common

O N § E.E B

@creative

MEARA-HAZA 2.0 [{FHN S

o Ol HEES SH, =, 85, 84, 83 2 822 = JSLIL
o 0 HEES 2ol SH2Z NIEE = 2AsUCE

CS3 &2 2 AS MS0r gLk

AEARAMN. A5tz A HSME EATHADE ZLICH

o Flok=s, 0 ASF=2 MOIE0ILE 2] 22, 01 AHEH HEZ NEASTZAS B

ZH5HH LHEHHMOF ZRLICH
o HEAHM=SH SEE AMNE B28 Didet 2d45= BE5A BsLCH

AEAYN 02 012X Ad= A% HWEN Sloll] 335 EA SFSLULL

0lZ12 D& H 2 Llegal Code)S Olaat?| & H 228 2IRILICH

Disclaimer &5

Collection



http://creativecommons.org/licenses/by-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

= 4 R BRIRE
R B G SR

2008

L REB KEB
£ hh = TR R

(5

—
=

5k % H



re
o>
©
o9l
off
=2
oX,
ol
NE,
r (o]
e
ry
X
gk
o>~
bop
:._l,
re
-4

FHW BURIRE

of ¥ MiLEML G oE T

20074 11H

W5 KRB KE B
£ hh = TR R
5k % H



=7 7
v M

e % W o) LB A= ARk
FHERQ L
FAER 2l
FHERQ L

BIE L TRE . KRB



i
o}

N

g 2 Adez vt

al

el MALRAE hR ] A

o

Cl

el
AR

i

,

4]

O

Abegol SAE YA Suke sHEe] A= tolrty] 9

S|
ax

Al

KM

SHA A ALS]

S

= AAsta A

obge FEghol

=4y

oo
= =2

o

A

o

i
—_

~E

ol Al 5= AAF=H Y

°
T

k]

]
=i

o] )

A
=

5]

=4

Al
=

1

kel
of

A ste

%

3

.ron_u
T

el

B

HH

S Aoz yolrt A



W3] M 3o A NO(nitric

%

L
1o

-

AR A7 Qare] el @

[e)
o7 o]Fojx gom ginsenoside AE9

1

2

°©

A

=
L

1—oﬂ

aicd) A4S A=A1A s

&

o
1l

1

s

A Uehdle ez dEA k.

ginsenoside
[e)

Hojgton,

=zl L

o

mK

K

of

H dFE= PDPT H)

Ay
s i
3}
-

o

]_

S

|, AABEE, ok

ANA T HE 2]
o] AMHEZS TUNEL WS AL

=8 wdol gpo E KO wf$-~

738}

W(intrapertoneal, i.p.)% Fol3s}% o

| 5:A121)¥ PD:PT=2v (X214 25) 0. =

A

PD:PT=1v"(&

o

beteh o) Fobeh Aol H A

I<]

ol

&to] E(+/+)ws &4 vxzaez E(-/-)

S

A+
o) Ak
e

’

(1.25% ZdU2~®H=Z, 7.5% I3} B E)E

(i.p)= Fo

=

=
al



A&k h. ZF & oA western blot WHES o] &3t A& AT HAGAA,
A= 7)H(COX-1,2 /Ikb-a /p-IkB-a /NF-kB) 2 =7} AbE(bel-2
/caspase—3,8,9 /c-PARP) Z}-87] 4o tajr =3}t

e

o Addds v Zskh
L AFgdstds ®e Adoodd #Fo Aol dEhA A

PD:PT=1°] 7} & AZg2a0E Jebich =38 PD:PT=1ol A4 2

olHF I HolaEol BF wFolHor VM w7 dE

L2, AE, B 2HddA Y] AE FAE AR, SAATC), F =

e
M

(TC), HDL ZFH~HEZMDL-C) X5 E(+/+)7l wlalA z+ A
o] % fFeoldor FUtetth. A A= PD:PT=179], A% ZH A=
T A4 Fojto] w=shAl A A 2 A madE JeRd 7F 279

X
rr

ftllo

A & #2F3HE-(lipid peroxidation, LPO)S
ol mlEfA 8, A g =AM fojHo® FUsGith A A=
PD:PT=1w3 PD:PT=2°] H|8h ZHAag s Yeplom, A% 24 =
PD:PT=20], 3+ &M= PD:PT=13°] LPOS ZAAIFAT. =



ngom

=

=

7}

[e)

=

1

0]
T

9]

o

T

N 2
2 =

ok
o}

E(-/-)tel H]

o, 53] PD:PT=2w°] o]t

1A PD:PT=19]

o

W

E(=/-)"ol

[e)

R

[¢]

5. WArel oltEuE

o) W T W 1
BN ~n of
‘WE — — X
F M o’ o
ORI Ny o
O N — —_—
o, I ~y <)
5 e bjo
fhart X
a 3T ol
5t o] o ~ iy
o BL < Mo -~
v X F N oF
o2 N gl
: g W £
% = CT o
o 2 ny BT N
o = 5 v BE o/
_ o g T T 9
< T T =B X
= = T = & 4 %0
W O —_ NJo —~ m&
B ) T o ol
EE S = B B B
1__/| ES o — 2 “
o | = co T = <M
) — .
_ o= 5 ™ ol
o iod = H = o
o
v = —~ (@)
i T oy 5 B°
¥ OFES S Sy
0 —~ N —_—
+ N & 0y
J) © LN H o X
T o0 % N ooy O =
T " of T N T
| ) [ N olo
I G TN = T o
= o T = Mm = 50
P Y154 f @
A © m A T o~

al
=

bcl-29]
170] 2ES F7HA]

[e)

R

E

2

2:7¢] PD:PT=1v Kt}

3

O

Ikb-a <14k} A9} NF-kB

2+ ©]

o zAZAE 71 m A=
, 53| PD:PT

stgom,

2ol A o Eol AAE AT Tkb-a A3}
d), £3] PD:PT=2° AlA caspse-8,99]

A 7PAPE o] wpA] ek A4 QES-E<Q]l cleaved-PARP

-
T

173} PD:PT

AA 7

Ay
a-

STk 18]y caspase—8,99] w3
o

PD:PT

deo] PD:PT
3l Al
=

°©

-
h8

R

Gl

A oAz 3A ek

k-
s
1

L
s Az

A5

|

FA W cytochrome C9} caspase-32] Wdlo=
A

COX-1,2
PD:PT=1
=

°©

ju=y
-

=

-

R

|

o] B5& It FoATeAA dAESle PD:PT

AR AT,
A,
CIER

5]

o



Al A&

.OO

A9 AT B+ /+)wel vlaix RE Aol fojAHor &
Pl om, PD:PT=112 E(-/-)wtell wlsl] A4 z=29] AA7}
b PDPT=27& 93 A4S Holx &okth, AT FFEHA
A= AR AAAES} 2 AEgS BHlom, PDPT=1TeAA A
FAZ ] o] A YEhde 2E SelA AdaAste Bt fog A
W HER AT

N

b
rot

o o
o
o

bol'

ol4e]l Ax= Fga 2 uwl, PD:PT=1TolAA AF F7F A 2ola
£o] f98A F71eti o, PDIPT=272 7F Ba gyt 93 93-S 1
EbWith, i ~EHE 2ol= E(-/-)we] LPO S FostA 7ML
o, 4h FolAl LPO A/de] B As =, PD:PT=1o2 43 3k =
Ao fFo3t AAS Hlow PD:PT=2& 33 AgzdoA fo3
HAE UETh A Ao A oltjx Y™ e PD:PT=1w"¢] E(+/+)
ol Hla] 28 o] SUFE BAN, A Hasdin dEed A
47 #E o] PD:PT=177 PD:PE=2+"2 Insulin Receptor- ¥d& 7}
A AT Phospho-IRS-1(ser612) a5 AAAAFIU=H, PD:PT=1
o] & U5 F7t ¥ adAAE & 5 UNUTE I AZAPE A @
o3l COX-1, COX-2, cytochrome C, caspase—3,8,9, c-PARPY] 3 -&
cytochrome C&} caspase-3< ALty EF A E o PD:PT=219
AA g7t AA degrh & AZEAPE 7] -] #olsts bel-29] 49 PD:PT
gzl o8 Hdo] FUtsien, 53] PD:PT=1w°] ¥ & T7M&
Btk A5 ubEolM e 3 d5EES NF-kB9 p-1kB-a od A=
PD:PT=2w°] &3z olglon 3 dF=4Ql Ikb-a T F7tel= PD:PT=1
wol @A ow ueiyth T PD:PT=1wo] A% 2o yA A%
et AaAzer, AGAEe] WErh 2%E&S Fd PD:PT=1¢ 9%
bel-2 W& F7bell ot AFAAMNE @l gt AHolgta Azs &

-

i
Jo



AgA o ® Q4] ginsenosided FE5F-91 wt 27 & PDPT H&
4o 2§ gt Ag7|de wgd e uE dFs 5 oled e
Ast, s 2 A7REE oA Vel 1 a3t vEA YEsTE whebA
FEATEZMN = ginsenoside®] 717 Aol ayel A He] A5AHE SO
3k 714 o7 QG5 3l o} mitochondria damageXd AH7HAFE 7143}

o e AT7L BasH,



M

zn

=K
i

o

K

njy
o
JoH
<

13

—

<
o
W

15

A\

A £9]

15

Ol S, AF ZIFE B A O] A Z T s

15

0
Alr
Lapo
TR

sy
HO

0

Nlo

16

17

7. High—density lipoprotein(HDL) cholesterol S S5 o

17

Xé

=
=

|

8. X+ EAFA(AST, ALT)

17

18

9. A A3 E(LPO, MDA, 4-HNE) 3

18

AIr

19

20

20

12. Western blot T T T S S PSP

21

13.

_Vl_



22

22

A WHalek, o] AFHEE L A O] G B e

1.

26
31
37

A
Ao A 2] LPOA-HNE/MDA) ABA] weevervsssssssssisissssrnee

oMM

™
{

—_—

0

jan
iz

!

—

=
A

o
o}

e
N
o)

Ay
o

A}

<H

Ql

5. PD:PT

=
__&

od
T
puze)
;OO
o
o

0

=K

)

o14ke] PD:PT vl &x4dd w

6.

52

AL
;OO

jgase)

of WA=

E2R

o] Al

64

67

Y
o

o

ABSTRACT

- VIl -



Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

1. Diet composition of experimental diet 14
2. The mean of body weight gains, food intake and food
efficiency in each group for 12 weeks in apo E KO
micefed high_cholesterol dlet ............................................................... 24
3. Effect of PD:PT ratio on the activities of plasma alanine
and asparate aminotrasnferase in apo E KO mice fed
high_ChOleSterOI dlet .................................................................................. 29
4. Effect of PD:PT ratio on the activities of plasma alanine
and asparate aminotrasnferase in apo E KO mice fed
high_cholesterol dlet .................................................................................. 30
5. Effect of PD:PT ratio on the plasma lipid level in apo E KO
mice fed high—cholesSterol diet « s 34
6. Effect of PD:PT ratio on the liver lipid level in apo E KO
mice fed high_ChOIGSterOI dlet ............................................................. 35
7. Effect of PD:PT ratio on the heart lipid level in apo E KO
mice fed high_ChOIGSterOI dlet ............................................................. 36
8. Effects of PD:PT ratio on plasma lipid peroxidaion in apo E
KO mice fer high—cholesterol diet s s 41
9. Effects of PD:PT ratio on hepatic lipid peroxidaion in apo E
KO mice fer high_cholesterol dlet ....................................................... 42
10. Effects of PD:PT ratio on heart lipid peroxidaion in apo E

KO mice fer high—cholesterol diet .................................................. 43

- VI -



Table 11.

