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Effects of Mahwangimun-tang in Cholesterol Diet and Triton WR-1339
-induced Hyperlipidemic Rats

Hak Joon Kim, Jeung Beum Kim+

Department of Pathology, College of Oriental Medicine, Semyung University

This study was designed to investigate the hyperlipidemia-healing effect of aqueous extract from
Mahwangimun-tang(ft & —F7:%) and it was performed on the hyperlipidemia of rats induced by high cholesterol diet
and Triton WR-1339. We prepared two types of hyperlipidemia model in rats induced by high cholesterol diet and
Triton WR-1339. The amount of total cholesterol, HDL-cholesterol, LDL -cholesterol, triglyceride, phospholipid, free fatty
acid, the activity of superoxide dismutase and glutathione were measured. The aqueous extract from
Mahwangimun-tang showed significant decreasing effects on total cholesterol, LDL- cholesterol, triglyceride in the both
model. And it showed significant increasing effects on HDL-cholesterol, the activity of SOD in both model. These
results suggest that aqueous extract from Mahwangimun-tang has healing efficacy on hyperlipidemia induced by high
cholesterol diet and Triton WR-1339.
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1AEZF] WHEY fuiyose d3s Ty,
Triton WR-13392] A Z=AH0 25 cholesterol 2]o] ™,
poloxamer-407¢] E-7) FAW?, mihE o] y™ Fo] LA
Ath. o] F Triton WR-13399] A# FAlH-2 lipoprotein lipase
o e dAEe A AAHE very low density
lipoproteins(VLDL) ] 7}#3 & Adlste] % triglycerides
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Table 1. Prescription of Mahwangimun-tang per pack

herbal name scientific name weight(g/pack)
fift % Ephedrae Herba 129
B Scuteliariae Raadlx 8¢
L INES Liriopis Tuber 10 g
PNBES Asparagi Radlix 10 g
Total 40 g

At 35 /\}E 2 kgoll cholic acid(minimum 98%, Sigma) 5

g, cholesterol(approx, 95% GC, Sigma) 20 g, olive oil 40 ml, %
FF1 L5 X AL 2AEF AR E ST ofgi e 2ol
APTE HAste AAsAeH, 4 L7 8 w9 AHE WA
Sttt 289 Ao EE JAE FHst Asta HFE HE
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A(Sample A Group)e ZETH FUsA 2XIF ALRE &
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YAl AAEF ARE AFFAA A i enl
24 ¢) %92 19 13 2 M4 2893 ATFF A0

2) Triton WR-1339 2 X|83F mdl 2 A3 BF

FHE 16/ AN F, AF kg T 200 ng &7

Triton WR-1339(Sigma Co., USA)E A o] A3} JlX]
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H, 2+ +93 8utg]e dHE w3} Triton WR-1339 —Zr/\]-
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Table 2. Effect of Mahwangimun-tang on the serum total cholesterol
level in cholesterol diet-induced hyperlipidemic rats

Group No. of Animal Total Cholesterol (mg/d?)
Normal 8 91.28 + 1947
Control 8 17179 £ Q.67+
Sample A 8 169.28 + 4.58
Sample B 8 15350 + 424"

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and
medicated with iquid extract of Mahwangimun-tang 24 g for 28 days. * : statistically

significant compared with normal group(*+ : p<0.001) # : statistically significant
compared with control group(# : p<0.05)
2) 8% HDL-cholesterol &% =}o]

fx+ 9] % HDL-cholesterol &2 Aol vl &
AAJA FAFHAT i S FoAd A48T A B 437
B 2ol HalA §94304 %715 AchTable 3)

Table 3. Effect of Mahwangimun-tang on the serum HDL-cholesterol
level in cholesterol diet-induced hyperlipidemic rats

Group No. of Animal HDL-cholesterol (mg/d¢)

Normal 8 5673 + 2.18”

Control 8 5126 = 1.25+
Sample A 8 72.49 454"
Sample B 8 7459 + 278"

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and
medicated with iquid extract of Mahwangimun-tang 24 g for 28 days. * : statistically
significant compared with normal group(+ : p<0.001) # : statistically significant
compared with control group(### : p<0.001)

3) %

Table 4. Effect of Mahwangimun-tang on the serum LDL-cholesterol
level in cholesterol diet-induced hyperlipidemic rats

Group No. of Animal LDL~cholesterol (mg/d£)

Normal 8 1590 + 0907

Control 8 113.66 = 8.29%++
Sample A 8 108.55 + 3.37
Sample B 8 9304 + 52°

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and
medicated with iquid extract of Mahwangimun-tang 24 g for 28 days. * : statistically
significant compared with normal group(+ : p<0.001) # : statistically significant
compared with control group(# : p<0.05)
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2zl vlsiA Fo g UA 24 H ATk (Table 5).

