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ABSTRACT
 

To investigate the mechanisms of visceral fat accumulation at the cellular level,we studied the
 

effects of insulin on lipolysis in adipose cells isolated from Otsuka Long-Evans Tokushima Fatty

(OLETF)rats,which are a model of spontaneous type 2 diabetes and visceral adiposity.Using 5×

10subcutaneous and mesenteric adipose cells isolated from OLETF rats and normal control Long-

Evans Tokushima Otsuka (LETO)rats at 8 weeks and 16 weeks of age,we studied the
 

antilipolytic action of insulin by exposing these cells to 10 M isoproterenol,thereby eliciting
 

lipolysis.Samples were treated with insulin(10 to 10 g/mL),and the lipolysis-inhibitory
 

action of insulin was assessed by means of the insulin concentration required to inhibit the
 

maximum lipolytic response by 50% (IC50).In LETO rats,the maximum response to isoproter-

enol-induced lipolysis did not differ between 8 and 16 weeks of age or between mesenteric and
 

subcutaneous adipose cells.However,in OLETF rats,the maximum response to lipolysis was
 

significantly greater in mesenteric adipose cells than in subcutaneous adipose cells at both 8 and 16
 

weeks of age.Also,the maximum response to lipolysis was significantly lower in subcutaneous
 

adipose cells and tended to be lower in mesenteric adipose cells at 16 weeks of age than at 8 weeks
 

of age.The IC50 in OLETF rats was significantly lower at 16 weeks of age than at 8 weeks of age
 

in both mesenteric and subcutaneous adipose cells.The IC50 was also slightly but not significantly
 

lower in mesenteric adipose cells than in subcutaneous adipose cells.Our findings show an age-

related increase in sensitivity to the antilipolytic action of insulin in OLETF rats which differed with
 

the location of the adipose tissue. (Jikeikai Med J 2004;51:13-7)
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INTRODUCTION
 

Accumulated body fat can be broadly classified as
 

subcutaneous or visceral.Factors that contribute to
 

the location of fat accumulation include 1)gender
 

differences;2)qualitative differences between
 

different adipose cells;3)dietary habits,such as

 

high-fat or high-sucrose diets;and 4)genetic fac-

tors.We have previously reported that the Otsuka
 

Long-Evans Tokushima Fatty(OLETF)rat,an ani-

mal model of spontaneously obese type 2 diabetes,

shows accumulation of visceral fat compared to the
 

genetically-obese Zucker fatty rat,which shows accu-

mulation of subcutaneous fat.We have also noted
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changes over time in the distribution of body fat in the
 

OLETF rat,in which the ratio of intra-abdominal fat
 

to subcutaneous fat increases over that in normal
 

control Long-Evans Tokushima Otsuka(LETO)rats
 

only after 30 weeks of age.Thus,as these rats age
 

their obesity shifts from subcutaneous fat to visceral
 

fat,where age-related differences in insulin secretion
 

might play a role.Also,several hormones control
 

lipolysis in human white adipose cells.In particular,

catecholamines promoteβreceptor-medited lipolysis,

as well as α2 receptor-mediated inhibition of
 

lipolysis,whereas insulin primarily inhibits lipolysis.

This study aimed to clarify cellular changes in
 

body fat distribution associated with the progression
 

of type 2 diabetes.We analyzed adipose cells from
 

OLETF rats and LETO rats for differences in the
 

sensitivity to the antilipolytic action of insulin,in the
 

location of adipose tissue,and in age-related changes.

MATERIALS AND METHODS
 

Animals
 
Male OLETF rats and LETO rats were obtained

 
at 4 weeks of age from the Tokushima Research

 
Institute(Otsuka Pharmaceutical Co.,Tokushima).

The animals were housed in plastic cages(320×270×

175 mm)in an animal room with controlled tempera-

ture(23±2°C)and relative humidity(55±15%)and a
 

12-hour light/dark cycle(lights on at 0700 hours).

Rats were supplied with standard chow (CE-2;

CLEA Japan,Inc.,Tokyo)and tap water ad libitum
 

until 8 or 16 weeks of age.At both 8 and 16 weeks of
 

age,the body weights of OLETF rats(348.0±1.7 g
 

and 470.3±9.8 g)were significantly greater than those
 

of LETO rats(268.0±1.2 g and 412.7±14.9 g).The
 

guidelines for Laboratory Animal Facilities of the
 

Jikei University School of Medicine were followed for
 

the care and use of the animals in this study.

