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Effects of Artemisia Iwayomogi Oligosaccharide on the Blood Lipids,
Abdominal Adipose Tissues and Leptin Levels in the Obese Rats*

Jang, Jeung-Yuen - Choi, Hyun-Ju®

Department of Biomedical Laboratory of Science, Biohealth Products Research Center, Inje University,
Inje 621-749, Korea

ABSTRACT

As obesity is known to be related to hyperlipidemia, insulin and leptin resistance, and other chronic diseases, much
recent research has focused on functional food materials and their anti-obesity activity. This study was performed to
study the effects of Artemisia iwayomogi oligosaccharide AIP1 on the anti-obesity function in normal rats and diet-
induced obese (DIO) rats. F344 male rats were divided into four groups: Normal-control (CONT), normal-AIP1,
DIO-CONT and DIO-AIP1. The groups were provided with water (in the CONT groups) or another drink for 4 weeks.
The final body weights of rats in the DIO-AIP1 group were lower than those in the CONT group. Abdominal adipose
tissue weight per kg of body weight in the DIO-AIP1 group was significantly lower than that in the DIO-CONT group.
Also, the final levels of serum-triglyceride, serum-total cholesterol and serum-low density lipoprotein cholesterol in the
DIO-AIP1 group were lower than those in the DIO-CONT group. Moreover, the serum-high density lipoprotein
cholesterol level in the normal-AIP1 group was significantly higher than that in the normal-CONT group. Finally, the
serum-leptin concentration was significantly lower in the DIO-AIP1 group. Total lipid, triglyceride, and total
cholesterol contents in the feces of the DIO-AIP1 group were as high as 142%, 199%, and 165% of the respective
values of the DIO-CONT GROUP. These results indicate that orally administered Artemisia iwayomogi oligosaccharide
not only has hypotriglycemic and hypocholesterolemic effects, but also has the effect of reducing the body weight and
the abdominal adipose tissue weights obese rats. Therefore, we expect that Artemisia iwayomogi oligosaccharide AIP1
may have an anti-obesity function in F344 diet-induced obese rats. (Korean J Nutrition 36(5) : 437 ~445, 2003)
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Table 1. Composition of normat diet and high-fat diet (g/100 @)

Ingredients Normal diet High-fat diet
Casein 20 29
Corn starch 60 10
Sugar 0 10
Lard 0 35
Corn ail 9 5
Cellulose 5.0 5.0
Mineral mixture* 35 3.5
Vitamin mixture* 10 10
Cholestero! 1.0 1.0
DL-methionine 0.3 03
Cholin 02 02

1 AIN76 mixture, Nutritional Biochemicdals, ICN Life Science
Group, Cleveland, Ohio
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Table 2. Body weight, food intake and food efficiency rate in the normal and the diet-induced obese rats fed Arfemisia iwayomog

oligosaccharide AlP1 for 4 weeks

Normcai DIO
CONT AP} CONT AlP1
(n) @ @ ® (€)]
Body weight (@)

Initial 2229 +2.7° 216+ 23° 2858 + 8.1° 2934+ 57°
Final 286.6 + 5.4° 261.9 + 49° 3252+ 9.6° 2774+ 82°
Total food intake (g/4 wks) 474.0 +9.9° 457.6 1 5° 3047 £11.6° 284.4 £ 14.6°
Food efficiency rate 134 = 0.7° 88+ 08 132+ 158 -55+ 39°
Daily food intake (g/day) 169 +03° 163+ 1.4 109+ 02° 102+ 04°
Daily food calorie (kcal/day) 66.7 = 1.0° 65.4+ 1.7% 620+ 09™ 579+ 2.1°
Daily drink intake (mi/day) 16.0 + 0.4° 164+ 03° 159+ 05° 1.1+ 0.8°

Values are means * SE.

