 Z7F e 7gEY, GA4ES F2 A EAdda A5
=3
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Free radical scavenging activity(%

Hectimd

=

Fres radicel scavengng

120

100 |

20 r

water MeOH 70% EtOH Acetone Isopropyl Ether Ascorbic
alcohol acid

Fig. 5. Free radical scavenging effect of various solvent extracts of
Trapa japonica Flerov.

o000 moss moE g0 Bodd

OES- 3| NS =y OE me L-ascorbic acid

Fig. 6. Free radical scavenging effect of methanol extract of various

parts of Trapa japonica Flerov.

3) In vitrool A aldose reductase AH B4 =H

nEe T S A S in vitrodl A FASH] fE wkE WEe =&
E- 9] aldose reductase A& &4 S Hayman & Kinoshita o2 A3 AH=
Fig. 71 YeElfAgdch A& 5% 01 2 005 g/LollA AR AsigAde 7247}
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tiom ©%

Ll

73.6%, 56.6%Z YEIST. vlE FEE9] rat lens aldose reductased] tgh A
LA ] ICsov= 0.09 g/L=E Vb, s AajdAdS e AT

.
T

i CLe Ood (LR 1 8 11 12
Lanceniraion Lmgs md
Fig. 7. Inhibitory activity of Trapa japonica Flerov against aldose

reductase.

U FERLANAN A A 73

1) STZ-F& =7 lojA A+ gﬂ ﬂs}gﬂr T
A dolA iz ddA= dE AFH F 9% 81.1+59 mg/dL=E
7 st H Ao meEetgth A% 30, 60, 90, 120%9] Y F7MX = vk
FEEwol fxtol vE oA om v verwth(Fig. 8).

T gzl e WAHLe giEzdol 11,285+601 mgrmin/dlL, Ve FEE
Toqi%l 79921581 mg min/dL= YEY, F o+ Alold FelAQd Aolrt 3
ATHP< 0.05, Table 7). WekA vtE FE2EL in vivodl A 2§ 2

J>—&
il

@
_\;
il

A= =
ARGE T LS FAAAG. A5 FFE 2AIE FAILE B
BAAT A%, AW MPEE FANA, FREAY L HAN: FEE
FaAA Fuy AR = AR ARA 2H
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Al )

fik=1] 210 2&0

Fig. 8. Increase of blood glucose after administration of Trapa japonica
Flerov. extract in STZ-induced diabetic rats.

“significantly different at p<0.05.

Table 7. Area under the curve (AUC) of postprandial glucose responses of
streptozotocin—-induced diabetic rats

Group AUC (mg * min/dL)
Control 11,285 + 601
Trapa japonica Flerov. 7992 + 581"

"p<0.05

2) A2¥ F=FEA 3UolA wEY F3= BF 7

7h) AT R HolHAF

657kl wigAel AHH F dxTe ATS 3657+10 g,
41402 g/day °lew, mtFo HHA= AT 2 o]4H ol
F& FA F*THTable 8).
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Table 8. Body weight and food intake of control and Trapa japonica
Flerov. groups

Group Control Trapa japonica Flerov.
Final body weight (g) 357 £ 1.0 334 £ 09
Food intake (g/day) 41 + 02 43 + 0.2

W) 83x4d g9

Db/db mouse o1A wtEe] F7F HHA= @3 AEREEN FE
S FoH oz AAaAFH o™ (p<0.05 Table 9), &% ?l%%loc
A7l AEs e vgY e 35 89 € A7 83
AEE YgdE 93 RS2 FTEE FAFoE FAEANNA T
ZHdd 2FE UgAeH, FuXRd EE& F A2E A"

mlm fo

N Y ol
Pz

s
a

Table 9. Fasting blood glycated hemoglobin, plasma glucose and insulin
levels of control and Trapa japonica Flerov. groups

Grou HbAlc Glucose Insulin

b (%) (mg./dL) (ng/mL)

Control 69 = 0.3 405.8 + 15.7 28 + 0.3

Trapa japonica Flerov. 6.1 = 0.1° 346.3 + 19.6" 23+ 04

"p<0.05

th) 9 A A profile L A7% MAEH

g FAAY vEE vE AFHTE 1073195 mg/dLE UERY, tET
(1385484 mg/dL) Bt} fo]H o= vl vErR 2w (p<0.05, Fig. 9), &%
Z ZY2HE vE w3 v AHES 1597 £ 51 mg/dLE YEY, thx
(1824 = 86 mg/dL) Rt} foHoz A YehuthH(p<0.05). et
g AdFHe 2% HDL-ZFd2HE vt §24d o7t it &
wEEel oA A7 wEY AFHAe ¥ AL 2 FH=HE F
E ZAAA, AER € dERA Z=FHF AW rgEgn
A€t gz 2 vbE A3 84 BUN 9 A#otEd w55 f9
A zpol7b §lE Ao ® Ve tH(Table 10).

HtE
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Fig. 9. Fasting plasma triglyceride, cholesterol and HDL-cholesterol levels

of control and Trapa japonica Flerov. groups.

Table 10. Fasting plasma blood urea nitrogen (BUN) and creatinine levels

of control and Trapa japonica Flerov. groups

BUN (mg/dL) Creatinine (mg/dL)

Group

26.3 + 3.2 05+ 0.2

Control

25.7 £ 35 04 + 0.1

Trapa japonica Flerov.
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%) AT AHAEFH

(1) 2+=4 AdHg4isE v € 48 a4 €4

29 %24 TBARS 3%(4.2+0.3 nmol MDA/mg protein)S ™ %
(5.8£0.7 nmol MDA/mg protein)ol] H|3] FJHo=z AT}
(p<0.05, Table 11) 7F%x2 9] catalase AL mtE3o] 99+0.3 U/mg
protein, JZw+°] 7.7+0.1 U/mg protein® YEIY, wlEo] fFojxo g
78 e Hp<0.001). vFlETY FEZAe SOD A4 (27.8+17 U/mg
protein)& ™ Z5(22.5+0.7 U/mg protein)ol] B3] Foldow =718
om 53] nuEo AHFH+= CuZn-SODQ A& fFodoz F7IAATL
(p<0.05, Fig. 10). vt&9] AHZ AF A2 H43E9 #a R SOD
9} catalase 849 F7le B BT 4T 2 X8 48 vg
d Ao® AlgdEH.

Table 11. Hepatic TBARS level, catalase and GSH-px activities of control
and Trapa japonica Flerov. groups

Grou TBARS Catalase GSH-px
P (nmol MDA/mg protein) (U/mg protein) (U/mg protein)
Control 58 + 0.7 77 £ 0.1 1.8 £ 0.1
Trapa japonica 42 + 03 99 + 0.3 19 + 0.3
Flerov.
“p<0.05, “p<0.001
5]
] O Cantral
- - B Trapa japonica Flany
3 5
2 |
3
> 15 |
z
8wt
=
Q

Fig. 10.

Tatal S0 M =500 Gy Zn=500

Hepatic SOD activities of control and Trapa japonica Flerov.
groups.
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(2) 7¥x3 9] Glutathione ¥ carbonyl &%

npE o] x| glutathione®] ¥ %(0.38+0.05 wg/mg liver)= U3
(0.32£0.04 pg/mg liver)ell M]3 o] 4 o= Z7Fak A vh(p<0.05, Fig. 11).
Glutathione  hydroxyl radical?} singlet oxygens AA3stx
glutathione peroxidase =A°l 7|A=Z 2Z&3ty welbd vlET9
glutathione 3%=¢ 7= Y520 Jojq A wo] L FAsgs
44 STt EeE = Ao® Alndt. vtEde @¥ A carbonyl F
5%=(24+0.4 uM carbonyl/mg protein) ™ Zw(2.7£0.5 uM carbonyl/mg
protein)ell H]3l] #HA&st= A S UERU ITHTable 12).

Table 12. Hepatic carbonyl level of control and Trapa japonica Flerov.

groups
Carbonyl
Group (uUM/mg protein)
Control 24 + 04
Trapa japonica Flerov. 27 + 05
1
€ 0% *
£ 08
ooy T
Z 06 | 1
= 05 ¢
] 04
E 03
L= Bt
= 02
i
= 01 ¢
L2 T
Comtrol Trapa jporica Fleroy,

Fig. 11. Hepatic glutathione levles of control and Trapa japonica Flerov.
groups.
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(3) A =29 aldose reductase &4 H #éW=29] sorbitol ¥ =
s MFH+= A%Z29 aldose reductase B4 2 lens® sorbitol T&
& HaATe BES el oy, Fo# <l 2Fol= gl tH(Table 13).

Table 13. Renal aldose reductase activity and sorbitol levels of lens of
control and Trapa japonica Flerov. groups

Renal aldose reductase Sorbitol of lens

Group activity .
(nM/min/mg protein) (KM/mg protein)
Control 56 = 0.6 23 £ 03
Trapa japonica Flerov. 52 £ 08 20 £ 0.3

) A28 FuFEY 2

_,d
w2

NFEAY FAR BEF

FN

(1) 7r%37 GLUT4 ¥ insulin receptor® gene expression

nlEol 7|7+ 4437} insulin receptor, glucose transporter(GLUT4)<]
gene expressiondl] WA= FEFS 2AR A= vhgd 2o vhEL
GLUT4 mRNA expressione IFZZ oA 163.3t84% % ojzxd*
(100.0£12.3%)°l wvlal fFejd o= 7k o™ (p<0.01, Fig. 12), insulin
receptor®] gene expression =3 PFE1(150.948.2%)0] dZ ol B
FoAow F7heATHP<0.01). wEkA wrE2 GLUT4 % insulin
receptor® gene expressione F7IAIA, 83 MAEHRE YEUY =
Ao Z Alg €.

Fig. 12. Expression of GLUT4 and insulin receptor mRNA in liver of

control and Trapa japonica Flerov. group.
“p<0.01
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(2) 2+=x% F1k3la 49 gene expression

wtge] A7|zb AFH7F 2 2F 9 CuZn-SOD, Mn-SOD, catalase %
GSH-px 2] gene expression®] P]|X&= A3S ZAS Ay vde3 2
o} upE79 Cu,Zn-SOD mRNA expression< 146.2+62% % thEw*
(100.0+12.8%)°ll  ®]3] FolA oz  F7FEA 2™ (p<0.01, Fig. 13),
catalase mRNA expression< UFE©] 134.9152% % oo H &
ox o g ZF7FEAHpP<0.01, Fig. 14). Mn-SOD % GSH-px2| gene
expression< HFEw Y} Ol Abelol]l fo] A zkolzb §lth whEka w)
£ Cu,Zn-SOD ¥ catalase &4 9] gene expressions S7FA1A, a4k
sts& 77l Alew AtsE

&0
# O Conead
c =0 B Trapa japorica Pany.
w20 |
.
g 90
@
® 80t
m
cE

]

Cu-2n 500 M SO0
Fig. 13. Expression of Cu-Zn SOD and Mn SOD mRNA in liver of control
and Trapa japonica Flerov. groups.

“p<0.01

160 . 160
10 ¥ o1ap
g 120 = 120
': r -\.;' In-'\-\, T
_ 1an I -\'I:.I: o 1
5 an g ol
5 -
1 F||-_l "L: E-\.-'
g a0 2 &
=] T "
= 20T T -
(o 0 = 0

Cantrol Trapa japonica Control Trapa japonica
Flaraw, Flerow.
(Catelases LEEH-pR?

