Influences of Variation in Total Energy Intake and Dietary Composition on
Regulation of Fat Cell Lipolysis in Ideal-Weight Subjects

H. Kather, E. Wieland, A. Scheurer, G. Vogel, U. Wildenberg, and C. Joost
Klinisches Institut fiir Herzinfarktforschung an der Medizinischen Universitétsklinik Heidelberg, D-6900 Heidelberg,

Federal Republic of Germany

Abstract

Weight-maintaining fat-rich, “prudent,” carbohydrate-rich, as
well as energy-restricted diets (300 kcal/d) were fed in succession
for 7 d to 12 healthy males of ideal body weight under metabolic
ward conditions. At the end of each period isolated fat cells were
prepared from subcutaneous abdominal adipose tissue and in-
cubated in vitro in the absence or presence of adenosine deam-
inase, either alone or in combination with various lipolytic or
antilipolytic hormones and agents.

Variations in total energy intake and dietary composition had
characteristic and specific effects on fat cell lipolysis in vitro.
High carbohydrate and prudent diets resulted in low rates of
nonstimulated glycerol release and impaired insulin action in the
presence of adenosine deaminase (320 mU/ml). High-fat and
energy restricted diets were characterized by high rates of non-
stimulated glycerol release. Sensitivity of antilipolysis to insulin
and prostaglandin E, was 10 to 200 times lower respectively on
energy-restricted than on fat-rich diets. The effects of a,- and
B-adrenergic catecholamines and of N°-phenylisopropyladenosine
were not affected by the preceding diets.

Introduction

Variations in total energy intake and composition of daily food
play an important role in the regulation of metabolic processes
both in animals and man (1). Recognizing the prominent role
of adipose tissue in the formation, storage and supply of energy
reserves, considerable attention has been paid to metabolism of
this tissue (2-7).

In human adipose tissue lipolysis can be stimulated by §-
adrenergic catecholamines and parathyroid hormone (8). Other
agonists, e.g., adenosine, prostaglandins of the E-type, a,-adren-
ergic agonists and insulin, act through specific receptors to inhibit
lipolysis (1-3, 8). The mechanism by which the antilipolytic
effect of insulin is mediated is not understood (9). The other
agents are thought to exert their effects by activation or inhibition
of adenylate cyclase (1-3). According to current understanding
receptors for the inhibitory agonists are coupled to adenylate
cyclase by a guanine nucleotide binding protein (N;) distinct
from that (N;), which couples receptors for stimulatory agonists
to the enzyme (10).

The present knowledge about dietary effects on lipid mobi-
lization in human beings is largely confined to fat tissue from
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obese donors. Previous studies revealed that, in the obese, non-
stimulated lipolysis is selectively increased by energy restriction
while the transmission of stimulatory and inhibitory hormonal
inputs was essentially unchanged (11, 12). Detailed information
about nutritional influences on regulation of lipolysis in normal
man is lacking at present. Therefore, the effects of four different
diets, varying in total energy content and composition on fat-
cell lipolysis were compared under metabolic ward conditions
in 12 healthy young males of ideal body weight.

Methods

Subjects. 12 healthy male students of ideal body weight were admitted
to the metabolic ward of our institution. Their age range was 24.8+1.0
yr. Height and body weight averaged 182+2.8 cm and 73.5+1.6 kg,
respectively. The nature, purpose, and possible risks of the study were
explained to all the involved subjects before their consent to participate
was obtained. The study was approved by the local Ethical Committee.
The volunteers stayed at the ward overnight (between 8:00 p.m. and
8:00 a.m.) and received their meals at the hospital, but were allowed to
continue their studies and to maintain their usual physical activity.

All except one were actively engaged in sports and were physically
fit as evidenced by the fact that all were able to do bicycle exercise at at
least 200 W for 20 min. All the subjects had normal fasting serum levels
of insulin and glucose and were free from laboratory evidence for hepatic,
renal, cardiovascular, or metabolic disease.

Protocol. The volunteers were subjected to four consecutive dietary
regimens each lasting 7 d. The sequence of dietary regimens was identical
in all subjects. The protocol was started with an isocaloric high-fat diet,
which was followed by weight maintaining “prudent” and high-carbo-
hydrate diets and | wk of energy restriction (300 kcal/d). The composition
of the diets is given in Table I.