Within a line, values with different superscripts are significantly different at p <0.05.
Normal: normal rat, DIO: diet-induced obese rat, CONT: water, AlP1: Arfernisia iwayormogi oligosaccharide
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Fig. 1. Body weight changes in the normal and diet-induced
obese rat fed Artemisia iwayomogi oligosaccharide AIP1 for 4
weeks. Bars with different superscripts are significantly different
at p <0.05. N: normat rat, DIO: Diet-induced obesity rat, CONT:
Water, AIP1: Artemisia iwayomogi oligosaccharide.
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Table 3. Serum lipid contents of the normal and the diet-induced obese rats fed Arfemisia iwayomogi oligosaccharide AIP1 for 4

weeks
Normail DIO
CONT AlP1 CONT AIP1
(n) @ @ (8) (€)]
S-Triglyceride (mg/dl)
Initial 769 + 4.8° 750 + 6.9° 1222 +1596° 127.1 £ 69°
fngd 87.9 +7.6% 64942 1231 £11.8° 659+563°
STotdkcholesterol (mard) T
Initial 669 +45° 699 +2.7° 1223 +12.2° 1244 £ 69°
Final - 770+ 6.9° R Y 119019 81.6 £80°
S-HDL-cholesterol (mgrdly T
Initial 311 +£43° 27.8 + 2.5° 215+ 28° 209 +2.1°
FnRgt 257 £1.4 409 £38° 179 £19° 24.9 +£2.9°
SIDL-cholesterol” (mgydy T
initial 206 £ 4.2° 27.1 + 2.6° 763+ 11.9° 77.2+8.1°
Final 338 £ 6.7° 107 £ 5.7° 765 + 10.5° 435 £ 9.4

Values are means + SE.

Within a line, values with different superscripts are significantly different at p <0.05.
Normat: normal rat, DIO: diet-induced obese rat, CONT: water, AIP1: Arfemisia iwayomogi oligosaccharide group "s-LDL-cholesterol

= total cholesterol~HDL cholesterol — (trigylceride/5)
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2 Ao, 47 vixe del e APIT (249
+ 2.9 mg/dD°] CONTT (17.9 * 1.9 mg/d) Bt} thx
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ANZ FARIEE, A48 X7 g 3L AIPIT (435
+ 9.4 mg/d)°] CONTT (76.5 = 10.5 mg/d) Bt} &
& A8 Bolout f9AR Aol opgich

3. =8 NP

o] guets B3 Aol $71ErE iy
FPFo) DA E) T, B AEe) o) A 5
HE AF QAR LA Yk Y FHY AAEE
135} AFAER)} 2] 22717} A3 adipose tissue lipopro-
tein lipase BAE7}F F7FtdA S Bali7t A&
Hog Y=ol F KA FEE ASHY, H3
A A AAER FEo] FALE] FER A
WA el ASAEA 28 55 uintd] vjAe &3t



442 [ QA% S Pt By

Table 4. Abdominal fat pad weights in the normal and the diet-induced obese rats fed Arfernisia iwayomogi oligosaccharide AlP1

for 4 weeks
Normat DIO
CONT AIP1 CONT AlP1
)] @ @ ® (€))

Retroperitoneal fat pad (@) 6.44 + 0.5° 4.34 + 0.8° 1047 + 0.7° 554 + 0.6°
Epididymal fat pad (g) 7.82 £ 05° 6.06 £0.3° 1206 +09° 8.15+0.4°
Total-abdominal fat pad (g) 14.56 + 1.0° 1041 £ 0.7° 22,53 + 1.5° 13.69 £1.1°
Values are means + SE.
Within a line, values with different superscripts are significantly different at p <0.05.
Normal: normal rat, DIO: diet-induced obese rat, CONT: water, AlIP1: Arfemisia iwayomogi oligosaccharide
1 : Total-abdominal fat pad (g) = retroperitoneal fat pad weight (g) + epididymal fat pad weight (Q)

= 40 45

3 L b € b

o 35 2 a§3 40 3

< gt g ¥ a

2 > 30 a T

25 a 2 T

P T a 5 25 g

2 T 5 =

50°r a 5 20

2 15 € s

2 2y

3 10F ko]

8 g s

ﬁ 5r 0 I 1 L

<0 : ; N-CONT N-AIPT DIO-CONT DIO-AIP1

N-CONT N~-AIP1 DIO-CONT DIO-AIP1

Fig. 2. Retroperitoneal adipose tissue weights relative to the
body weight in the normal and the dief-induced obese rats fed
Arfemisia iwayomogi oligosaccharide AIP1 for 4 weeks. Values
are means + SE. Values with different superscripts are signifi-
cantly different af p < 0.05. N: nomnall rat, DIO: diefinduced obese
rat, CONT: water, AlP1: Arfemisia iwayomogi oligosaccharide.