Fig. 14. Expression of catalase and GSH-px mRNA in liver of control and
Trapa japonica Flerov. groups.

_78_



(3) AF=ZZ aldose reductase gene expression

nt2e]  Fr|AHel AFH7E AFEZF e aldose reductase?]  gene
expression®] W X|&= 9SS FAFGE A3} aldose reductase mRNA
expression< W Z3 vpE7ko F94 Aol7k gLt (Fig. 15).

140
120
100 F
g0
60
40
20
a

R

Selative expression (%)

Conftrol lrapa jJapoanica
Flerow
Fig. 15. Expression of aldose reductase mRNA in kidneys of control and

Trapa japonica Flerov. groups.

. FndAel YA g Fem &3

1) Bx3Atd oA mE FEEY BV AFA7 A% 89 2 A<d
W3l 2= FF
T2 8L 965%2 JEUT 1329 A28 Fnsaisp &
2 3F %= S7FA7F 101.3+10.7 mg/dL
““ﬂhﬂr A HAG As AF
AGS7HA 7 frelH o=
Skt (Fig. 16). © % 21330, 60, 90, 120,
180+ <] %ﬂ"ﬂxlﬂ Aurak A ] o2 S THp<0.05).
vhEAFH el ol AF dY FrharAde] WA(AUC)E 8,098+932 mg -
min/dLZ ) %(14,181+1,012 mg - min/dL)oll W& Fox o=z 7HAsA v
(p<0.05, Table 14).

2
N
N
d
o

_,d

ﬂl
HHN'
ru{n
tlo
3
2
i)
i
)
X
)
ot

i)
o
o
o
=2
=
ol
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150 1 —&—Rice
130 —&—Rice and TJF

110 [ *

*

Increase of plasma
glucose(mg/dL)

0 30 60 90 120 180 240
Time(min)

Fig. 16. The mean plasma glucose responses after consumption of rice and
Trapa japonica Flerov. extract(T]JF).

Table 14. Area under the curve (AUC) of postprandial glucose responses
of diabetic patients

Group AUC (mg * min/dL)
Control 14,181+1,012
Trapa japonica Flerov. 8,098+932"

p < 0.05

nhEFEE g AW 3 AAHT B AF 6079 ded SV A
b o o2 Sdth(p<0.05, Fig. 17). vt 3w 2
=34 F7FFA 9 1jﬂ.’ﬂ(AUC)” 2,364+894 pU » min/dLZ® Wz
(1,817£639 pU - min/dL)l H]&) % ab A&dS YeE I tH(Table 15). wE
Al mtE 2 a-glucosidase A ‘H S JASY dFsE L3E FEAHL
2 AAToEZHA AF TG %3 T2 At Fur 4 2 AR
of o]&% F Ae e T Al AtsEH
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Fig. 17. The mean plasma insulin responses after consumption of rice and

Trapa japonica Flerov. extract(T]JF).

Table 15. Area under the curve (AUC) of postprandial insulin responses of
diabetic patients

Group Insulin (uU - min/dL)
Control 2,364+£894
Trapa japonica Flerov. 1,817£639

p < 0.05
2) A2¥ IR AN wFEY BV AHEH

7h vt - AAAFY BFHA

&S 47 5%, 10%, 15% hi-3F A2 A|E2]  A(color), (flavor), F2]
7+ (texture), HH(taste), =394 7] 3 = (overall quality) S 5 H o2 FAE 4
5 Table 169 YJEFRSITE vlE S 5%, 10%, 15% -3k A 2AA &2 A
& Zv7y 35407, 37406, 3.7+0.9FH o7 UEwron & 34+0.8, 3.6+0.6,
33106%H o2 e 3 T/ AlEtel Fol Al o7 vEbA] ek kT
ntES 5%, 10%, 156% dhrst A2 AEe] =A 72 39+0.9, 3.8+0.7,
32+06%- o2 e, 5% L 10% AEo]l 15% AFHTE FoHoz ¢
SHAl VERSETHP<0.05). 15% - AlFe A5 22 3ke] AZA =AHA
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A7 @A degd. vtES 5%, 10%, 15% e A2 AFe g
36+0.6, 4.0+0.8, 3.1+0.62 eI, 10% #AlFo] 15%AFHTY} Fodoz
S-FHA JEbgton, 5% AEI 15% AF DolE FoH Zolrt U
otk wES 5%, 10%, 15% ek AAAES T4 7IsEE 35405,
39+0.3, 29+0.6= e}, 5%t 10% AFo]l 15% AFHTF fFolxo=

kAl UERS o webA] s d A Ay 227 8t overall palatability
7b et A wkE el =2 10% vk FrAlEs AU AV &
mH e mAE s FAshE Aol AMEEE HEAFORE HF
sk St

Table 16. Sensory evaluation of meal replacemet containing milled barley,

brown rice, buckwheat and Trapa japonica Flerov.'

\

Product 5% 10%
15%
Color 3.5+0.7 3.7+0.6 3.7+0.9
Flavor 3.4+0.8 3.6+0.6 3.3+0.6
Texture 3.9+0.6™ 3.8+0.7° 3.2+0.6"
Taste 3.6+0.6 4.0+0.8 3.1+0.6"
Overall palatability 35+0.5° 3.9+0.3° 2.9+0.6"

"Mixed grain was prepared by mixing barley, brown rice, and buckwheat in the
ratio of 4:3:3. Meal replacements were prepared by adding Trapa japonica Flerov.
powder to the mixed grain at the concentration of 5%, 10%, and 15%.

Scoring system: 1 = Very poor; 2 = Poor, 3 = Average; 4 = Good; 5 = Excellent
“Numbers with different superscripts are significantly different at P<0.05.

W) 4ukAtg 2 AAAS

Age A28 Fxsat 2020 (4 791, of 1391, Hit ‘)ro] 66.0 + 6.64)= i
Ao g AASA Y. Fu3AE randomd A &L (L , o 7)) mkE
AHAT(TIF, & 491, o 6SD)e= U 01 APE 4 ]3}"3‘4 ozt 2w
B9 I A, Al ADHFAGFE Table 1701] ER LT
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Table 17. Characteristics of patients with type 2 diabetes mellitus

TJF* group Control group
Age (yr) 68.1 = 4.8 64.1 £ 8.2
d?;f;:tt;‘;“(;rf) 51+ 21 48 + 21
Body weight (kg) 56.2 + 54 56.9 + 8.7
Height (cm) 155.1 £ 6.0 156.2 £ 8.2
BMI (kg/m?) 234 + 27 234 + 33

* Trapa japonica Flerov.

20909 FudA BF HFFE AR Gl Asgm, P2
o} Ad A ehEAATY ADSATE
A

©
kg/m*olgl o 3/MY Fo AAIFA L= 234424 kg/m =

Afolell oA Ql zel7E il E2ad vhE B AT, §d
Aol A9 7IE A, Foll fejHom wWalekx] wokth. A9t

F=7] % 2ol= vtE#o] -7.616.6 mmHg, tHE7°] -1.4459 mm
e, gkl o Al Aol b A ATH(p<0.05). o] k7] ke o

Ao wslelA ekoktt

_83_



Table 18. Anthropometric measurement and blood pressure of TJF and

control groups

TJF group Control group
Pre Post Difference! Pre Post Difference
Body weight (kg)| 56.245.3 55.3£5.7 -0.9+1.3 56.9+£8.7 56.4+8.5 -1.8+1.5
BMI (kg/mz) 23.4+2.7 23.0124 -0.4+0.6 23.4+3.3 23.2+3.3 -0.2+0.6
Waist
. 849435 84.1+4.1 -0.8+1.9 85.2+7.6 84.7+7.6 -0.5+3.6
circumference(cm)
Body fat (%) 30.0+6.1 29.2+5.8 -0.8+3.0 30.3+6.4 30.4+6.4 0.1+1.1
Systolic blood 1) /0 013 1367916 7666 | 13114166 12944157 ~1.4+59”
pressure (mmFHg)
Diastolic blood gy 0110 7981111 18621 | 7454105 731474 14447
pressure (mmHg)

Difference between Pre and Post measurement
“Differences of TJF group and control group are significantly different at p<0.05.

o ggzd 5%
4713be) vhE AAHA} dgmdel v o
ohowEEA Qeld, thE 4F Ao BB ¥R AEd

4 &E Table 1991 ERU L

=

142.2£10.2 mg/dL 2 12525 pU/mLelloy, AF 717 & foFH o=
A3 126.3£105 mg/dL 2 10431 pU/mLE e TH(E S p<0.001,
Ad&d p<0.05). YE€AAIFA AFAEQ HOMA-IR EF 437 A, Fd
747y 44+11, 33+112 H& 7|7t & FYgH o2 FAIAHTHP<0.01). &
& fructosamine (365.1+27.9 umol/L) ¥ B3} EZZY F=(7.6+0.8%)
3 "vEg AHA Fd FAdFHeE FAIATHEB405£26.3  umol/L,
71+0.6%, p<0.05). wWxweo AF HAd Hd, Fo dd, Jded H
HOMA-IR, fructosamine, @3} 2248 Fx Alold 2%l xto]7} ¢l
At ol= vwlE©] a-glucosidase A& S eI, A7 Hoz A&d
STFEE HF2AANA Hol 89 2HEERE Yehd Z o2 Algdr
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Table 19. Glycemic control of TJF and control groups

TJF group Control group

Pre Post Difference’ Pre Post Difference

Plasma
glucose 142.2+10.2 126.3+10.5 -15.9+7.0"*1| 143.6+13.8 141.4+14.4 -22+7.7
(mg/dL)

Plasma ‘
insulin 125425  104+3.1 -2.1+1.8% | 132+19 12.9+2.3 -0.3£1.8
(WU/mL)

HOMA-IR 44+1.1 3311  -1.1x06™ | 4707 45+1.1 -0.1x0.7

Plasma
fructosamine | 365.1+27.9 3405+26.3 -24.6+28.7" | 365.2+33.1 361.7+29.4 -35+11.6
(umol/L)

HbAic (%) 7.6+0.8 7.1+0.6 -05+0.1"7 7.7+0.7 7.6+0.7 -0.1+0.3

"Difference between Pre and Post measnurement
“Differences of TJF group and control group are significantly different at p<0.05.
*Differences are significantly different at p<0.01.
Differences are significantly different at p<0.001.