Table 5. Effect of Mahwangimun-tang on the serum ftriglyceride level
in cholesterol diet-induced hyperlipidemic rats

Group No. of Animal Triglyceride (mg/dZ)

Normal 8 155.02 + 5217

Control 8 176.75 + 9.28++
Sample A 8 9435 + 9424
Sample B 8 8952 + 1382""

a) : mean#standard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and
medicated with iquid extract of Mahwangimun-tang 24 g for 28 days. * : statistically
significant compared with normal group(*++ : p<0.001) # : statistically significant
compared with control group(### : p<0.001)

5) % phospholipid & =]

) 272 8% Phospholipid 3#-e ATl HlaiA f2
AUA 7 A i M-S T A8 A % AIT B

= gz sl FHUA 2HAaE th(Table 6).

Table 6. Effect of Mahwangimun-tang on the serum phospholipid
level in cholesterol diet-induced hyperlipidemic rats

Group No. of Animal Phospholipid (mg/d#)

Normal 8 7040 + 2.42°

Control 8 11320 * 6.85+
Sample A 8 9057 + 1.49"
Sample B 8 8751 + 1.86"

F] ux¥F

e

ol PAE &

A B ART BE dixTol vl S7HE A dded o
3L U tH(Table 9).

Table 8. Effect of Mahwangimun-tang on the serum superoxide
dismutase(SOD) activity in cholesterol diet-induced hyperlipidemic
rats

Group No. of Animal SOD Activity (U/mé)

Normal 8 69 * 0.137

Control 8 1.48 £ 0.43++
Sample A 8 6.38 + 0.35"
Sample B 8 6.75 + 024"

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and
medicated with iquid extract of Mahwangimun-tang 24 g for 28 days. * : statistically
significant compared with normal group(*+ : p<0.001) # : statistically significant
compared with control group(### : p<0.001)

Table 9. Effect of Mahwangimun-tang on the glutathione level in
hepatic homogenate of cholesterol diet-induced hyperlipidemic rats

Group No. of Animal Glutathione (uM/L)

Normal 8 256.25 + 6597

Control 8 228.28 +
Sample A 8 229.67 + 10.37
Sample B 8 229.32 + 9.96

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and
medicated with iquid extract of Mahwangimun-tang 2.4 g for 28 days.

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol 2. Triton WR-1339 X &% Fdo] wx]& gk
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimuntang 1.2 g for 28 days. Sample B : fed with cholesterol diet and 1) 83 total cholesterol 33 =}0]
medicated with iquid extract of Mahwangimun-tang 2.4 g for 28 days. * : statistically . _ ~ o
significant compared with normal group(=+ : p<0.001) # : stafistically significant | Z7e] 8= total cholesterol &S AAMo Hls|A &
compared with control group(## : p<0.005, ### : p<0.001) . N - - “
A BTHEAT Bk S-S TR AT AL 2P
6) % free fatty acid % =}o] of Hlis fFoAUA FaHAAL, AT B izl vl 24
2T dF free fatty acid T2 Fdol Hs|A F< He A ddoy oL $igith(Table 10)
AAA F7AE A iE T MEE o AET A 2 43T B
L )23 vaiA 2AEE A ot SojAe gt Table 10. Effect of Mahwangimun-tang on the serum total
(Table 7) cholesterol level in Triton WR-1339 induced hyperlipidemic rats
able 7).
Group No. of Animal Total Cholesterol (mg/dZ)
Normal 8 5560 + 4.88°
Table 7. Effect of Mahwangimun-tang on the serum free fatty acid Control 8 272.09 * 12.85++
level in cholesterol diet-induced hyperlipidemic rats Sample A 8 217.35 + 2267
Group No. of Animal Free Fatty Acid (mg/d?) Sample B 8 24898 + 27.97
Normal 8 036 + 003 a) : meantstandard error. Normal : administered with distiled water for 7 days, and
Control 8 053 + 0,02+ injected with saline on the 7th day. Sample A : administered with liquid extract of
) N ) Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339 on the 7th day.
Sample A 8 051 £ 0.03 Sample B : administered with liquid extract of Mahwangimun-tang 3.38 g for 7 days,
Sample B 8 0.48 + 0.03 and injected with Triton WR-1339 on the 7th day. * : statistically significant compared

