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ABSTRACT

The effects of dietary levan, high-molecular-weight -2,6-linked fructose polymer, on adiposity, serum leptin and UCP expression
in rats fed high fat diet were studied. The adipose tissue hormone, leptin has been proposed to be involved in the regulation of food
intake and energy expenditure. Uncoupling protein (UCP), a mitochondrial protein that uncouples the respiratory chain from
oxidative phosphorylation, generates heat instead of ATP, thereby increase energy expenditure. To determine whether the dietary
levan may have the anti-obesity effect, 4 wk old Sprague Dawley male rats fed high fat diet for 6 wks to induce obesity, and
subsequently fed one of three diets for further 6 wks: 1) high fat (40% of calories) diet without levan 2) with 3% (w/w) levan 3) with
5% levan. For the comparison, control group fed AIN-76A dict. Visceral and peritoneal fat masses were lower in high fat diet with
levan groups compared to high fat diet group. The effect of levan was dose-dependent. Adipocyte size was significantly reduced in
the levan diet groups compared to the no levan diet group. Serum cholesterol level was not affected by levan containing diet, while
the serum HDL cholesterol level was higher in leven diet groups. In addition, serum triglyceride level was markedly reduced by
levan containing diet, thus lower than that of control group. Serum leptin was reduced by levan containing diet and lower in 5%
levan group compared to 3% levan group (p < 0.001), as a result, serum leptin and insulin levels of 5% levan group were reduced to
level of control group. Futhermore, the serum leptin level reflected the adiposity. The expression of UCP 1, and UCP 2 in brown
adipose tissue was up-regulated by levan containing diet. In conclusions, levan containing diet reduced adiposity and serum
triglyceride but increased UCP expression in the obese rats fed high fat diet. (Korean J Nutrition 35(9) : 903~911, 2002)
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Fig. 1. Chemical structure of levan.

o Levan consists of B-D-fructofuranosyl
residues linked predominantly through

o B-2,6) linkage and the branch is con-

CHeon nected to the main chain by a p42,1)

linkage: the branch then continues
with B-(2,6) linkage.

feh? ke AEox Esh} F2 v AE levan-
sucraseoll 93] FAEH 7 HFAE AS A WS
o o) wasy Ty FEE WA dF Zg2HE
2 FAAS BF3 o a9E 2t 5 A% f9%
EWE et Aol BEAY & wuke B84
ol gl & AP vle] Hxrt vu 584 AA
= 7ML glo} 7158 AF a9 7P e reFa 9
oh.? A8 A7V AF A F D) 40%E Ao
g 1A% Hols FFIHAE ul AAL 33} v)go] #
ZEAR 8F 999 d&d 5571 S78eH, un-
coupling protein (UCP)9] @&} Z7199t.” $14, A
WA FoEe PRl 482 AAEla R 44|
g Z7MA odA giAb 2 A5 -0 #oslE Al
A Qb £ olyA) diatel] #ojshs UCPE HE
Z=glolollA] AstA Qlitst Aol HAE protond
ATP 34 didl €2 2AAA duA] 288 RFOEN
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A AR dAte 2Hee Aeg HaHe Y

AF 23 L aA4¥Fo) v &3 5 ol A
A g3 gig 75 Zo| HaEo] gop™? gute)
Aol B8 AT ok nnjsict. T3, G4 2910 23
UCP fAzle] 2ddo] zddhe d79 UCP 434
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Table 1. Composition of experimental diets (g/kg diet)

Ingredients N" HF?  HF + L3 HF + 15
Casein 200 200 200 200
DL-Methionine 3 3 3 3
Corn starch 150 150 120 100
Sucrose 500 345 345 345
Cellulose 50 50 50 50
Com oil 50 - - -
Beef tallow - 205 205 205
Salt mixture 35 35 35 35
Vitamin mixture 10 10 10 10
Choline bitartrate 2 2 2 2
Levan - - 30 50

Fat % (Calories) 11.7 40.0
1) Normal diet ; AIN-76A diet #100000
2) High fat diet : AIN-76 diet #100496 (Dyets Inc., Bethlehem, PA,
USA)

N Normal diet, HF; high fat diet, HF + L3: high fat diet with 3%
levan, HF + L5; high fat diet with 5% levan

40.0 40.0

nE 2 W
1. AYUSEA NS R 49
E AFAME 359 Sprague-Dawley £ <A IS
FYEEEEANA FYst 15797 A8 A 3 Ay
TE 458EH 6570 1A AolE FF8Y. A8 |