Table 12.

Effect of PD:PT ratio on plasma adiponectin concentration
in apo E KO mice fed high—cholesterol diet « e 45
Effect of PD:PT ratio on fat adiponectin concentration in

apo E KO mice fed high—cholesterol diet .................................. 46

_|X_



List of Figures

Figure 1. Schematic illustration of insulin signalling cascade = 2
Figure 2. Potential mechanisms for activation of inflammation in adipose
tlSSUQ .......................................................................................................................... 5

Figure 3. Structures of ginsenosides. Based on chemical structure, there

are two major groups: protopanaxadiols (A) and
protopanaxatriols (B) ...................................................................................... 8
Figure 4' Research design in thlS Study .............................................................. 12
Figure 5 PFOCGSS Of eXtraCtion Of ginseng ....................................................... 13

Figure 6. Body weight (a), Food intake (b) in apo E KO mice fed
high—CholeSterol diet =i, 25
Figure 7. The difference in plasma concentratin of alanine and
asparate aminotrasnferase in apo E KO mice fed
high=—CholeSterol diet i 29
Figure. 8. The difference in plasma concentratin of alanine and
asparate aminotrasnferase in apo E KO mice fed
high=—CholeSterol diet = i 30
Figur 9. The difference in plasma concentratin of TG, TC and
HDL-C in apo E KO mice fed high-cholesterol diet - 34
Figure 10. The difference in liver concentratin of TG and TC in apo
E KO mice fed high—cholesterol diet - 35
Figure 11. The difference in heart concentratin of TG and TC in apo

E KO mice fed high—cholesterol dlet .......................................... 36



Figure 12. The changes in plasma lipid peroxidation product in apo E
KO mice fed high-cholesterol diet with treated differential

PD:PT ratio .................................................................................................... 41

Figure 13. The changes in hepatic lipid peroxidation product in apo E
KO mice fed high-cholesterol diet with treated differential

PD:PT ratio .................................................................................................... 49

Figure 14. The changes in heart lipid peroxidation product in apo E
KO mice fed high cholesterol diet with treated differential

PD:PT ratio .................................................................................................. 43

Figure 15. Plasma adiponectin concentration difference PD:PT ratio
in apo E KO mice fed high—cholesterol diet « e 45

Figure 16. Fat adiponectin concentration difference PD:PT ratio in
apo E KO mice fed high—cholesterol diet . 46

Figure 17. Western blotting of the expression of Insuiln Receptor B
(a) and Phospho-IRS-1(ser612) in apo E KO mice fed
high_ChOIQSterOI dlet .............................................................................. 48

Figur 18. Effect of PD:PT ratio on the regulation Insulin Receptor B
(a) and Phospho-IRS-1(ser612) (b) in apo E KO mice fed
high“ChOleStel"Ol dlet ................................................................................ 48

Figure 19. Western blotting of the expression of COX-1(a),
COX-2(b), Ikb-alc), Phospho-IkB-a(d) and NF-kB

p65(e) in apo E KO mice fed high-cholesterol diet - 54

Figure 20. Effect of PD:PT ratio on the regulation COX-1(a),
COX-2(b), Ikb-a(c), Phospho-lkB-a(d) and NF-kB

p65(e) in apo E KO mice fed high-cholesterol diet - 55

_Xl_



Figure 21. Western blotting of the expression of bcl-2(a),

cytochrome C(b), caspase-3(c), caspase—-8(d),
caspase(9)(e) and cleaved-PARP(Asp214)(f) in apo E
KO mice fed high—cholesterol diet ........................................... 58

Figure 22. Effect of PD:PT ratio on the regulation bcl-2(a),
cytochrome C(b), caspase—3(c), caspase-38(d),
caspase(9)(e) and cleaved-PARP(Asp214)(f) in apo E
KO mice fed high—cholesterol diet s 59

Figure 23. Effect of PD:PT ratio on the photographs showing TUNEL

in apo E KO mice fed high—cholesterol diet = 66

Figure 24. Histogram illustrating the expression of necrosis according to the

PDPT ratio il’l heart tiSSUG ..................................................................... 66

- Xl -



AAA3 8.3%, Tx=H 4.8%=, 10d
o, 2 Qo] WjEn], dF 2 At

°©

=

=

o

=

12.3%,

b4 3

pu
-

%

27%, ¥4

oF
=

=
K2

PN
T

2006 EA

w4

T oz~ H oW oo T BT e N
B o N W T PR — B RN X m =)
o = ~ B N %o o N~ 2 x X
45 E e o < %o E
R E now = H R i ﬁ T M
- o o ™ o
@ B o om % o oo T
W % By N o o% 1d_.| i o o X MM
~ ~ o s T
<7 P oo 7 a% e w X
o MM = oA o W
Wﬁ % o mm]rﬁ = iﬂo MM_ o NF N @_ el
N 7o e N N Hoﬂ atz Ty o) o
WL e — oy ° ML oy B
el ST WP o G
PR e d et o H B w
— 01_ [ 0 -
L o o F T o Moo o
T M T ok 3 e ©
mm_w_ < = o o omrw_ X = o0 RO Mo 1ﬂ_.|1_ ok
= oo F o X = W 2 2 Ko
W o T R ooF e 9 Wow% 5 @_l
™ o= o & % D ™ 00 T o~ X
IWF Mﬂ ML R Wr,_ Mm X A A T M.:M MQ U =
R I A
MR X PN o WA e e
BN o N R o N Z =Y Ry
~ ' 3 ' 0
T o P T oW o T T odo AP
o © W T o w9 od o T oo X
= o~o "o N & < W ol Mo B &
— [®)) ]L o —_ ‘mvl ‘Dro
P O S TeiEw
0 T o
I O e -
o X R MW — o W oA T W
G P s i N oo oMM



T

[€]

A2

33,41

A}
2l

102

o

8

B

'CH

(atherosclerosis)S Yo7 F42

g

ot

o 4
o et U F2

w
{

—_—

ofe] A=l A%

s

&

A}
2l

&)

714 ¢l Insulin Related Substrate—1(IRS-1)9]

of o] B4%= ARkl

=N
o

Aol 7)Aol Eiulol

|

= o
| Y

ws

o
T

o

ki3

[6]e] whebA, o]

3}
=

ufj 7}

g

;ﬁ

—_
o

Nfo

O

e
i

ha

__&

<

& # a1 oh(Fig. 1.)[7].

=3

=
|\ P85 (P

Q

P
(ebl)

APD

-

cC
p110

.

IE
@)
Gene
expression

|
Cell
Growth

Fos & elk1

NI

R
SIS —
AN g
NOIOI g
zwn =\ .m
mw@V =
R =
g=n

&8/

E.
- §2
oz

Protei
Synthes

Cell
Survival

Fig. 1. Schematic illustration of insulin signalling cascade



o= AdEH A9 7|eS A= Rad @9 & (ras associated
F | ARl AH(tumor necrosis factor, TNF), A|¥E% ek
9] dF2l PC-1 & EZE MEYoA & F71Ho] Ad&Ed AFAS

FUF 5 vk bsyel AAHT Yori[6-9], WHUF G4 FaF F

gk 1ol F9o] sty E FeE A vH10,111].
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W A 292 2] (white adipose tissue, WAT)2 olUA| & A&ste= 8 Fa

ot oA el F2F T FasAw, ke WATE Wwkd 3
5

e Eete] olx Qla) it dF vhes 4
HvH[10,11,21]. ®=& HHu|vke] supgk A= ARSI e] of
A 24ES o321 7]E nonesterified fatty acid(NEFA), Tumor necrosis
factor-a(TNF-a), Interleukin-6(IL-6), plasminogen activator
inhibitor-1(PAI-1) &¢ Alo]EFI¥} ol W™ (adiponectin), HE
(leptin), #WA =" (resistin) 529 o}t]E7}<¢l(adipokines)ES AAFSHA ).
Adad AP Hdoste oAe AflEFR] FolA FFHbEe] FFHo] H+=



AZAE (apoptosis) & AFS BosIA RES ZEagse] AEFLE
W

soh %49 usgeltH27-301. AEAPES P

M E9] FF2 'caspase'® EEE ZZEolAl Elxte] sl o3|
dojit=t] caspaser AELME FT2E= GALDZADA A HoAstaL Q)
UH31,32]. AMFEAES HE A o3 S5 Al EIAHnecrosis)ol o] g
S Hlas s, AFEAAES 54 A= e fREs 948 =dA
dojdth= HolA MEYALe}F FEE T
= 92 F AEY A Hd AT
o824 YehdtH33]. 2FolA W ASvse] FH =HAl Nuclear
factor-kBINF-kB)+= pb0/pl05(NF-kB1), p52/pl00(NF-xB2), c-Rel, Rel
A 183 Rel B 5719 &9 sd g2 EX)gtt). Inhibitors of kBs(IkBs)
© AlZdA NF-kB¢t Zgtste] NF-kB7F slo= Fol7bA| Xet=s Wl
FeH[34]. kB Wl Bel-39] Z--ol= NF-kB13} NF-kB29 2 g5}l
o R o]Fg okt 9F9 A=l 5o]2W IkB kinase &

of ¢a] IkB7} <14ksl¥El 3 ubiquitin proteosomeo] <J8] EafEct. o]uj
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NF-kB&= o= o]gste] ofg] HYRkg #d FHAES HAALE st
[33]. NF-kB+= CD40 Y=, granulocyte—macrophage
colony-stimulating factor, ZL&]al cyclin D 53 & MIEXEd 9 A xF
=
[e)

718 FA8= FAAE Alxels ¥ ddiAd vd FAAES 2436tk

A FEALE S AAA I H(Fig. 2.)[34,35].

Increas!

