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ABSTRACT

The adipose tissue hormone leptin has been proposed to be involved in the regulation of food intake and energy expenditure via
thermogenesis by uncoupling protein(UCP) in brown adipose tissue(BAT). The objective of the study was to examine the effects of
high fat diet on the serum leptin levels, BAT UCP1 expression and the body fat mass in rats after weaning. During experimental
period of 12 weeks, 4 male Sprague-Dawley rats were killed for the baseline experiment at 4 weeks of age while the remaining rats
were fed the two different diets: the control diet AIN-76A(n = 20), high fat(beef tallow) diet(n = 20) ad libitum, which provided
11.7% or 40% of calories as fat, respectively. At 16 weeks of age, the increase in the food efficiency ratio(FER) was related to fat mass
in rats on high fat diet. Serum leptin level was increased by age and dietary high fat. There was no difference in serum insulin level
between groups until 10 weeks of age, but rats fed high fat diet for 12 weeks showed hyperinsulinemia. The amount of body fat
pads was increased significantly in high fat group compared to normal diet group. Visceral fat mass affected acutely by high fat diet,
as a result, it was higher in rats fed high fat diet for 2 weeks than normal diet. At 16 weeks of age, BAT and visceral fat mass were
significantly high in high fat group. Also, the serum leptin levels reflected the amount of body fat mass. BAT UCP1 mRNA
expression increased with age and dietary high fat. This study demonstrates that dietary high fat increased serum leptin levels, BAT
UCPI1 expression and body fat mass. Furthermore, in rats fed high fat diets, the increases in leptin and UCP1 expression
counteracts only in part the excess adiposity and obesity. (Korean J Nutrition 34(8) : 865~871, 2001)
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Table 1. Composition of experimental diets(g/kg diet)

Ingredients Normal diet” High fat diet”
Casein 200 200
DL-Methionine 3 3
Corn starch 150 150
Sucrose 500 345
Cellulose 50 50
Corn oil 50 -
Beer tallow - 205
Salt mixture 35 35
Vitamin mixture 10 10
Choline bitartrate 2 2
Fat %(calories) 11.7 40.0

1) Normal diet: AIN-76A diet #100000(Dyets inc., Bethlehem, PA, USA)
2) High fat diet: AIN-76 diet #100496(Dyets Inc., Bethlehem, PA, USA)
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Table 2. Food intake, weight gain and food efficiency ratio(FER) of experimental animals

Age Food intake{g/day) Weight gain(g/day) FER

Diet Normal High fat Normal High fat Normal High fat
6 weeks 13.27 + 1.72° 1327 £ 1.72° 5.86 + 0.56 6.85 + 0.58"* 0.44 + 0.02° 0.47 + 0.03°
8 weeks 2171 £ 1.92° 2110 £+ 1.52° 6.52 + 0.82° 7.63 + 0.82° 0.34 + 0.03° 0.40 + 0.03°
10 weeks 22,78 + 2.46° 22.14 + 2.09° 4.50 + 0.65* 718 £ 1.21° 0.31 + 0.01° 0.35 + 0.03°
16 weeks 20.73 £ 2.30° 2211 + 2.66* 3.84 + 0.60° 490 + 054" 0.19 + 0.02° 0.22 + 0.01*
Pr> F'(1-way ANOVA) 0.0001 0.0001 0.0001 0.0004 0.0001 0.0001
SF¥(2-way ANOVA) B+ Ar* B+ Arx Br*

Values are Mean + S.D.

t : Normal versus high fat by Student's t-test

t:p <005 ¥:p <0.01

1) Statistical analysis was performed using one-way ANOVA followed by Duncan's Multiple Range test. Values within a column with dif-
ferent superscript letters are significantly different from each other at p < 0.05 by Duncan's Multiple Range Test.

2) Statistical analysis was performed using two-way ANOVA.
SF: Significant Factor

B: Effect of age was significant by F-test . p < 0.01

A Effect of dietary fat level was significant by F-test
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Fig. 1. Effects of dietary fat level and age on brown adipose tissue
weight. #: Significantly different from normal group at the same diet
period at p < 0.05 by student's t-test.
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Fig. 2. Effects of dietary fat level and age on visceral fat mass. AB,
abc: Different letters in the same diet group indicate significant diff-
erence(p < 0.05) between age by Duncan's Mutiple Range Test. *:
Significantly different from normal group at the same diet period at
p < 0.05 by student’s t-test.
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Table 3. Effects of dietary fat level and age on serum leptin and insulin level

Leptin(ng/ml) Insulin(ng/ml)
4 weeks Baseline 0.68 + 0.07 0.68 + 0.07¢ 0.21 + 0.05° 0.21 + 0.05°