T29 A Sprague-Dawley <3 33 458 5H 447
657+e) A Aol JAe AA £XHE FUIAA v
< HE28L 839y #vke Zymomonas mobilis 5-3)
9] levansucraseE ©]43l9 aALHoT FAHon
(&) ggutoled (gA) AEFS AM-3IAT 6573 1A
W Aol FF F 1057358 6572 #ivre 47 0%, 3%,
5% B3 2ol (w/w)g FF89 1AW dzL (HF),
3% #¥rat (HF + L3), 5% @ik (HF+1L5)0 2 39
ok A dizE (NS 45735 E 1259 49 7|10 5¢



AIN-T6A diet # 100000 (Dytes Inc., Bethleham, PA,
USA)E F53IA, AW Aol A FH9°2 beef
tallowZ AH&3led AIN- 76A high fat diet # 100496
(Dytes Inc.) 2.2 & I 40%E Aoz FF3e] A}
34t (Table 1). 24+ A2 6vlE 2 399
AYFES 3wy Elsteo] AMS3IH L, B3 2o)e
Agglol FF3AT. HAE 712 T Ao] AAHFH AF
< dFde 23] FAAY. HEEEY AT 6579
aAH Aol FF F & 10599 AFTE AF ATz
SAx, 677 HAvs e A Aol I ¥4
165789 AF L AF AFo= 39t Ao] & (Food
Efficiency Ratio; FER)& #ihs g3k A9 2olE &
T8 673 AT FUHES Aol AATF2LE ol AE

Spiss
2. N+ % BNYH

1) NEe Yl

ALEFES 165% Ast dAn A7 A
v}, 2R 23] (interscapular brown adipose tissue),
B 18 A (epididymal fat), W3 2% (visceral fat),
Ea} 2wt (peritoneal fat)g 23l FE& =354
3, FE FA AA A= AT €9 34 A
heart puncture $H o2 AFH3 £ 3000 rpmolA] 158
T AAEREEI S Ao o5 AaE B4 AR
-70CAA BAsc).

2) N% ME 3 53

16 %9 AF &9 WA A& AfFHsto 2wk
AEe 3718 FASAT” gAY 24 0.5 g& 3l
o] 3% Bovine serum albumin (BSA)Z &3 145
mmol/L, NaCl-buffer2 AAg F, & 2oz %7
% collagenase (Sigma C-2139) 1.5 mgs 38 Na-
Cl-buffer 1.0 ml& #7134 37°ColA 143 Btk )8t
gt 2 ¥ 450 pm nylon mesh® 35l Z2ozR
H 29 A AEE 41 5 mM EEGE EH3 Na-
Cl-buffer2 2814 AHsIHch AlH & NaCl-buffer 1.0
mlg H71ete wFe] EAIE AAER A (Olympus CK
2)0.2 A Mxe] A5 #ESHY. 7 2Avie 3070
AXe] ARE SA8 & Tt

3) g% NAE 24

3 & 29288 2 HDL SH26E, 24T &
%Z Sigma Chemical#} (St. Louis. MO)9] kit& o]-&
3t FA4sk4rh

mE A EEEIE 3509 :903~911, 2002/905
4) 9% Leptin & insulin & 4
¥ leptin %=+ Linco Leptin Assay Kit (Linco
research Immunoassay, St. Charles, MO)E o] &3}
ALY W 5S 243192, insulin F%E rat insulin
standard (Linco, St. Louis, MO)& o] &3} wkAld |

A%g 2

5) Uncoupling protein m-RNA &4

Reverse Transcrpitase Polymerase Chain Reaction
(RT-PCR)& ©]-&3}e] Uncoupling protein (UCP)¢] &
FE SAskh. 224 UCP1, 2 mRNA %
HES S840, AR o] £418 98 Fad A
wrz2oj A UCP2 mRNA 2832 74314t ”

AFEBA Bast 2AOZHE Trizol reagent
(Gibco 15596-026)5 o|&3te] RNAE #2|3t3 spec-
trophotometerE ©|-83t A#F3HTt. Fel¥ ¥ RNA
ZHES DNAE S A8t 2 pge] RNAE 70Tl
A 58 EXEe ¥ 4TolM 5EF #Astn 7]
M-MLV (Promega M1705) 200 U, dNTP (each 2.5
mM) mix 2 g, RNasin (Promega N2111) 40 U, oligo
(dT) primer (Promega C1101) 1 i€ &3}3 & DEPC-
water® 25 pIE ©30] 42T 1A17E 75T 308 23}
A1 cDNAE A3kt

499 cDNAZRH UCPY HaZE SA37] $3ho
primerg A28 house keeping genel & P-ac-
ting o]t} Al AH&-3 primers} product size
= o3 #Zc}. UCP1 sense 5-TAC CCA CAT CAG
GCA ACA G-3', antisense 5-TCA TTG CAC AGC
TGG GTA C-3’, (product size 842 bp), UCP2 sense
5-ACA GCA GCC TGT ATT GCA G-3', antisense
5-TTG TAG GCT TCG ACA GTG C-3, (product
size 428 bp).