Lipid-laden
adipocytes

‘Endothelial cells
Capillary

Fig. 2. Potential mechanisms for activation of inflammation in adipose tissue.
Dietary excess and obesity cause lipid accumulation in adipocytes,

initiating a state of cellular stress and activation of JNK and NF-kB
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qAFoE AeA Utk BUARF] APARRE nTe2HF
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%, nEY, B, 9u 5ol AHHD Yok £AuSH ojskn By
sze wdeh nPY, ANEF, WD, TAsHE 5 FUdL
ol BRNAALF BHSNA ES Wol el WMBHWA AZH L,

Weet 2 So]2 low density liporproein(LDL)o] AF3ld [LDLE W3 ¥
@43 S (monocyte) 7} B2418te] XA X RZ WslE o] FustEe] X7l
|k (fatty streak)e] FAECh ol WA HAA}F MPEHA I A2
BE2ME, AA M E(macrophage), 4% GolA EnlE AR} ALo]
BRI e @AstEE FHAstsom JNPHT. NG5S 27| 5E
WAz that eliel 7sEdel o8 oyl oEd F4715 Felrt
A71=d, ol Wy e&A 3EZ(endothelial derived relaxing factor,
EDGF)?l NO9| Aite] Frashes whd i 54 540 #H|H = A=
Adsta k. NOE AESHo= Fasy A
Aste] WA ML 715S FASH FEIAEe] TS ol FAsse
B WAZH. HT NOw tHAEAA AlE ]
de rdetAY sMAs TS JAAA o dvka HaEHAT38-40]. A
Ae AFsket doA AT xA ] Vsl e £AS Fel Adx
olF  AUvH41]. FAldl F7HE FAHAEE HE ASAA SAEAAY
o] ¥o} apo BE xgsh= A @AW A (lipoprotein) &2 WE3HA HAvh[42].
o3 HDL, LDL¥e] o282 @4 ol dAds dele ek
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YA F7te SAAYE Ad A S (cardivascular disease, CVD)e] =H
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A5, A9z, FF A (platelet aggregation inhibitor) 71%5& 7FAal &
apo Ex F o= AEA ST A 2o Akt/protein kinase B 12Fso]

EAZE Agata deAr 53 Aduael ol Fad que 53

R8s

t

apo E3v A3y ndd3F3 A, apo E4+= A uje} 22 AHWHAG A3
I} ##Ho] 9t} 3 apo E3S LDL &A1Y chlymicron remnant apo E3
2+2-S wshge). webA apo E3S ofE] xgwla tiabe] F4

<
# g Faste FazUE dael ol FAAA 9¥2 FAw

}_.

rU

=
AAAl fFelgh aarh lgol WA o]ek o] Qi FES AR
2 oY ATE FEAA o anh g [52,53] Qlakel EAlskE €4
AiorE Qb AREW(ginsenoside), THEF(polysaccharide), HEE=
(peptides),  A|WAH(fatty acids)¥  ZloAlE#d dF(polyacetylenic
alcohols)e] EA138t}[52]. 71 & 74 & A& S Ad A4 Axde &
AT, Fakst, dekadel 22 oY A #

Aoz oA duH55-57]. A4 dEE giFiEe A& Panax

ginseng(Asian ginseng), Panax quinquefolius(American ginseng), Panax

O

Japonicus(Japanese ginseng)ollA F=3F AHAEEo] £ o|F 11 ). <At



o] F8 FAAE ginsenosidex=[58] E g H E9 o] =(triterpenoid) Al ]
(dammarane) ] AFEU O ®A Q3kE A Eovt EAst= 5/ AR
ot o] gk EubedhA AFEUE v Gt 2ol FA7I(-0H) 9]
w2} A protopanaxadioldl AFEY(PD: Rbl, Rb2, Rc, Rd, Rg3, Rh2)3}
protopanaxatriold] AFEY(PT: Rgl, Rg2, Re, Rf, Rhl)°o = ®FH}(Fig.
3.)[568].

i
=
ut)

A B

RO

Protopanaxadiol

Protopanaxatriol
Ginsenoside Ry R,

Rb, -gle{2-1l)glc -glei{6-1l)gle Ginsenoside R, R,
Rb, -gle(2-1)glec -gle(6-1)arap

Re -gle{2-1)glec -glci6-1)araf Re -gle{2-1)rha -gle
Rd -gleci{2-1)glc -gle RE -glci2-1)glc -H
Rg, -glci2-1)glec -H Rgy -gle -glc
Rh; -glc -H Rg; -glc{2-1)rha -H
Rh, ~glc Rh, -gle -H

Fig. 3. Structures of ginsenosides. Based on chemical structure, there are two
major groups: protopanaxadiols (A) and protopanaxatriols (B). Rh3, as shown

in the lower part of (A), differs from other protopanaxadiols at the side chain

o14ke] Firol uwhEba] <Ak AlEU o] FAAEE 2~20% F% 2o|7F UE

ot olE 59, 18 A4H(Panax ginsneg C.A. Meyer)< & QI H
7H 2o Aol B EQon tE QAE 2 EF= AMXEY AR S
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=
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Apo E FAAE 72 & Wildes C57BL/6IAEH /+)9 apo E
AAZ AAA L YA Z& B6/KOR-ApoeAl(E(-/-)) 7 wl$-2E Japan
SLC, Inc.(3371-8, KOTOH-CHO, HAMAMATSU-SHDeI A 1053 (25g)
Al FFkol S 15Y Heke AIN-76(Dyets Inc) o2 25 A3t}
A&7 & FALE guigly 4 (SAUERT EH+/+), FAUERT
E(-/-), PD:PT=1, PD:PT=2)0. 2 o] F 1253 A5slvh. AHS 7
B F AS 8FUNE nFH~EHE Aol (DYET#102068, Dyets Inc., 2508
Easton A Bethlehem, Pennsylyama 18017)& A|&3}3la, o] & 477+
AFYzEHE Aol 3 5 WE A AT i FEES Y F
Abstlth FEAIS A 2 &% 214 + 1C8 4% 556 £ 1 %5 &
A8k o 124 7F dark-light cycle(8:00 ~ 20:00)% WS 43
(Fig. 4.)
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High cholesterol diet

0 week 1 week 8 week 12 week
| | |
I Adaptation I I Intraperitoneal
(AIN-76 diet) Injection
E(+/+) E(-/-) E(-/-) E(-/-)

Negative control Positive control PD:PT=1 PD:PT=2

* Negative control : saline 100ul/day i.p.
* Positive control : saline 100ul/day i.p.
+PD:PT=1 : 100mg/kg/day/100ul i.p.
*PD:PT=2 : 100mg/kg/day/100ul i.p.

l every week

* Body weight gain
¢ Diet intake
* Food efficiency
(Body weight/Food intake)

l after 12 weeks

Giochemistry \

+ Lipid profiles (TG/TC/HDL)
* Liver damage (AST/ALT)
* Lipid peroxidation (4-HNE+ MDA)

* Adipokine (globular Adiponectin)
* Western blot (IR/IRS-1/COX-1/COX-2/TkB-o/p-IkB-o/NF-kB )
(bcl-2/cytochrome C/caspase—3,8,9%/c-PARP)

k. Merpholegy (Heart : TUNEL) /

Fig. 4. Research design in this study
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=
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Table 1. Diet composition of experimental diet

Ingredient grams/kg kcal/kg

Caseln 75.00 268.50
Sucrose 579.35 2371.40
Cornstarch 150.00 540.00
DL-Methionine 1.15 4.60
Cellulose 50.00 0.00
Cocoa Butter 75.00 675.00
Corn 0Oil 5.00 45.00
Mineral Mix #200000V 35.00 16.45
Vitamin Mix #300050% 10.00 39.20
Cholesterol 12.50 0.00
Sodium Cholate 5.00 0.00
Choline Bitrate 2.00 0.00
Total 1000.00 3906.15

YDyets #200000 AIN-76A Mineral Mix(g/kg, use at 35g/kg diet)

Calcium Phosphate Dibasic 500.00; Sodium Chloride 74.00; Potassuim Citrate
H20 220.00; Potassuim Sulfate 52.00; Magnesium Oxide 24.00; Manganous
Carbonate 3.50; Ferric Citrate U.S.P. 6.00; Zinc Carbonate 1.60; Cupric
Carbonate 0.30; Potassuim lodate 0.01; Sodium Selenite 0.01; Chromium
Potassuim Sulfate 12H20 0.55; Sucrose, finely powdered 118.03

YDyets #300050 AIN-76A Vitamin Mixture(g/kg, use at 10g/kg diet)
Thiamine HCl 0.60; Riboflavin 0.60; Pyridoxine HCl 0.70; Niacin 3.00;
Calcium Pantothenate 1.60; Folic Acid 0.20; Biotin 0.02; Vitamin B12(0.1%)
1.00; Vitamin A Palmitate (500,000 1U/g) 0.80; Vitamin D3 (400,000 I1U/g)
0.25; Vitamin E Acetate (500 IU/g) 10.00; Menadione Sodium Bisulfate 0.08;

Sucrose finely powdered 981.15
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3. RS 7 % A+

125308 Abg F 122413 ol A4 A7t heart puncture® d &
AFAsATh AH G A4 EDTA tubeol] Fob 2000rpmell Al 10387+ 944
w2 AR F gdE FHAstel -80TeAM s 24 AZHA mHasglt. A

F A dFE A A4 VAR 35 JEA F 80T BEaerglar,
Uz Ade gdaS Al A(perfusion)d ths X=24HS FYSE F 4T
A e BEh Fo FH E 2 NS AAS S 2T Yol 4T

Hybste] TUNEL A== Abgsielth. b =243 Bask Age A da
bR g4 BEAA 80T HAsgith.

4. Holad, AT S7HF R HolHdAF

AT dFdel W dAR Aol SAsAoH, Aol dHAHS wd
AT Ao A Heoladd A7 Fete] AT SUMES 4

2lo]l g & (Food efficiency) = A5 57 (Body weight, g)

2ol d#H % (Food intake, g)

g3 7k, A2 A lipoprotein  lipase, glycerol chinasi,

glycerol-3-phosphate  oxidase, peroxidaseZE ©]83F Enzymatic

_15_



00012 GUIDNA, Italy)=

colorimetric method(ASSEL S.r.l.
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=
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7. High-density lipoprotein(HDL) cholesterol $%& =3

4ol 5] HDL-cholesterol %< =433 tt. HDL-cholestrol &%
N,N-bis(4-sulfobutyl)-m-toluidine disodium salt, cholesterol oxidase,
peroxidase’s& ©|83% 48 ASKDAICHI PURE CHEMICALS Co.,
Ltd. Tokyo, Japan)& Ab&3dte]  EA8AT. Algdd  &EAA S

1(N,N-bis(4-sulfobutyl)-m-toluidine disodium salt, cholesterol

oxidase, peroxidase)S Y& ¥, 37C &27]|o A 587 vk-gA 1 & &
% Al(Multiskan spectrum)& ©]8€3Fo] 700/600nmol A 12 SFHE=E =

At & @aAirA 9k 2(4-aminoantipyrine, cholesterol esterase)E THA] 3
7C 270 A 587 ¥H-2A17 700/600nmel A 23 3 =5 A3
Cholestest N CalibratorE ¢ ¢ L3 WHo g WAIAlA FFEHAS W

E 3 12 5359 23 FF=1Ee] xpo] S AAkste]l HDL cholesterol 5

8. 2t EAFX(AST, ALT) &A
1) AST(GOT) &% =4

47 7+ FZAe AST HES L-Asparate, LDH, MDH, «
—chetoglutarate 5<% ©]83 Kinetic method UV(IFCC, ASSEL S. r. L
00012 GUIDNA, Italy)E o]&sle] A3t Almdd ahAFs ¥

T, 37T F27]o0AM 6087 HkSA

Py
(@)}
A

oy , 60E, 1204, 180% o A]
242y F33 =7 (Multikan spectrum)E ©]-&3te] 340nmelAd FHFE=E A

3to], AE/min X 1905 3215 AFE3le] Az AST 525 SHst.
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2) ALT(GPT) 3 =A