Methods
 
Isolated adipocytes were prepared from fat speci-

mens with collagenase .Using collagenase(col-

lagenase type I［222 U/mg］,GIBCO-BRL,Grand
 

Island,NY,USA),adipose cells(5×10 cells/well)

were collected from subcutaneous and mesenteric
 

adipose tissue in male OLETF rats at 8 and 16 weeks
 

of age(n＝4)and age-matched male LETO rats(n＝

4),and cultured in the presence of 0 mol/l or 10

mol/l isoproterenol((－)isoproterenol-(＋)-bitartrate
 

salt,Sigma Chemical Co.,St.Louis,MO,USA),there-

by eliciting lipolysis.The antilipolytic action of insu-

lin (Wako Pure Chemical Industries Ltd.Osaka,

Japan)was investigated at concentrations of 10 to
 

10 g/ml(staged in 3-fold-concentration increments)

and 0 g/ml.When the reaction was completed after 3
 

hours at 37°C,the amount of free fatty acids released
 

into the supernatant was determined(NEFA C-test,

Wako)and used as a measure of lipolytic activity.

Insulin-induced inhibition of lipolysis was evaluated in
 

terms of the insulin concentration required to inhibit
 

the maximum lipolytic response by 50% (IC50).

Statistical analysis
 

All numerical values are expressed as means±

SEM.The statistical significance of differences
 

between groups was assessed with Student’s t-test.

A p value of＜0.05 was regarded as indicating statisti-

cal significance.

RESULTS
 

In the absence of isoproterenol,no lipolysis was
 

observed in subcutaneous or mesenteric adipose cells
 

obtained from either OLETF rats or LETO rats(Fig.

1).

LETO rats showed no major differences in the
 

maximum lipolytic response to isoproterenol at 8 and
 

16 weeks of age in either mesenteric or subcutaneous
 

adipose cells.In contrast,OLETF rats showed
 

significantly greater maximum lipolytic responses in
 

mesenteric than in subcutaneous adipose cells at both
 

8 and 16 weeks of age.Also,the maximum response
 

to lipolysis was significantly lower for subcutaneous
 

adipose cells,and tended to be lower for mesenteric
 

adipose cells,at 16 weeks of age than at 8 weeks of
 

age(Table 1).

Insulin-induced inhibition of lipolysis(IC50)in
 

OLETF rats was significantly lower at 16 weeks than
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Fig.1.Effect of insulin on lipolytic activity of mesenteric adipose cells and subcutaneous adipose cells induced by
 

isoproterenol in LETO and OLETF rats.SC:subcutaneous adipose cells,M:mesenteric adipose cells,
Iso:isoproterenol,FFA:free fatty acid

 

Table 1.The maximum lipolytic response to isoproterenol in adipose cells from LETO
 

and OLETF rats
 
LETO rats  OLETF rats

 
Subcutaneous adipose cell  Mesenteric adipose cell  Subcutaneous adipose cell  Mesenteric adipose cell

 
8-week-old  1.18±0.12  1.00±0.21  1.11±0.04  1.53±0.11

16-week-old  1.05±0.18  1.17±0.01  0.79±0.06 1.27±0.09

The amounts of free fatty acids released into the supernatant(mEq/l)are shown.
p＜0.05, p＜0.01 vs subcutaneous adipose cell, p＜0.01 vs 8-week-old

 

Table 2.The insulin concentration required to inhibit the isoprpterenol-induced maxi-
mum lipolytic response by 50% (IC50)in LETO and OLETF rats

 
LETO rats  OLETF rats

 
Subcutaneous adipose cell  Mesenteric adipose cell  Subcutaneous adipose cell  Mesenteric adipose cell

 
8-week-old  1.96±0.38  1.95±0.93  3.80±0.90  1.62±0.25

 
16-week-old  0.81±0.26  0.95±0.00  1.06±0.17 0.61±0.11

The amounts of free fatty acids released into the supernatant(mEq/l)are shown.
p＜0.05 vs 8-week-old

(8 weeks) (8 weeks)

(16 weeks)(16 weeks)

15



 

at 8 weeks of age,both in mesenteric and subcutane-

ous adipose cells.The IC50 values for mesenteric
 

adipose cells were slightly but not significantly lower
 

than those for subcutaneous adipose cells(Fig.1,

Table 2).