a) : mean#standard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 28 days. Sample A : fed with cholesterol diet and medicated with liquid extract
of Mahwangimun-tang 1.2 g for 28 days. Sample B : fed with cholesterol diet and

medicated with iquid extract of Mahwangimun-tang 24 g for 28 days. = : statistically
significant compared with normal group(++ : p<0.001)
7) 2x24 U] SOD &4 =}o]

el 8% SOD 242 Aol HlalA o4 0A

2F A i MG oI 487 A 3 AT B dxT

o HlsjA 243 741 Z7}5 S th(Table 8).
8) Zr= AU glutathione(GSH) &% =}o]

zwe] EAY GSH F32 ol weiM ase
B JRey FroAde AT fiid S TS 43T
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with normal group(x+ : p<0.001) # :

group(# : p<0.05)

statistically significant compared with control

2) d% HDL-cholesterol &3 z}o]
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3) 8% LDL-cholesterol 33 =}o]
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Table 11. Effect of Mahwangimun-tang on the serum
HDL-cholesterol level in Triton WR-1339 induced hyperlipidemic rats

Group No. of Animal HDL-cholesterol (mg/d£)

Normal 8 53.18 + 4517

Control 8 118.44 + Q.73+
Sample A 8 120.87 + 1568
Sample B 8 147.01 * 9.12°

a) : meanzstandard error. Normal : administered with distiled water for 7 days, and
injected with saline on the 7th day. Control : administered with distilled water for 7
days, and injected with Triton WR-1339 on the 7th day. Sample A : administered with
liquid extract of Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339
on the 7th day. Sample B : administered with liquid extract of Mahwangimun-tang 3.38
g for 7 days, and injected with Triton WR-1339 on the 7th day. » : statistically
significant compared with normal group(+++ : p<0.001) # : statistically significant
compared with control group(# : p<0.05)

Table 12. Effect of Mahwangimun-tang on the serum
LDL-cholesterol level in Triton WR-1339 induced hyperlipidemic rats

Group No. of Animal LDL-cholesterol (mg/d?)

Normal 8 783 = 1207

Control 8 7957 £ 479w
Sample A 8 5945 + 6.28"
Sample B 8 70.01 = 750

a) : meanzstandard error. Normal : administered with distiled water for 7 days, and
injected with saline on the 7th day. Control : administered with distilled water for 7
days, and injected with Triton WR-1339 on the 7th day. Sample A : administered with
liquid extract of Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339
on the 7th day. Sample B : administered with liquid extract of Mahwangimun-tang 3.38
g for 7 days, and injected with Triton WR-1339 on the 7th day. » : statistically

significant compared with normal group(++ : p<0.001) # : statistically significant
compared with control group(# : p<0.05)
4) % triglyceride &7 o]

HxT e 5 triglyceride FF2 A/dwol wsiA F24
DA FTHHA AT i RS T AET A B AT B
tzzol vl el A UA 7H4E UTHTable 13)

Table 13. Effect of Mahwangimun-tang on the serum triglyceride
level in Triton WR-1339 induced hyperlipidemic rats

Group No. of Animal Triglyceride (mg/dZ)

Normal 8 3859 + 2667

Control 8 814.22 + 4378w+
Sample A 8 469.99 * 96.75"
Sample B 8 550.00 + 55.17"

a) : meanzstandard error. Normal : administered with distiled water for 7 days, and
injected with saline on the 7th day. Control : administered with distilled water for 7
days, and injected with Triton WR-1339 on the 7th day. Sample A : administered with
liquid extract of Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339
on the 7th day. Sample B : administered with liquid extract of Mahwangimun-tang 3.38
g for 7 days, and injected with Triton WR-1339 on the 7th day. * : statistically

significant compared with normal group(+ : p<0.001) # : statistically significant
compared with control group(## : p<0.005)
5) &% phospholipid &% o]

29 83 phospholipid ##e ATl vlsiA F9
AUA STFEAT ik MBS T AP Ast A3 B
= dxaol HsA Haste B Aoy Fode /it
(Table 14).

6) IF free fatty acid &% =]

2T FF free fatty acid T2 Fdtol Hls|A F<
A ST AR i =M e —Eroq AP AL AYT B
< dxzTol Bl F4 %A A H AT (Table 15).

7) 2x22 U] SOD &4 #}o]

o

o

oE

el 8% SOD &4 Adwal HlalA #o430A &
2HAT i S AT 43T A R 43T B UET

o v Fo4dAA F7HE A h(Table 16).