) X=3 F3A 89 2dEd
F717ke] mbg AAAF7E 229 Fepr] 9 9% dded &
S Table 209 VERTE vlEtel] oA, T 1
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mg/dL, (p<0.05), tix&TAE zpol7b gt 2EY H3
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Table 20. Postprandial glucose and insulin responses of TJF and control

groups
TJF group Control group
Pre Post Difference’ Pre Post Difference
. 2
"(ﬁg/c;f)e 119.0+30.6 1062369 -12.8+9.7% | 11664306 11514262 -0.2+29
i -3
*(IJISZ‘;IS 108451 81437  -27+20° | 106+55  104+74  -02+29

1 .
Difference between Pre and Post measnurement

Incremental plasma glucose 120 min after ingestion of 75g glucose

Incremental plasma insulin 120 min after ingestion of 75g glucose

Differences of TJF group and control group are significantly different at p<0.05.

uh) DAL D E T
g Z7) B8] 83 A profiled] ﬂ—t— &S Table 2101 HERY
Ak whETedl oA wiEAE AdF de FE A FHZ2HE FEE
213.9+32.2 mg/dLel o, 3714 F< U}Exﬂ%% AATE F FojHo=
FhAasho] 202.8435.0 mg/dLE YEFSTHP<0.05). whErell loiA whEATH
Ao 84 FAAY FEE 2045738 mg/dLellen, 3/1€E Fete A9
7IZE 19224704 mg/dLE FoH 22 Z&H Y H(p<0.05). HET ]
T A% A Fo FAAY, FZU=EE FE ARolol FolAl Aol
Ak whE diz2a 25 HDL-ZdH~H &9 LDL*iﬂﬂ"Eﬂ%
AR A, T oAl Aolvt sl oy e A s A s
(Triglycerides/HDL-Cholesterol)7} 2 & %ﬂ(5.11i1.67)°ﬂ His] Ag
(4.66+1.70) FdH o2 A3 AT (P<0.01). vtEtol Aol wE4Z
94 %EWHW(FFA) B EE 8764211 uEg/Leldon], 371Y Here] A3
T 8294181 uEg/LZ 9 H o2 ZAFHAF(p<0.05). hxdo] 29

?é 7&, Fo] FHALAE = Apolol] fo]Hl Aolrt G G dhA}
TARAAY s%7F Frhskal HDL-Zd 2H &0 fhaste A AdAt
lojdtt, QledA Aol F7ke A AWxA oA FAAAY
o dF FHEAM FRE %7%1713} olgl g o] A
S Zx FHITA HYEH Ao o] H 23

Sl A vhEAES ML AAAN A %*éxl%ﬂr o ~HE
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3} A 4 (Triglycerides/HDL-Cholestero) & #9322 ZrAAAY.
g vhEe A7) e 9 g IY O 2 d anE dEpd A

o2 Z]thE

Table 21. Plasma lipid profile of TJF and control groups

TJF group Control group
Pre Post Difference! Pre Post Difference
Plasma
triglyceride | 204.5+73.8 192.2+70.4 -12.3+11.0° | 201.4+67.9 198.7+66.7 -2.7+7.1
(mg/dL)
Total
cholesterol 213.9+32.2 202.8+35.0 -11.1+16.6" | 210.4+279 213.8+244 3.4+105
(mg/dL)
HDL-
cholesterol 41.7£5.9 43.0+6.1 1.4+3.0 42.8+8.7 42486  -0.4+2.0
(mg/dL)
LDL-
cholesterol 128.2+25.3 120.9+23.6 -9.5+9.8 122.3+21.4 119.6+216 -2.7+9.3
(mg/dL)
Free fatty
acid 876+211 829+181 -47+50" | 864233 83694230 4+43
(uEq/L)
AMerosenic | 5114167 466170 -045:042"1| 496226 4994242 0.03+027

Difference between Pre and Post measurement

“Atherogenic index = Triglycerides/HDL-Cholesterol

Differences of TJF group and control group are significantly different at p<0.05.
‘Differences are significantly different at p<0.01.

v 71% R ARV AN AT

g AE ) BEE 175 AES .

GOT

1l = -1
Wsks FA ehokom(Table 22), 4174715 #3%<2 BUN, creatinine ¥ %
AA] Fo5 Q1 2Ho] 7k ¢lATH(Table 23).
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Table 22. Plasma GOT and GPT activities of TJF and control groups

TJF group Control group

Pre Post Difference' Pre Post Difference
GOT

28.1£5.9  30.5+55 2.4+4.1 30.7x4.4  31.0£4.7 0.3+4.7
(IU/L)
GPT

23577  24.4+6.0 0.9+4.3 24384  253+45 1.0£5.7
(IU/L)

Difference between Pre and Post measurement

Table 23. Plasma levels BUN and creatinine levels of TJF and control
groups

TJF group Control group
Pre Post Difference’ Pre Post Difference
BUN 164430 159435 -05+16 | 17.9+39 163455 -1.6457
(mg/dL)
Creatinine | ) 5,019 1084032 0064039 | L03+016 114028 0.11+0.34
(mg/dL)

Difference between Pre and Post measurement

A AR FHis 2 gias g4A A4 vAE I

nrEe] uhE AFH de @4 TBARS - 3.72+1.22 pmol MDA/L®]
oy A7 F 3294119 pmol MDA/LZ fFodo=z A ATt
(Table 24, p<0.05). P}EFEE2L in vitrodl A #3 &3 A4S ERY
o in vivodlME ol#dt &35 YElU= FAoR AREY. 43
conjugated diene I HFHL wlEt3} EHJZ-EL El:r A7z A, o F9 A

N:

A Aol 7t gldth wkET Y PHE 4
IU/mgHb©]

]

L

g9 SOD &AL 2.02+0.39
Ao, A7 F 2.14+0.43 IU/mgHbi ooz Stk

H‘I’

ATHpP<0.05). AE 79 catalase 33"”34 glutathione peroxidase &4& n}
Fo dEz2a BT AU A, Fol fo4Q0 Aelr fldth S gkt

T} sl—tﬂ ,E,Q

ot
[CEE S E

o oA A A= et 78 Qdxtolmz mpE 9
717 AR A% AR AASEY F49 SOD &4 T/t I &

MZe o 2 A% %S Ued Aoz AR
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Table 24. Antioxidantive the activity of TJF and control groups

TJF group Control group
Pre Post Difference’ Pre Post Difference
TBARS B ) _
(umol MDA/L) 3.72¢041  3.29+34 0.43+0.117| 3.60+0.33 3.54+0.30 -0.06%0.13
Conjugated
. 10.3£1.1 8.2+0.7 -1.1£05 9.8+0.9 9.1+0.6 -0.7£0.5
diene(uM)
SOD 2.02+0.13  2.14+0.14 0.12+0.04" | 1.99+0.10 2.01+0.10 0.02+0.02
(IU/mgHb) ' ' ) '
Catalase
147.8+7. 159.7+6. 11.945. 1399464 154.1+74 142458
(K/gHb) 7.8+7.0 159.746.8 9+5.7 39.946 5 7
GSH-px . n " +
(IU/gHb) 29.3£10.0 33.1+74 3.8+10.6 32.3+89 34.1+86 1.8+10.3

"Diftference between Pre and Post measurement
"Differences of TJF group and control group are significantly different at p<0.05.

3. vh&9 F4EH
7b sk AEFAM FLEFT 2394
D& Ax A3%8 A3

7 MTT assay & &

3
G ATFENA vHE FEE 09

FEE Astel P AL BYL
saggstel g9 avol AW FEE LU AUy FF ATE
A% Aeed % Cos =2 243G 2407 A ool 2HE 5

AE HolBR 24A7tS A 7Eo® g%, EFE=0-17]) % 70%

s FE2=2C-17De FE 3oz Advk(Fig. 18, 19).
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A) B)
Fig. 18. Screening of anticancer effects of various effects of various
extracts from Trapa japonica Flerov. on cancer cell lines. (A) MCF-7
breast cancer cell line (B) MDA-MB-231 breast cancer cell line. 1-1(water,
Market A), 2-1(methanol, Market A), 3-1(70% ethanol, Market A), 4-1(acetone,
Market A), 5-1(isopropyl alcohol, Market A), 6-1(ether, Market A), 1-1(water,
Market B), 2-1(methanol, Market B), 3-1(70% ethanol, Market B)

mda-0t& A 2|
12 |
124 24
10 m24A 2
[0 32A] 2+
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T o4l
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Fig. 19. Cytotoxic effects of TrapajaponicaFlerov.extractsoncancercellswith
different time interval determined by MTT assay. mda;, (MDA-MB-231),
1-1(water, market A), 3-1(70% ethanol, Market A)
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W) Ax549 Fesz

MTT assay® ZAE ICsp T& % HZACZ(UANZ AHE) ntE F
ES 4 AEFA AP s & AEFY FA 4 AE e W
9wz Aol o] H-2E (adherence) A4S HoA A3 &g 5
3l & th(Fig. 20, 21).

) B)
Fig. 20. Cytotoxic effects by Trapa japonica Flerov. extract on MCF-7

cells determined by MTT assay. A) control, B) Treatment of Trapa japonica
Flerov. extract (3-1) .

21. Cytotoxic effects by Trapa japonica Flerov. extract on
MDA—MD—231 cells determined by MTT assay. A) control, B) Treatment of
Trapa japonica Flerov. extract (3-1)
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t}) Flow cytometry®4 & ¥ 3 apoptosis @ HMEF7] 4

A=1PS KN /K] 3] ;g}.o

. W}5 hexane®3¥ & 36417 A 2(5 pl/ml)3tS

NN
MCF-THZ A ulE FEE9 I &5 73S FHs7] Hste flow
o}

cytometry«— - =
= W v AL Alas
apoptosis7} 4SS
3to] ol AEFI] 23
ol 941%= AA3 =
AAG 44 A7} Lol

¥ 2 o
e
Kl

e ol Fa otk

, WH S7] 43.1%0°0 A 2.88% % ZrAshed

- [F1J[ AND B] 2005-04-07 1431 LMD : FMTZ Lin [F11[ AND B] 2005-04-07 1457 LMD : FMT3 Lin

'oqozz

Fig. 22. Flow cytometric analysis of MCF-7 cells.
Control(left), Trapa japonica Flerov.-treated(right)

'oqnzz

Table 25. Cell cycle analysis of MCF-7 cells with Trapa japonica Flerov.

treatment
Phase Control (%) Trapa japonica Flerov.—treated (%)
G1(subG1233}) 45.7 94.1
G2 11.3 3.06
S 43.1 2.88
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U, 71E §LFALe synergyEd £4

1) HZ FARC 274 o] AlE 3 AHEst Am A dead
(synergy)E il 7} k=9 H2&9 T&HS dato] AgAQl F4-89 A
S We ARHES AFESEL AT o]el AA AFNA Wol] AHEE = T
& A EH] BE Fol stHe Wl S E A (synergy)7t A=A AL ST
AbgE 71E 3¢F kAl E2E Taxol, cisplatin, adriamycin 5 °]lon n&
FEES EFEFEA-17D), 70% oIt %—7‘%%(3*17])% ol okAlet FHAl 24
A ZE af ks eh.(Fig. 23) MDA-MB-231A1 XS0l A= 1-1%38 2 cisplatin},
3-183L taxol ¥ cisplatin®} A% &3E HAJT. MCF-7A Xl A+= 1-1%
o] wx AREAle] H|ste] B synergy ETJr-E— H At MCF-7A A
5 AL A] 93 g EA S HAW 3-12 synergy E3E HoFXA R
sk ok

mcf8 -2k X +ot &

mda-SkA| +0t &

Fig. 23. Synergy evaluation with extract of Trapa japonica Flerov. and
conventional anticancer drugs determined by MTT assay. MCF-7 breast
cancer cell line (mcf8), MDA-MB-231breast cancer cell line (mda)
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2) &bkl A A EFAMe 232
ot oFAlo] WAHS 7 fHd HEF 5}
7] 2 3-1715 24217 Agste] & A4S MTTHS=Z =4 it (Fig.
24)

