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the regulation of metabolic pro- an enlargement of adipose tissue,
cesses and so, in the control of which was accompanied by a re-
body weight. This study was duction of 3-adrenergic agonist-

designed in order to investigate the induced lipolysis, that could be due
effect of a high-fat diet on lipolysis to a loss off31 and 3z-adrenoceptor
in isolated adipocytes. For this number or to alterations of their
purpose, fourteen Wistar rats were coupling to adenylate-cyclase
divided into two groups and fed through the guanine nucleotide

either a standard-fat diet or a regulatory protein. New data about

: — high-fat dietad libitum for regional differences were provided
Dra. M. del Puy Portillo [)) [E. Simon 7 weeks. Adipocytes were prepared by comparing two adipose locations
M'A: Garcia-CalongéA.S. del Barrio from fat pads by collagenase (subcutaneous and visceral).

utricion y Bromatologia . . . : . .

University of Basque Country digestion and incubateth vitro in
C/ Paseo de la Universidad 7 the absence or presence of various
01006 Vitoria (Spain) lipolytic agents. Lipolysis was Key words Dietary fat — adipose
e-mail knppobam@vc.ehu.es measured by the release of glyceroltissue — lipolysis
Introduction and storage of lipids take place simultaneously in this tis-

sue, and the balance between these processes determi-
nates whether there is net loss or net storage of fat (9).
The regulation of body weight is complex because theBiet, either amount or composition, can potentially influ-
are many factors involved in preventing or causingnce lipolysis (10). Lipolysis is most sensitive to nutrient
obesity. Some of them are related to dietary variablesvailability but dietary composition may also have an ef-
Variations in total energy intake and composition of dailject (11).
food play an important role in the regulation of metabolic In adipose tissue, lipid mobilization can be initiated by
processes (1, 2). It has been suggested that dietary gamulation of3-adrenergic receptors, which are coupled
promotes body accumulation more effectively than di¢e adenylate-cyclase by a nucleotide binding protein (Ns).
tary carbohydrate (3-5). Thus, high-fat diets can induceéhis stimulation induces cAMP production. cAMP acti-
body weight and adiposity increases in humans (6) andtes a cAMP-dependent protein kinase that, in turn,
animals (7). activates the hormone sensitive lipase (HSL), leading to
While carbohydrate and protein balances are closdlpolysis (12).
adjusted, fat balance does not appear to be regulated acThe purpose of this work was to investigate the effect
curately. Thus, fat added to a relatively normal diet isf a high-fat diet on adipose tissue lipolytic capacity.
largely stored (5, 8). For this purpose we studied the step-wise regulation of
Adipose tissue has a predominant role in the form@-adrenergic agonist-induced lipolysis in fat cells, by
tion, storage and supply of energy reserves. Mobilizatiarsing some agents which act at well-defined steps of
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lipolytic cascade. The work was carried out in two differment. Diets were provided in food pots that were tightly
ent fat pads (visceral: perirenal+parametrial and subcsicured to one side of the cage with metal springs to pre-
aneous) in order to assess regional differences. vent or minimize food spillage, which was measured.
Food intake was measured daily.

At the end of the experimental period, all animals were

Methods fasted overnight with free acces to water and then killed
by decapitation. Plasma was collected and frozen and adi-
Animals and diets pose tissue from different locations (subcutaneous and

visceral) were quickly dissected and weighed. Subcutane-

Fourteen 5-week-old female Wistar rats (=115 g) pufYS adipose tissue comes from dorsal, abdominal and in-
chased from Iffa-Credo (Barcelona, Spain) were dividedtinal regions. The adipose tissues surrounding both reins
into two groups and fed either a standard-fat diet (SF) perirenal) and both ovaries (parametrial) were pooled
a high-fat diet (HF) during 7 weeks to induce an adiposi§nd used as representative of visceral fat.
increase. The standard-fat diet (13) provided ~12 % of Preparation of isolated adipocyteslsolated fat cells
energy from fat and the high-fat diet ~60 % of energy/ere obtained according to the method of Rodbell (14) by
from fat. The latter was formulated by replacing carbohyzollagenase digestion (1 mg/mL; 37° C) from visceral and
drate energy with coconut oil energy. The composition Subcutaneous adipose tissues in Krebs Ringer Bicarbonate
the diets is given in Table 1. Casein was purchased frdiffer, containing 3.5 g/100 mL of bovine serum albumin
Sigma (St Louis, Mo), starch from Vencasser (BilbadBSA V) and 0.6 mmol/100 mL of glucose at pH 7.4
Spain), cellulose from Sigma (St Louis, Mo), coconut oi(KRBA). Under our experimental conditions, isolated fat
from Acofarma (Barcelona, Spain) and vitamins frongells were obtained after 60 minutes of incubation. Fat
Roche (Barcelona, Spain). cells were filtered through nylon mesh and washed twice
Rats were housed individually in an animal room withvith the same incubation buffer (KRBA).