Biopsies. Specimens of subcutaneous fat tissue (~ 200-300 mg) were
removed between 9:00 and 10:00 hours after an overnight fast for 13-
14 h. Abdominal adipose tissue was obtained from around the navel by
needle biopsies which were carried out after intracutaneous anesthesia
with lidocaine using needles of 2 mm diameter and a 20-ml syringe
containing 2 ml of 0.9% NaCl. The first biopsy was taken from the upper
right half of the abdomen 5 cm from the navel; the following samples
were placed in the same distance from the umbilicus in the lower right
half, the lower left half and the upper left half of the abdomen, respectively.

Fat cell isolation and incubations. Fat cells were isolated by the
method of Rodbell (13) in Krebs-Henseleit bicarbonate buffer, pH 7.4,
containing 40 g/liter human serum albumin, 5 mmol/liter glucose and
2 mg/ml of collagenase (type II, Sigma Chemical Co., St. Louis, MO).
After incubation for 45 min at 37°C cells were freed from connective
tissue by filtering through a nylon screen and being washed three times
by flotation. The cells were resuspended at a final concentration of

10,000-20,000 cells/ml in the same medium except that collagenase was
omitted. The cell number was determined by counting all cells in ap-
propriately diluted aliquots (10 ul) of cell suspensions.

Aliquots of the cell suspensions (50 ul, 500-1000 cells) were incubated
in stoppered plastic vials (2 ml) under O, + CO, (95 + 5) for 180 min.
Incubations were terminated by heating (95°C, 5 min).

Determinations. Glycerol release was determined by a bioluminescent
method with minor modifications (14). For determinations of serum



Table I. Total Energy Intake, Dietary Composition, and Body Weight

Fat-rich diet “Prudent” diet Carbohydrate-rich diet Energy restricted diet
Total energy (kcal/d) (range) 2,820 2,805 2,850 300
(2,765-3,160) (2,740-3,040) (2,790-3,090)
Protein (% of energy) 16 16 16 36
Vegetable protein (% of protein) 22 37 42
Fat (% of energy) 58 31 5 44
P/S ratio 0.15 1.8 0.3
Cholesterol (mg/d) 780 131 131
Carbohydrate (% of energy) 26 53 80 20
Fiber (g/d) 7 18 22 —
Body weight (kg+SE) 72.7+1.5 72.8+1.4 72.9+1.5 68.8+1.5

free fatty acids and glycerol 100 ul serum were acidified with 10 ul of 1
M HCl and neutralized with 10 ul of 1 M KOH. The samples were then
diluted 10-50 times and assayed bioluminometrically (14, 15). Serum
triglycerides and total cholesterol were measured enzymatically (16).

Materials. Enzymes and coenzymes were obtained from Boehringer,
Mannheim, West Germany. The enzymes were spun down in a desk
centrifuge and resuspended in Krebs-Henseleit bicarbonate buffer, pH
7.4. Isoproterenol, clonidine and NS-phenylisopropyladenosine were gifts
of ICI-Pharma, Planckstadt, West Germany and Boehringer, Ingelheim,
West Germany, respectively. Bovine insulin and prostaglandin E, were
from Serva AG, Heidelberg, West Germany. Epinephrine and norepi-
nephrine tartrate were purchased from Merck AG, Darmstadt, West
Germany and Roth AG, Karlsruhe, West Germany, respectively.

Calculation of EDsy and statistics. EDs, was estimated by linear
regression analysis of individual dose-response curves by computing log
lipolytic rate versus the log hormone concentration. The EDs, was the
half of the difference between base-line levels and the effect of maximal
concentrations of regulators. Individual EDsy’s were compared by Wil-
coxon’s test which was also employed for evaluation of differences in
efficacy between the antilipolytic agents tested. Pooled data are means+SE
of at least seven experiments carried out in duplicate in the same subject
on all four diets.