FANAG MAEFAAE 3-17] +Fo] 7M1 5% Id A4S RoA FF
A F A Am kAl el b fdet B8 o g ®HRlth Adriamycin
WA Axze distel= 7]Ee e IAAEY iR E 5 555 52
o]x] %3l =dl o]+ adriamycino]l ¢ kAUl 7t SFAE FF XS}
= A kA WA (multidrug resistance) & - %38F7] wjEel Ao 7 welt)
MCF7 2FX| L A M| 22 ==

14
12 _
o _ _
08 ]
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S22 3xr| |gxx| |2l gl |8 |®

cIO|= |7 |7 LT Sl sl sl

Sl |O |~ |m o ™ o ™ o ™ o ™
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Q13
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Fig. 24. Cytotoxic effects by Trapa japonica Flerov. extract on
drug-resistant breast cancer cells determined by MTT assay. MCF-7 breast
cancer cell line(parent cells), VP-16; VP-16-resistant cells,
Adri;Adriamycin-resistant  cells, MF60; mitoxantrone-resistant cells, BL19;
bleomycin-resistant cells, MTX; methotrexate-resistant cells, 1-1(water, market
A), 3-1(70% ethanol, Market A)
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REHR JdF7E B¢ 25 #HE 53 g¥d A
1) Z2E % 4
B AFgNE ntE FEE Agld wE effect associated target molecule<
grolr FEF9 A8714E ol 7V A4 E Anz ste] ZEHE AT

= XA st 2agd s 9 =

T w8FE=Y FdId Al AREHE o AEFY shuel
MCF-7A] 30 35 reference protein map< 24 313l HelLas Eo| A nf
5 Ay ¢ WIste dWdES T4 Sk gl peroxiredoxin 29
peptide peak: TF&-3 Zth(Fig. 25, 26). 7|14 SHE dwdE5L nlE9
2871 Aol Zlake] HE AREJY 2 AFoAE WY S 4o &
peroxiredoxin 2¢] & ge] thate] ZA}E T

rr

Fig. 25. Peptide mass peak of isolated peroxiredoxin 2

_95_



Fig. 26. Two-dimensional electrophoresis of Hela cells with Trapa
japonica Flerov. a) control, b) treatment with 7Trapa japonica Flerov.(24hr)
(Increase: vimentin, cytokeratin 19, glutathion S-—transferase, Decrease: cathepsin
D)

Zous FEE & 29 FS Y AT

36A17E wiF - v Adst BRI Ay 74 AR AP FeddMe dAT o Ax
de dFe Bt AR Ad sREE Z Aols oA Fgern Ha wEd
Sul/mL 52 Z1o]ste] FRolME FEF o Ax M €S VML dee
Ho|F A th(Fig. 27, 28). ¥ A7 A3l wet 743 8 ¢ AH(E RAFL
= hexane £3& HHse TE EDoMY F& 53 AT oA

80
70 r 0204 104 O548
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50 r
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0 [i—nl:h—l[h:r:-:l:h:_

DMSO Bu Hexane Ethanol Chlorform Aquous

100

Fig. 27. Anti-cancer effect of solvent fractions of Trapa japonica Flerov.
in MCF-7 cell measured by MTT assay.
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Fig. 28. Anti-cancer effect of solvent fractions of Trapa japonica Flerov.
in S-180 cell measured by trypan blue dye exclusion.

v, B8 2dA 9 in vivo % B4
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o

[>

=

3 Folio Hi AETE 351+1. ooz ZAA et tH(Fig.
29). "l hexane & FATY EFH A HAET 32412 g2 A4

e JHNAT. Bebd v1E hexaneFEE L B wheadA AE]

HH

Control Trapa japonica Herov.

Fig. 29. Survival days of tumor bearing mice treated with Trapa japonica

extract (right) compared with control solution(left).
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Fig. 30. Western blot analysis of retinoblastoma (A), cyclin D1(B), cdk4 (C)

proteins. control(left), Trapa japonica Flerov-treated(right).
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w AdeMe 54 W HEE ICR vhv= & HE 25 Fol 277k S 197
_]

oA B47r AFHez JAFHINeH([Fig. 31-a), 6vtd] = 23 HF: & A

Aom onlgls EHe A A Ao A sttt B4 A mpg- 2o A

55 H4A A7 AFHE B Ul & MEEe] AE¥Hom FAHES 9
o

st tH(Fig. 31-b). HEF42 17t A &ghr]qte] Wy o] &34 dA =
2 F9o A Fof Bd e E £ T Aoz Alsdrh gtsEe
¢} 3t (tumor development)&©] =3 ¢ro o3t AAHELE AX7F Hojx FZ
FAFA T = B 55 mdo] f2d Aoz Algdd. &3t A A S-180
AEE Aol AT A AiF F AP HFTse BHS &3 JFTEo] &
I ovbA B o o]zt wj st &3 A7 Fo HFSs= Ao ¢

438 ¥22 & & AN

A)

Fig. 31. a) Development of tumor bearing mouse. S-180 cells were
inoculated into peritoneal space of the mouse. Ascites was developed after
2 weeks. b) Cytology of asites. It shows that malignant cells were
clustered and it verifies a successful development of cancer in the mouse

peritoneum.
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Fig. 32. Anti-tumor efficacy of Trapa japonica Flerov. extract in tumor

bearing mice. Significant antitumor effects determined by mouse weight were

noted in the Trapa japonica extract treated groups (sample-10,

x—axis shows survival days and y-axis shows mouse weight(g).
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Fig. 33. Effect of Trapa japonica Flerov. extract on life span of tumor

bearing mice. Significant antitumor effects determined by survival day were

noted in the Trapa japonica extract treated group (sample-10, sample-20). X-axis

shows survival days and y-axis shows numbers of mice alive.
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2) Stable transfectantZ ©]-§& 3 theoredoxin A3} E4 A9 o4& 749

Peroxiredoxin &4t3} & A7t 8435l HelLa-prx= parent cell?l HeLael] H|3}
o] peroxiredoxin® o] F7HHASE & ssled, vt FEE A Al
HeLa—er*ﬂS—Eoﬂ X+ HelLa parent cello| A H]&}e] SF 24-48A]7F Alolol <F
X 2358 (cytotoxicity) o] #AHE AITdFS HATHFig. 34). 4823 o|F &=

%k A EE AFololl ZFol 7k glo] ALl EAld AEEo] S oli AlAG Y]
o EaE A nA Y Al s 5 s a4 e Aow Helth
o] A3} peroxiredoxin@ 27} wlE So] gl Bo] FAOTRE AA 7
2ol AEE o% 2EAZEZRY BE @ 5 4SS AAET AzelA Fo
Az A we gl Ferepdel el wastel A%e Awol A €@
t}. Peroxiredoxin &9 W& olgyst YA FEd #o & 7o Holx
of mhel WARAEL FF PP AW o] FLI 4TS F Ao A
=¥

90

80

70
60 [
3
% 50T —+—Hela
@ 40 —#— Hela—prx
o}
230 f
o

20 \

10

0

0 12 24 36 48
Hours after Extract treatment

Fig. 34. Cytotoxicity assessed by MTT assay with treatment of Trapa

japonica Flerov extract. HeLa: parent cell, HeLa-prx: stable transfectant

3) Western blot% o] &3 #AHW dMAS Ty ‘3-1 z4d 7% ‘Ff%‘
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ot e gabo] Aty didEe] Hd F¥S A &L chaperonth ¥ E =

1l =
4] Peroxiredoxin®] &g ZA} 35t}

7}) Peroxiredoxin®] cyclin D19 t 3 chaperon ©¥AZ A9 o3
T3

Peroxiredoxin®] cyclin D1 ti3 & It

HeLa—prx A3ZoA2] cyclin D19 &3S Hugh A3 & AXToNA =

T oawAE ko] HAE HYA oy HeLa—prxol A= cyclin D19 A 7

o] Ztth(Fig. 35).

Cyclin D12 & A A& o9 FR3 935 3Fi= proto-oncogene 2
(Musgrove EA%S) e+ HIJ_OHH kg A 2ol —40}04 o] 7HAad
B3 gkl Qled A9 Hela AlXAAMZ vlE Ao oste] o)
o] HaE AT
1 2 3 4
e o o -

Fig. 35. Cyclin D1 protein expressions in HeLa cells.
Lane 1;HeLa, 2;HeLa+Trapa japonica Florov.(T]JF) extract, 3;HelLa—prx,
4;HeLa-prx +T]JF extract

o] A= miE FEEY TAHOEFE Mol 7&Kl o] gl S o] &
St S-S HoFa drd. F o] cyclin D1 proto-oncogene? H.Eoj
peroxiredoxin €47} chaperon protein® & 9&S 3to] wald EIfE A
A AA Gild FEE FASHE Ao®E Bl

nhE FEEC % et B3 B A o AlFA EA ddo] WolA
AA AE AP o]E Ao 2 Holi=d chaperont¥ A E2] WHo] F7}
Hol whuld B4 %01‘?1 “""E}?:L TG AR olojAA ") HEIE &44d

u

- 103 -

Hal7] 98kl HeLa$}

i



Fig. 36.

>

U) HeLa ¥ HeLa-prx A XS] lojA dild Eraxd 73

g & %o wujd EajA A8 (proteolytic system)o] WX = Q3FS It
W37l el ZF A ETolA] ubiquitination®] X}olE FASE Ay thea}
Fdg=
HeLa-prxA| X (Lane 5)o 4+ parent cell(Lane 1) ®]3}¢] ubiquitination
o] AA dojyA peroxiredoxin®] L& F HeLa-prxolA vtE Ao £
g T EAo] AA dojua JFS KHoFa vk obE thizA<l
gokAlel taxolS A et Udtol A ubiquitination©] F7FSFA o A
HeLa-prxA| Z o] A ubiquitination®] #F4AF 23S H A TE Ubiquitination
H dALS A= proteasomed A T A E3 7 dojuy=dl, proteasome
inhibitor (MG-132) A& ¢|3}o] ubiquitination®] WA H=L F7}135}
of kg g% A9 &S T o AFHT dHA EIy=
ubiquitin-proteasome system< ©|£%& <2 & ¢ AAH(Fig. 36).

1 2 3 4 5 6 7 8

Ubiquitinations in Hela cells with Trapa japonica Flerov. taxol or
MG-132. Lane 1;HeLa, 2;HelLa + TJF extract, 3;HeLa+taxol,
4;HeLa+MG-132, 5;HelLa—prx, 6;HeLa-prx + TJF extract,
7;HeLa-prx-taxol, 8;HeLa-prx +MG-132

%) HeLa A X 3lo1A cdkd4 @Hd Td
Cyclin D19] &3 FEUSI cdkdd] @ FHAE 24}

Sk st =Y i
Az E ntE Aol oate]l W37l 1o HeLa Al Eol A& o] o=
2] cdkd @ o] 7FA3E A peroxiredoxin B4 WE fF o=
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ke W FQrth(Fig. 37). o] AxE mlEo] od st dwo 7)ol
b oF Alse] mhet 2ol 7h s ‘/}F/P‘ﬂiﬂ}.