FrAx ddEe 5457 9% PCR 20L& tg+ &
t}. Tag polymerase (TaKaRa Tag R001A) 0.125 ul, 10
X PCR buffer 2.5 pl, ANTP mix 2 pl, primer, sam-
ple, TFFE 25 15 BF F 94T 3%, 94T 30%, 60T
1%, 72T 1¥ 30x, 303] ¥HE3g & 94T 30z, 60T 1%,
72C 10&, 13 PCR& 319t PCR AL 15%
agarose?llX] 80 V 3lollA 7] FFstd £ F 10
pg/ml®] EtBrollA 308 &< |Asta FRcodA 158
%< @48l transilluminatorol A #2851t}

3. Ry
BEE BAEAL SAS programE: ¢85t HH (mean)
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22} (standard error, SE)E ¥AI5ItH 2 A%
7+e] ZFol= one-way ANOVAS ¢iste] 13A435k3, Dun-
cans multiple range testZ 2A|3te] o = 0.05 FFolA

woge AZsA.
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2YEEe) N HAF AT Mol xgel die
Table 29% ek A& 49 A A Ao} gstent 12
A% Z71ge A4 dzPud 2% dEwd foii
A Egkom, 3% A T Aol 4HE T 5% o
W Aolg AT FoAE B dET FAH Felgel
A Aol BEE AF T4 B PIE BT,

2. A% K5 2

Ao] Aursh it ol e AAEEL 21

U A, B A B
Zow &gl ASol A 2AFAR st BB
2R 220 FAE nx)u 2o} 5% #uk
F& FAoM AR Kol TFT FHEY F94 A B
31, 3% @t Ho| FolME zol7} AAHA] ot F1
A8 BAE BE AFTA Aolzb gk W3
FAE A dZ2T (1.75 + 0.32 g/100 g B.W.)oll Hls)
FA 2T (3.64 + 0.46 g/100 g BW.)3 3% @yt 2
o] (3.55 + 0.20 g/100 g BW.)AA &3t (p <.05)
5% #A¥r Aol (2.66 + 0.23 g/100 g BW.)#A= 44
el Zo)zh gigdeh. Butxw FAE A4 o2F (1.28
0.23 g/100 g B.W.)RT 244 = (278 +£0.11 g/
100 g BW.)# 3% @ikt A f94 A E%od 5%
#YkE (2.07 £ 0.25 g/100 g BW)3e= 94 = =lo)
7+ #AE R gt

vl A} Fig. 29
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Table 2. Body weight, daily food intake and food efficiency ratio of rats fed experimental diets for 6 weeks

Groups  Initial body weight (8) Final body weight (g) Body weight gain (g/day) Food intake (g/day) FERY
N 3970 + 21" 4455 +11.6 1.33 + 0.40"” 2110+ 1.58 0.059 + 0.070°
HF 404.3 + 14.7 500.3 + 19.1 2.74 + 0.19° 2513+ 1.25 0.109 + 0.005°
H+ L3 4054 +17.4 489.2 + 23.6 239 + 0.61° 2409+ 1.73 0.096 + 0.023%
HF + L5 416.8 + 16.0 5028 + 19.2 2.45 + 0.34® 26.35%+ 1.41 0.094 + 0.009°

1) Values are Mean SE

2) Values within the same column with different superscript letters are significantly different from each other at p < 0.05 by Duncan's Mul-

tiple Range Test.

3) FER : Food efficiency ratio = body weight gain (g/day)/ffood intake (g/day)
N; Normal diet, HF ; high fat diet, HF + L3; high fat diet with 3% levan, HF 4+ L5; high fat diet with 5% levan
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Fig. 2. Effect of dietary levan on
adipose tissue mass. (A) brown adi-
pose tissue, (B) epididymal fat, (C)
visceral fat, (D) peritoneal fat. Lev-
els of tissue mass were calculated
as a weight per unit body weight.
Different letters indicate significant
difference at p < 0.05 by Duncan's
Multiple Range Test. N: normal
diet, HF: high fat diet, HF + L3;
high fat 4+ 3% levan diet, HF + L5;
high fat + 5% levan diet.