DISCUSSION
 

Even at 8 weeks of age body weight was
 

significantly higher in OLETF rats than in age-mat-

ched LETO rats.Although we did not measure
 

plasma levels of glucose,insulin,or lipids in the
 

present study,we have previously reported that oral
 

glucose tolerance in 5-week-old OLETF rats was
 

significantly impaired compared with that in age-

matched LETO rats.Glucose intolerance in OLETF
 

rats increased markedly with age,and plasma glucose
 

levels at 60 minutes after glucose loading reached 300
 

mg/dl at 10 weeks of age and 350 mg/dl at 18 weeks
 

of age.Plasma insulin levels during oral glucose
 

tolerance testing in 10-week-old and 18-week-old
 

OLETF rats were significantly higher than those in
 

age-matched LETO rats.Plasma levels of triglycer-

ides and total cholesterol in nonfasting OLETF rats
 

were significantly higher than those in LETO rats
 

even at 9 weeks of age,and hyperlipidemia became
 

more marked with advancing age.

Visceral and subcutaneous adipose cells from
 

LETO rats did not differ in the extent of cate-

cholamine-induced lipolysis.In contrast,in OLETF
 

rats mesenteric adipose cells showed significantly
 

more pronounced catecholamine-induced lipolysis
 

than did subcutaneous adipose cells.Accelerated
 

lipolysis is generally associated with greater adipose
 

cell diameter;i.e.,lipolysis increases as cells become
 

larger.In OLETF rats both mesenteric and subcuta-

neous adipose cells show age-related increases in
 

diameter,although the diameter of mesenteric adipose
 

cells is clearly greater than that of subcutaneous
 

adipose cells.We suspect that this difference in cell
 

diameter contributed to the difference in cate-

cholamine-induced lipolysis between mesenteric and
 

subcutaneous adipose cells from OLETF rats in the
 

present study.

Adipose cells from LETO rats showed no major

 

age-related changes in sensitivity to the antilipolytic
 

action of insulin.In contrast,findings in both
 

mesenteric and subcutaneous adipose cells were
 

significantly higher for the 16-week-old OLETF rats
 

than for the 8-week-old rats.These findings are
 

consistent with the progression of obesity with aging
 

in OLETF rats.

In human subjects isolated visceral fat adipose
 

cells are less sensitive to the antilipolytic action of
 

insulin than are subcutaneous adipose cells.

Differences in insulin receptor affinity and insulin
 

action at the postreceptor level may contribute to this
 

difference in sensitivity,but studies of the possible
 

mechanisms have not been published.Our present
 

study disagrees with studies of human isolated adi-

pose cells in finding that visceral adipose cells were
 

more sensitive to antilipolytic actions of insulin than
 

were subcutaneous adipose cells.We cannot explain
 

the reason for this difference.However,given that
 

no lipolysis was observed in the absence of cate-

cholamine,our study focused on the antilipolytic
 

actions of insulin in catecholamine-induced lipolysis,

whereas the study in human isolated adipose cells

focused on the antilipolytic actions of insulin on
 

lipolysis in the absence of catecholamines.Thus,this
 

difference in focus might be responsible for the appar-

ently contradictory results.Another difference is
 

that the experiment with isolated human adipose
 

cells used nonobese subjects,whereas our study used
 

OLETF rats with visceral adiposity.The mesenteric
 

adipose cells from OLETF rats have larger diameters
 

than do subcutaneous adipose cells.This difference
 

in cell diameter is assumed to be more marked in
 

OLETF rats than in nonobese subjects and may have
 

contributed to the differing results between the two
 

studies.Future studies should compare adipose cells
 

of the same diameter or use a conversion factor to
 

correct for differences in cell diameter.

In addition to studies showing aging-associated
 

changes in body fat distribution in OLETF rats,a 5-

year prospective epidemiologic study in second-gener-

ation Japanese-Americans has demonstrated that
 

reduction in early insulin secretion preceded the accu-

mulation of visceral fat,with a significant negative
 

correlation shown between baseline early insulin
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secretion and the amount of change(increase)in
 

visceral fat during the subsequent 5-year period of
 

the study.