1 2 3 4 5 6

__'-—-—-—_---

Fig. 37. cdk4 protein expressions in Hela cells.
Lane 1;Hela, 2;HeLa-prx, 3;HeLa+T]JF extract, 4;HeLa-prx+TJF extract,
5;HelLa+taxol, 6;HelLa—prx +taxol

2}) PARP @93 23
g g £5L tE g
APE S FEste] A7Ya Hal flow cytometry ® apoptosis®] FHE @A
o] w}7<Ql PARPS o 44
sto] subGle] #+€o] &

i PARPO &A% =7 #

o
=718 PARP| W3 western blotell A

N
.

oA 9} H]Z=&} A apoptosisE EdFo] AE

22139tk FACSAIA = kg Aol o

o] ¥ AFEAAMY & AE A3 7]

Zt2 apoptosisE B39 doJFE H AT 9A peroxiredoxino] ZHid
¥ HeLa-prxAl XA = PARP fragment®] @& =Fo] 4 Ae¢S H AL

o] Axl= A¥E wjY¥ Fo #&EFE dAA- HeLa—prx cell& parent celle] H

sfol ulE Aelo] olsfe] AEAEe] 4L A& AW @ 4 A- A
ZA o]t} Fig. 384 SIHE o] wi=1= intact PARPZ YEW 3L apoptosis
9}= o] gl olBlFE o] fragment(lane 2, 4)F o] apoptosisol] o

g},

Fig 38. PARP protein expressions in HeLa cells.
Lane 1;Hela, 2;HelLa+TJF extract, 3;HeLa-prx, 4;HelLa-prx+TJF extract
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Z Bz gAE T 55 Gl A jn vivo ALY

& M EZo| A chaperon Tl o] v} HAE FRlstr] fste] QAAC] F A

Aol vd B % Z immunohistochemistry® =733t 23+ Fig. 399 e $lch.
Al L

s
23

A TG =AM Rz §-52] A2 peroxiredoxin &4x9] ZFe @
= a2

az=g
AFAA A dolth B A7 Asb fdeteld b Abg A
29 gl weh gk mabh deh A4 9ee Ak

Fig. 39. Immunohistochemistry analysis in breast cancer tissue with rabbit
polyclonal anti-peroxiredoxin 2 antibody.

4. & AY8Y EF 2954 4 &4

npE 9 80% dEE FEE &2 83%IoH, vk 80% oEE FEE2 &

<2 n-hexane, chloroform, ethyl acetate, n-butanol, aqueous % ©]
ZyZy 45%, 3.71%, 29.3%, 15.3%, 15.0% = ethyl acetate FE=&9 F&°] 71% =
o

1) DPPH radical &4 &4

DPPH= ARale] 7hA o 9li= &) b goll S17nmellA 43 &
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o} vlE 80% A EE FEE9 free radical 2AEA S 405% = UEFEOH,
FEFOR AL83 L-ascorbic acid®] free radical A~AEA(48.1%)H. ) ThA
< s YHEAT oY 7] &R AleEge 7t FE5E9 free radical
AEAS vl B A ethyl acetate FE=0] 615%= 7Hg E9kow,
o522 n-butanol 26.6% <=°] A tHTable 26).

S O I =)

2) a-Glucosidase *] 3] &4
a-Glucosidase 9] Zﬂ 3 &Aool =& A5 Aol EA%t= a-glucosidased] &
AE gAS &S AASIAE S W G e dGF 4% des
o A 5= EJJrE 71t 4= At} vE 80% ethanol F& &9 n-glucosidase
Zﬂ &S 922%AHTable 26). TFEO 7 A& 3 acarbose: n-glucosidase
£ 3713% A&t Asdgst 2 FEEY @45 vlus] 2 A3 ethyl
acetate FEE°] 94.0%=2 7% I Y522 p-butanol 82.6% o]
Atk

Table 26. DPPH free radical scavenging activity and yeast a-glucosidase
inhibitory activity of the extracts from Trapa japonica Flerov.

Samples Free radicgl as)cavenging Y.ea_lst ufglu_C(.)siil)ase
activity® (%) Inhibitory activity” (%)

80% ethanol extract 40.5 92.2

Hexane fraction 14.7 69.8
Chloroform fraction 10.5 73.3

Ethyl acetate fraction 61.5 94.0

Butanol fraction 26.6 82.6

Aqueous fraction 85 60.1

Ascorbic acid 48.1

Acarbose 37.3

¥The activities were measured with the sample concentration of 0.2 mg/mL.

PThe activities were measured with the sample concentration of 0.1 mg/mL.
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o vEeE2RYH FEAYAEAY EZY AA

1) LH-20 column chromatography

nfEo e FEAREd 22 Besty] 98te] ethyl acetate FEES
LH-20 column chromatography® 12} A A&ttt WA ethyl acetate FE=
= HPLC® #4138 23 Adef&ddo] = 4709 major peaksE 2F¢1at3] o
(Fig. 40) 7z A&EdH=2 ¢Figsty] st 4 LH-20 column
chromatography 2 12 AA|stA T &2 50%-75%-100% methanolS AF-&
sto] EA 3 A3 Fig. 4last 22 AZrEIHS IS F AATE ]
Abgh 8-S Bo} Fraction [, I, III, IVE WHaal o5 LS =
s ith. DPPH radical &2A &4 S Adiv]algk A3, Fraction IolA 7HE -
& 249 B (Fig. 4lb), n-glucosidase A4 Fraction 17} I A

M Aol 2 As & 5 UJH (Fig. 42).
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0 10 20 30 40

Retention time(min)

Fig. 40. HPLC analysis of ethyl acetate extract from 7Trapa japonica
Flerov. Column, Cigz column; solvent A, water(0.05% TFA); solvent B,
acetaonitrile (0.05% TFA); and gradient, 0-30%B in 40min. 1, gallic acid; 2,
trigalloylglucose; 3, tellimagrandin II; and 4, tetragalloylglucose.
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2) Semi—preparative HPLC

LH-20 column chromatography® <& 47]¢] Fractione <4 £837] 938
o] semi-preparative HPLC® 22} A A3} t}. Fraction 12 6%, Fraction II+=
8%, Fraction I+ 11%, Fraction IVE 7% A3 o] YE = major peaks

oA AA AT (Fig. 43).

3) Analytical HPLC

Semi-preparative HPLCZ AHAd AEE29 =& <2lsl”] $3 analytical
HPLC® E43]% A3} Fraction Ii= 10.5%, Fraction II:= 25.4%, Fraction III
295%, Fraction IVE 302%°] <3 ddas 4S8 & Aoy 7zt

o] AE-S compound 1, compound 2, compound 3, compound 4 o8 3%

rr

%1
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Fig. 41. LH-20 column chromatography(a) of ethyl acetate extract from

Trapa japonica Flerov. and DPPH free radical scavenging activities(b) of

its fractions. (Column size, 2.5%30cm; solvents, 50, 75, and 100% methanol)
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Fig. 42. Yeast a—-glucosidase inhibitory activities of the fraction from
LH-20 column chromatography.
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c) 2500 500

Fr. IIT \4 After purification
2000 400 3
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S S
ol I
e Q
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g 5001 E 100
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I & 804
< 1000 1 —
5 S 60
< <
£ 500 4 g 40
20 A
' L
0 —
-500 - - - - - 20

0 5 10 15 20 25 0 10 20 30 40

Retention time(min) Retention time(min)

Fig. 43. Purification of the bioactive compounds by using preparative
HPLC. a) Fraction I, b) Fraction II, ¢) Fraction III, and d) Fraction IV. 1, gallic
acid; 2, trigalloylglucose; 3, tellimagrandin II; and 4, tetragalloylglucose.

g mhEe fEAYRY AR TE B4

1) UV-spectra

o BHE EE HAggs 2H9ERS 1909014 400nmel A A1 A3
compound 12 272nm, compound 2+ 278nm, compound 3 278nm,
compound 4& 278nmolA HHESFE HEW o o] gallotanninol A R.o]
= dubAQl A Fabdat A A sk vH(Fig. 44).

2) FT-IR

Compound 1] ™3+ FT-IRS AA)s Z3I} Fig. 459+ 7 gkom™ 1036, 1159,
1269, 1313, 1348, 1433, 1456, 1548, 1622, 1649 cm T M FEIaE YE
gallic acid®] IR spectrum®} &< 3}3it}.
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Fig. 44. UV spectra of the purified bioactive compounds from Trapa
japonica Flerov. a) gallic acid(1); b) trigalloylglucose(2); c) tellimagrandin II(3);
and d) tetragalloylglucose(4).
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Fig. 45. IR spectrum of gallic acid(1).
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3) LC/MS

LC/MSE Abgste]l & 89 vl 549 43S SA3AtHFig. 46).
LC/MS =45 ¢8le] ESI ¥ negative ion modeE AF&3lch. 2 A3},
compound 12 169([M-H] ), compound 2+ 635([M-H] ), compound 3=
937(IM-H] ), Z#]x compound 4+ 787(IM-H] )9 m/z 7S delsd on
Z+z} 170, 636, 938, L#]al 7889 A ES 7H =HdE ¢ F AU o]
HES gallic acid(1), trigalloylglucose(2), tellimagrandin 11(3),
tetragalloylglucose(4)2] =23} %] 38} thH(Table 27).

a) .
o —
100 [M-H]
Max: 1.16582e-006
80
60—
o
3
8
40—
i
20 ~ H
3 |
- g
i | ]
i |
o [T - . - S
5 —— L — : F . L e
100 200 200 400 _ 500 500 760 200 800 1000 m;
b o
) 1 a
100 b3
Max: 135872
® [M-H] ~
o
P
oS 2
0 T 1
LT i
w0l | |
i ‘ o |
2 !
! @ e ‘
20 ! 8 | 3
] g o
s 2
o 2 o i 8 o
g g 3
T‘ i g | &
o L ol ot il it st e b boh, | Lt
e e g e e
100 200 300 400 500 600 700 800 900 _ 1000 _miz]

- 114 -



c) o
100
Max: 386524
80
,
60
40 ~
S s
pat ~
- 5
- g
20 T £ g
[ g &8
b ¥ T ‘
! o ]
| e : o
0 TP I BT
- : e . —
100 200 300 400 500 800 900 __ 1000 __my
d) 2
- o
100 [M-H] R
H Max: 694080
80—
60
o
©
g
g
5
2
40
20
o
P o
2 los TS
-4 p=1
i < | 8
i N
i L e
° . L - A
S C L , . C . —_—
L 100 200 300 400 500 800 _._._790 __ 800 900 _ 10000y

Fig. 46. LC/MS spectra of the purified bioactive compounds from Trapa

japonica Flerov. a) gallic acid(1); b) trigalloylglucose(2); c) tellimagrandin II(3);
and d) tetragalloylglucose(4).
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Table 27. Mass data of the purified bioactive compounds from Trapa
japonica Flerov.