£ AHu7] YElodA 8 APelMe B AHzA] o
A9 white adipose tissue$! FE7F AW=3F (retro-
peritoneal adipose tissue) 3% #1138 9 X327 (epi-
didymal adipose tissue)-& F&l3t] FAE 43I0
Table 45 BA FE7F X4z FA= normalF oA
AIP1T (4.34 = 0.4 g)°] CONTE (6.44 £ 0.5 gl
Hlslod oA B2 FRjegl oy FelAl Aol gisith
a2y DIOF M AIP1T (5.54 £ 0.6 g)o] CONTHE
(1047 + 0.7 @l vlgte] FojH o e $35 v
k. ¢ R ugk 9 Az FASE normalF oA
AIP1F (6.06 = 0.3 g)©] CONTZ (7.82 = 0.5 g)of| H]
&to] ok F& FHoll ot fAAQ Alele gtk 1
2} DIOHAIM AIP1F (8.15 = 0.6 g©°] CONT
(12.06 = 0.9 @) T3 vlgtoiA JA FYAo® df¢ @
2 $£2E JeRY Fig. 2% Fig. 3ol 57 Aukx
Az Bug 39 AWzAE 7 Fo AT ke EE A
3o A AFINE AIP19] 437} DIOFA
azrh Qhgol vehdtt oleld Ave § $70) g5
AR FE8 30% FA3Pd AE (resistant starch) &
AR AR @ F9 229 FAT) Tl

Fig. 3. Epididymal adiopose tissue weights relative to the body
weight in the normal and the diet-induced obese rats fed
Arfemisia iwayomogi oligosaccharide AIP1 for 4 weeks. Values
are means + SE. Values with different superscripts are signifi-
cantly different af p < 0.05. N: normal rat, DIO: diet-induced obese
rat, CONT: water, AIP1: Artemisia iwayomogi oligosaccharide.
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Z ol ATP1F (345129 mg/ g feces)< CONTE (17.3
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Table 5. Feces lipid contents of the normal and the diet-induced obese rats fed Arfemisia iwayomogi oligosaccharide AIP1 for 4

weeks
Normal DIO
CONT AlP1 CONT AIP1

(n) @ @ ® ®
Feces dry weight (g/day) 246 +0.15° 1.61 £ 0.15° 1.01 £ 0.11° 0.81 £ 0.10°
Total-lipid (mg/g feces) 645 * 6.8° 1249 +85° 133.1 +5.7° 188.8 + 17.4°
Triglyceride (mg/g feces) 162 + 1.8° 28.9 +45% 17.3 +29° 345 + 29°
Total-cholesterol (mg/g feces) 39 +08° 9.0 +09% 153 +1.3° 252 + 25°

Values are means =+ SE.

Within a line, values with different superscripts are significantly different at p <0.05.
Normal: normal rat, DIO: diet-induced obesity rat, CONT: water, AlP1: Arfemisia iwayomogi oligosaccharide

Table 6. Serum leptin and insulin levels in the normal and the diet-induced obese rats fed Arfemisia iwayomogi oligosaccharide AlP1

for 4 weeks
Normal DIO
CONT AIP1 CONT AlP1
(n) @ @ 8) (€)]
Leptin (ng/mb)
Initiat 9.90 + 0.55° 8.04  0.65° 3042 + 5.19° 2619 £ 1.17°
Fn@t 8.70 _J_t_0.31°_ 9.02 = 1.44° 26.14 +7.21° 9.50 + 1.80°
Insulin (ngp) T
Initicl 251 £0.11° 2.28 + 0.48° 425 +1,03° 463 +0.89°
Final 3.53 £ 0.40° 3.31 £ 0.69° 415 £ 0.73° 3.07 £ 0.17°

Values are means = SE.

Within a line, values with different superscripts are significantly different ot p <0.05.
Normal: normal rat, DIO: diet-induced obese rat, CONT: water, AlP1: Artemisia iwayomogi oligosaccharide

+ 29 mg/g feces)ol HI&] FFoz gt} ¥ =
9] total cholesterol ¥&& normal3 A AIP1+ (9.0
+ 09 mg/g feces)® CONTZE (3.9 = 0.8 mg/g
feces) Bt} & FXE HIARE F T Alolol #441
Zpol7k A3tk ool wksloiA|, DIOF 9] AIP1# (25.2 +
2.5 mg/ g feces)< CONTT (15.3 =+ 1.3 mg/ g feces)
of Hls foFeR @itk ojgjdt AFE DIOFH A
AIP17} AWl AAE A= wjdr7le 2845 A
oy AZIT},