Table 14. Effect of Mahwangimun-tang on the serum phospholipid
level in cholesterol diet-induced hyperlipidemic rats

Group No. of Animal Phospholipid (mg/d#)

Normal 8 8261 * 5647

Control 8 294.54 + 18,16+
Sample A 8 24512 + 29.93
Sample B 8 260.26 = 25.64

a) : meantstandard error. Normal : fed with normal diet. Control : fed with cholesterol
diet for 7 days. Sample A : administered with liquid extract of Mahwangimun-tang 1.2 g
for 7 days, and injected with Triton WR-1339 on the 7th day. Sample B : administered
with liquid extract of Mahwangimun-tang 3.38 g for 7 days, and injected with Triton
WR-1339 on the 7th day. * : statistically significant compared with normal group(x+ :
p<0.001)

Table 15. Effect of Mahwangimun-tang on the serum free fatty acid
level in Triton WR-1339 induced hyperlipidemic rats

Group No. of Animal Free Fatty Acid (mg/dZ)

Normal 8 074 + 0.067

Control 8 154 + 025
Sample A 8 0.85 + 0.09"
Sample B 8 0.81 + 0.03°

a) : meanzstandard error. Normal : administered with distiled water for 7 days, and
injected with saline on the 7th day. Control : administered with distiled water for 7
days, and injected with Triton WR-1339 on the 7th day. Sample A : administered with
liquid extract of Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339
on the 7th day. Sample B : administered with liquid extract of Mahwangimun-tang 3.38
g for 7 days, and injected with Triton WR-1339 on the 7th day. * : statistically
significant compared with normal group(+ : p<0.005) # : statistically significant
compared with control group(# : p<0.05)

Table 16. Effect of Mahwangimun-tang on the serum superoxide
dismutase(SOD) activity in Triton WR-1339 induced hyperlipidemic
rats

Group No. of Animal SOD Activity (U/mé)

Normal 8 511 + 0237

Control 8 3.92 + 0.21
Sample A 8 486 + 0.12"
Sample B 8 492 + 009"

a) : meanzstandard error. Normal : administered with distiled water for 7 days, and
injected with saline on the 7th day. Control : administered with distiled water for 7
days, and injected with Triton WR-1339 on the 7th day. Sample A : administered with
liquid extract of Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339
on the 7th day. Sample B : administered with liquid extract of Mahwangimun-tang 3.38
g for 7 days, and injected with Triton WR-1339 on the 7th day. * : statistically
significant compared with normal group(» : p<0.005) # : statistically significant
compared with control group(## : p<0.005, ### : p<0.001)

Table 17. Effect of Mahwangimun-tang on the glutathione(GSH)
level in hepatic homogenate of Triton WR-1339 induced
hyperlipidemic rats

Group No. of Animal Glutathione (uM/L)

Normal 8 208.76 + 9.647

Control 8 231.60 + 8.98
Sample A 8 249.00 = 3.20
Sample B 8 239.93 + 6.99

a) : meantstandard error. Normal : administered with distiled water for 7 days, and
injected with saline on the 7th day. Control : administered with distilled water for 7
days, and injected with Triton WR-1339 on the 7th day. Sample A : administered with
liquid extract of Mahwangimun-tang 1.2 g for 7 days, and injected with Triton WR-1339
on the 7th day. Sample B : administered with liquid extract of Mahwangimun-tang 3.38
g for 7 days, and injected with Triton WR-1339 on the 7th day.

8) ZrZAU] glutathione &% }o]
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1A 8% (hyperlipidemia) o] & AU}
213} cholesterol, phospholipid, triglyceride
9] & 717 o|Alo] HIHAH O Z =L A S
Ae IR&EE oAb o)l os)
(dyslipidemia) 2 9w &}B*?), E3]
cholesterol)9] 42|17} 220 mg/d¢ o]/\mq
ASE HZU2"HE miEel s,
(triglyceride) =X 7} 150 mg/dl ©]7¢
olgt atr o] F ZpAVF BF &
o mAEFe WKL 7}
w73 s}ol] o)l TR B Ql S g,
dAsH, A $HE8 TAME A3
Addate RaPqqy ux
2% ou s A =AU F=le
TA = AFel] HE 107

FEA7L 453

5

g

27

o

yu

o

e ot

o]

U

triglyceride

e

LN
oF o
=
1o,

e o
B o X oo =
=

@ o Bk

ofN
o

KT

N
oflt
i)
lo

fr

=
=

kr
o
o

oz

~

L

E o
ox,

2

)

ofoi rr
=

~

=d
T‘_‘]I:l_l

. oL

p)

2

ot
Lo

of Z o T do K

o &
fu ol

re
of
o
2
N
[0 o
fru
3
o=

N
ol

yo 1o

o

i)