Diet Age Normal High fat Normal High fat
6 weeks 0.72 + 0.05¢ 1.66 + 0.89'° 0.23 % 0.04° 0.24 + 0.08°
8 weeks 1.56 + 0.31° 3.26 + 1.14'¢ 0.43 + 0.13° 032 £ 0.11°
10 weeks 269 £ 1.12° 6.56 + 3.92" 0.88 £ 0.77° 1.09 + 1.06"
16 weeks 3.93 + 0.69° 10.53 + 1.82% 1.61 + 0.50° 274 + 077"
Pr > F'(1-way ANOVA) 0.0001 0.0001 0.0012 0.0002
SF¥(2-way ANOVA) A%+ B¥*  AB** B**

Values are Mean * S.D.

t : Normal versus high fat by Student's t-test

1:p <005 t: p <00l

1) Statistical analysis was performed using one-way ANOVA followed by Duncan's Multiple Range test. Values within a column with dif-
ferent superscript letters are significantly different from each other at p<0.05 by Duncan's Multiple Range Test.

2) Statistical analysis was performed using two-way ANOVA.
SF: Significant Factor

B: Effect of age was significant by F-test
NS: Effect of dietary fat leve and age was not significant by F-test
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A Effect of dietary fat level was significant by F-test
AB: Interaction between A+B factor was significant by F-test

. p < 0.01
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Fig. 3. Comparison of brown adipose tissue UCPT RNA expression.
C: 4 weeks(baseline), 6w N: 6 weeks of age, normal diet group,
6w HF: 6 weeks of age, high fat diet group, 8w N: 8 weeks of age,
normal diet group, 8w HF: 8 weeks of age, high fat diet group,
10w N: 10 weeks of age, normal diet group, 10w HF: 10 weeks
of age, high fat diet group.

24y ztold RT-PCRE ol &3t FAs 4 2o] A
F&EH FEol wE BATAA Y UCP 1 Ld%E vlug
A3+= Fig. 33 2t}

24 zjz Ao A o) UCP1 RNA #3Re ZE F3ojA
A Aojto] A4t Aoltel] Hsh = A Ve LAY A
Jol ols] UCP1 #do] fredl A& RoFet AW
2ol ofgt zhal bAoA o] WENkE F7hk= UCP1
9 Z712 Adwysle] A 4 9l Rippet ZAH Aol &
el Fof ZhA AakzAedlA UCPL o) 4u) F713HS
B3k a,” Watson® Bl 9&H obesity-resistant
mice™ LAY ool &3 A ArzAeAel UCP1
wgo] 7ty vl fFAF o & ¥ obesity-prone
mice™ 1EA F3TE olH g ATRES Aoln ¥ H|
gkl A UCP19] 2Hg-o] HEuke-& B3] ouA] 8 &S
T7WA AT 240 7% F USS BAFEH

ojeigt A}k Aojof o3} zkal bz A oA e UCPI1
W F7h= leptin® S wifAIZE HE RAog Bzl
c}.***" Commins 59 A7l 4= ob/ob miceell lep-
ting FU3I3E wW UCP1 RNAS UCPI1 protein el
4~5d Z7RIAL, ATE 4AadE Bt Arvaniti
52 leptin®| ob/ob micedl| A 2lo] HFHHFE 7+
3} FAle] A 2wz UCPl #dS kst AFS
ZaAZIka st e, Scarpace 5 leptin®] ob/ob
micedll A Atk ARIERE FIRAT|E A ARz e
UCP RNAE 28] 37H &S Hustrt & d7olA

T

&3

J

2018 H& AT EA A leptin X7t A vebd
a1,z Az Ao ] UCPL W ol o] 9} fAleh 4
& W= Aoz yehdidl o3t 23ES B 9 lep-
tino] UCP1¢9) #d& f=dl, UCP1E &3 dvhe
o] A LgirS T T7MA dUA avles F
A&t AF -l Bejgia JzhEct

a2 A Axol| M= Fao] B aAY Aol

A 9] MRS Z71= o] 3 lepting UCP19 A5 =3
£ 93} negative feedback A7} AUSS BogFn
et A Aolof] 93 leptin FXE%k UCP1 & o]
7F FREAS Y AF Tt AAY FAHE HEL 5
2 JAs A= EHLS & T Urt lossa 5% 1274
W Aol & Hel F7E AR Aol & Hel Fur} o] &
H]go} @okout APy F7hEF GA] ol 1A A o|df
oaf Fx¥ MR LHFE S/ AW F4 9 YFETS
At B skt

ZA AwpzAe] UCP 1 RNA 338 olf7] A%ql

FN ol
o

it
o
-\
o
2
-
> e’