In OLETF rats,because insulin secretion gradu-

ally decreases with aging,adipose cells in different
 

parts of the body differ in their sensitivity to the
 

resulting weaker inhibition of lipolysis.This
 

difference in sensitivity might contribute to changes
 

in body fat distribution.In addition to inhibiting
 

lipolysis,insulin reportedly promotes lipogenesis,and
 

visceral fat appears to be more strongly affected than
 

is subcutaneous fat .We therefore suggest that
 

reductions in insulin secretion may attenuate
 

lipogenesis,particularly in subcutaneous fat,which is
 

less sensitive to the lipogenesis-promoting action of
 

insulin,and that this lesser sensitivity might contrib-

ute to changes in body fat distribution.

We conclude that the gradual reductions in insulin
 

secretion as impaired glucose tolerance progresses to
 

type 2 diabetes in both humans and OLETF rats bring
 

about shifts in obesity from subcutaneous fat to vis-

ceral fat,given their differences in sensitivity to the
 

lipolysis-inhibitory and lipogenesis-promoting effects
 

of insulin.

REFERENCES
 

1.Kawano K,Hirashima T,Mori S,Saitoh Y,Kurosumi M,

Natori T.Spontaneous long-term hyperglycemic rat
 

with diabetic complications.Otsuka Long-Evans Toku-

shima Fatty(OLETF)strain.Diabetes 1992;41:1422-8.

2.Mori Y,Yokoyama J,Nemoto M,Katoh S,Nishimura
 

M,Ikeda Y.Characterization of a new genetically
 

obese-hyperglycemic OLETF rat.Jikeikai Med J 1992;

39:349-59.

3.Mori Y,Ikeda Y.Similarity and dissimilarity between
 

the OLETF rats and obese subjects with NIDDM.In:

Shima K,editors.Obesity and NIDDM.Lessons from the
 

OLETF rat.Amsterdam:Elsevier Science BV;1999.p.

237-44.

4.Rodbell M.Metabolism of isolated fat cells.J Biol
 

Chem 1964;239:375-80.

5.Wilson C,Wilson S,Piercy V,Sennitt MV,Arch JRS.

The rat lipolyticβ-adrenoceptor:studies using novel

β-adrenoceptor agonists.Eur J Pharmacol 1984;100:

309-19.

6.Sugasawa T,Matsuzaki M,Morooka S,Foignant N,

Blin N.In vitro study of a novel atypicalβ-adrenoce-

ptor agonist,SM-11044.Eur J Pharmacol 1992;216:

207-15.

7.Umekawa T,Yoshida T,Sakane N,Kondo M.Effect of
 

CL316,243,a highly specific beta (3)-adrenoceptor
 

agonist,on lipolysis of epididymal,mesenteric and subcu-

taneous adipocytes in rats.Endocr J 1997;44:181-5.

8.Jacobsson B,Holm G,Bjorntorp P,Smith U.Influence
 

of cell size on the effects of insulin and noradrenaline on
 

human adipose tissue.Diabetologia 1976;12:69-72.

9.Mori Y,Tokutake Y,Hayakawa K,Matsuzawa A,

Nagasawa T,Nakano R,Kuroda J,Akahane S,Tajima
 

N.Antiobesity and antidiabetic effects of CL316243,a
 

specificβ3-adrenoceptor agonist,in Otsuka Long-Evans
 

Tokushima fatty rats,in preventive and therapeutic
 

settings.Jikeikai Med J 2003;50:179-87.

10.Bolinder J,Kager L,Ostman J,Arner P.Differences at
 

the receptor and postreceptor levels between human
 

omental and subcutaneous adipose tissue in the action of
 

insulin on lipolysis.Diabetes 1983;32:117-23.

11.Boyko EJ,Leonetti DL,Bergstrom RW,Newell-Morris
 

L,Fujimoto WY.Low insulin secretion and high fasting
 

insulin and C-peptide levels predict increased visceral
 

adiposity:5-year follow-up among in nondiabetic
 

Japanese-American men.Diabetes 1996;45:1010-5.

12.Bjorntorp P.Adipose tissue distribution and function.

Int J Obesity 1991;15(Suppl 2):67-81.

13.Yoshida S,Inadera H,Ishikawa Y,Shinomiya M,Shirai
 

K,Saito Y.Endocrine disorders and body fat distribu-

tion.Int J Obesity 1991;15(Suppl 2):37-40.

17 Antilipolytic Action of Insulin According to Adipose Tissue Site March,2004


		2004-10-20T16:18:27+0900
	Editorial Board
	Jikeikai Medical Journal編集委員会承認