K
ot et
dj
o
fr

)

e}

e

o 2

)

2
o

o] dl, WA
s} Agdel wet tha zol7h A
EE7F 220 mg/de ©]’Fe] AL triglyceride =7} 150 mg/dl ©]/%
9 o nAFZFelgn AP uALFY Fad 2
total cholesterole $-2Jute}+e] 2% wj 1093 v}t H 10 mg/dl
o A= ngon, Ay xdd A7 2o Nrsy 2
gz sty gorw AL Aed oz zx%gr,]ﬂﬁf?)
50 frEn et A5l ol BisY HaE,
A, ek, VE L, o] 67 FR e
=z :ru"ﬁ:'a‘} H MRS 9 9F0 2 to BAEL e i
FIEGEETL, MRk ol = ks, HaMEd s W
Bk, FEbkole HEAE, WEmE S huEst
3, FimEel s mmE RS A AA L Aok
AEF] AFH AT F JH(EINE WFeE AL
e IR, FIESEIRET PR, k), 1
B, Bie”, i@ém@‘” e, R

Koty ', R

A %

.

1

54 w]9ko| A cholesterol
=

aAE Ja

’ 7

F] ux¥F

- 107 -

e

gl vlAE 9%

Bt A, v sk e, BRIRIAE R,
ki, wEa® Sl nABZ Y o BE X85l 94

€ B3} AAeE HdD, WAAS GL22 B SR

)vl’\: MAE =
T Y, 1120, B, mEroek wREY, ST, s,
< S i ﬁ“‘g HEHU” BB, vk ok s, ’r’uz(’r’I%%

il SEZHD, W, Y, A, wgVso 2 A, vla
2o A7 45 498 ¢ & Atk

i M-S TXEE, vk So thdzlk AFEE o s
A, A A R, &M%, KL, #59) pskelt) wigke
EITECE, SR, FKEES B%S A0, ol AA 9
ALE &3] st B85S 983 sta A
AlgS FolE2 A AU YA &
o] &9E 7|gigta Bt #WE
Mgl o % okﬂiyq%) ulglo 2 913}
AAZN FASAT BFF A, i
WP, vhgho] Ragel AA7rS ¢abA7)aL
FEE 83U o|2H, nige] aRE
H 43} e FEZ AT Sl B Y
Hl=ikig= ol *}Eﬁt}
X e 2714 HEHE

2o

b
A
177

2

=

<)

[e]

Ho [

BE S7HA
T N,
PERES HEX

3t= FE9

E
2
FHox

Cr 9

P

C o o

rl

=5
3k

rir 3

i)
or
ob

Ho

i
Go

b

&
5

1

pi

ol 4 FIF

o

o

=
ay

=

n°“ m[m

/\El

L

i

22 8k
7} Triton WR-13392
7HA B¥A FFAHOE e
HDL-cholesterol, LDL-cholesterol,
dismutase(SOD)& 43t 1L
A3t

£ 9| 228 & (cholesterol, chol)
A AExee] AEoE aga 7HF
2] AFAR T8 AFo|H, g RS
BTV EABE, AT, 11E3, BFTHAS A ST,
8o A& AB(VLDL, IDL, LDL)© 2 78k} AAle] A%
2 $ukglo] o] &=, 8= total cholesterol 3‘%£ =33 4
7, 3 cholesterol 2o] % 1AEZF
WR-1339 Fof & 1A% W Ryl F
e o Aol dzad HlE fro4
YR At ol AL i [MiEe] 859 2
71e A7t A5E dnst= Aot
ol Z 2HE(high density
cholesterol, HDL-C)2 A¢hdl} 289 a}dl 145 Ao
(high density lipoprotein, HDL)ol| ¥l E'—H]"\Eﬂig 712 7]
Zoln, HDLE 7+ ¥ /\xloﬂ/q st}/ﬂg]o] dzo0=7 F&H1
o =3l %H]-’:Eﬂ%% A
]'_O_EH ARo g wjdHT)
T‘ﬂr/‘c}i Agke] Hroj O]X]'

1

R

9], & cholesterol 2 f

11122
total cholesterol,
triglyceride,

, b 2F 9| A glutathione ¥&F<

superoxide

21214 (phospholipid) %} ¥
s Ane ARy Ba
el A8, 3

KR
=
=

=
L

oF
& oo
b

;_]