[
Q
9
=
Z
>
n_?(_l‘
o
o
oyl
N
ﬁ!{

o] Z71Hl wet UCP1 o] F7tehe A3S vk
Aot e, AF 3, 12, 18, 24, 307 €A 9 &M At
%7 UCP1 RNA ##& 43 Hua®s9 Ru"dMx
Aol Mg Wbyl gloka st AF F7tel ©E UCP1
2 afole 59 A7t Badivin B,

20 9 HE

B ATE A7) Akl 23 22 AFHE QI AF
gy W BY ¥3F leptin FE9 2Rz A 2
UCP1 &dd] nlAE 93E AR 719 34 4
7} vl

FANE §3 oA AL 2-) A= G
7} o]of wh vl Bd At A Al7]e] whel o2 A U
Eh =2 & A R 7] 945l 383t

D o] M zols Azl aelz) ot AF
F7teE Aol F& A Aol A Eghow FHo)
S 745l wet xpol7t A vkt

2) Ay Aol A v AT A o] weken
ol2gh mxu} Aolo] Jgke ZM Ak u ) i A)Hp
AAM o =ZA Vet 3 Aol e AR F
7= A Yol ¥F 2759 657HFE Yehy] Algtele
27719} A HFH7E A FA 6l v Al Qi) Bt
ol eSS RS9It

3) % leptine FHo| e} FrsPAA AL Ao)F
ol AAF Alo) i W} =& ZHS Bo] 3 leptino| 1A
2 A3l 8 Fvtsk AAY v AR iAol A
BoFoh w3k nx A& 93 lepting] F717F A

A 24 9 AT F/HE WD FELR 2HE &



e Ao E UEh

4) 8F ded FEE AddolE 1257 F
aio]]/\-] _'17_1]\:1}- Mo]r,Lo] 24/\]- }\lo]:ﬂ_loﬂ H] H =
o A7izte] nA AFH7E nkleddEEE TIEE 2o
FAth =3k 8F oad € leptin® A@Ad ol A&
& YERIR T W AEd e gedo] d8S HAFAUT

5) ZrA Aupz=Alo A e UCP1 &2 1A Hojo 9
8 F71sa FRe upet Fotshe A ES’&C}. UCP1
WS lepting 59} %o A BAE
HolH leptino] UCP1 #&d & f53led duhs:
AR 4BE&E ST AF 2 Bodke
Azkdct, v A A3l 93 UCP1 “a‘?é
A 2 L AF F7HE g2
23e o 7 U
o2 A9 1A AFd 98 EF leptin¥
2wz oA e] UCP1 @3] F718ka ol&9] oy
| diAb 24 282 AA 24 9 nnk 246l ot
Aoz Bt}

o afy

5 @
[o2]
N

Nob—a

X, ool
o

=EEE
HO

W

Literature cited

1) Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman J.
Positional cloning of the mouse obese gene and its human homo-
logue. Nature 372: 425-432, 1994

2) Meier CA. Advances in the understanding of the molecular basis of
obesity. Eur J Endocrinol 133: 761-763, 1995

3) Sainsbury A, I Cusin, F Rohner-Jeanrenaud, B Jeanrenaud. Adrenalecto-
my prevents the obesity syndrome produced by chronic central neuro-
eptide Y infusion in normal rats. Diabetes 46: 209-214, 1997

4) Mistry AM, Swcik AG, Romsos DR. Leptin rapidly lowers food in-
take and elevates metabolic rates in lean and ob/bo mice. J Nutr 127:
2065-2072, 1997

5) Sean H Adams. Uncoupling protein Homologs: Emerging Views of
Physiological Function. J Nusr 130: 711-714, 2000

6) Keith DG, Martin J, Pet J. The mechanism of proton transport mediated
by mitochondrial uncoupling proteins. FEBS Letters 438: 10-14, 1998

7) Rippe C, Berger K, Boeirs C, Ricquier D, Erlanson AC. Effect of high-
fat diet, surrouding temperature, and enterostatin on uncoupling pr-
otein gene expression. Am J Physiol Endocrinol Metab 27%2): E293-E
300, 2000

8 Watson PM, Commins SP, Beiler R], Hatcher HC, Gettys TW. Dif-
ferential regulation of leptin expression and functin in a/J vs. C578BL/
6] mice during diet-induced obesity. Am J Physiol Endocrinol Metab
279(2): E356-E365, 2000

9 Yu XX, Mao W, Zhong A, Schow P, Brush J, Scerwood SW, Adams
SH, Pan G. Characterization of novel UCP5/BMCP1 isoforms and dif-
ferential regulation of UCP4 and UCP5 expression through dietary or
temperature manipulation. FASEB J 14(11): 1611-1618, 2000