3 78 Ao o] ALT &2 L-Asparate, LDH, a—-chetoglutarate
5<% ©]&3% Kinetic method UVIFCC, ASSEL S. r. 1. 00012 GUIDNA,
taly)E ol&3te] A eglnh. Alme] EAhAoFs ¥ $ 37C =719
A 60EZE BEEAIZL F 0E, 60%, 120%, 180%olA zZtzt FHEA
(Multikan spectrum)E ©]-83te] 340nmolA S3=E =431, AE/min

X 1905 &2 & Abgste] Alse] ALT v55 Z43s3lth

9. A 3}3k3E(LPO, MDA, 4-HNE) &3 =3

g3 7 AR A AFsE A E+= lipid peroxidation microplate
assay Kkit(Oxford Biomedical Research, #fr22)E o]&3slo] =A3& %}
o= XS Ao 7 HE A E = Tkt = FHIS
malondialdehyde(MDA)®} 4-hydroxyalkenal(4-HNE)E sA]o] ZH 3=
Wgolth k7 A4 Z4-E 20mM phosphate buffer(pH 7.4)¢} 27 9] %
3= WAst7] Y84 5M BHT(in acetonitrile)S ¥ %, 3,000 xg, 4T
ol 1081 AAEE S = AT ARt FHolo] Aol AFEstlth. MDA =

—

»

2

AL Az N-methyl-2-phenylindole®} 12N HCIS ¥ % 45C &=
71 A 6087 WAl F FH %A (Multiskan spectrum)E o] 3]
586nmel| A STAEE S35t LPO =H L A Eo

N-methyl-2-phenylindole®} methanesulfonic acidE ¥ %, MDAS} =
Ak HHo g ZAHSS Y. MDA ¥+A]5(1,1,3,3,~tetramethoxypropane)

FEER St ok wUd WwHoR IAA FAEE FHI

mim
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+ LPO %9 MDA sX2 olZE o]&3) ks +3k3it).
10. Adiponectin & =34

gy Bast 2 7+ ZA A9 adiponectin XY quantitative
sandwitch enzyme immunoassay(R&D system, Inc., Quantikine,
Adiponectin/Acrp30, MRP300)E o] &3l A5 Y. a3k Ay 3¢
ZA& 1X PBS bufferg& ARgste] A3t AIZ1 F, -20T o] ol A 244
b ool Baste] Alxug 33 F §, 5000 xgoll A
dTNe ARS8t mouse adiponectinol] tHd wd @Al (globular
domain adiponectin, gAcrp 30)7} "] ZH ¥ o{Z microplate(96 well)l

A RS WolA Aol 3AIZE Eet RESAA A AFAT. A well

2

S wash bufferE AFg3e] 2ol & mouse adiponectin T &-A) ol

J[m

o

o] A ¢l enzyme-linked polyclonal antibodyE YolA Ab2o]A 1A7Hs

BESA1ZL F, wash bufferg& AR&3sto]l 2 wells 7Z4%sHAl Aojvin. 7
A

PN
5 9l B9 WMow WANA FPEES

=
=
Hlaske] mouse adiponectin %5 SA 33T
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11. TUNEL
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12. Western blot

F ZZA9 100ul lysis buffer(IM Tris, 5M NaCl, 0.1M EDTA, pH
7.4)¢} protenase inhibitorg F7}ste] @dwA S FElste] 8%, 10%, 12%,
4~15% gradient o] SDS-PAGEE AAlatith. dF A dild s=
(Bradford method)E =A3 & 4~15% gradient Ao SDS-PAGEZE 4
A= A7 gz o el chal e o nirocellulose

membrane(Schleicher & Schuell Grr, #401296)2. 2 12VelA 1A]7F 30

o

B X0t transferdt &, 5% SAEFE A2oAx 1A7F 5o blocking 3F
%tk TBST &9(20mM tris-HCl, 0.8% NaCl, 0.05% Tween-20)2=

o] T, AAFAE ol &t 4TNA
membrane®} 3A1{F E<QF WESAIFH T MembraneE 3xkd Ao v o
2EEA el gk Sol Al oA A E Aol ] 1A 30+ &<t membrane
I WA Z Y. 32kl membranes AojE & ECL &9 (Santa Cruz
Biotechnology, Inc. #sc-2048)c. & WAl & X-A ZHE(FUJI medical
X-ray filmol] =&A1A &2l &

Aol A el

membranes 1084 3xHd

po3
N

o

andE Image JINIH) T2 135
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13. SA A4
B O AFHA 9 BE A SPSS 14.0KE o] &3] A5

T+ X FAA(meantSD)Z F38+9 31, t-test®} ANOVA test &, p<0.05
oA ZF ATt el {foxE YER ST
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B6/KOR-Apo EZAI¢} C57BL/67A 2 AZ AH F4H
3 AT S/ Table 29 Fig. 69 YelUATh 7+ 38 12573k9] A
HolE A EW E(+/+)72 0.38g, E(-/-)2 0.35g, PD:PT=1v<
43g, PD:PT=272 0.41gC 2 PD:PT=1o] 7P 2 25 won
ARORZ Folgh A7E vepllA] okt BE APl AA 253k 7t
g 2 A7 deElg s, ol A7)t F d
g A F aZUaEHE Aolr wiyrHA yetd Axe Agzbd
A7kl BE Ao AFe] Tt
Ha7b e, E(-/-)we] Mg & AT A
o] PD:PT=2wHt A& AF S7HE depilth E(+/+), PD:PT=1+
3 PD:PT=2v"& H|2dk o] AsHstsE Bl whdol, E(-/-)e Bt
Al AswsE el th(Fig. 6.)

PD:PT=1oll AlA 2lo] A=} 2ol o] Foldo= 7ME 4 y
Bl PD:PT=1w"2 PD:PT=2w"°llA EF Ao] AdF=Fe] %A YErsA
2k Q14re] PD:PT Hl&oll wreba] BAWRE FARS o] ofsfA AF57t
7F A #FEH A (Table 2)

Crude saponin(200mg/kg)s AW 2lo]e} &4 3573 B4R Fo
s Ad, Aol A AT S AAHASHI[T5], T

ANA A4 FEFE(100mg/kg)s Fo= Fogk Ay AlF 577

X

A UG [76-78] =& 7% i FE2=F AolE TS W, Ak Aot

off & o 140

D

st
X

12 M
>,
oy

1>
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Table 2. The mean of body weight gains, food intake and food
efficiency in each group for 12 weeks in apo E KO
micefed high-cholesterol diet

e E(-/-) p
E(+/+) EC/S) ppipr=1 PDIPT=2  -value
BWGD -0.38£0.26 -0.35£0.08 | -0.43£0.12 -0.41%+0.14 0.715
FI 2.70£0.36%%  3.11+£0.13** 3.88+£0.61° 3.474£0.33°  0.002
FE -0.1940.06* -0.17£0.06* -0.08+0.03" -0.124+0.03*" 0.029

Y BWG : Body weight gain (g/week)

FI : Food intake (g/week)

FE : Food efficiency (g/week) = Body weight / Food intake

2

a, b,

) values are expressed meanxtSD

differences in continuous variables between the groups

were tested by ANOVA
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(a)

weight (g)

(b)

food intake (g)

Fig. 6. Body weight (a), Food intake (b) in apo E KO mice fed high-

cholesterol diet
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2. @37 3k 240AM 9 2 7T EF A=
a3 3 z2AdAe 3 Vs EREEE AT ASTGOT)S

E AHEWE, E(-/-)T E(+/+)Tol Hs)
of ASTS ALT X7} Z+z} 240%, 233%%2 Hdo=m F71e49
t}.(Table 3, Fig. 7) PD:PT=1& E(+/+)wtoll W&ol ASTS ALT 34
7V 242 197%, 206% % o)A 0w F748k3lar, PD:PT=2vS 2H2F 229%
o 226%%= oA TS UEtWAIRE 5 ATt s fo A Aol =
et A ekgtth. skA Rk, PD:PT=17"3% E(-/-)+¢ AST$ ALT A=
a4z 82%¢F 88% = FolAQl AAE UEhH e, PDIPT=2w
Z+7Zb 95%9F 96% = FAstH =l AST FX+= F2 42 2po]E ey
] kAR, ALT X+ Fo4 #AE B2, d4dAe 1k 44
L= PD:PT=1+o] PD:PT=2%0l H|sto] I+ R gart A depdvs

% & Ak 3 2NN 3 s EFREE AWBY, B/

rlo

N

(A}

o

A

rlo

E(+/+)well vlste] ASTS ALT FX7F 747 94%<F 80% ZHAshS
t}.(Table 4, Fig. 8) PD:PT=172 E(+/+)a o H]3le] AST9} ALT 4%
7V Z47E 112%, 100%= AST A% S7Feouw, ALT A& E(+/+)T
3} v 28 A YERs e PDIPT=272 27} 63%, 58%%2 AST X+ #
o HQl raE YERH oy ALT A= FoAQl #o]E Holx| &gttt

¢ PD:PT=172 E(-/-)wel Hlste] AST9F ALT A7 ZH2F 119%,
125.01% % F7Fet o™, PD:PT=2v< 247t 67%, 44%=2 AST FAE
FrolHo® gk gk ALT Fx& FoAQl ztolE YebdA] et
FAEE Mg E W2, PD:PT=1"XHt}t

e

2 zAdAY
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FALe} 7 249 w7k AP wElt aminotrasferase’} o2 f
Hol w2 A4S YElATH[82]. 419 ginsenoside A IFAIEZ ©)
4 F45 AT AMS E1as 480 Avn HHAY. 1 e
gl Aol o5, ginsenosidet AAA o= oY 7H4] 3P SAHAEA=R
op7|H = Al IAL T FA A WHME FAI7IAL, He] S AL
of #oJdl+= @A A(epoxide hydratase, glutathione transferase, epxide

hydeoxylase)& €A3AA g FalE /A, dwst= @37 Adrh(82].
Adst AR T E4E ot FEAAA At I RIgHIt 53
RHo=z walom <2lAie] A<l Ad#< ginsenside Rbl, Rb2, Re,
RglolM= A 3+ Boasrh s[83]c] wexlv= 2= PD/
ginsenoside”} 7+ HZ g3o] EAolgtE AL &4 £ drkE=E AL =9,
ol Ago A Ao A= PD:PT=19], I+ &A= PD:PT=27} {} K&
of &34l TS vEpdtE AR 3 dAgkth. Benzo(a)pyrene [B(a)P]
2 7 E4e A sEAA A E2Es 54 (G0mg/kg, 100mg/ke)
2 Fog Ay, AU ASTe ALT FX7F o)A o=z 74 (8415 HS
o, ol ArdEtErA
50mg/kg~100mg/kg &% ol A 71
A= War[85]9F FAFE Ao, ol AFAztel A s} QlET
S Fogte=zx  ASTSF  ALT &40l st QAAE
aminotrasferase®] Z4& AAIA Bla)Poll 23 F &40 digh »eg
=

H7F AE= FAI[84]