=)

g

=)

o
—{o
] zz fg ot ©
o rfr 41§ g
2,
>
§}

r
i

10
>~

d
L)
[>
o,
oy oy
B b

rU[o T

I8

=

] lipoprotein

A

ZAX

o)
¢

ull A
bl

2
R

e 2
ox
offt
=

&
o



910

HDL-C A 3}¢]
estrogen HDL-C&

@ BTl A i
BAA 7 sk Th

AdE A E(low
cholesterol, LDL-C)2 chu
LDL)e] &i¥ Fe28EL 71eizith LDLS 8% 828 E
9] 2/3% Rtel=d FE A B2E FYIHES ket
Ao A LDL 84 o4 &=
density lipoprotein, VLDL)<] 343
i’”ﬂ"i RS AAANG
& A%, F 7HA 1AEF W
g A To] ol Ha e d A sk
T3 A W (triglyceride, neutral fat, TG)2 2]o]2 HF 5
W
=

T'FJ(%%

2y =H

AYE A

density  lipoprotein

(low density lipoprotein,

< Z2AHF A (very low
g7 Al S71EH AZ e
8% LDL-cholesterol %3
2 ERA i Ms

=7
o

i Ay

O Al A=

ZA 29] 95 %2 X3}, A9 AE x]ul—zx,] EW
AL oA AFd Bsty glow, THA

AAAR, A4,

M o

o
0 WA AN

kr

7

59)

@? Triglyceride &<
ek 5

RO A i S T
79 Uhehp oo,
A (phospholipid, PL)= cholesterol ¥
02 energy o] "tk F2 Tt A thAtET 3

el
H

O

z o o

olt

e Fas

2 o T

re

A

3

o A= cholesterol, triglyceride(TG) ¢} ¥ HDLS /33
dE FFo= wAET PLY F7te TelA 34 I3, £3)
s, EEFA 9w g, JA T Ast, walde] 9
$tF). &% phospholipid $#-2 243 23} icholesterol 2]

Hae

ol nAYE mudAE §o4 A 7480, Triton
WRI339%0] §3 1482 ge) wddAE pasts AFe

ARy F44e gk
Free fatty acid= 2AHE B3 A3 A Ao AA oA
ol &57] A FEALE v = AEoln, AL 27AA

GEE oA FstE A EHlEE Lipased] ©]3)A
1223 EHA glycerol#} free fatty acid 22 12} &3] €t}. ©]
AL A G5 A A8 22 micelled 433 chylomicron©]
e S WAld st AEde oAl Qo o]FH ¥ 2
3 Az BAEFH "o X33 Y= lipoprotein

lipase(LPL)ol SJsjA 2344 02 aAche 283 A 27
508 olFHu HFHog o]gAnY. B free fatty acid
=73 A3 11 cholesterol 20| TAEF B &
e AT Aeu frodde Y1, Triton WR-1339%¢]
T aAES tEEH BdoMe FAUA FasAn
AA e R AR Sl AAE=
superoxide chsmutase(SOD), glutathione peroxidase(GSH Px),
vitamin E, catalase 9] @413} a9} i3t JFLER o F
o Xl A FAkst ol Aol ojste] AAH = APAE 7
ASRRE BEF 5 Ao AastE RAMRE

2 (SOD)E
719 B Fo EAlste AHBAE LA S (F

_E__
=
A
[e]
+

it

Ak

)% free radical-&

AT

AN

i}

\l.z
i
L)
=
ok,
i
ﬁ'
&
Q
frtt
=
/r%
oﬁ:

©

ol
-

mﬂo—h—‘—l
ox
I A R
B 52T b

o o 8
o

»

94 A

o
glutathione <]
Ztol| Bl 94%(%7})3
o] AE

(it

iz Mol SligimiEe] v
7] $l8te] B 1
o Triton WR-1339%
o 2717 HEH R
¥ %O A2S

=T =

cholesterol
Fabstel 173

gol N A4 nAYZ
AUt

% total cholesterol, LDL-cholesterol, triglyceride
A3}, 31 cholesterol 2]o] 3 uAEZF HE
2 1AEF B
X Fo] tlzTtol vl SoA
HDL-cholesterol &8 =743 2
d= He| 27 Triton WR-133

REA A o] el e o4

% phopholipid &%&& &4 24, 1 m
IAEZE HEHRHNE o4 YA BAs9oH, Triton
WR-1339 Fo] f& 1AES e o)A
Ao Fo4de gk @
A3} 31 cholesterol 2]o]
Age dglon 94

aAEE HEEFAA F2
5

}

ol

oo

=
b
ol
1o
n

—{o
ok do nt (I oft o

7}

1=
- T

o
O M

B
il

<
o
)

> 32 oy

=

o

g &

cholesterol

,
b 123

Al 718k A

cholesterol 2]o] -1+

£ o= oy 1 & odpo

"
I

al
27 9%

&

[e]

ru?ﬂ el
of O

O

*é A

Superoxide dismutase(SOD)

B A HA L izl B8

2] glutathione &< FH 3 A7,

18 3l &she= ddFe »1°i°‘+ vﬂ

]"04 AHRE Hol it e
ol

2 AL o o
o

=9
o 4

oX
o\ ¥ i
32 g

lﬂ
)
e

2,

pou)
10

UEL'

S1A |

=
=)

74, 2007 AP FAAR, 2008.
AAEA, RAEAZEST A B R, 2007.