5. ¥ HE Bk

Adipostatic 202 4&A R AF LD A}
i ARAATE Fom uAtAole] o e w9
% P9 32Ut etk A7 ddec] BaHo ¢
3% 2 A% ZAWRE Table 604 RiE uigl o]
normalF ol Bjteix DIOF A ¥ F%7t oF 3u) ]
48 ¥ FAZE A9 A VRN, 1A Ao)rt
g4 f8 52 $7HE 7HAEE B 5 Uit o= 4
ol fx¥ nvte] Ax AuhzAeA o] vk &
Hell w2t P BAo] FrlEE Aoz Hojxink A3
Ao A AWel ET = normalfF el CONTE (9.90

+ 0.55 ng/ml) 3 AIP1F (8.04 + 0.65 ng/ml)o] fA}
& FXE ®BoloH, DIOFS CONTE (3042 * 5.19
ng/ml) 7 AIP1Z (26.19 + 1.17 ng/ml) ARJAME &
ARstGith. A3 el 8% 99 SEE normalF el
Al CONTZ (8.70 + 0.31 ng/m) & AIP1F (9.20 *
1.44 ng/mh 7l A2 AT 28)v A8 epRw
Ze] 83 ¥Rl F%E DIOF A AIP1Z (9.50 *+ 1.80
ng/ml)°] CONT# (26.14 + 7.21 ng/mD el B)aleiA
FeFoz A Ao 2M AlPlo] nRRNES
& MAA7E B3E BT

6. 9§ el 5

gAY Adgd 5L F7HITIE 8 Fol Aols #
Heto] A EA, A Ao] HHA| @F FIAMAE &
Tt S7FHAl Ha olel wEbA ZhellM 9] Qlad A
o] ZAagolA 1EAPFo] FdETy LA ok
E3 ERA o] FAE Ao 1AEREFE 7HA 2o
t B3% )=, Hong 5% 1AW Aojo w2 &3
U Qe F7PF SR Fokel @] gty B
g b} Qltk. Table 6& R, A gl I3 A&
FEE normaldolA] CONTT (2.51 + 0.11 ng/mD

lo K
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7} AIP1T (2.28 = 0.48 ng/mDo] AR ARt $21&
B3t} DIOFH= A€ X7} normalF ol BldfoiA oF
199 AEZ #9409 DIOF S CONTT (4.25 = 1.03
ng/ml) 3 AIP17 (4.63 = 0.89 ng/ml) oA+ 1 <Fx)7}
ME fARIE AR v ehg 8% €7 F5E normal
Hold CONTT (3.53 * 0.40 ng/mD) 3 AIP1F (3.31
+ 0.69 ng/mDeo] AMZ AR, DIOFHANA AIP1T
(3.07 £ 0.17 ng/mD)-& CONT (4.15 = 0.73 ng/mD
o vlg) Zashs AL BIoy FHE s &
AE Az DIOFH7} normal@xth vprjzhd &3 ol
4 =7 AR E Fed], ol AW Aol 9

& 2RAY 2715 BAsle] gsel A+ Ak

F344 3% normalf ¢} diet—induced obesity (DIO)
FHAE oz sl AYTL QA% S8 (Artemisia
iwayomogi oligosaccharide) AIP1S 1Y 350 mg §%F°.
2 F 47 T 58 35S 3lrh tix2F) CONTE
g &8 s%len, £ A3 A7 AIP1Y] 29E HE
s o33 gk

1) A3 309 AFo] DIOF M CONTTFH AIP1E
o] MZ fFARH Aldstg ot Ay wixEhde) AFE A
HEE AIP1 7oA S8z dAs) 3e $XE Holn
Utk 45 AR F] AT WskE AFE™, CONTY
2 14%7} F7V5el WisteA, AIP1FelME 2318 5%
7t FasEeiA AIP1Y HF 29 &A7} ek

2) dA9) triglyceride, total cholesterol, LDL—cho-
lesterol ¥FS Auind DIOF oA CONTEL 453 %
lofl HThE wiEo] gldol Histodr AIP1FIME 48%,
34%, 44%7} Z¥ZF A4S HojA AlPlo) 8% XA o
AR A7 A7) Aol vERsth 53] normal
ZHollxl HDL—cholesterol &3o] AIP1FoA {80
2 F71e3eh