{o

O

| 7 Ao AdA, A4kl PDPT W&



e BAY Fo A o]¢ T VHoE I ResadE Y Aol
o A%t} Hasegawa et all86]9F Bae et all87]d <Jstd  PDA
ginsenoside?! Rbl, Rb2, Re, Rd7} Aol Al FuiAlatel oA tjrlel o]
compound K& #A3stcta 3k, +74 2% Rbl¥ compound KE Fo
g A3 1 Regart UeRARh ols S2dE BASE Fosiile
Rb1el 7% 7+ magaarl yeEbA] UAAT compound Ko %o =
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ol AFAFelM = nFezHE Aeold o FRE It 7l E4
i A, 214ke]l PD:PT vlE&xdd wef B0z FAbstgle w, oA
T PD:PT=1°] AST9 ALT FAE EF o8 ow AAaAAAM PD:PT=2
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Table 3. Effect of PD:PT ratio on the activities of plasma alanine

and asparate aminotrasnferase

high-cholesterol diet

in apo E KO mice fed

E(-/-) p
+ /+ -/-
B(+/+) E(=/) PD:PT=1 PD:PT=2  -value
AST?  18.64+1.48Y% 44.77+6.35° 36.82+2.73" 42.80+9.71¢ 0.000
ALT 17.70+0.78* 41.32+5.95" 36.53+0.54" 40.06+5.44" = 0.000
1) values are expressed mean®SD
a b difference in continous variables between the group were
tested by ANOVA
2) AST : asparate transminase
ALT : alanine transminase
60
50
40
S 30
20
10
0

E(+/+4)

E(-/-)

‘%AST #w ALT ‘

PD:PT=1

PD:PT=2

Fig. 7. The difference in plasma concentratin of alanine and asparate
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Table 4. Effect of PD:PT ratio on the activities of plasma alanine

and asparate aminotrasnferase in apo E KO mice fed

high-cholesterol diet

E(+/+) E(-/-)

E(-/-) D

PD:PT=1 PD:PT=2 @ -value

AST?  1.9540.63V*" 1.84£0.49*° & 2.2040.69" 1.234£0.36° 0.142
ALT 2.55+0.97 2.04£0.39 2.55+0.91 1.48%£0.45 0.194
1) values are expressed mean®SD
a b difference in continous variables between the group were
tested by ANOVA
2) AST : asparate transminase
ALT : alanine transminase
3.5 r
3
2.5
o0
E
o 2
)
°
& 1.5
>
1
0.5
0
E(+/+) E(=/-) PD:PT= PD:PT=2
‘%AST w ALT ‘

Fig. 8. The difference in plasma concentratin of alanine and asparate

aminotrasnferase in apo E KO mice fed high-cholesterol diet
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3. 4AF A%, 7 249 QA 44

gxo] TG, TCS HDL-C =4 ZA¥+= Table 49 Fig. 9o YA
3, A 7 Ao A9 TG TC =4 Z23+= Table 5,63 Fig. 10,119

g4 TG, TC9 HDL-C #%F& AHHW, E(-/-)7& E(+/+)7ol H]
sto] fFoHow 77 599%, 498%, 228% F7}stith. PD:PT=14<
E(+/+)a] n]8le] TGE 362%, TCS 365.38%, HDL-C &8 323% =
Al F71E B ow, PD:PT=2wS 242 377%, 477%, 315%=
olHow Fratdu.  EI PD:PT=172 E(-/-)d Mgt TGS 60%,
TCS 76%% fFodoz 7#Aasigion, HDL-C &3S 141%= #2949l
78 B3tk PD:PT=279 A& TG 62%, TC =2 95%% F
oHq o 7+Arstgow HDL-C e 138%% 9402 F71aqit.

A 2 A FAE AHRWAE, WA TG F§FS E(-/-)v2
E(+ /+)aol Hl3sle] 217%, TC &S 350%= 247 fo4¢l F712 B
T} PD:PT=132 E(+/+)wol Hlgte] TGS 134%, TC ¥=F 195%=
FrolHom Frtstelom, E(-/-)wtel HsiAE 27 61%, 55%= oA
A AAE BT PD:PT=2w" E(+/+)w el |3t TG 133%, TC &
2.%% fro)Hoz F7tskelal, E(-/-)wtel vl E Z2H2t 61%, 63%

ol
rlo
\)

ko 2 7k A M E(-/-)w2 E+/+)wol ¥ste]l TGS 99%,
TC &S 69%= 728Ut PD:PT=17g E(+/+)adl H|ste] TGS
76%, TC &% 63%= FAs e, PD:PT=2v"2 27t 69%, TC &%
2 61%=2 st E3 E(-/-)7 ¥ vludlEyl, PD:PT=172 TG
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7%, TC F2 92% A 3lew, PD:PT=2w2 22 70%, 89%4
Aot ow, 7k A oA TC o o= ME Fo4 Aol& HolA &
Atk ol AHE FaA, A= PD:PT=1°] AA5A 7Hdel w9
g ow YepgARt, b 2Ao s PD:PT=27F o &342 4F& +
Rom A% Ao A= PD:PT=13 PD:PT=27} A= Hg JdFS F3
th olE FallA <14ke]l PD:PT Hl&el wepa Agets 7|deA A= u
= o] A& e ¢ F Ao
AEQAE 3 FAAES HAL Ao R £8S AT T S
WAstse] WA Aot 3 WIAEe &S Wos Fv 2947 de
o] &#A ATH[92,93]. = A AlEZULE AW, 5 FU2HEY ALY
Abe Bt E g4 S St tieH A A AAEFOoOR ofy|H =
=4 GAe odWsts AEol da[94], FHUzEIES HdgH(cholesterol
turnover)s FFOoEA st Fag AN 2AEFS MM
st @37 du95]. s A stE SxE dif AdiE Feo] o] 4o
Atk o2 TC, TG, LDL-C #&& Eol# &2l HDL-C &&F<& <71
A7l o]l sWAstEs g5l wg &3 olth[96]. WA} AA A &
=7} S7FH =4, o]+ HDL-C &% 74 sLDL¥ LDL-C <
e Roche et al[98]e] ¢]3tH, 14t Fo =+
2 dAek=d], A4k o
endogenous TG-rich lipoprotein(TRL) ¥4
}. Yamamoto et

TG ¥%
Aol tH[97].

FTAAI sLDL, LDL 5%7F #A43ds Aite}
# 3t hypoglycemic effect -
Askek Al TRL AAZF S7HE 7] WS &
9913 Yokozawa et al[100]el ¢Jst¥l Ze|~HE 2lo]& 3 2F 7
Rb27} 7M4 #eld o2 HDL-C 57l €74 LDL-C %
N #EG-oll w5 H o

olz QlaiA, uAEZF

4] ginsenoside
T mayAolH

I
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U azZdadHE d5ew Qldl oplHe eWAsE AT 3 A

T3, 1+ Aol A PD:PT=27} mj$ &2 o

71 s AW 5 Atk S.C. Joshi[101 ]l 23}

HE Aols Aled E7A Fogt 23 3, A% 2243 disHo] e

a5 A FA7F g sA iAol wglew, sl R FesHE A
2 AAHQ ZIMe By A, FU2HE 43 F HDL-Col fre

[e]
&
A zasiglont Q1A Fol Fo foatA S7FEAY= Aot M= <
=

A3S F3ll A, PDA ginsenoside®} PTA ginsenosided] ]34 = 2
E poolo] FHAaEo] 3 HAF 94 &Adol &3] LDL &A Zado] 71+
HA, B3 A AL FIFH] dFolA ols TEE A
71AW102], Al Fel=EE ASs gAS giow FdaHE wds
S7H1031A 71 As FalA AE dAE AdAIas A & 5 A

£ F 5[104,105]% AiAxEdo]l nFdzEHE I35 AAEH}Tt AF

S Hugglon, o FgrjHoR IdFAo R ZYAHE AE FHIA
HomA, o]z s AxW FezHE %7t Al wet, LDL-C +
il

|A @l Fx9 Ay FFA . William J et all79]e] o8}

FAE AaeA FUAAR FUAHE sE= AAsvha Baskgle,
ol AFAFNM= TGH A Fel=vHE v A 24 s Sl
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Table 5. Effect of PD:PT ratio on the plasma lipid level in apo E KO

mice fed high cholesterol diet
. E(-/-)
E(+/+) EG=/7) PD:PT=1  PD:PT=2 = p-value
2 223.21 1337.50 809.5 841.87
TG e . . ) 0.000
+63.02¢ +249.66 +43.38 +65.80
76.38 380.43 279.10 364.60
TC . ) . 0.000
+22.11° +65.68 +31.34 +41.38
33.80 77.22 109.33 106.66
HDL-C , ; . . 0.000
+15.80° +5.35 +10.58 +7.07

1) values are expressed mean+SD

a, b, ¢

ANOVA
2) TG : triglyceride
TC : total cholesterol

HDL : high density lipoprotein cholesterol

1800

1500

1200 r

900

mg/ml

600

300

. difference in continous variables between the group

were tested by

PD:PT=1 PD:PT=2

E(=-/-)

(TG WmTC =HDL |

Fig. 9. The difference in plasma concentratin of TG, TC and HDL-C
in apo E KO mice fed high—-cholesterol diet
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Table 6. Effect of PD:PT ratio on the liver lipid level in apo E KO

mice fed high cholesterol diet

o E(-/-) P
E(+ /+) E( / ) PD:PT=1 PD:PT=2 -value

TG?  39.89+9.00"" 39.53+5.37° 30.49+5.51*" 27.78+5.48"  0.030

TC 29.59£11.19 20.46%£2.15 18.93+5.09 18.29+4.10 0.083

1) values are expressed mean®SD
a b ¢ difference in continous variables between the group were

tested by ANOVA
2) TG : triglyceride
TC : total cholesterol

25

mg/dl/protein 1mg

E(+/+) E(-/-) PD:PT=1 PD:PT=2

# TG mTC

Fig. 10. The difference in liver concentratin of TG and TC in apo E

KO mice fed high-cholesterol diet
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Table 7. Effect of PD:PT ratio on the heart lipid level in apo E KO

mice fed high cholesterol diet

E(-/-) p
+ /+ -/=
E(+/+) E(=/=) PD:PT=1 PD:PT=2  -value
TG? 9.60+£1.69""  20.90+7.01°  12.93+3.01* 12.77+1.16*  0.005
TC 2.56+0.73% 8.9742.82°  5.02+1.23° 5.73+1.08"  0.001

1) values are expressed mean*SD
@ b ¢ (difference in continous variables between the group were

tested by ANOVA
2) TG : triglyceride
TC : total cholesterol

30

Do
o
T

—
(=)
T

mg/dl/protein 1m

E(+/+) E(-/-) PD:PT=1 PD:PT=2

TG mTC

Fig. 11. The difference in heart concentration of TG and TC in apo
E KO mice fed high—-cholesterol diet
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4. @733 A%, 2k 27X LPO(4-HNE/MDA) 47

1akel mlExdd wE Ad HikstEe AL Table 8~113 Fig.
12~14°] YERIA T
A A LPO A2 E(-/-)x o] E(+/+)T 3 vluste] 372%=2 94
°o® F7}elaL, PD:PT=11< 312%7} PD:PT=27¢ 327%= ztzt
ARl S7HE YErIddth A E #kstE dE 5 bl MDA A
E(-/-)w°] E(+/+)al  Hldle]  443%% HgHo=w  Frlsksi o,
PD:PT=173 PD:PT=21< 742}382%, 354% %= fold o=z Z713kod T,
P o] 4-HNE &2 E(-/-)72 E(+/+)aol Hlst 302%= 2
zeol 742 yerdlon, PD:PT=173 PD:PT=27 9A] Z+z} 242%,
300%%= oAl F7HE Bk @A E(-/-)w3 ¢14te] PDPT
HEx2dd me 7 A3 He] Ad FAkstE AAS A9 EY, LPOY
Ao R astAAINE, PD:PT=2+9
A9 BAA FAS Holx ekgktt. MDAE PD:PT=13 PD:PT=2+9