Results

Diet-induced changes in serum concentrations of lipids, free fatty
acids, and glycerol. Fat-rich diets caused an increase in serum
free fatty acids and glycerol from 300 and 25 to 450 and 35
umol/liter, respectively, which returned to the initial levels during
prudent diets (not shown). Carbohydrate feeding resulted in a
further decrease while energy restriction was associated with a
marked rise in circulating concentrations of glycerol (Fig. 1) and
free fatty acids (not shown). A new steady state was attained
within 3 days during each of the different dietary regimens (Fig.
1). Steady state levels of free fatty acids and of glycerol were
significantly lower on carbohydrate-rich diets than during energy
restriction (P = 0.05).

Serum lipid concentrations also showed the expected changes
(Table II). Total serum cholesterol was highest during fat feeding,
declined during prudent diets and even more so on carbohydrate-
rich diets (P = 0.01). Changes in serum triglycerides were in-
versely related to those seen with cholesterol. Triglyceride con-
centrations were lowest during fat feeding and slightly increased
during prudent diets. They reached peak levels during carbo-
hydrate-rich diets (P = 0.01) and declined to concentrations that

were comparable to those seen on fat-rich diets upon energy
restriction.

Dietary effects on nonstimulated glycerol-release. ““Basal” li-
polytic rates of adipocytes obtained under different conditions
are shown in Fig. 2. In the absence of adenosine deaminase basal
lipolytic activities were low. During the three weight-maintaining
diets of different composition, basal activities ranged from 0.3
to 0.7 pmol/10° cells per 180 min. During energy restriction
lipolytic rate was doubled on average (NS).

Removal of endogenous adenosine was associated with a
significant (P = 0.01) increase in nonstimulated glycerol release
(Fig. 2). Adenosine deaminase had a more pronounced effect
during high fat feeding and energy restriction than on prudent
and carbohydrate-rich diets, respectively (Fig. 2). Lipolytic rates
were therefore, lowest during carbohydrate-rich diets. They ap-
proximately doubled during fat feeding (P = 0.05) and on average
were highest during energy restriction under these conditions (P
= 0.05 versus high carbohydrate and prudent diets).

Catecholamines. Ilustrated in Fig. 3 are mean dose-response
curves of epinephrine in the absence (Fig. 3 A) or presence (Fig.
3 B) of adenosine deaminase. In the absence of adenosine de-
aminase stimulatory effects could only be observed at micro-
molar concentrations of the catecholamine (Fig. 3 4). Removal
of endogenous adenosine was associated with a marked left shift
of the mean dose-response curves. The average dose-response
curves were biphasic with 8-adrenergic stimulation occurring in
the nanomolar concentration range and a,-adrenergic inhibition
at concentrations of 0.1 umol/liter and above (Fig. 3 B).

The biphasic nature of the dose-response curves of epineph-
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Table II. Serum Lipid Levels

Fat-rich diet Prudent diet Carbohydrate-rich diet Energy-restricted diet
Cholesterol (mg/dl)* 18515 15214 140+10 160+12
Triglycerides (mg/dl)* 48+6 54+6 109+14 6312

* Values are means*SE of 12 individual determinations carried out in duplicate in each condition.

rine and norepinephrine precluded individual estimates of
EDsy’s. Therefore, only the effects of isoproterenol and clonidine
which are selective for the 8- and a,-adrenergic receptors, re-
spectively were analyzed for diet-induced changes in catechol-
amine action. Isoproterenol caused a dose-dependent increase
in glycerol release irrespective of the preceding diets (Fig. 4).
Maximal rates were in the range of 5.0 to 6.0 umol glycerol/10°
cells per 180 min. Removal of endogenous adenosine resulted
in a left-ward shift of the isoproterenol dose-response curve by
nearly one order of magnitude under all conditions studied. Iso-
proterenol sensitivity was not influenced by the preceding diets
regardless whether adenosine had been removed or not. In the
presence of adenosine deaminase the concentrations of isopro-
terenol causing half of the maximal effect averaged 0.8+0.3 (fat-
rich diets), 0.8+0.1 (prudent diets), 1+0.3 (carbohydrate-rich
diets), and 0.75+0.3 pmol/liter (energy restriction), respectively.
Shown in Fig. 5 are dose-response curves for the a,-adrenergic
agonist clonidine. The a,-adrenergic agonist was capable of al-
most completely depressing glycerol release under all dietary
conditions studied. Sensitivity to clonidine was not substantially
changed by the preceding diets. Individual EDsy’s averaged
23+14, 2049, 13+6 and 14+4 nmol/liter during high-fat, pru-
dent, high-carbohydrate, and energy-restricted diets, respectively.
These differences were not statistically significant as also indi-
cated by the fact that the normalized average responses were
nearly exactly superimposable (inset to Fig. 5).
NS-phenylisopropyladenosine. The nonmetabolisable aden-
osine analogue N°-phenylisopropyladenosine, which is selective
for A;-adenosine receptor sites behaved similarly to clonidine
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Figure 2. Influence of variations in total energy intake and dietary
composition on “basal” lipolytic rates. Data are means+SE of 8 exper-
iments carried out in duplicate in the absence (4) or presence (B) of
adenosine deaminase (1.6 ug/ml corresponding to 320 mU/ml). En-
ergy contents and composition of the individual diets are given in Ta-