10} Javier M, Amelia MJ, Alfredo M. Changes in UCP mRNA expression
levels in brown adipose tissue and skeletal muscle after feeding a high-

N2 R B a ik 34(8): 865~871, 2001/871

energy diet and relationships with leptin, glucose and PPARYy. J Nutr
Biochem 12: 130-137, 2001

11) Hansen PA, Han DH, Nolte LA, Chen M, Holloszy JO. DHEA prote-
cts against visceral obesity and muscle insulin resistance in rats fed
high fat diet. Am J Physiol 273(5pt 2): R1704-1708, 1997

12) Armand M, Borel P, Cara L, Senft M, Chautan M, Lafont H, Lairon
D. Adaptation of lingual lipase to dietary fat in rats. American In-
stitution of Nutrition 1148-1156, 1990

13) Castracane VD, Kraemer RR, Franken MA, Kraemer GR, Gimpel T.
Serum leptin concentration in women: effect of age, obesity, and es-
trogen administration. Fertil Steril 70(3): 472-477, 1998

14) Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW,
Nyce MR, Ohannesian JP, Marco CC, Mckee LJ, Bauer TL, Caro JF.
Serum immunoreactive-leptin concentrations in normal-weight and
obese humans. New Eng J Med 334(5): 292-295, 1996

15) Lin X, Chavez MR, Bruch RC, Kilroy GE, Simmons LA, Lin L, Bray-
mer HD, Bray GA, York DA. The effects of a high fat diet on leptin
mRNA, serum and the response to leptin and not altered in a rat
strain susceptible to high fat diet-induced obesity. J Nutr 128(10):
1606-1613, 1998

16) M Guerre-Millo. Regulation of ob gene and overexpression in obe-
sity. Biomed & Pharmacother 51: 318-323, 1997

17) Huiqing Lu, Zhengbo D, Craig H, KL Catherine ], Anne Buison, Jo-
seph CD. Obesity due to high fat diet decreases the sympathetic ner-
vous and cardiovascular responses to intracerebroventricular leptin
in rats. Brain Res 47(4): 331-335, 1998

18) Hua Li, Michael M, Margery N, Nihal T, Philip JS. Leptin gen ex-
pression increases with age independent of increasing adiposity in
rats. Diabetes 46: 2035-2039, 1997

19) Havel PJ, Kasim KS, Mueller W, Johnson PR, Gingerich RL, Stern JS.
Relationship of plasma leptin to plasma insulin and adiposity in nor-
mal weight and overweight women: effects of dietary fat content
and sustained weight loss. J Clin Endo Mer 8(12): 4406-4413, 1996

20) Jose FC, Jerzy WK, Mark RN, Joanna PL, Irina O, Warren HG, Rich-
ard BL, Pei LA, Madhur KS, Robert VC. Decreased cerebrospinal-flu-
id/serum leptin ration in obesity: a possible mechanism for leptin
resistance. Lancet 348: 159-161, 1996

21) Scarpace PJ, Matheny M, Moore RL, Tumer N. Impaired leptin re-
sponsiveness in aged rats. Diabetes 4%(3): 431-435, 2000

22) Havel PJ. Role of adipose tissue in body-weight regulation. mechan-
isms regulating leptini production and energy balance. Proc Nutr Soc
5%3): 359-371, 2000

23) Dagogo JS, Fanelli C, Parmore D, Brother J, Landt M. Plasma leptin
and insulin relationship in obese and nonobese humans. Diabetes 45
(5): 695-698, 19%

24) Abate N. Insulin resistance and obesity: the role of fat distribution.
Diabetes Care 19: 92-294, 1996

25) Commins SP, Watson PM, Padgett MA, Dudley A, Argyropoulos G,
Gettys TW. Induction of uncoupling protein expression in brown and
white adipose tissue by leptin. Endocrinology 140(1): 292-300, 1999

26) Arbaniti K, Ricquier D, Champigny O, Richard D. Leptin and corti-
costerone have opposite effects on food intake and the expression of
UCP1 mRNA in brown adipose tissue of lep(ob)/lep(ob) mice. En-
docrinology 13%(9): 4000-4003, 1998

27) Scarpace PJ, Matheny M, Pollock BH, Tumer N. Leptin increases un-
coupling protein expression and energy expenditure. Am J Physiol
2731 pt 1): E226-230, 1997

28) lossa S, Lionetti L, Mollica MP, Barletta A, Liverini G. Fat balance
and hepatic mitochondrial function in response to fat feeding in ma-
ture rats. Int J Obes Relat Metab Disord 23(11): 1122-1128, 1999