Compounds Name Exact mass m/z foE HPLC rfet. time
M (calc.) [M-H] (min)
1 Gallic acid 170 169 105
2 Trigalloylglucose 636 635 25.4
3 Tellimagrandin II 938 936 29.5
4 Tetragalloylglucose 788 787 30.2
4) NMR

'He} "C NMRS AHgdle] <4 Balg 229 ea9 49 §7]29 #7)
2 29 B 9kth(Fig. 47, Table 28-30). Compound 12 'H NMRS A% 7.062
ppmol A A3 singlet peakE YEFW oW o]= gallic acid®] 2,6-hydrogen
o 9% Ao gebArk PC NMRe 4 122.021, 110.293, 146.358, 139.536,
293 170.447 ppmolA chemical shiftsE& X9 o™ o]= gallic acid®] Cl,
C26, C35, C4, gL C7dl 93 Aow AdEw oo Aite Hiud
gallic acid®] NMR #&¢} A3 8¢ h(Fig. 48a). Compound 2, 4914+ 'H
NMRe] 2% 7 ppm < olA zZt B4 A% galloyl groupd W49 2
singlet peakE #9159 o, BC NMRO A= galloyl group 2 glucosed] <]
Sl chemical shiftsE &J& F  AAF(Fig. 48b,d). ol ZAI= [
-D-glucopyranose®l galloyl group®] 370 El 4717} Agte
1,2,6-tri-O-galloyl-fi-D-glucose %2 1,2,3,6-tetra-O-galloyl-fi-D-glucose?]
NMRZ ¢} dx3+49th. Compound 32 'H NMRS A% galloyl group®s=
o2 9112 649, 662 ppmel A singlet®] chemical shiftsE YER|A T o
= =719 galloyl group®| 2+3} 5] o T4 2707} A A H
hexahydroxy-diphenoyl(HHDP)2] 6,6 -hydrogen®]| <]% Aoz A=t
(Fig. 48c). w2}A, compound 3 pentagalloylglucose®} +AMSH 22 F4
27N7F AA R trigalloyl-HHDP-glucose =, tellimagrandin 112 4= Ak, o
U4 0 2 glucosed] #8712l galloyl group®] ol ~H 23} W gallotannin® &
A elet galloyl groupe] Atstyo] A ¥l HHDP7F 23¥ 4% ellagitannin
o7 A3l o5& X5 hydrolysable tannino|#} 3tth. wElA], compound
1, 2, 4= gallotannin®. =, compound 3+ ellagitannin®. 2 J&38 & Jo

o] 59 T+ Fig. 469 YERNATH
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Fig. 47. 1H, BC NMR spectra of the purified bioactive compounds from

Trapa
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Table 28. 'H NMR data of the purified bioactive compounds from 7Trapa

japonica Flerov.

GA()” TriGG(2) TetraGG(4)

Position Mult. By J(H,H) bux Copm) [(H,H) b (opm) ]'(H,H)

(ppm) in Hz n Hz in Hz
Glec-1 d 5.926 8.48(1,2) 6.096 8.32(1,2)
Glc-2 dd 5.220 9.60(2,3) 5.443 9.84(2,3)
Glc-3 dd 3.840 9.06(3,4) 5.580 8.92(3,4)
Glc—4 dd 3.670 9.74(4,5) 3.961 9.88(4,5)
Glc-5 ddd 3.828  4.56(5,6a) 4019  4.36(5,6a)
Glc-6a dd 4472 12.13(6a,b) 4520 12.16(6a,b)
Glc-6b dd 4575  1.82(5,6b) 4611 1.60(5,6b)
Gall-2,6 S 7.062
1-Gall-2,6  s(2H) 7.009 7.026
2-Gall-2,6 s(2H) 7.051 6.931
3-Gall-26 s(2H) 7.036
6-Gall-26 s(2H) 7.106 7.123

a)GA, gallic acid; TriGG, trigalloylglucose; and TetraGG, tetragalloylglucose.
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Table 29. ®C NMR data of the purified bioactive compounds from Trapa

japonica Flerov.

Position 5 fc_(ppm)
GA(1)* TriGG(2) TetraGG(4)

Gle-1 94.094 93.903
Glc-2 74.243 72.355
Glc-3 75.950 76.460
Glc-4 71.335 69.633
Glc-5 76.598 76.617
Glc—6 64.203 63.979
Gall-1 122.021

Gall-2,6 110.293

Gall-3,5 146.358

Gall-4 139.536

Gall-7 170.447

1-Gall-1 119.976 119.847
1-Gall-2,6 110.536 110.570
1-Gall-3,5 146.467 146.520
1-Gall-4 140.570 140.670
1-Gall-7 166.499 166.309
2-Gall-1 121.039 120.395
2-Gall-2,6 110.341 110.365
2-Gall-3,5 146.401 146.329
2-Gall-4 140.013 140.189
2-Gall-7 167.577 167.181
3-Gall-1 120.972
3-Gall-2,6 110.393
3-Gall-35 146.348
3-Gall-4 139.970
3-Gall-7 167.715
6-Gall-1 121.248 121.210
6-Gall-2,6 110.179 110.203
6-Gall-3,5 146.501 146.534
6-Gall-4 139.893 139.946
6-Gall-7 168.249 168.163

a)GA, gallic acid; TriGG, trigalloylglucose; and TetraGG, tetragalloylglucose
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Table 30. 'H and ®C NMR data of tellimagrandin II(3).

No. 'H bc
Glucose 1 6.11(d) Ji2 = 832 94.13
2 554 (dd)  Jas = 963 72.41
3 576 (1) Jaa = 986 7358
4 523 (1) Jis = 10.03 71.25
5 443 (ddd) ?;b _ ?zgg 74.00
6a 5.38(dd)
o . Joap = 1362 63.71
Galloyl 1 119.69, 120.26, 120.33
2,6 7.05, 695, 692 (2H,s) 110.37, 110.49, 110.56
35 146.22, 146.37, 146,55
4 140.06, 140.27, 140.75
7 166.16, 166.86, 167.53
HHDP 11 125.70, 12621
2,2 116.47, 116.63
3355 144.82(2), 145.89, 145.93
44’ 137.64, 137.67
6,6' 6.49, 662 (1H, s) 108.23, 10859
C=0 169.16, 169.53
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Fig. 48. Chemical structures of the purified bioactive compounds from
Trapa japonica Flerov. a) gallic acid(1); b) 1,2,6-tri-O-galloyl-D-glucose(2); ¢)
tellimagrandin II(3); and d) 1,2,3,6-tetra-O-galloyl-D-glucose(4).
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wovhge FEAAEN RS 498

1) DPPH free radical &A%

T wed =49 kst A4S S467] flel DPPH WS AbSske] i
%9l L-ascorbic acid®} free radical 274 %<& v & cHFig. 49). Z+ =4
9] ICs#e wlws] ¥ Ay gallic acid(l) > tetragalloylglucose(4d) >
tellimagrandin II(3) > trigalloylglucose(2) > L-ascorbic acid®] =22 free
radical 2715l $Fstglen o g2 Zbzb 60, 81, 100, 135 pg/mL=
L-ascorbic acid®] 194 pg/mLBE. T} $-43t4t}h o] 23= He 59 =83 ¢
23t} o gallic acid®] 49 L-ascorbic acid®} vFzH7FA 2 SOD FAFEA] 3}
DPPH radical 275¢] Bdsle] dAgitsiAz de] deAd de= =,
trigalloylglucose, tellimagrandin II, tetragalloylglucose T3+ dAt3lso] ¢4
g Aom WA vhFo FAsARAY NETbsde] SR Aor Algd

o,

250

200 ~

150 1

100 A

IC 50 (ug/mL)

50 A

1 2 3 4 Ascorbic acid
compound

Fig. 49. DPPH free radical scavenging activity of the purified bioactive
compounds from Trapa japonica Flerov. 1, gallic acid; 2, trigalloylglucose; 3,

tellimagrandin II, and 4, tetragalloylglucose.
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2) a-Glucosidase A3 &4

T e E 47HA =49 o-glucosidaseo] tg ICo#ks AT 23 E4F
T 001 mg/mLelA trigalloylglucosex= 0.51+0.04, tetragalloylglucose=
0.38+0.02, 18] 2 tellimagrandin® 0.278+0.006 pg/mL%Z UEltor A5 %E
0.025 mg/mLolME= ZZ 56105, 24+0.1, Z¥al 097006 pg/mL=E
tellimagradin 117} 7} e A4S Bom At w9 531
TH(Table 31). ¥+ gallic acid 2 acarbose= a-glucosidase®] t™3+F A af A
o] sl gttt o] A= galloyl groupel 7S AsjEA o] F7Hd
g wauel  AXAsFAvk. T3 trigalloylglucose,  tellimagrandin I,
tetragalloylglucose =% T4 9 Aol EAhFErt 7SS oA =
A4S ga% F dlen ol tight binding inhibitiono] g A¥A H o
2 FAHEG(Fig. 50). 99 AR EAL 7]£o] H ¥ a-glucosidase A 3
AQl acarbose ¥ Hlud uwf Y53 Hold AfLAS BHow, dFdx4
Y 2 Fddm g3 Baso] o] ulE 9] ethyl acetate FEE°] Yo
W A5 Ego] E AoE ARETh

-

Table 31. Yeast a—glucosidase inhibitory activitya) of the purified bioactive

compounds from Trapa japonica Flerov.

1Cso (Mg/mL)

Compoundb)
Enzyme 0.01 mg/mL Enzyme 0.025 mg/mL
GA(1) - .
TriGG(2) 0.51 = 0.04 56 £ 0.5
Telli 11(3) 0.278 + 0.006 0.97 + 0.06
TetraGG(4) 0.38 + 0.02 24 + 0.1

¥Syubstrate concentration is 1.0 mg/mL.

MGA,

gallic acid, TriGG, trigalloylglucose, Telli 1II, tellimagrandin II, TetraGG,

tetragalloylglucose.

“No significant inhibition.
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Fig. 50. Effect of enzyme concentration on the ICso of the purified
bioactive compounds from 7Trapa japonica Flerov. against a-glucosidase
from yeast. a) trigalloylglucose(2), b) tellimagrandin II(3), and c¢)
tetragalloylglucose(4). Substrate concentration is 1.0 mg/mL.
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3) a-Glucosidase A3 &4

7 43 84 A 4S5 vERA tellimagrandin 119] a-glucosidase®] o
o

sk A3 5A4E A9RT] 9o sawed, VdsEd, 18a H7kE BSA
o T AfEdS vlus] Hkrh SkellA Ay wpel o] TA FEV}
St E Aol daste A4S & 7 ANeH(Fig. 50), 712 F=7F 5
7VeaeE Adgdado] AAsitrt dAA = Ao R Hol tellimagrandin 11+
7143 BAA BAd e Ae® A JATHFig. 51). EANHE A o H
ARl BSAE 7 A3t BSAS H7bEol S7tE 5 tellimagrandin 1191
ot FaA o] HAaste

] Aoz Yeb=d(Fig. 52) °]+ tannin Al<E
o] Z4do] Iyt ow g ate] ZAgto] gold o dex] lo] BSAS
k2| 4 ks

tellimagrandin 17} ZAg3te] 238 oz AHsjAe] =5 HAAZ A= 3
EEE
T 4
3 “
E "-
£ 604 .
] h
[l by
B *,
= b
= 50 u —
40 . - : :
0 4 E 12 16 p. 1] 24

Subgirate concentrabon(pH PG, mamL)

Fig. 51. Effect of substrate(pNPG) concentration on the inhibitory activity

of

tellimagrandin II(3) against a-glucosidase from yeast. Enzyme

concentration is 0.01 mg/mL.
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Fig. 52. Effect of bovine serum albumin(BSA) concentration on the
inhibitory activity of tellimagrandin II(3) against a-glucosidase from yeast.