ble 1. Abbreviations refer to fat-rich (Fat), prudent (Prud), carbohy-
drate-rich (Carbh), and energy-restricted (starved) diets, respectively.
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in that it was capable of completely depressing glycerol release
(Fig. 6). The dose-response relationships were also not influenced
by the preceding diets. Half-maximal inhibition as estimated
from individual dose-response curves averaged 2.2+0.5, 1.8+0.4,
2.1+0.4, and 2+0.8 nmol/liter during fat-rich, prudent, carbo-
hydrate-rich, and energy-restricted diets. Upon normalization
the average responses observed under different dietary conditions
fitted with a single dose-response curve (inset to Fig. 6).

Prostaglandin E,. Prostaglandin E, nearly completely de-
pressed lipolysis under all conditions employed (Fig. 7). Maximal
effects were observed at prostaglandin E; concentrations ranging
from 5 to 50 nmol/liter. However, sensitivity (left-right position
of the dose-response curve) of the cells to the antilipolytic action
of prostaglandin E, displayed considerable variation which de-
pended on the preceding diets (Fig. 7 B). The median of indi-
vidual EDsg’s was 2.9 pmol/liter during the fat-rich diet and 0.4
and 0.6 nmol/liter during the carbohydrate-rich and energy-re-
stricted diets, respectively (P =< 0.01 vs. fat feeding). During pru-
dent diets sensitivity was within these extremes (median of in-
dividual EDs¢’s 27.5 pmol/liter) but still significantly lower than
during fat-rich diets (P =< 0.01).

Insulin. In contrast to all other antilipolytic compounds
tested, insulin was incapable of completely inhibiting lipolysis.
In addition, the extent of insulin-induced inhibition was critically
dependent on the preceding diets. An inhibitory effect of the
peptide hormone could be consistently demonstrated only during
the high-fat and energy-restricted diets (Fig. 8). During prudent
and carbohydrate-rich diets fat cells of only three (prudent diets)
or two (carbohydrate-rich diets) of the subjects exhibited a mea-
surable response (not shown).

Insulin sensitivity was also affected by the preceding diets.
Except in one subject who exhibited an even larger difference,
the peptide hormone was 2-40 times more potent during fat
feeding than during energy restriction. On average EDs, was

L'L'

N
0L L) 0

[T W Y VY S -
©'0D 98765 ©09 8 76S
Epinephrine (-log mol/liter)

Glycerol (umol /106 Cells per 180 min )

Figure 3. Effects of increasing concentrations of epinephrine under dif-
ferent dietary conditions in the absence (4) or presence (B) of adeno-
sine deaminase (320 mU/ml). Values are means+SE of eight separate
experiments carried out in the same subjects during each dietary pe-
riod. (e) Fat-rich diet; (0) prudent diet; (a) carbohydrate-rich diet; (a)
energy restriction (300 kcal/d). Ad. Deam., adenosine deaminase.
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Figure 4. Mean dose-response curves of isoproterenol in adipocytes
obtained under different dietary conditions as influenced by adenosine
deaminase. Values are means+SE of eight separate experiments car-
ried out in the same subjects during each dietary period in absence (o)
or presence (O) of adenosine deaminase (1.6 ug [320 mU]/ml).

increased from 7 pmol/liter during high-fat diet to 124 pmol/
liter during starvation, respectively.