- 108 -



«»

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

8, DA, Wk

. AR

i 2 . ["50] 3

A% nALZY E4T Az AL, EEHML, pp
50-53, 1994.
CBIEE, BT AR S R A A R s, R

B R MR, pp 689, 691-692, 694-697, 1994,

L BT A B R IR R IMERE R . T EEAERE, 30(6):

13-14, 1989.

- EEYE. 4461 IR IO RBIZE. LI B SEERE, 9: 9, 1991,
e,

s, g, &3 miRimiEe B wraEy
g5 BOPREAEL, 20(1):25-33, 1995.
ol R MiE, Mk, Sk
= B T NREREEE, 1998.
¢3S HHE FHie 8

2=

AL G W

i, kg 2R v X=
B. WSS WEpE ol
Ao @b 2 7F &9 ol
st oS (A4, 2006.

FbAE. BPESh Witpio] A DAYl HAE J.
A s oS (A4, 2004,
FUHER = AT T MY SiimiE BFd g &% 9

AT As|jetm s, 2006.
BHCH. B EGE O] e S miE A BRI A

o wx& 4% At th3hA (XA, 2006.
AT, ol AE. HBiCet kel mikimiE AFd v =

3. T3 A 19(2):495-500, 2005.

PR, FRBGE TG N K UM . S SRR
A, WAL, 29(4):6-7, 2007.

it ruﬁﬁﬁﬁaffﬂﬁ)wﬂ M#EET, TXA2, PGI2AKZF KBk
P PR SHRIRIRAEE, 23(6):44-45, 2007.

SE WA, ASIREE N BRI R IE 13061, sk, 27(4):26,
2007.

A, BIEARE. 1Lk BNV T 5 i 5 T RE84451.
BV, 9(3):65-66, 2007.

HOILED, BB, oM, R, DRI, JGH. BENRHUEAIG S
TR IMIESOMI. TLPbhEE4%, 38(296):17, 2007.

PRI, BIBE, SR, WEIE. IR I I A i T (P 9 B
#7240, FpKEBIZE, & bhh 84, 27(5):12, 2007.

SRSCIG, FRATRE, BIHE, FIL. G2 BIEEER NS NS
17001, ERIRWITE, 2 @rhEE sk, 25(5):16-17, 2006.
Ay, RS R e I IR B JESE . kb, 29(7):665-
667, 2007.

R, FHEYE, WIS g RS IR M bk AR 4
BRTEMEDL. M 8L, 22(6):84-85, 2007.

Mirsa, H.P. and Fridovich, I. The role superoxide anion in

WL R

(5

the autoxidation of epinephrine and a simple assay for
superoxide dismutase. ]. Biol. Chem. 217: 3170-3175, 1972.
Kobatake, Y., Saito, M., Kuroda, K. Kobayashi, S. and
Innami, S. Influence of fish comsumption on serum lipid
and lipid peroxide concentrations in middle aged subjects.
J. Japan Soc. Nutr & Food Sci. 40: 103, 1987.

BT AR, CESER A BRI, AL, AR NG, pp

F] ux¥F

26.

27.

28.

29.
30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40. %

41.

42.

43.

44,

45.

46.

- 109 -

e

gl vlAE 9

1, 39-42, 190-191, 2002.
st weH
1295-1307, 1999.
W7t oes]. /Ao <A a> Ae, AF
303-309, 2002.

HORBYIRAE (L2 & iR 2% Guideline AE 93], &l
MfE Guideline. BHEEE(L 25: 1-34, 1997.

KR G, LR, N %, i, pp 479-480, 19900

= SO, FERM A e, M2, &30k, pp 311-312,
429-450, 813, 1990.

Lo g

°

A7, AL,

)

-2, pp

+3HA}, pp

A3, H&u, A, 193, 4, A3 momshid
B Ag, (F)FAAEETT, pp 603-604, 1986.

uhg 9 &uby nAEE A, 949l pp 1148, 1991.
B, eE el | 2SR miEe] WXs @ KHK

ELERRELE, 1996.