Enzyme concentration is 0.0lmg/mL and substrate concentration is lmg/mL.

v wtEg FEEY AYUEAHAED FFEH

Rhodanine ] 9FS& o] &3l A A gallotannin®] kS i 2 A3, ()73
o AFAxHE vkE B8 0% e FEE H$ 19.8%<ld

Hksle] oAl 83 vlEe A9 200%=E YT o] gallotannin 9

=
?’La’“’] WATHTable 32). =3 &4 29 7} compoundﬂ =TS o83k
- :

ol

H] 1l
=

Az 2
oA

ATk wiEo] A9 4719 2 hydrolysable tannin(GA, TriGG, Telli II,
TetraGG)ol 9.24%, oA T3t nfEe A5 1451%= Y w5 ol
E=om F JFA] B5 tetragalloylglucose?] ShaFo] 376 ¥ 755% = 714 =9
CH(Table 32). 4714 A& FFRY 80% TAHF=E9 gallotannin 3] A<l
T ouiQl Aew Hol &= o™ 47le 41 o]9le] gallotannin®] t+&F 3
Aoz Andtt 7217 &FS (F)7s A Fod A Aede nfEE T kg T8
2 32re A9 gallic acid(l) 15g, 1,2,6-tri- O-galloyl-B-D-glucose(2)= 1.5g,
tellimagrandin II(3)< 19g, 1,2,3,6-tetra-O-galloyl-B-D-glucose(4)= 3.3gl =
L EFRE T
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Table 32. Compositions of the purified bioactive compounds from the 80%

ethanol extract of Trapa japonica Flerov.

Contents (%)

Gihwa® Changnyeong”
SOOfX Z,?Catn()l 1975 929.00¢"
GA1)? 1.65 0.10
TriGG(2) 1.64 3.49
Telli 11(3) 2.19 3.37
TetraGG(4) 3.76 7.55
Total® 9.24 1451

¥from hot air-dried powder of whole fruits obtained from Gihwa company.

Yfrom freeze-dried powder of the shell of fruits harvested in Changnyeong, Gyongnam,

Korea.
“Contents were measured by gallic acid determination method (Rhodinine method).

d)GA, gallic acid; TriGG, 1,2,6-tri-galloyl-B-D-glucose; Telli II, tellimagrandin II; and

TetraGG, 1,2,3,6-tetragalloyl-B-D-glucose.
“Sum of the contents of GA, TriGG, Telli II, and TetraGG.

5. vt F S AHZAHERY 7o AFLA2Y AT
7L vtEe2RH FE AYUBEELY FEUY Y

1) & 2= A3 9%

nPEEEESEYH o 7HA] FAHEEE AMSSte] 2R Agddd T
Z38S M udAH(Fig. 53). Gallotannin® Hh&s3<l 278nmell A
FEHY FHEE A% 29, FEF 257 SHESFE FHEE SUHEEA
H FAHATEEES 0% TN TP =S FREE BEAoen I td
0% FTAANA = FHFEE BT a8y, HPLC 423 50% +4
80% FAolA fraiditel o ®Wol FEHo o ¥ 80% FAHAES F=
AbgEtg o Rxvl S7MESE fFaAwe FEo] TUISHAIRE oA
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A A5 A vlEeol F7kstA Ha &uje] Hu Al bS] EAR Ao
o2 oy 712 FWE ng&E o 40T/ 7P Ads FEEE JuE
=3

2) ¥ = dT FF

FE2% 40TCAA 0, 20, 50, 80, 100% +7H FEEY 100C d43=
B FaAHE dHEHS AHF B89 (Fig. 54). 1 A gallic acidE A ¢ %
F2 gallotannin® & 80% FAAA 7 E=ghon FEEujHZ H| s

B u gallic acide &9 gFo] =5 uw @o] FEFH WA trigalloylglucose,
tellimagrandin II, tetragalloylglucose= FAHTE7} =S5 FEo] & H+=
Ao FAHAY. dFFE9 Aol FEAARES FFo 2
Hort 80% FAel Hlate] @2 FEFS YERAT. wabd FHo FEF H A
FTEE 0% = FAdF ATt

3) F& 3Fd U ¥

FE3Fdd e FaAggd 249 IS vustr] fste 80% FAHE
Sl & o] &3te] 40CHA 1, 2, 33 FEF38e] 1 S WL oh(Fig. 55)
O Ay, 2 FEAEY el FEIGUE TS E acste AL o F
ARem HA gallotannin®] FEFES vluste] BH 1z FE(1.67mg/mL)ol
H 3k 23 F%(0.79mg/mL)> 47%, 37 F%&(0.09mg/mL)> 54% = 723}
Ak mEtA FE3FE 23] FEo] 7MY AEs Adew fduE gl

F=EmMe pHel We F& Eﬂﬂ”‘”“Jﬂ&°H]OVlﬁﬂ8W6$@
of mtEREES H7E F pHE 2, 4, 7, 10, 128 %Fo] FE3AT. F&59
FEAEY] S HPLCE 24, 443 23 pH 4olA FE8 80 7M% =
tom 1 thg- pH 70l tH(Fig. 56). wekA, &mje] pHE Y && F
o] Ae oz At

ool Az RE wEETY 80% FAHE Hy
BE T 40T Y EoA 2443 Fot 23] FE5 = S HH F=
Aoz A
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Fig. 53. Effect of temperature on the extraction of gallotannins from Trapa
japonica Flerov. with various concentration of ethanol concentration. a) 2
7C, b) 40C, ¢) 50C, d) 60C, and e) 70T
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Fig. 54. Effect of ethanol concentration and hot water on the extraction of
gallotannins from Trapa japonica Flerov. at 40°C. a) Total amount of major
four compounds, and b) amount of each compound; GA, gallic acid, TriGG,

trigalloylglucose; Telli I, tellimagrandin II; and TetraGG, tetragalloylglucose.
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Fig. 55. Effect of repeated extraction on the extraction of gallotannins
from Trapa japonica Flerov. with 80% ethanol solution at 40C. a) Total
amount of major four compounds, and b) amount of each compound; GA, gallic
acid, TriGG, trigalloylglucose; Telli II, tellimagrandin II;, and TetraGG,
tetragalloylglucose.
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Fig. 56. Effect of pH on the extraction of gallotannins from Trapa japonica
Flerov. with 80% ethanol solution at 40C. a) Total amount of major four
compounds, and b) amount of each compound; GA, gallic acid, TriGG,

trigalloylglucose; Telli II, tellimagrandin II; and TetraGG, tetragalloylglucose.
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Fig. 57. Temperature stability of gallotannins extracted from the fruits of
Trapa japonica Flerov. Ethanol extract was dissolved in distilled water at
the concentration of 1 mg/mL and incubated at 30C or 100C for 24hr. a)
Total amounts of four major compounds, and b) amount of each compound;
before, before incubation; GA, gallic acid; TriGG, trigalloylglucose; Telli 1I,
tellimagrandin II; and TetraGG, tetragalloylglucose.
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Fig. b58. Stability of gallotannins extracted from the fruits of Trapa
japonica Flerov. in the presence of copper ion. Ethanol extract was
dissolved in 1 mM Cu®* solution at the concentration of 1 mg/mL and
incubated at 30C or 100C for 24hr. a) Total amounts of four major
compounds, and b) amount of each compound; before, before incubation; GA,
gallic acid;, TriGG, trigalloylglucose; Telli II, tellimagrandin II;, and TetraGG,
tetragalloylglucose.
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a) Before incubation
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Fig. 59. pH stability of gallotannins extracted from the fruits of Trapa
japonica Flerov. The pH of ethanol extract solution (1 mg/ml) was adjusted to
from 2 to 10 and the solution was incubated at 30C(b) or 100C(c) for 24hr. Left
panel, total amounts of four major compounds; and right panel, amount of each
compound; GA, gallic acid; TriGG, trigalloylglucose; Telli II, tellimagrandin II;
and TetraGG, tetragalloylglucose.
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b) After incubation at 30C
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Fig. 59. Continued.
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c) After incubation at 100C
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b)

e)

Fig. 60. Products from the fruits of Trapa japonica Flerov. a) Powder of
dried fruits, b) powder of ethanol extract from the fruits, ¢) and d) trial product

in a form of capsule containing ethanol extract powder e) grain products

containing Trapa japonica Flerov. powder.
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S e oH, A5 ddust Sade] WA dxad vhE FEE FoT Al
of FolHRl Aok A H(p<0.05). TR A2Y FmFEol oA whEe] HHE
Ao Aol dH g FoHQl FE FA dowlA T Jraenl o T
dF& Ao gazla, a3 A % FUsHE vRE foHoR
RS AdAtstE 54 A9 vhEae] k24 TBARS g dixdel v
# froldem 24892 (p<0.05), SOD % GSH-px A4S freld ez S7HA3
w(p<0.05). FagkAte] QlojA] whEe] A5 A 2ol WA= e AR A
hEFEES AR A7 HAR A9, A5 30, 60, 90, 120, 1802 AFT7HA VL
At AR Aol wlell el o werom (p<0.05), shEA AT Lol AF

H
g F7hAd el WA (AUC)S dgizxatoll vlal] fFoA o=z HAsd o (p<0.05).
28 IaIAE gz vge Fr AFH adE A A3 10% vHES
T F A A E(T0g/day) B3 3ME & 228 glo] & fructosamine, HbAlc, <1
g 2 oled AFA A xS HOMA-IR Ftol Fodo=z vA yeigow FA
¥ FZ2U2HE 2 sWAS AFE vpEgFATe] FedoR vds. vEAEe
]_

+ % TBARS %

o

ﬁ

p FEE foHew HaAZa, AT SODEAHS F7HAIZ
o weld wEe FU)7r AHE 1%% ‘3-1 °]’4# & S (dyslipidemia) & 7]/ 3}
Farsls s Z/AA Gy 2 dndHES Adste 23U S5t Abed

"]
MTT assay 2 Ax=49 FE g4 ##E& F3l I 50 Fask F=55&
& Adste FF AFE g AgEdsS 2459 S, Flow cytometry &4
Algete] AdbE wE hexanew ¥ A eetdS W, B Aeat# vluste] A g
subG17] &9 F7l7F #E o] apoptosis’7t doWSS & 4 AR wHEH v}
E 28 T dFA V£ g8 kA E(Taxol, cisplatin, adriamycin)@ s Ao = 2
Al oF ME A synergy 29 E E S, MCF-7H X904 X reference protein
mapS #4383 thioredoxinAl 3413} 8491 peroxiredoxin 2 5 4F “dWAES
< S8 @9 Esol gE wE F&
<

ATstd=. B4 A S5-180 Al
h=]

3 3 2
A R whgolA e Bt Bl JFHOR Baeh Wk mag 4
dotle. @9 Ev B wud 24 54 9 s 2

< &3t vimentin,
cytokeratin 19, glutathion S-transferase:increase, cathepsin D52 A3 o, 2
A F-ZA A e g g5S sEREAANA g1 S. TheoredoxinZl
A HFHes Fto st IS AFSta stable transfectantE o] 8%
theoredoxin At} &479] &S qrHste] A=A A5 T3 28§ w7y
T deslE
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A 44 AT

1. SAg=39 2%

proteasome inhibition.