HF + L3 HF + L5
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Fig. 39 vehidch A4 diza (74.80 £ 6.23 pm)3
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ol A T

4. BY NI 5k

g3 FAAEE A diE7 (78.49 £ 5.29 mg/dl
v AW gl (130.62 + 47.54 mg/dDAXE oA
Qe Aol= AAHA kot 3% Nk (54.26 + 4.83
mg/d) T 5% #WHE (60.50 + 2.52 mg/dDllAE A
B Aolel miste] e A Rkt (Table 3). B3
F 2Y2HE 2 APTT Aot ey HDL-E
e 82 AL dzT (58.82 = 3.72 mg/d) BTt 14|
W o2 (42.86 + 1.59 mg/dl) ] 23k, vk Aojio]
IAY 2T B 5 AES 2o 5% R 51.50 +
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Fig. 3. Effect of dietary levan on visceral fat isolated adipocyte size.
Adiocyte was isolated by collagenase-treatment from visceral fat
pad and adipocyte size was determined. Values are mean + SE.
Different letters indicate significant difference at p < 0.05 by Dun-
can's Multiple Range Test. N normal diet, HF; high fat diet, HF + L
3: high fat + 3% levan diet, HF + L5; high fat + 5% levan diet.

BEEEBEHE 3509 : 903~911, 2002/907
4.13 mg/dl, 3% WS 52.59 + 4.49 mg/dIF+t. F
Za2H gl b3 HDL-Zd2HE s=9 W& 944 A
2 gzl vls) A g2TolA frelHos E3H.

5. 9% leptin ¥ insulin §&

3 leptin 35T A4 =T (3.74 £ 0.31) v}
A tEF (1053 + 0.74 ng/mD) 3 3% @ivHr (8.40 +
0.84 ng/ml)olA FroH o2 T e BIL 5% #ivk
(5.24 £ 1.07 ng/mD A= B 27 zto|7t #E5
A ettt (Table 4). ¥4 insulin &% F42]o} oz
T (1.61 & 0.22 ng/ml)oll v]&] A% dlZ=F (2.74 + 0.31
ng/m)# 3% @t 4ol F (2.271+0.34 ng/mDoA =2
e Byen 5% #ukt (1.70 + 0.27 ng/mholA+e 3
4 Az FAR S B

6. UCP mRNA &8

HolA B2 2 223} WAzY Z2 o] UCP
#8S& RT-PCRS o83l &£343% A= Fig. 49 2
o}, A x3)e] UCP 1, UCP 2 28& 3A4 4]
o g3 frEHAeH, Huk Hoo o3 LAL O F =
Bt E3 olei gt wale] Erh= 3% dAvkr R} 5% B
Hhro| A o FistA el @R 2219 UCP 2
By pAH Hojdl &g g JehtA U, #Hw
Aol o A 7t F7keHE TS B o a8 & Alole
veRdA] skt

Table 4. Effect of dietary levan on serum leptin and insulin levels

Groups Leptin (ng/ml) Insulin (ng/ml)
N 3.74 £ 031" 1.61 £ 0.22°
HF 1053 + 0.74° 274 + 031°

HF + L3 8.40 + 0.84° 227 £ 0.34%

HF + L5 5.24 + 1.07° 1.70 + 0.27°

1) Values are Mean + SE

2) Values within the same column with different superscript letters
are significantly different from each other at p < 0.05 by Duncan's
Multiple Range Test

N; Normal diet, HF: high fat diet, HF + L3. high fat diet with 3%
levan, HF + L5; high fat diet with 5% levan

Table 3. Serum triglyceride, total-cholesterol, HDL-cholesterol and HTR ratio of experimental groups

Groups Triglyceride (mg/d!) Total-cholesterol (mg/dl)  HDL-cholestero! (mg/dl) HTRY
N 78.49 + 529" 78.33 + 8.26 58.82 + 3.71° 0.790 + 0.115°
HF 139.62 + 47.54° 72.53 £ 3.06 42.86 + 1.59° 0.593 + 0.019°
HF + L3 5426 + 4.83° 7297 + 7.11 52.59 + 4.49® 0.724 £ 0.024*
HF + L5 60.50 + 2.52° 76.51 = 5.77 51.50 + 4.13® 0.674 + 0.018*