3) A¥ oA g doll BhYo A g Az
€ Auirw, DIOFIA AIP1TY] F8 Azx2] 74
7} CONTE F°219] 53%2H #FFoz e x5 B
L, Fug T Az FAS CONTT F49 68%
ZX AN folFoz W2 £3|5 HojA AIP10] 7K
ure] ek g3t 9leo) veRdth

4) Woz Wae x4ze AwEH DIOZFIH AP
9 FAA, F9AY 2 FZAEE] $X7F CONT
T A9 142%, 199%, 165%2H EF foHoz &

gton olyd Azk= AlP1o] A9 ) 43 4+
Walste] A2 e TE 2] s ALeE2A AIPL
o] gyt 2% 71 AFE = A,

5) A3 vix)gt Zo] dF AL DIOFAN e ¢
el v]3ldA CONTZOIAME E xlol7t sl kst
oA AIP1TIME 64%7F Aoz Zhasigion o]
28 £2)& A4 normalF e FF FET W 32
2ot} oleldt Ax= AlP1o] H|HE oA 47} 53
RE A" AYFE A= At S-S )it
H d3 AeUe DIOFNAM AIPIZA FAZCR
A AolE YUAT 34%L; FANFIE AL B
oA AlPleo] IRIEAEFTS A7 7Fsidel 2Al
5o} Aok AR E oA ole) dist FF AFrt o "ast
thx 33k

B a7 A7) AdelN QA% L8)ug AIP12 Ao}
A FeEe) vkEelA Jehs vAAAAEQ UiEE] - A
A dabag-S A F e 7154 uleled@X A
A B8 7FsAo) gle AR AR

rlo

Literature cited

1) Vague J. The degree of masculine differentiation of obesities: A
factor determining predisposition to diabetes, atherosclerosis,
gout and uric-calculous disease. Am J Clin Nutr 4: 20-34, 1954

2) Hue GB. Pathology of obesity. Korean J Nutr 23(5) : 333-336,
1990

3) Krotkiewski M, Bjomtorp P, Sjostrom L. Impact of obesity on
metabolism in men and women: Importance of adipose tissue
metabolism. J Clin Invest 72: 1150-1162, 1983

4) Despres JP. Abdominal obesity as important component of insulin-
resistant syndrome. Nutrition 19: 452-459, 1993

5) Lee KY, Sohn HS, Lee NS. The association of abdominal fat
with serum insulin and atherogenic index for obese females. J
Korean Acad Fam Med 23: 917-924, 2002

6) Yun, YS, Park HS. Effect of body mass index change on cardio-
vascular risk factors in Korean men. J Korean Acad Fam Med
23:794-803, 2002

7) Zhang Y, Proenca R, Mattei M. Positional cloning of the mouse
obese gene and its human homologue. Nature 372: 425-432, 1994

8) Tritos NA, Mantzoros CS. Leptin: its role in obesity and beyond.
Diabetologia 40- 1371-1379, 1997

9) Mercer JG, Hoggard N, Morgan P J. Leptin and obesity: The
story so far and its therapeutic implications. CNS Drugs 14(6) :
413-424, 2000

10) Caro JF, Sinha MK, Kolaczynski JW. Leptin: The tale of on
obesity gene. Diabetes 45(11) : 1455-1462, 1996

11) Collins S, Kuhn C M, Petro A E. Role of leptin in fat regulation.
Nature 380(6576) : 667, 1996

12) Wang BN, Vuguin MD, Hawkins P. Leptin selectively decreases



visceral adiposity and enhances insulin action. J Clin Invest 100
(2):3105-3110, 1997

13) Matheny LH, Michael NM, Scarpace PJ. Leptin gene expression
increases with age independent of increasing adiposity in rats.
Diabetes 46 (12) : 2035-2039, 1997

14) Colombo C, Cutson J, Yamauchi T. Transplantation of adipose
tissue lacking leptin is unable to reverse the metabolic abnor-
malities associated with lipoatrophy. Diabetes 51 (9) : 2727-2733,
2002

15) Maianu L, Zhu JH, Rogers NL. In vitro determine the relationship
between body fat and serum leptin levels and degree of adiposity
in adult rats. Diabetes 49: 313, 2000

16) Levy JR, Johnlesko R J, Krieg J. Leptin responses to glucose
infusions in obesity-prone rats. Am J Physiol Endocrinol Metab
279: E1088-1096, 2000