Discussion

Dietary effects on serum concentrations of lipids, free fatty acids,
and glycerol. For practical reasons the same sequence of diets
was used in all subjects during the present studies. In order to
discern whether this fixed design was likely to produce con-
founding carryover effects daily determinations of postabsorptive
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Figure 5. Activity profiles of clonidine in adipocytes obtained under
different dietary conditions. Values are means=SE of seven (fat-rich)
or eight (other diets) separate experiments carried out in duplicate.
The media contained 1.6 ug/ml of adenosine deaminase correspond-
ing to 320 mU/ml. (e) fat-rich diet; (0) prudent diet; (a) carbohydrate-
rich diet; (a) energy restriction (300 kcal/d). The relative responses
shown in the insert are expressed as a percentage of the maximal re-
sponse.

60 -50r
s0- §
&
n

Glycerol (umol/ 106 Cels per 180 min )

Clonidine (-log mol/liter)

Figure 6. Inhibition by N®-phenylisopropyladenosine of lipolysis in
adipocytes from donors receiving diets of varying total energy content
and composition. Values are means+SE of eight separate experiments
carried out in the same subjects during each dietary period. Condi-
tions and symbols are the same as described in legend to Fig. 5.

concentrations of serum glycerol and free fatty acids were per-
formed in five of the subjects. A new steady state was attained
within 3 d during each of the dietary regimens employed. In
addition, the changes in blood lipids observed at the end of each
dietary period were essentially the same as noted by others with
randomly assigned diets of similar composition (17). It therefore
appears improbable that the order of appearance of the different
diets per se had a major influence on lipolysis in vitro.
Nonstimulated lipolysis and adenosine action. Previous
studies showed that nonstimulated glycerol release of adipocytes
from obese subjects is restrained by endogenous adenosine before
and during energy restriction (11). Adipocytes from lean subjects
are also subject to tonic inhibition by adenosine (Fig. 2). Evidence
from animal experiments suggests that changes in adenosine
action might contribute to diet-induced variations in lipid mo-
bilization (18, 19). However, the effects of N-phenylisopropyl-
adenosine, which is selective for A, (R;)-adenosine receptors were
not changed by the preceding diets in this and former studies
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Figure 7. Antilipolytic action (4) and individual EDs’s (B) of prosta-
glandin E,. Values are means+SE of seven (carbohydrate-rich and en-
ergy-restricted diets) or eight (fat-rich and prudent diet) separate ex-
periments. The median of individual EDs,’s for each condition is indi-
cated by horizontal bars. Symbols and conditions are the same as
described in the legend to Fig. 5.
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Values in (4) are means=SE of seven separate experiments carried out
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(12). According to present understanding the diet-induced
changes in lipolytic activity are therefore probably unrelated to
changes in adenosine action in man.

As in the rat, the lipolytic effects of adenosine deaminase
were variable and dependent on the preceding diets (19). At the
concentration employed (320 mU/ml) adenosine deaminase re-
moved all adenosine within seconds (19, Kather et al. Unpub-
lished observations). It therefore, appears justified to conclude
that the differences in lipolytic activities seen in the presénce of
adenosine deaminase reflect diet-induced changes in fat cell me-
tabolism that tend to be obscured by adenosine accumulating
during incubations in vitro. The latter conclusion is consistent
with previous findings, both in man and rat showing that the
confounding effects of endogenous adenosine need careful con-
sideration (20, 21).

The mechanism(s) underlying the diet-related variations in
lipolytic activity seen in the presence of adenosine deaminase
are unknown at present. Adaptive changes in concentrations or
activity of various enzymes, e.g., hormone-sensitive triglyceride
lipase, phosphoprotein phosphatase(s), protein kinase, cyclic
AMP phosphodiesterase, as well as adenylate cyclase catalytic
unit could be causally involved. Other possibilities include ac-
cumulation of nonadenosine inhibitory agonists of endogenous
origin or formation of cytosolic activators of adenylate cyclase
activity, the occurrence of which has been described in rat he-
patocytes and reticulocytes (22, 23).