1) Values are Mean + SE

2) Values within the same column with different superscript letters are significantly different from each other at p < 0.05 by Duncan's Mul-

tiple Range Test
3) HTR = HDL cholesterol/Total cholesterol ratio

N: Normal diet, HF; high fat diet, HF + L3: high fat diet with 3% levan, HF + L5; high fat diet with 5% levan
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Fig. 4. UCP mRNA expression in BAT and WAT by dietary levan.
(A) mRNA levels of UCP1 and 2 in BAT, (B) mRNA levels of UCP2
in WAT or epididymal fat pad. Quantitative RT-PCR was used for
the mRNA determination. N: normal diet, HF; high fat diet, HF 4
L5: high fat + 5% levan diet, HF + 3L: high fat + 3% levan diet.
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ek ulk Zucker ratolAl oligofuctoseE 4}0)2) 10%
2 3F8IE 1 4 F FHE AT S Yolin WA
A (F-ugA) e FAE 243894 338 LDL re-
ceptor knockout AFNA ol gdS FFE A7} o] 4
FHFA= W3t glo] AFol #agE ey ” w3 &
9 A HERIE gide R 3 A4 AFGNE olsAL
¥4 HIAE 4509 AFHE TeaYd L9
o A2 At FASHJGY B LAY A et

s

B 7o vastd 5AH FHLe vt
= AFE 2o gy 43y AR 24 oA
el AF 7bFsE ANSIET =3 244 Aolof €]
3 Fre® AAEY IVt Aol o) gase
AH#E B gyt 2@ A 4 JAE ALAES
hypertrophy S QA= Aoz Algdd},

Fructano] 8% AAFEE YFE A3e o] A7)
Al B30} gt} OligofructoseE &338t9S 23S, A4
Aol = FA HF AN F FyzHE,
VLDL-Z2H2HE T/t ZAdUAn™® axy Ho|g
He FoME FF T4 SY2HEY) 557 24

AT *? 3 LDL receptor knockout AZ A o]
Y TFL 8% F Fo26E7 LDL- 2 VLDL-Zd~
HES 74 38 7BAg” vl axw Hojz f5
T HolA 1%9 olsd ke 85 AL a0
E7} Qths Rk ut”® 39, 94 dFME 1
EY2EIEYF FANA oS FHARLE W IF F
AAR T2} froFog Zasga® Akl olE
U TF8NAE W dF 5 2Y2627 LDL Yy~
HES Zastdod” 8% FAAS s M
7t 1E Ao RaARG Y B 4y A5} 1A9 2o] F
T ¥ FES F uls TF9E A%, 823 &
ZH2HENE TS AA] Ykoy HDL-EH 2 E
o] A4 EHE B & Z9281F F HDL 2 2HE0]
AABHE vl o] EoAE 2HE JeEig. &8 I3
AR Fe A3 Aol B HolE A FAxo o
wokedl, ol olEdd fructan ¥ o} #9Hy fruc-
tank FF A A 23} Q& RAFE A &
t}. Yamamoto 57 oA Hole] 1%9} 5%E wut
L2 FFHAE AY ATl F TAAL = HEE
FA GowA ¥F FU2EHET BAAIE 2HE 1A
stokn R usiac

Fructand] €)% A& tix} @3ls ) v g2 3
fructan®] 2& 2 Jeh}= @4 At (shortchain fat-
ty acid, SCFA) A9l Wg®e A% dF ¥vg =7}
A 2 A&e] By AP 71918 Aoz Az}t
OJEL At A qhe) BHF FAA LHL JAEtA A
Wt 393 A F A TEE AaAT| T 29 ke
o 43 iR e) YAz B P Fo*P g3
A4 g A2AFE Aoz A =3 o)2jd A A
fructan®] W& H4HEo) GIP (glucose-dependent in-
sulinotropoic peptide) % GLP (glucagon-like pep-
tide)59 A gut TEE PG A= Ao LA
Row ? olg ZEEL 2% Yoo ulu MEA Bu]
Ho| A% ded $ulE s A4 A
AR 2H8-gel. 28y fructan® gut S2E By =
Aol gisiE ofx 9 B A77} 9a g Aot