A B 47 86%9 80% % FolXQl HAE Heom, 4-HNE 4 $-o+=

lo

T AFTAA BE oAl IHAE HolA| ekt
b Z2Z oA LPO AL E(-/-)7"°] E(+/+)T ol H3to] 132%= 57}
i, PD:PT=172 91%% Aoy 5% A7 FoAS HolX
eFokal, PD:PT=2v2 130%= E(+/+)ae] Hlste] oAl F7FE e
Wtk MDA &g A HW, E(-/-)72 E(+/+)wdl H|sle] fo4o]x &=
A 97.40%% 7489 3, PD:PT=173 PD:PT=2clA 2% E(+/+)
ol ®lEke]l F7bell =, PD:PT=27A 119%= #249< F71E 1S
th. 4-HNE &% <A MDA 33 4% 43S Eom, PDIPT=2+

_37_



o] E(+/+)we] Hlgte] 146%= Fo]HA F7HE WERRTE 1F 2o A <]
Q14te] PD:PT Wl &xdd] whe &¥E E(-/-)wy Blwsjnd, ¥4 LPO

steko PDPT=17"S 59%= H9% o

102%% S7Fsk9lth. MDA A 2
o=, PD:PT=119] A% FoAQl Afeo]l& HolA eFkArt, PD:PT=2

Tl e 126%% frol 4l S7HE BT 4-HNE 32 PD:PT=1:]

23%2 FoHoz 74w ubde] PDIPT=27< 414 §9I4< YeuA

2okt

px o 2 A A Ao AFtEtE s duEd, WA LPO

FEE E(-/-)e] EG+/+)el wigte] 114%% S7hshalA A4 e
e HolA @i, PDIPT=2w2 61%% raste] frof 4Rl Aol& B

O PDIPT=1a2 94 <l 2ol & yep Al eFstth. MDA 32 E(-/-)
o] E(+/+)aol Hlate]l 106%, PD:PT=1< 116%% Z7}8t oy
B GolAel zpo]E Holx ¢gtow PD:PT=27dAE &9

= YekdY 68% #43dv. 4-HNE %5 E(-/-)7to] E(+/+)d H]3}
o] 117%= Z7}et%a, PD:PT=112 91%= AP AT =
FIAS HolA AUANE PDPT=27<S 59%% #7433t 374 FA 2
Frolds vEbdllth Q14ke] PDPT Hl&xHd| @& Foj& E(-/-)w¥ H|
wa B, LPO, MDA} 4-HNE &&o] PD:PT=2wlA Z}7 53%, 63%,
50%% T FolHo® FhaE= Aol FAHUTE wepa] o]ite] AFA
B, o= PD:PT=13 PD:PT=27} A& #5384 A2
Zol 9GS FAAN, PD:PT=1°] & ¢ &axdoldn. 7+ =
Ao A= PD:PT=1°] & o & A3t4 &4o] didt Rsasds Jerd
Ao A ZA A= o9 BIYIE PD:PT=27F w9 &34 o=z e,

r
M
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Yokozawa T et al[115]7} AFs}% ~E @22 FE ginsenoside RdE F9
3t9lS W, SOD 2 CAT #4S Z7HA7]1 MDA S 7247 L

a&F ek &3 40FH e AFHANA PDA AFEU T ginsenoside RAE F

o
ki

O

SOD #Ae] F7be whd, MDA 7Hd & FEo2 ZAaAREH,
ol AT elAE PD:PT=27} AgzAoAut g34 oz et PDA A
PTA AFEXYW 9] ginsenosdie?d J@2tgo oA ditslas &

A3t GasEd A4 e B5AS WEAA Ao Az,
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Table 8. Effects of PD:PT ratio on plasma lipid peroxidaion in apo E

KO mice fer high—-cholesterol diet

L E(-/-) D
E(+/+) B /) PD:PT=1 PD:PT=2  -value
) 321.04 1197.32 1003.30 1051.53
LPO . i 5 L 0.000
+39.51 +134.28 +97.65 +924.78"
160.65 711.85 614.86 569.82
MDA ] ) . g 0.000
+97.79 +53.18 +45.49 +89.02
160.38 485.46 388.44 181.71
A-HNE ] ] ) . 0.000
+94.89 +90.98 +63.28 +192.61

1) values are expressed mean+SD
a b difference in continous variables

tested by ANOVA
2) TG : triglyceride

between the group were

TC : total cholesterol

1600 [
Cc
T b,c
1200 F T
E
S 800 f
=]
400
0 1 1 1
E(+/+) E(-/-) PD:PT=1
| LPO # MDA # 4-HNE |
Fig. 12.

The changes in plasma lipid peroxidation product in apo E

KO mice fed high-cholesterol diet with treated differential
PD:PT ratio
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Table 9. Effects of PD:PT ratio on hepatic lipid peroxidaion in apo E

KO mice fer high—-cholesterol diet

E(-/-) p
PD:PT=1 PD:PT=2  -value
LPO? 1.2840.32V*"  1.694+0.36>° = 1.00+£0.07* 1.73+0.37° 0.008

E(+/+) E(-/-)

MDA 0.77+0.03" 0.75+0.02° 0.78+0.03* 0.95+0.10°  0.000

4-HNE = 0.50+0.32*" 0.93+0.38"  0.22+0.06*° 0.77+£0.42° = 0.027

1) values are expressed mean£SD
aohc difference in continous variables between the group were

tested by ANOVA

2) TG : triglyceride

TC : total cholesterol

2.5 r

a,b

1.5
| .
L L a,b | T

uM/ul/protein 100mg
)
)
)

E(+/+) E(-/-) PD:PT=1

| LPO i MDA # 4-HNE |

Fig. 13. The changes in hepatic lipid peroxidation product in apo E
KO mice fed high-cholesterol diet with treated differential
PD:PT ratio
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Table 10. Effects of PD:PT ratio on heart lipid peroxidaion in apo E

KO mice fer high—-cholesterol diet

e E(-/-) D

EG+/+) B(=/-) PD:PT=1  PD:PT=2  -value
2 900.97 1035.12 884.23 558.47

LPO Db b b a 0.016
+178.21 +267.56 +59.12 +104.31
234.68 249.91 272.45 159.63

MDA ab b b . 0.062
+61.69% +48.50 +53.35 +34.43
666.28 785.20 611.77 398.83

4-HNE b b ab . 0.021
+142.29 +220.13 +91.99% +78.28

1) values are expressed mean+SD
a b difference in continous variables between the group were

tested by ANOVA

2) TG : triglyceride
TC : total cholesterol

1400
b

1050 [
b0
& b
S
p I
g 700 |
&
€
=
=3

350 |

0

E(+/+)

E(-/-)

PD:PT=1

| LPO :: MDA # 4-HNE |

|

o

Fig. 14. The changes in heart lipid peroxidation product in apo E KO

mice fed high-cholesterol

PD:PT ratio
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5. PD:PT <4t AHX W H]& XA o3 otz el EnH|e} ey AIA
A&

) 833 5318 XA ot X ye Fx

Aol v ExAe mE Py} Fagh Aol Ao ofr xRl FH[= A
2 AbslE o] AL Table 11,123 Fig. 15,169 YebH At}

Ao Ao oltixdE #H|E A3 HH(Table 12, Fig. 15), E(-/-)+<
E(+/+)oll #®lgte] 86.76% #4sklal, PD:PT=113 PDPT=2v%
E(+/+)toll wvlste] HAelGl=dl, 53] PD:PT=2w°AlA 64%= 24
o= Zrasiglth. 14ke] PDPT Hl & M FoAHEE E(-/-)w 7 H|
oA 7 AgadA 25 A sd, 9A] PD:PT=27°A 74%=
&

Fo49 7as B @ Aoy PHEHE ol FuE o

J;

A (Table 13, Fig. 16), WA E(-/-)v& E(+/+)a¢l HtAo
59.74% = oAl #HAE B, PDP

7vek WkHell, PD:PT=2v2 F9 4%l T7FHE Holxv &gttt tgo=
PD:PT=1v"% PD:PT=2"o|A <] oltjxvlel FHE E(-/-)7 ¥ H]us|H
W5 AYs 2% 47 320%9 153%% oA SUME Reled 53
PD:PT=10A A#zA A oftjEvlel FH&

T AAT. sHARE, 914t PDPT Mj&®ol| wh& Foj7h Az o}
s
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rir
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HEUE $uE FPARAT dgeIA ] FEE BuE 1 e 37
97 gk, ol AwzAelq PulE ojfxuge] 7 Jpow oF
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Table 11. Effect of PD:PT ratio on plasma adiponectin concentration

in apo E KO mice fed high—cholesterol diet

E(-/-) p

E(+/+ E(-/-
7+ =/~) PD:PT=1 PD:PT=2 @ -value

Plasma Db b ab a
) ) 0.68%+0.06 0.594+0.06" : 0.56£0.15"" 0.43%£0.02 0.006
Adiponectin

1) values are expressed mean®SD

a, b, c

difference in continous variables between the group were
tested by ANOVA

E(+/+) E(-/-) PD:PT=1 PD:PT=2

Fig. 15. Plasma adiponectin concentration difference PD:PT ratio in

apo E KO mice fed high-cholesterol diet
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Table 12. Effect of PD:PT ratio on fat adiponectin concentration in

apo E KO mice fed high—-cholesterol diet

E(-/-)
E(+/+ E(-/-
/) e PD:PT=1 PD:PT=2 | p-value
Fat 322.63 192.75 617.36 295.48 0.000
Adiponectin +19.91"° +3.80° +49.37° +25.47" '

1) values are expressed mean+SD

a, b, c

difference in continous variables between the group were
tested by ANOVA

800
700 [
600
500

400 t [ [

300

ng/ml/protein 100mg

—

200

100 r

E(+/+) E(-/-) PD:PT=1 PD:PT=2
Fig. 16. Fat adiponectin concentration difference PD:PT ratio in apo

E KO mice fed high-cholesterol diet
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2) ded AP A 2

2o A Insluin Receptor B2} Phospho-IRS-1(ser612)E western
WP S Abgsle] Ay W 9kt (Fig. 17,18) Insulin Receptor B9 4%
AdTE EM+/+)ad Hasils W, E(-/-)wr o] 77% A6l

omn, PD:PT=13 PD:PT=212 Z+2b 280%, 182%= wrdo] F7kst3d

o}, E(-/-)¥*%} PD:PT=1w%} PD:PT=2w% 747t H|alsld, 365%, 237%

2 X5 Insulin Receptor B Wdo] F7tstslon, 53] PD:PT=1+°] 4
L gIAHolgt = AS 4 F AAY. v 22 Phospho-IRS-1(ser612)%
AWEW, E(-/-)w EG/+)wel mlgte] 137%= ddo]l Frbskslal

PD:PT=13 PD:PT=w& 242zt 86%vl, 95%% Tdol zhAastqlth.