constant temperature (20-22 °C) and humidity (50-60 %) Measurements of lipolysideasurements of lipolytic
and with a 12-h light: 12-h darkness cycle. All animalgctivity were performed by incubating isolated adipocytes
had free access to food and water throughout the expd@0-30 mg of total lipid) in 1 mL of KRBA buffer. After

90 minutes of incubation with dobutamine, a selective

Bi-adrenergic agonist (1M to 104 M), BRL 37344, a

selective Bz-adrenergic agonist (I M to 104 M),

Table 1 Composition of Diets with Different Fat Content forskolin (10° M) and dibutyryl-cAMP (16® M) at 37° C,
the reaction was stopped with ice, and an aliquot (200 pL)
Standard-Fat Diet High-Fat Diet WaS taken to determine glycerol release in the incubation

buffer by the method of Wieland (15).
The metabolic activity was expressed as micromoles

(9/kg of glycerol released per £Ccells. In order to determine
the cell number, adipocyte size was measured according
Caseil 180 180 to the method of Di Girolamo (16). Basal rates of lipoly-
DL-Methionine 3 3 sis were defined as the glycerol release in the absence of
lipolytic agents.
sucrose 335 190 P P}I/asma?free fatty acid concentratiom.his measure-
Wheat starch 335 180 ment was carried out by using a commercial kit: Free
Olive oil 50 50 fatty acids, Half-micro test from Boehringer-Mannheim
Coconut oil - 300 (Mannheim, Germany).
Cellulose 50 50 Drugs and chemicals.Collagenase (0.52 U/mg) and
. ) enzymes for glycerol assays were obtained from
Mineral mix’ NRC NRC Boe);lringer-Man%r):eim (Mannhgim, Germany). Bovine se-
Vitamin mix® NRC NRC rum albumin (fraction V), forskolin and dibutyryl-cAMP
Choline chloride salt 2 2 were purchased from Sigma Chemical Co (St Louis, MO)
and dobutamine from Lilly (Indianapolis, USA). BRL
Dietary energy (J/kg) 16205 22482 37344 was a generous gift from Smitkline Beecham (Sur-
% energy from fat 1.6 sg6 'Y UK). All other chemicals were reagent grade.

Statistical methodsvalues presented in tables and fig-
Casein 98 o ures are given as mean +* SEM (standar error of the

a 0. . .

b Mineral and vitamin mixes were formulated to provide 100 % o?“ea”)- The Mann-Whitney U test was used for compari-

NRC requeriments for rats; the composition of mixes has be&PNS between the two groupB. values less than 0.05
described in detail elsewhere (13). were considered as statistically significant.
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Table2 BodyWeight, Food Intake and Adipose Tissue Weights 1.0
Standard-Fat Diet High-Fat Diet
(n=7) (n=7) 3
=
Initial body weight (g) 113+2 117+1 2
Final body weight (g) 217 x4 247 £ 5* fo
Food intake (g) 735.6+23.5 589.2 £10.9* g
Energy intake (kJ) 11.9+04 13.2 £ 0.3* =
Energy utilization (g/kJ) 8.8+0.3 9.8 + 0.4*
AdipOSe tissue We|ghts Basal -8 -7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4
subcutaneous WAT (g) 45+0.9 8.1+ 1.0% N - log [Dobutamine; M]
visceral WAT (g) 10914 19.7 £ 1.9%**
aValues are expressed as means + SEM for seven rats; Statistica 1.15 1
gnificance at P<0.05, **P<0.01, ***P<0.001.
0.95 1
E
Results § 0.75 1
E
8
2 0.55
Body weight, food intake and adiposityAs shown in 2
Table 2, during the 7 weeks of the study, animals fed tt &
high-fat diet gained an average of 26 g more than tho 0351
fed the standard-fat dieP(<0.05).