Aol 29 A=) YUk AH-3 Yamamoto 5°
o] GFoA Futo] ExjgFo] =7) wiFol F Akl
o3 2EFA ¢goug dute) 3 FHAHE 24 &3
= 2E FAEA o3 a7} ol steroide] Fo) &
L JAFeRN Jepdtin dRsige a8y, 2 d
FollA A& FWkS: B3] oF 69 A% 2 Yamamo-
to B°9) AFolA AL Eutrct 2apere] o) A 9]
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2 oYz iAol T3k SE2 insuling &4
ke Aoz Jehged #Ek AAol 93 8% insulin &
b gobA g A 3 QA 7F e, i A S
A& insulin resistancest #HHE Ao Algdnt®

& insulin® &7 ¥ leptin F=% #ut o1& ¥
F3 FolA Feke=dl, leptin T AW ol v
319 insulin leptine M2 AA-E FAAFIE 3L
dHA b ¥ ohebd B Ag A dehd gt HolF
oA EH leptin T/t GA YERG AL w43l ¢
sho] AR 23jo] A E 1 G Q&P Byl gAd
Aol 7]k AR Algdt}. Lepting olvx)7} 3
P FXE 245 AAol Ut v ARE AHEE 5
=" olgig #HolM & o ut AolFolM FH lep-
tin 571 @& AL A v AN ZAHRE BAFE
A7 2 ok 3

UCPE &g w3l 93 dux] 28]&S S7M7e
82102 UCP fAA e AAT g 2 v)qk 244
2% 9T e eg RuHy JuHT Y A7
ANME pA} Aolo o3 F-=@ H|T FHollA UCP ¢d
o] Z713Hs B 4 JUth? oj8lg UCPY wae F=2 &
A9t FF 890 o) =AHH " Ho] 29102 UCP
FAz TEE A3 HehE NG E dTEe] 1Y
so} o *? g E9, Aol 0.8% vis 2% W2
2o} Z 505 mg9 diallysulfideE 373 2lo]S A3
Foll A 24 2k z22¢] UCP %] F718t9S34™ n-3
A AFH7E n6 A ARG 259 UCP 3 38$&
FE3o] ojn] RIHYL? B Ao g A =
Zl¢] UCP 1, UCP 2 &&do] gyt g Aold 93 fi
HASS BAT ol i F S Hwk AFFol B
FE o st Rk AFH7E 24 A 249 UCP #d
< 77 AE ¢ 7 AT & A7 A3 At AA
& UCPHY @& F7H1A duA 48 FRs8ta, A2
HAFE A AR S2E JAFeEN F vRt &3
& Jehd 3l Aoz Alggn.

dE

Qo o

= X
2 J7E ZREz FPAQ v o v L3E 2
A7) slste] DAY AAZ F=B w5 Aol e
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2l0]9] 3%} 5%Z 65 T F AU A 43
ABAE A71E S =g A AA, leptin, in-
sulin ¥% B 24 237 WAz 22449 UCP
mRNA 28 & #Esle 42 295 a9 g3 2

D 1Y AF 271 A4 dEzdig 224 gizdd
A Fo48 A E=%3, Gut 3 Aol AF e TelAe
A4 gz AT

2) A dizFe] viste] 1A gizFd A 2R,
WA, EoAe] FAZE fo4d A wsten, 3%
gut 2ol e WA BupRe] FA7 fo4
AA =okeh. gHH, 5% duk Ao|elM e ZAA e B
A7E A3 dizael vt foA AA =30t

3) A tiztel vldte] nA tfzTol| A WA E
A7 F948 A Few, AW dizat HlaixE @l
Hk Aol oA 94 JA AWAE 27)7F ZApTt

4) X izl H|3] ek Aol A A S
FE7F WSkn A uized vjE] aAW gizsdA
HDL Sd2HE 557} ¥yt

5) &3 leptin# insulin %7} A4 izl B8 2
A 2o A T3 dbte] g3 gt A& Fol 571
gl et F718k .

6) LAY gzrellA 2R el UCP mRNA E3 %
o] Egton, #uk HojFeA ZA A 229 UCP 1,
UCP 2 8ol s frxxo] #ut 43l 3 oA &
Hlgo] F718 F Aol ettt

A2H o2 A ol Hlvhs fr st on, 1A
Aol A HH S BN AF diAke oA diAb A
o 43S VA AAY S JAFe=H 3 v 59
g JEhE F Qg AR AZEy ol @ Ade Hwke
A A QA g2t 2R A 9] UCP 28 =7} w7
A7} 5 Ao AgEn

fis

= A 2
2 A7l AR vAE el i (F)Fduiele
g (hR)oAA FFeEgken A2EL ol ZAEHYT.
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