PD:PT=113 PD:PT=2w& E(-/-)3 wusi®w, z+z} 63%9, 70%%

5 723 o™ Insulin Receptor BoteE thE7) o] M) %=3HA

=
Phospho-IRS-1(ser612) A& AAANATE= AS & 5 AT

N
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E(+/+) E(—/-) PD:PT=1 PD:PT=2
Insulin Receptor B

Phospho—IRS5-1 (ser6l2)

B—actin

Fig. 17. Western blotting of the expression of Insuiln Receptor B (a)
and Phospho-IRS-1(ser612) in apo E KO mice fed
high—cholesterol diet

(a)

1.5 1

IR- /- actin
(fold of E(+/+ )

E(+/+) E(—/-) PFD:PT=1 PFD:PT=2

|§ Insulin Receptor B |

(b)

1.6

1.2 ¢

p-IRS-1/P-actin

(fold of E(+/+))
=)
®

E(+/+)

[8 PhosphoJRS—1(ser612) |

Fig. 18. Effect of PD:PT ratio on the regulation Insulin Receptor B
(a) and Phospho-IRS-1(ser612) (b) in apo E KO mice fed
high-cholesterol diet
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A ARE AT F e St TFeR AAAA A 53] IRS-19
serine 14tstel AEd Ao FaAAA} o8 APS FaA WA
i glov 1 AEE 7MY 2 FeEo RS @A serine AFsFe} #
=l M ofdd] Regh AEolth130]. & F&A 9

2l
Aol s Asutes WAsA A 95 =

>
for

HAGA Q& L r~E
# 24 A=F(NK, IKK:inhibitor of NF-Kb kinase)& A /E#od 7]
7F QlakslE o] QlEH AMaHdES wEjstA ©uk. INKE IRS-19] Ser307

S AAsiAA Qed AYgAHS st FoEHo|u[131]. AET
TNF-qo] =Z%H IRS-19] 221 A4kst7l AajE o] Qd&Ed e dd
ANE E5A PD:PT vH]-&%4do] IRS-129] Al

W A7) A oA AARIE Wl AL FalA, uke] PDPT Hgxd

e

1l &< TNF-ceol] <3 JNKe¢} NF-kB #Asts o

[RS-19] serine %719] QIAFSE AAAAZIvtaL AZtalE 4 Avh[133,134].
Zich[135]¢} Attele et al[136]2 ginsenoside Re’} &dudd 245 o
Bl T8 =2 =24, ob/ob miced FHAIY AR dF QEd vEE

HaAA TrzAdAM Y Jded A A=
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6. 214te] PD:PT Hl&Z4dd W& FEFT R AZAEY PX = 9%
D 94 Axd HlE&xdo] A rAs 9%

Zr Z 7] 9] microsome©l A cyclooxygenase-1(COX-1),
cyclooxygenase-2(COX-2), IkB-a, Phospho-1kB-a, NF-kB p65&
western blot 4] W& AREste] Q14te] PD:PT v &Ex4d mE 34
= 71&el skl &1kl th.(Fig. 19,20) WA 7 A+ COX-19
AN EE EG+/+)w3 wus] wi, E(-/-)72 125%, PD:PT=13&
111% <748 dbde] PD:PT=22 88% wdlo] 7HA4skgitl. COX-2¢] 4
g 9 COX-1% Lt A4S vepulrh. 4te] PDPT Bl &4 o
COX-17 COX-2 T&dE& E(-/-)7 ¥udlRH PD:PT=1v"<
89%%t 70% FAE HEFWoH, PD:PT=2"
Al, COX-1 o&ddd& PD:PT=1w°] COX-2 &dol|= PD:PT=2v°¢] &%
Holgts AL &4 4 Avh Lo Ikb-a BdE Felghd, E(-/-)T2
E(+/+)7el vlste] 60% #Astdoe™ PDPT=17<S 1156% 7189
PD:PT=2w2 75% #4389 th. PD:PT=17% PD:PT=2+% E(-/-)a%
Hlastod W, 7242y 192%, 125% <7t YERW T Phospho-1kB-a®] 7
9§, E(=/-) E(+/+)toll Blste] 117% 718k 3L, PD:PT=112 77%
Aastd o PD:PT=272 60% #AaE RSt E(-/-)v% PD:PT H&
Z4do| wWE Phospho-lkb-a9] WAAHEE RISEH, PD:PT=17<
66%, PD:PT=27"2 51% #4331t} Phospho-lkb-aoll <&|A 243}
E gsnse F2 AZHEEAQ NF-kB p659 THAHEE Fsn,

WA E(=/-)72 E(+/+)7 Hste] 158% F7FsF3iaL, <14ke] PD:PTE

|t

7}

L

rlo

ZY7y 70%, 53% FrAdhod]

A=)

Kl
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v gE R 2dee] Fojg o= NF-kB p65 2do] vehx gkl
o]2 E&|A Ikb-ao] ¢tA3tellE= PD:PT=1wto] E3Fow LS sy,
Ikb-a®] QI4ts} Ao+ PD:PT=13 PD:PT=27} ®F a¥A o= 283
o, HFH o2 NF-kB p65 &dS& PD:PT=173 PD:PT=2v"°lA EF &
HHow AAFomMN, Q14 PD:PT Hl&XHo| wE Fo7t ¢Sl

- gl As & Utk
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E(+/+) E(-/-) PD:PT=1 PD:PT=2

COX-1

COX-2

Ikb—a

Phospho-Ikb—a

NF-KB p65

B—actin

Fig. 19. Western blotting of the expression of COX-1(a), COX-2(b),
Ikb-a(c), Phospho-IkB-a(d) and NF-kB p65(e) in apo E KO

mice fed high-cholesterol diet
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Fig. 20. Effect of PD:PT ratio on the regulation COX-1(a), COX-2(b),
Ikb-a(c), Phospho-IkB-a(d) and NF-kB p65(e) in apo E KO

mice fed high-cholesterol diet
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2) A4 AR d vExHo] A ZAPEC WA= ¥

e

Z2A9  microsome°|A bcl-2, cytochrome C, caspase-3,
caspase—8, caspase-9¢ cleaved PARP(Asp214)E western blot w4
WH S AFESte] AHHEQkth(Fig. 21,22) WA bel-29 HAAHEE &
HW, E(-/-)w2 E(+/+)wRt 147% S7H5 Helem, PD:PT=13%
PD:PT=2w2 217} 231%% 164% 7kttt E(-/-)w 3 ZF 14k A A

o
o,
==

9 bel-2 HIAAEE ERIHH PD:PT=17°] 157%, PD:PT=27<
111%% PD:PT=1x°] bcl-2 &&d F ¢ adFolgts As & 5 UM
o} o2 cytochrome Co HHAEE BE AgToA & AolE H
o] 2] kAR PD:PT=2w°] E(+/+)73 E(-/-) e
ko] w)Zolubnt cytochrome C @& Ao PD:PT=27}

a
Zval B2 4 vk Y- o 2 caspase-3,8,9 W3S X, caspase-3

lo,
ol
o
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rln
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o
U
-3
>
=
Sy
ol
i3
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o
=8
il
f
38
rlr
g,

| PD:PT=1v"2 2.3
] caspase-3 Wdo] F7Igk wkAe|, PD:PT=27"9 449 E(+/+)T°] H]
ko] 67% A sERem,  E(-/-)wrel  HlEA e 83%  AEglth
caspase-89] Aol PD:PT=172 E(+/+)o] wlalA 97%= °Fz3te] 7+
AE HAWbAO PD:PT=27< 51%% caspase-8 Wa7t4o gy o=r
vebstth E(-/-)xd At AXTS Hladtelk: PDPT=132 51%,
PD:PT=27& 27% #4adte] PD:PT=27vo] ©] afg#olgdts S &
AAT}. caspase-9 HEAS A RA, E(+/+)7 ZF A AXLES v
A EA PD:PT=11w 31%, PD:PT=27< 24%= vl-$ &34 7
2 Yetdon E(-/-)73 vlustod® 747 20%9 15% % caspase-9%4d
Al ¢1ake] PD:PT Hl&xHol & AEIE YeAY. viA o=

ﬁ
o
_\3



cleaved-PARP(Asp214)9] &S FRlsjE™, PD:PT=1v"3% PD:PT=2
< E(+/+)ad Hlwstls w22y 84%, 37% Al E(-/-)w e
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E(+/+) E(-/-) PD:PT=1 PD:PT=2

bcl-2

cytochrome C

caspase—3(19Kda)

caspase—8(57kDa)

caspase—9(49kDa)

cleaved-PARP(Asp214)

B—actin

Fig. 21. Western blotting of the expression of bcl-2(a), cytochrome
C(b), caspase-3(c), caspase—8(d), caspase(9)(e) and
cleaved-PARP(Asp214)(f) in apo E KO mice fed
high—cholesterol diet
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Fig. 22. Effect of PD:PT ratio on the regulation bcl-2(a), cytochrome

C(b), caspase-3(c), -caspase-8(d), caspase(9)(e) and
cleaved-PARP(Asp214)(f) in apo E KO mice fed
high-cholesterol diet

_59_



Bel-2 @A AX oA AXAE S ZA7|AY dAA 7= T8
st Gl doltt, o]t Bel-2 Wi o= Ao A7MAE S FIA7] =
Bad, Bax &3 AXE9 A7IAMES JAAATFE Bel-29 Bel-XL 5o &

At oleld W Fo g AEARFES TS G Aol A i

fius

-

2 MEZ=gotod A Ax A7hAbE g dmds gHjsked e F
QstA #Z&eeh[137]. ol AFoel = PD:PT=13 PD:PT=20]4 XK
bel-2 wdo] Z7tE A, 53] PD:PT=1¢4] bel-2 @d F7p7t F=d
AA veb= o] gl H it

Aakat IAALEA S QA Bk B Foll YA freEs COX-2
w3 S oA sl @37t 9tk £3] protopanaxatriol, ginsenoside Rg3 %
& NF-kB #1725 ofAlste] COX-2 #HdS A8t d95 adsE
sttty HauEdoH[138]. A S [76]dd st Fxrwe] f=H FH ol
A4S FHo® Folg A, NF-kb p65, COX-2, INOS ZHdo] 7hAi
Actar Baageh, oM A= NF-kB p659 COX-2 Zdd] do]A
kel PD:PT wHl&xdo] Wi &EFAAQ] FFES HAAFAd. Zhiguo

=
Zhang et al[139]9] ¢]&}H ginsenoside Re7} Ikb-a W3S Z7tA|71tha
st ol AFAE kB-aol ¢HAstel= PD:PT=19¢] uj-§- &3}40]
Romn Phospho-lkb-a2] &d A& PD:PT=27} a4l s
Atk A NF-kB p65 &&= PD:PT=13 PD:PT=23"0] Z5 5o
W AAE Boq PDe PTA ginsenosided Az 28] 9&lAq PD:PT=1
3 PD:PT=27} HF4 0% NF-kB p65 H&S AAA Loz o]z <13t