High-fat feeding induced a significant decrease in tot; st
food intake after 7 weeks (-20 9% <0.01). Taking the Basal 85 8 75 7 65 -6 55 5 45 4
composition of diets into account, the high-fat fed grou - log [BRL 37344; M]
consumed 11 % more energl €0.01) and 4 times more B

fat than standard-fat fed group. The efficiency of enerqyig' 1 Dobutamine (A) and BRL 37344 (B)-induced glycerol re-

utilization (body weight gained per kJ consumed) Wagsse in adipocytes from rats fed a standard-fat diet (open symbols)
11 % greater for the high-fat fed animals than for controls a high-fat diet (closed symbols). Adipocytes were isolated from

(P <0.05). visceral adipose tissue. Data are the mean of seven animals per

When rats were fed the high-fat diet, there was a sigroup and_SEM are represented as ve_rtical lines. Statistical signifi-
nificant enlargement of fat pads. Thus, subcutaneous afigice Of differences between groups i8<0.05.
visceral fat adipose tissues were increased by about 80 %
and 81 % respectively.

Lipolysis in isolated adipocytes and plasma FFA corglycerol release by th@i-adrenergic agonist dobutamine
centrations.In order to express lipolysis as pmol glycerohnd theps-adrenergic agonist BRL 37344 from visceral
released by 1Dcells, adipocyte size was measured. ladipocytes. It could be observed that the ability of in-
rats fed the high-fat diet adipocytes showed an increasecireasing concentrations of eahadrenergic agonist to
cell diameter whathever the adipose tissue considergtiimulate glycerol release was blunted in rats fed the
(7.7 % visceral; 6.3 % subcutaneous). The basal lipid mbigh-fat diet. Maximal dobutamine and BRL 37344 re-
bilization was greater in adipocytes from subcutaneogponses were significantly loweP (<0.05) (Table 3). In
adipose tissue of animals fed a high-fat dietontrast, significant differences were not observed in sub-
(0.492 + 0.044 umol glycerol/®Gells) than in control rat cutaneous adipocytes (Figure 2, Table 3).
adipocytes (0.349 +0.039 pmol glycerolflOcells) We attemped to see whether the lipid mobilization de-
(P=0.009). Moreover, small differences between the twiect was proximal or distal to the activation of cAMP. For
groups were found in adipocytes from visceral adipogkis purpose, forskolin and dibutyryl-cAMP were added
tissue (0.220+ 0.02 umol glycerol/A@ells in controlsvs to incubation medium at maximal effective concentrations
0.261 +0.025 umol glycerol/FOcells in treated rats; (10°M and 103M respectively). Forskolin is an agent
P=0.07). Figure 1 illustrates the values for stimulation dhat activates adenylate cyclase and dibutyryl CAMP is an
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Table 3 Maximal lipolysis, expressed as % basal lipolysis, indu 1.7
ced by dobutamine, BRL 37344, forskolin and dibutyryl cAMP ir
adipocytes from rats fed a standard-fat diet or a high-fatdiet
Standard-Fat Diet  High-Fat Diet ?
(n=7) (n=7) S
5
o
. >
Visceral WAT &b
Dobutamine 386.9+39.8 258.2 +30.3* g
BRL 37344 514.6 £36.5 360.5 + 30.6*
Forskolin 409.8+32.4 379.9+£28.2
Dibutyryl cAMP 309.4+30.3 285.8£9.7
Subcutaneous WAT A - log [Dobutamine; M]
Dobutamine 346.3+49.2 262.4+£27.7
BRL 37344 437.4£41.2 380.0 £ 15.0 1.8
Forskolin 392.9+44.0 362.1+33.1
Dibutyryl cAMP 309.4+£30.8 312.6 +32.8

%Values are expressed as means + SEM for seven rats; Statistic
significance at P<0.05.

pmol glycerol/ 106 cells

0.6 *
analogue of cAMP that is not metabolizable by phos
phodiesterase. The results indicated that maximal
polytic responses induced by these agents were not ¢ o2+ —T——T—7—T—T——
nificantly reduced in rats fed the high-fat diet whateve fasal 85 B 5765655 s A4S 4
the adipose tissue locations considered (Table 3).

Finally, plasma FFA concentrations were measurey
The mean level was 25 % higher in the high-fat group
(100.3 + 10 umol/dLvs 80.0 + 10 pmol/dL), although the Fig. 2 Dobutamine (A) and BRL 37344 (B)-induced glycerol re-

difference was not statistically significant. lease in adipocytes from rats fed a standard-fat diet (open symbols)
or a high-fat diet (closed symbols). Adipocytes were isolated from
subcutaneous adipose tissues. Data are the mean of seven animals
per group and SEM are represented as vertical lines. Statistical si-
gnificance of differences between groups 8<0.05.