£
L
o a

A 8131 7] % TEAE

Separation of antioxidative compounds from Trapa| 3+ 2% ky}sl3] 2004.11
Jjaponica Flerov. A AN EZA A '
Inhibitory activity of Trapa Japonica Flerov. against n Sl 2] 3% 3} 51 3

_ NN 2005.06
—glucosidase = A g v
Purification and characterization of bioactive compound Sl 2] 3% 7} 51 3] 2006.06
from Trapa japonica Flerov. A=) g '

2. T3 dx
Z 24 & s}3] 7] LA
Effect of extract Qf Trgpa japonica Flerc?v. on 4574 .o of 7} 51 3]
postprandial glucose in patients with type 2 diabetes 820 5] 2003.11
mellitus o
Hypoglycemic and free radical scavenging effects of Sk o &8} 3 2004.05
Trapa japonica Flerov. extracts in vitro sl 3 '
Effect of Trapa japonica Flerov, in glycemic control | o %] & A} 3] & oF 8} 3 2005.04
and plasma lipid profiles in db/db mice sl 3 ’
Antioxidative effect of Trapa japonica Flerov. in | t]3FA]JA}3] o oFsl3] 92005.04
db/db mice sk 3 '
Anticancer effect of Trapa japonica TFlerov, in | T)3Hx] G A}3] k33 92005.04
MCF-7cells g 3 '
: : : 3l o1&l 3

Peroxiredoxin II protects cancer cells in a way of 0 ° 3 2006.06
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Al 6 F AFNEHAHAAN s ST
H

A1 A I3 85 @4 FgAsrieAdn

1. ¥fyvH(Banaba) 9 &9 &35 YEME corosolic acidE $Hfrstal A=
o2 4HA AL, SGTIAHE vlvpul QoA FZ3F corosolic acidE 1% S
GlucoTrim" A1 & A4kt 9o, 1998 Tokyo Jikeikai Medical School®] ¢
Al d (two placebo-controlled crossover trial) 23 GlucoTrim= 83 & H*%

5 o~ =] o 7 =]
& glo] g9 FFo] sk A HES

ol

o] o
AN H .

2. Fenugreek(Z23}) T3+ ddx 37} & A2 YHEYS. S2399 2 24
&

B o

FenuLife A& Aldzolm, AFol gt A Ao Al Gl s 52
Sh3F & t}E AF o] Technical Sourcing International(Missoula, MT)A}el
PromilinTM & AFEoz A#AH1 JL. Promilines Z2or FE3
4-hydroxyisoleucine (4-OH-Ile)& Ff3te ol ibe] A& HIAolw, x
T A3 F 4-OH-Ileo] ¢l&d HES SI/MAHo2ZH TE 234 glucose
tolerances 7AAI7IaL, 89 A5E AAAYE AoeE UENYS (Broca et al,

1999).

o
>

3. 89 70l Asshd Any AEdzo} Sk U@ AuEAL Fupd
AR b

Ho
&)
o
N
N
o
o
A
rr
pocy
o
il
ol
)
-
<
(@}
=}
o
1)}
(@}
)
o
®

15 93 = <
AYe Zg2F 2uy 44 FE2EE e AFeE, duddeEs
& (double-blind, placebo-controlled, randomized, multi-center
study)l Al PycnogenolS 3 A=} ®ast A} placebowrol Hl&| o]
o o7 dolzS ol S (Ximing et al, 2004). %3 Pycnogenol®] A#-&
604 °l3l T 3AE9 blindness U] HE TuHA 259 progression

= AAANIAY AN 7= Aoz dEsken, el 1,000 "= AHdEE
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Aoz 3t ?j‘/}}/\]?jq]/ﬂPycnogenolO] A ZF =4S dHElE retina EAE

o
9] leakyE sealdt= Aoz HEE SRS (Schonlau and Rohdewald, 2002).

oA HeHow Fuxze AHEH = Maitake BIAS o] &3 o8 T=43
2 AAA A G2 d E5s AR S. 2-4F73 A2¥ T A 530S o
dow & dAFAA SX-fractions F-frdte maitake S HHAAZ A
d9 o] 30-63% #HATS FAdstss (Konno et al, 2001). Maitake

o
Products, Inc.e= 2¥€7F 14M 9 Iu3IAES Aoz 3 AdA FolA maitake

W G F FRAY R GHARIRY 42
ul 3

1

d 9l Solcon S¢F & isoflavones?!
Solgen 40& *ﬂ*Po}M#U% FAEE T‘M}Qi PGAHE A8, Soleon S
9} Solgen 40S EF i3 HEAE A4 & A-HENA HFAA 23 A=
Ag 2 o] NN FHzEHEe] HAES FlsS (Jayagopal et

al., 2002).

w2~ 3, EVE 9] ol bitter melon(&%: Momordica
charantia, 95)7} &% X 2A7= AoRE YEhgow, ddAE
(two controlled Short—term trials) A3 A28 FAAAAN G L FIE R
229 F27F AasteE Ao 2 YEN S (Welhinda et al., 1986; Baldwa et al.,
1977). t+& A4AE (two small, uncontrolled trials)oll A= 11F3F 794 o] A}
Al bitter melonS AAH A7 23} glucose tolerance’} WA &= Ao wE YERNS

(Srivastava et al., 1993; Leatherdale et al., 1981).

0,
>
IS
Y

%3¢l Panax ginseng ¥ American ginseng< 9 X

2 =
S 118G 19 A2 o] &3 HEAFo|A Panax ginsengo] ¥
o
=

7= Ao ® YEy oW (Oshima et al, 1985) A28 dnddxs
Fike] S)dAI@el A American ginsengs s EEW, GoldRaER W ASEG
FTs FYHoz A= HAoRE YE S (Sotaniemi et al., 1995 Vuksan
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10.

15 °] conventional treatment%t #|FHES 1Hof HE] FFx Sl
?la}AA—«U%, L.EL.E —,—0401-1__ :QJ—Z]- "] ‘é“__ LTEE Z:]'—'}]?‘A]?]% 3-1

Elyttl (Shanmugasundaram et al., 1990; Baskaran et al., 1990).

Gz gelS 4297 &% 234 27 15mL A T3 F

2} A1 ¥ (placebo—controlled, single-blind)oll A 43%¢] g7} o] ZHAsI=
s yedslen, 44%°] sxte= FAAY w7t #daste s UEY
(Yougchaiyudha et al., 1996). Bunyapraphatsara 52 glibenclamide £-& A]
g 2 FAAA FFo] M) gldd T AE] 48%7F &2 vera juice
A 5 ddo] Hadte Ay B HAIATIAER2% e TAAI W] HAse

W13l S (Bunyapraphatsara et al., 1996).

S D)

Mo mx a® do

Fxskatel Qo] AAES o] &3 X7 oF a-lipoic acid(ALA)S] Aol A=
Zrolld = 5. 1579 &AE o= 3 A AN 7 600mge] ALA
£ 37 HEAY A dauA A5 F8 S5 FAHAL, sHACHI)E
T 2 gz Ae] MAE AL Qs S (Ziegler et al, 1999). T3 Mayo
Clinic¥} Russian medical center®] &% <d7olx ALA® &Y F9& TuH
4 AT #E3t, 5, wEAY, 29 Ad S AaAIE A9E 2R

332 (Ametov et al.,, 2003).

ol Az B o g HBRA GUBY TARRY IudAe] IY A
9 JRe WaEstel AE = AT/ BRI AY T WA, B A7
Fgu R FAsFsol $5E HES oW /5 HERAR AV F5F
oleh AR,

uf2 3 FAF &9 A EQl Trapa bispinosad 5ol A “"%%L gFo] BHAaEoe o
T7F APEN S AeH oz Fo oA ALEHo] 2d A7 oFA Fo 2 2
e}

=

EAZE 28E o] Qo] 1986 dEo] AFAE FAHOE of7|oA Aot o
X5 HeLaolA in vitro9l & T35S &2 st Rusds. dd &%
cytostaticetR L MxE F7] 1z g3 5 %
B &9 252 g A 4 A

u Gso] B J1F AT AL, AT ofelro
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1l
iV

2] apoptosisE Ho]FA| Foli . AT FAR] viE Ho=
3ol §50] A& Aow W (Yakugaku, 1986).

L AFNA F8EH mtEe Y ol FE&3 A4S ste= A

peroxiredoxin& 40 #3F AFEZH peroxiredoxingAEeo] HY =
of T7Fe o] Qi o] A wWiEol o AE AEH T s =
Hag o] Hiue 2 A5 Ayt 4 Fi dXsta %5 wE

ol AYelE FEd AdS At FF AT Sl =

. Helicobacter pylori AlTt°] peroxide reductase® 2}-83}o] oxidative stress 3}l
/1 9] misfoldingS ®A]3F+= chaperon 7|sS zZt=tesE W&o2 H pylorid A
= 717 T stUE S =RoE B AdFA vtE 5o FAEHZHE &
A7} Aobd = 71 & 27 = A9 (Chuang et al., 2006).

. Peroxiredoxin II7} Wt AlEFo| A BIALA i] o AaslA st=v FH At

S P A7 2 AT HER A AR v SR EASE (Wang et
al., 2005).

- 158 -



A 343 FEEF Y, 74 #AH JgFgsrieAR
1. v o238y FEste RudE AYIAHERE

7}, Trapain & @ vtE° #II=2FYH wBdS Fglste] ellagitannin, eugenin(l),
1,2,6-trigalloyl glucose, 1,2,3,6-tetragalloyl glucose®} 1,2,3-trigalloyl-6-
digalloyl glucoseS &3l oW ethylacetateZ . 2 H-E trapain [I& +2]3}
214 (Nonaka et al.,, 1981).

Y. Trapainin % : 729 9oz RE 8dS 28 3lo] gemin D, tellimagrandin
I, peduculagin, casurinin, cornurinin A, capltothin B¥} cornusiin D 5& &
A3l (Hatano et al.,, 1990).

2. Gallotanning] 7| €} A& &A

AT FEEddEoR rHE gallotannin® A E] &4 o

ad#H 2 gl ow rat Intestinal a-glucosidase A 38l, antibiotic, A3}, et = Fhlo]
Hx g3 5o Aol HuHSS. T2 gallotannin®] FFEET gallic acid,
trigalloylglucose, tetragalloylglucose, pentagalloyl glucose % tellimagrandin I, II 5

ol e 2+ Ao F8 Ay &S v5I LE

7}. Gallic acid : Gallic acid®} gallic acid =42 methyl gallates Ed3H A
AAZA Teol gt & a¥7t Hold AoZ HuHEAS (Lim et
al., 2003; Kolodziej et al., 2005).

. Tellimagranin II : Tellimagrandin I+ [B-secretase(BACE1)2] H]7 A=A # &l
Az 4dH A 9w, Helocobacter pylorittel W3t S EIE 7HA = o=
Bu%Ae (Lee et al., 2005, Funatogawa et al., 2004).

t}. Pentagalloyl glucose : Pentagalloylglucose= 4% 2 MEAF Ao &
3 A7 BauEQlom, a-glucosidaseES A sty Ad&d FEA 9 A}
of ¥ YALE 43 A7E 5 dxd o @ A8 ¢4 5%

12 Bd2 H15%S (Feldman et al, 2001; Lee et al., 2004; Niemetez et
al., 2001, Cannell et al., 1998; Feldman et al., 1999).
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