AhslslubS- 3 AAlE A FHES JHAIIE FL22AAR] mitogen

e

g4 okl g el MAP kinase®l AP-1 AARRIAE A3 E AAAZ &+ 9

tar AztslE ¢ 9lom, NF-kB7F bel-2€ €/43A17]+= whdol], bel-2
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7} Ikb-ags SHE3AIAA RelA WA EHS 9AIAIA NF-kB A9 A 9
4] 4FS vH NF-kB 45 AdAAA Foh COX 4% 45 e
of % 3 ek 3t COX aaddE COX-13 COX-29 F 7}
e 7 EA8tH o]5S AEY 7|5FZA ¥ prostaglandin Ao F Q&
[140]. COX-2& HLaEL=EA, A5A 1 A5 "o o) AAdET
[141]. COX-2¥38 & =2F(atheromatous plaques) B4 ¥[142,143], &
& FA[144]9 s F7tE. sHA ST wY Al A gr e <
A COX-2 #do] fFHrh[145]. o] d AFEL COX-2 A7 5
Betet oA TR oA AmEA F&sHA AHEE F dte S D
= mebx] COX-2 mAo] AeExQl oA 282 COX-19 282l ¢
AFS g & oA w9 mpgAste AR COX-2 oA A<
rofecoxib¥ AIAAZTES S7HAITL HiEJATH146-148]. wapA,

)

ko

)

=
K2

Z7FAh webd COX-2 &4 gAAE ozl dd=
o T&F DA ool a3A otk COX-1 a4+ B
2 W [149] E=3 TR AerFdd AAo] woldk
th COX-1 &4 AAe Fdazss Heplth[150]. of¥l Ad AoA+=
COX-13} COX-2 &4 od o o=

o] F3A PD:PT=2% A3} 2 AP A5Aet FHIA A
Al kAl ko] AbgE o] F 4 dSS AL E 4 o

)&}, Ginsenoside Rg32 PTHA <4t Alxdog2A COX-2 ©dS oA
AlA NF-kB 2745 AsiAivtar Bastela oW A3eA = PD:PT=2
o] T COX-2 WS AAAZ oW NF-Kb &4<S PD:PT=13

i3
)

PD:PT=2 &5 o A A A1,
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Caspase familyw= @5 Hbgoly AXZ I A(apoptosis) ol 44 <l
AeS FYste dwlAEA, MExdoA B3 aiAFdEHE EA5TH)
X IAE FEste Aol oste] &AW U4y REE caspases
G429 (zymogen) 2.2 EA3}H ThE caspase Hi= proteasec] 93] 2y
21 5 dAstd YdHE dgEn. A5 MEY FRo webd 5A
caspaseE°] Zt7te] ARE B34 A stEM Fg P caspaseE 9
A3t AR+= caspase-3< FASA 7Y, AFA SR caspase-39 FL
714 ¢l PARP(poly ADP-ribose polymerase)?] E2S& doA A4 9
33 & of7|A] 7] A= Z7F ARE(apoptosis)®E o] XAl HTh[152-155]
25¢ke] A2 B84 caspase-3 ZA 3= vEZ=ol YR AE A
7F APE gl mlEFZ =g ol A AEXAZ cytochrome CY WE3 g

gk ot

=

caspase-97} @A st webd BAZRG[156]. R F[157]] o]std
Rg3°] pro-caspase-3(p32)S Z&A 17Kda 2702 W50 A 3HA]
7= AL JANAFUAA R, caspase-8¢ FA3lol= o PGS FA
otk ol AFATAgAM = o]t RWHHE, caspase-3¢ Edol&
PD:PT Hl&xHdo] & Q& FA XsAAT caspase-8A = 53
PD:PT=27} vwi-¢ a3z o=m ZA4sE AAXAFAT. o&F E3fA

caspase-8°] IKKE &3 NF-kBE &A43l&5 JAA AL & 5 AL
T3 W 5[157]12 caspase-99 Ao}l wEFT =g oloA] EH|F
cytochrome C¢ H]o| W X]= Rg3¢ @deo] disia XAt =],
caspase-9 A Rg3 Fool YA JAEAeH, AEZHR
cytochrome CEH]o|%E  Rg3o] AAAAATLE. ol AFdAoAE
caspase-9 &Ao] PD:PT=13 PD:PT=2¢4 &5 =IA FAEHIJATEH

cytochrome C2] EHlol:= = J3FS Fx EI=u, o= EA



PD:PT Hl&x4do] nEZEd ol WA dojui= caspase 43S <A

ol = & Stk
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7. Q4 AHEP Y] v ExHo] FEHA s A= T

A 22E =g 1183 ths TUNELHS AR&ste] Al A}
A2 89l3 A3 Fig. 233 Fig. 249 Yepydd. A4 =49 A}
Aes Aund

, E(-/-)2 E(+/+)xell Hla] 222%%= w4 T7HE
oo, zZ+ <lat Folitel PD:PT=1v3 PD:PT=2+& ZHzF 130%,
208% = FoH oz FUFelith. AR E(-/-)w& 7} QA Tt vl
™ PD:PT=12 58%% F94Q #AE ekl wido] PD:PT=2
S 93% AR FAHoR {3 AFRE Ho|x ok}

xo| FEe foHolAE AW BG+/r)wel b gel AEsigon,

=
=
t
ol
o
=

PD:PT=10] 1 tgo A4 AT AFE o] ¥4 yeds &

4

Guan L et al[158]+ ginsenoside Rblo] A=A oA ddA A F
of ogk Mo 27t AbEE AAgTt Busglon, Liu Z et al[159]+=
ginsenoside Re7} % A3 27} AFE Q1AFQ] Bax #3d2F HdS AAlstH
Al bel-2/Bax Bl &S S/ CZA AAAATHIL Bidit= 2
e, ?14ke] PD:PT M& £4do] capspase-3°l o3k Az 27 AME
AA 7| Aol = G FA FAw, 1 F PD:PT=11°] bel-2 §32 23
= ST/PAH S EA ATMAME S AT A AE AALE FAaAA AE
BA g e AHdERE Yepdos AES ¢ 4 b =3 S C.
Joshi[101]:= ZH2HE 2AolE H E7A QiE Fosidls o

AFAE FaAA S48 e HulstA =S Fo] dis™
o 34 et I AEAAE Jhde ARFAQ &9 dvka B

stglom, Qo] sl dEjet A AUA D FAT e S ol

=

=

g
!
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E(+/+) E(=/-) | PD:PT= PD:PT=2

TUNEL (x200)

TUNEL (x400)

Fig. 23. Effect of PD:PT ratio on the photographs showing TUNEL
in apo E KO mice fed high-cholesterol diet

2000 r

E(+/+) E(-/-) PD:PT=1  PD:PT=2

“total *necrods “normal

Fig. 24. Histogram illustrating the expression of necrosis according

to the PD:PT ratio in heart tissue
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24 PD:PT=13% PD:PT=2¢] &37} th=2A vepgAwh, Ad 53 714
2 LPO A4 A 5 Aol A4 fe #Bozs AASE Fakst &

of & o o AZtE R, AWz EHFHE ojrrdde
PD:PT=1w0lA A F7tstdovt 3 A7A = &S mA#] Zapsith

G QAFIT REL AW F8A WAL F/AIACM IRS-19) AR
A

F9 Y9 EH9 NF-kB @3S PD:PT=1"% PD:PT=27} 2% = A A
A7 AL B3l e Astols foldt Jds & AHolgk 7luE oz

PD:PT ul&o] wg i Folsl mEZcalol vo] AL A7t ApES o

AAAFA = EelH o1}, caspase-8,9 ¥ cleave-PARP & oA ¢} 3t

g EAelgte s ¢ F Aok = A 2o ALE {95 o
s}

ko & ginsenoside Z} A& a¥eof AE 7Fe] Ao g Fo gid 714
A7 7%, o} 2] mitochontria damageAl A7} AFE 7)Ao A
A A7 E8skt
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ABSTRACT

Studies on anti—atherosclerosis and insulin resistance
effect of ginseng extracts in Apo E KO mices

Soojeong Jang
Department of Food & Nutriotion
The Graduate School

Sungshin Women's University

Ginsenosides, the principal active components of ginseng, have
been shown to possess a variety of beneficial effects on human
health, including anti-inflammatory, antioxidant and anticancer effects.
There are two major classes of ginsenosides, namely protopanaxadiol
(PD; Rbl, Rb2, Rc, Rd, Rg3, Rh2) and protopanaxatriol (PT; Rgl,
Rg2, Re, Rf, Rhl). In this study, the atherogenic and insulin
resistance effects of PD:PT ratio were examined in
atherosclerosis—susceptible C57BL/6J, apolipoprotein E-deficient
mice. To test this, 4 group of mle apo E deficiency mice was fed
high—cholesterol diet for 12 weeks. Negative and positive control
received daily intraperitoneal injection of saline for last 4 weeks.
Ginseng treated animal of differential PD:PT ratio injected at an
intrapertionel dose of 100mg/kg for last 4 weeks. Plasma, heart and

liver tissue measured lipid profiles and lipid peroxidation(LPO)



products. Also Plasma and fat tissue measured adiponectin
concentration. Each tissues investigated insulin signaling, inflammation
and apoptosis mechanism through western blot assay. Heart tissue
was immunohostochemistry and TUNEL. Aorta tested H&E for lipid

accumulation.

The results are summarized as follow;

1. PD:PT=1 was significantly effected that supressed weight gain and

increased food efficiency for fed high-cholesterol diet.

2. For liver protective effect of high—cholesterol diet-induced liver
damage was that PD:PT=1 significantly decreased in plasma, but

PD:PT=2 significantly decreased in liver tissue.

3. Diffrential PD:PT ratio of lipid profile was that TG and TC
significantly decreased each tissue and plasma HDL-C was
significantly increased. Ginseng treated group shows that lipid

profiles improved depend on tissues.

4. The plasma LPO product similar reduced in PD:PT=1 and
PD:PT=2. PD:PT=2 significanlty reduced in the heart tissue, but
hepatic LPO product reduced in PD:PT=1.



5. Adiponectin released fat tissue was significantly increased in

PD:PT=1 but circulated adiponectin concentration was not effective.

6. Insluin Receptor—-B expression increased that 3 times in PD:PT=1
and 2 times in PD:PT=2 and Phospho-IRS-1(Ser612) expression

suppressed 0.8 times and 0.9 times in each.

7. pro—apoptotic molecular suppression was effected in PD:PT=2 and

anti—apoptotic molecular expression was effected in PD:PT=1.

In summary, differential PD:PT ratio has several effects in
anti—atheroscleerosis and improved insulin resistance. First, PD:PT=1
decreased weight gain cause high—-cholesterol diet. Second,
differential PD:PT ratio decreased TG and TC level. Also it was
increased in plasma HDL-C and reduced LPO product in each tissue.
So removed harmful free radical from body and increased activity of
antioxidant enzyme. The PD:PT=1 increased anti—apoptotic and
anti—inflammation molecular expression. On the other hand the
PD:PT=2 suppressed nti—apoptotic and anti—inflammation molecular
expression. So differential PD:PT ratio showed that atherosclerosis
factor decreased through suppression of COX-1,2, NF-kB activity

and caspase-8,9 and increased insulin sensitivity.
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