&3, 27, AFA. P o] Triton WR-13392 428 &

Feo nAYZ G kel kel 8 s A 6(2):128-

136, 2002.

FREE. i) BF ] mRMmAES wXE

A HEIRE R K ERE, 2002.

frEw, a2, AR iR FEE AR
2 HypoxiaZ 3% ¥4y AEE4o ux=

3H8ho] 8 3] %] 27(3):107-131, 2006.

A El/¥§|3 O A}
1wy

| P13 =

g gl
=

oY
oo
2

~

N
e
o\

;

oo
\‘r\"

]
ol iR imiEe] WX =

&

of

Rt

£ o sg R

A, SR MAE el dhek EH IS AdaTt. [
KEG K ERRE, 2003.

Wit 2R &l 2 SigiiEe] rxs
B K BB, 1996.

Avlg, s, A4, @ate] 3F 9 ol 1AFF
g3k Fo e gsta] A 18(2)431435 2004.
L2738, o]ldd. pillEdukel ANEF AF Y FoiesH
Hafloll g HA@A WA= 08%. o ghehd) #4815 %)
27(4):915-926, 2006.

234, s, AWF, 45,

ﬁ%, sl :-—473@" B

- B Y
R E'»f’»:

PNEIFN

v X+ o

xa

o,

J—E]]?fi 797(]24 Ob/ob moused| A #iffio] &
Polyol Pathway % 3H4tslatgo v
57 28(3):57-69, 2007.
AR, 284, G578, Mo
IMIE HRE 2l nX]
16-26, 2006.

Fnl—. Wekwmol Sk 2 SismiEe] vx)e
Fﬁﬁj(ﬁd[g:, 1996.

olAX, A7e, AZA. L&) Triton Wr T E 2
© @R ol vle Qg st AFF A o

L

3k

Li&, A2 BEIRE ol ik
Feb 2t 8h3) A] 27(1):

fain dl

o
Rilee|
3

oy
= W

- Bz
p— }—‘\/%_!

INEIN

3l

il



47. ©

48.

49.

50.

51.

52.

53.

54.

o
‘Lo‘ill
AN

7(2):13-22, 2003.
2z, olam, A7, ol5 A, +9E. £ MK
ol rile] mlsiiE wX€ FF TP A 17(1):
140-145, 2003.

g, BE s, 153,

o gAYt g

Q=

1=,

RF7F EliRilEe] X
le%é}, 13(1):81-88, 2004.
71@7]. u]u}/ﬂ _T_T_Z]Z'S:]Z_ 3;:]_

o|lFEF, £IF, ol 24, 4, A

Fell g o] v tieEx3t3]2] 19(3):129-136, 2004.
gelsl, A48, o137, uhtsl, A, HEkseh kol
Triton WR-13392 =8 12X 835 dFd vx= 9 U

SR 285 2] 20(1):9-17, 2005.

LAGHE. T4 ArIE B AriEe] @lRmAES] mXe . KH
REERSKERE, 1994
/\]E‘ﬂk‘ 71;{.

g3 A5 Hlxt 4
2003.

olM®r, AZA,

Al

FF9 Aol 1A
"4 &3] 2] 17(1):225-229,

E

il

H}3ho

pi

riton WR-13392
Bart) e, of el

WE} ~3
10 o

oy
o,
oE

55.

56.

57.

58.
59.

60.

61.

62.

63.

- 110 -

3| A 8(1):33-45, 2004.
oY, olUAH. (7t nALF AF 9 HPA &gl

= FF. oistete] st A] 26(3):146-161, 2005.

A8, 244, APZ. Triton WR~13398 -8 317 9
uXGZol hE friEe] Eatoll B AFH AT gty
gko]8t8] %] 7(2):75-83, 2003.

Ak Wiy AR vt Gkl vXE g A3
istal o (A4}, 2007.

AT Hs Exstus FH 223, JYAL

oA, A, YA AL (AT, &, EEAL pp

155-156, 169-171, 179-180, 182, 196-199, 2000.
2 9. AF AT, B4 S8/AL p 14, 2001

95, AT 3. Bcarotene H7FAoI7F LA EF F o A
FatstEdt Firstas G vAe 9 FTFFEEs
A 37(9):771-779, 2004.

4 AN vtEA dge FE2ES W g IXEF F
Al Wk oA &5, FIhsta FA o Sh s (LA,
2007.

8. ofd At aAES ]l A4 YA £
3 dstA 2EF 2 wiAe 4F FIHW A

20(5):1180-1186, 2006.