- log [BRL 37344; M]

Discussion

In this study, we considered the effect of a high propor-
tion of fat in the diet on adiposity and lipolytic capacitytion of adipocyte metabolism (23). Thus, when the
of adipose tissue. The results of our study showed thanount of adipose tissue increases, the rate of fat turn-
rats fed a diet with a high percentage of fat had greatever and the fasting free fatty acid levels rise progres-
body weight and adiposity. This fact is related to thsively, promoting fat oxidation (24, 25). In this context, it
higher energy intake observed in those rats and is in gooduld be likely a relationship between the elevated FFA
accordance with data presented by several authors (t@ncentrations found in rats fed the high fat diet, which
18). Nevertheless, a direct effect of dietary fat could n@resented greater adipose tissue weights, and the in-
be discarded because some studies have suggested thairéstsed basal lipolysis. These results agree with the study
intake plays a role in obesity, regardless of total energy Calles-Escandon and Driscoll (1995), where the mac-
intake (19-22). ronutrient composition of the diet, specially the content of
Recognizing the prominent role of adipose tissue ifat as a percent of food intake, was proposed as a strong
the formation, storage and supply of energy reserves, @eterminant of basal lipolysis (25). Previous reports have
focused on the degradating aspect of adipose tissue roensidered the effects of macronutrient proportions in the
tabolism. It has been proposed that changes in the sizedadt on lipid mobilization (27-30). Our work confirms the
the adipose cells are a factor contributing to the reguleesults provided by those reports and presents new data
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about dose response curves far ands-selective adren- the other hand, the mild modification observed in maxi-
ergic agonists and intertisular differences in response rital lipolytic response induced by dibutyryl-cAMP was
the diet. The response fsadrenergic agonists was marknot statistically significant. This fact argues against the
edly impaired in visceral adipose tissue from rats fed thghosphodiesterase as a major cause of the blunting of li-
high-fat diet. This reduction was not shown by the subcgolysis with high-fat feeding.

taneous adipose tissue, indicating a different pattern of re-In summary, these findings suggest that the reduced li-
sponse between the two anatomical locations considefgslysis induced byB-adrenergic agonists in rats fed the
in our study. In agreement with our results, intertisulafigh-fat diet could be due to a loss Bf and s adreno-
differences in lipid mobilization ability in different situa- ceptor number or to alterations of their coupling to adeny-
tions have been reported by several authors (31-33). Fiffte cyclase through the guanine nucleotide regulatory
thermore, there are several differences concerning otein. The higher circulating concentrations of fatty ac-
nervation and blood supply in the adipose tissue miCroggs that occured in high-fat fed animals could contribute
vironment depending on the anatomical location (34-38} the impairment of the coupling betweeradreno-

It has been reported that sympathetic activity in adipog@piors and the catalytic unit of adenylate cyclase, result-
tissue was diminished after high-saturated fat feeding a in reduced B-adrenergic responsiveness (27, 28).
that this effect could contribute to the reduced "p°|yti?-|owever, this is not the only mechanism underlying the

aCt'\.”ty (39). .The sympathet|c.|nnervat|on C.’f. ?aCh aN@pserved effects because if so, differences between both
tomical location could determine the sensitivity to the, i mical locations could not be explained

changes in lipolysis induced by the reduction of tonic ac- More studies are needed to assess if the decreased re-

tivity of the sympathetic system. .Qszonsiveness t@-adrenergic agonists, observed in this
) . : ork, is related to the high amount of fat into the diet or
reduction was due to an effect of the high-fat dietfon to, the nature of dietary fatty acids (mainly saturated in

ﬁggle;]s?ge?;%fcgé tgya fopr(;it(;ﬁceg;%r ?j];fbeuct;r;;l—i AS“;US If:}gconut oil). These results have been obtained in isolated

These agents were used at concentrations that all pocytes, bgt It Is important to be cautious with ex-
maximal lipolysis stimulation (40). rapolations ofin vitro data toin vivo conditions (41).

Maximal lipolytic response to forskolin was not sig- .
ificantly affected. This supports the view that the d Acknowledgments This study was supported by a grant of
n y : 2 pp ) : . &overnment of Basque Country (P194/41 and Euskadi-Navarra-
crease in lipolytic response observed in visceral adipogguitania Cooperation Programme). The authors thank Smithkline

tissue was not due to a defect in cAMP production. OBeecham (Surrey, UK) for the generous gift of BRL 37344.
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