17) Wabitsch M, Jensen PB, Blum WF. Insulin and cortisol promote
leptin production in cultured human fat cell. Diabetes 45(10):
1435-1438, 1996

18) Segal KR, Landt M, Klein S. Relationship between insulin sen-
sitivity and plasma leptin concentration in lean and obese men.
Diabetes 45: 988-991, 1996

19) Ahn BM. What is In-Sin-Sook?: Artemisia caillaris, Artemisia
iwayomogi, and Artemisia annua. J Korea Liver 6 (4) : 548-551,
2000

20) Nam SM, Han SS, Oh DH. Effects of Artemisia iwayomogi
kitamura ethanol extract on lowering serum and liver lipids in
rats. J Korean Soc Food Sci Nutr 27(2) - 338-343, 1998

21) Hwang YK, Kim DC, Hwang WI. Inhibitory effect of Artemisia
princeps pampan extract on growth of cancer cell lines. J Korean
Soe Nutr 31 (4) : 799-808, 1998

22) Kim KS, Lee MY. Effects of Artemisia selengensis methanol
extracts on ethanol-induced hepatotoxicity in rat liver. J Korean
Soc Food Sci Nutr 25(4) : 581-587, 1996

23) Lee GD, Kim JS, Bae JO. Antioxidative effectiveness of water
extract and ether extract in Wormwood (Artemisia montana
Pampan) . J Korean Soc Food Nuir 21 (1) 17-22, 1992

24) Lim SS, Kim MH, Lee JH. Effects of Artemisia Princeps var
orientalis and Circium Japonieum var ussuriense on liver func-
tion, body lipid, and bile acid of hyperlipidemic rat. J Korean
Soc Food Nutr 30(7) : 797-802, 1997

GRS HL et 36(5 1437445, 2003 /445

25) Lim SS, Lee JH. Effect of Artemisia princeps var orientalis and
Circium japonica var ussuriense on cardiovascular system of
hyperlipidemic rats. J Korean Nutr 30(3) - 224-251, 1997

26) Hamano H. Functional properties of sugar alcohols as low-calorie
sugar substitutes. Food Industry and Nutrition 2.(1) : 1-6, 1997

27) Jeong MK, Kim MH, Kang NE. Effects of resistant starch on gut
functions and plasma lipid profiles in rats fed high fat diet. J
Korean Soc Food Sci Nutr 31(2) : 271-276, 2002

28) Kim MH, Park HY, Kim WK. Effects of soyoligosaccharides on
blood glucose and lipid metabolism in streptozotocin-induced
diabetic rats. J Korean Soc Nutr 34(1) : 3-13, 2001

29) Delzenne NM, Kok N, Fiordaliso MFE. Dietary oligofructose
lowers triglycerides, phospholipids and cholesterol in serum and
very low density lipoproteins of rats. Lipid 30(2): 163-167,
1995

30) Despres JP. Abdominal obesity as important component of insulin-
resistant syndrome. Nutrition 19: 452-459, 1993

31) Folch J, Lees M, Sloane-Stahley GA, et al. A simple method for
the isolation and purification of total lipid from animal tissues. J
Bio Chem 226: 497-509, 1957

32) Tokunaga T, Oku T, Hosoya N. Influence of chronic intake of new
sweetener fuctooligosaccharide (Nedsugar) on growth and
gastrointestinal function of the rat. J Nutr Sci Vitaminol 32: 111-
121, 1986

33) 33) Kang YH, Park YK, Ha TY. Effects of pine needle extracts
on serum and liver lipid contents in rats fed high fat diet. J Korea
Soc Food Nutr 25(3) : 367-373, 1996

34) Dalessio DA, Seelyey RJ, Rushing PA. A controlled model of
dietary fat-induced obesity. Diabetes 50 (2) : 532, 2002

35) Hong KH, Kang SA, Kim SH. Effects of high fat diet on serum
leptin and insulin level and brown adipose tissue UCP 1 expres-
sion in rats. Korean J Nutrition 34 (8) : 865-871, 2001

36) Park HS, Kim YS, Sung MY. Relationships between leptin and
gender, obesity indices, cardiovascular risk factor, and diet in
korean adolescents. J Korean Acad Fam Med 22(3): 303-314,
2001

37) Gibbon GF, Brown AM, Wigging D. The roles of insulin and
fatty acids in the regulation of hepatic very-low-density lipopro-
tein assembly. Journal of the Royal Society of Medicine 42: 23-
32,2002