The physiological meaning of diet-related variability in li-
polytic activity observed in the presence of adenosine deaminase
is difficult to assess, too. Interestingly, postabsorptive serum
concentrations of free fatty acids and glycerol were changed by
the preceding diets in a manner very much similar to the diet-
related variations in nonstimulated lipolysis seen in vitro in the
presence of adenosine deaminase (Fig. 1). However, circulating
concentrations of adenosine are reportedly high enough (100-
300 nmol/liter) to completely suppress lipolysis unless adipocytes
are protected from circulating adenosine by vascular endothelial
cells, which are known to have a high capacity for adenosine
removal and degradation (24-26). The answer to the question
as to what extent lipolysis is inhibited by adenosine in the intact
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organism will therefore depend on determination of interstitial
adenosine concentrations in adipose tissue in vivo.

Catecholamines. Previous studies showed that energy re-
striction has only minor, if any influences on the activities of
ay- and B-adrenergic pathways in abdominal adipocytes from
obese donors (11). The observation that the effects of the selective
a,- and B-adrenergic agonists clonidine and isoproterenol are
not changed by the dietary manipulations employed is consistent
with previous conclusions and invites to assume that changes
in sensitivity and responsiveness to a,- and $-adrenergic signals
are of minor importance during dietary adaption of fat cell li-
polysis in man (11).

Somewhat surprisingly the naturally occurring catechol-
amines epinephrine and norepinephrine produced a pattern of
effects in adipocytes of lean subjects that was opposite to that
previously observed in obese volunteers (11). In the presence of
adenosine deaminase the dose-response curves of epinephrine
and norepinephrine were biphasic with S-adrenergic stimulation
occurring in the physiological (nanomolar; 27, 28) concentration
range and a,-adrenergic inhibition at 0.1 umol/liter and above.
By contrast, in the obese, a,-adrenergic inhibition was predom-
inant and occurred at lower catecholamine concentrations than
B-adrenergic stimulation (11). These latter differences between
adipocytes from lean and obese donors could reflect a difference
in the balance of the relative activities of a,- and S-adrenergic
pathways. However, adipocytes from obese donors produce more
glycerol in the absence of hormones than fat-cells of lean subjects
(1-7). As shown in this and previous studies the naturally oc-
curring catecholamines act as pure stimulators when base-line
levels are low while the same hormones are inhibitors of fat
mobilization when baseline activity is high (6, 11). The diverse
effects of the naturally occurring catecholamines on fat cells from
lean and obese donors, could therefore also be a consequence
of the difference in basal lipolytic activities, noted between adi-
pocytes from lean and obese donors.

Insulin. Unlike NS-phenylisopropyladenosine, prostaglandin
E,, and clonidine the antilipolytic action of insulin does not
involve N;, since it is not blocked by treatment with pertussis
toxin (21). The peptide hormone differed from other antilipolytic
agents in two important aspects: firstly was insulin incapable of
completely inhibiting nonstimulated glycerol release. Secondly
insulin’s antilipolytic action was profoundly influenced by the
preceding diets, while the activity profiles produced by clonidine
and N°-phenylisopropyladenosine were not affected at all, in-
dicating that nutritional factors influence insulin’s antilipolytic
action by mechanisms that are unrelated to the effects of other
agents thought to act through inhibition of adenylate cy-
clase (3).

Partial inhibition of lipolysis in human adipose tissue by
insulin has also been observed by others (29, 30). However, this
feature has never been explicitly mentioned, probably, because
no comparisons were made with other antilipolytic agents that
are capable of completely suppressing glycerol release. In a pre-
vious study with adipocytes from obese donors we were unable
to decide whether incomplete inhibition of lipid mobilization is
an intrinsic property of insulin’s antilipolytic action or might
be caused by a postreceptor defect (Kather et al. Unpublished
observations). The current observations in adipocytes of ideal
weight subjects demonstrate that partial inhibition of lipolysis
is a characteristic feature of insulin action in normal man. This
is in contrast to the rat where complete inhibition of nonstim-
ulated glycerol release by insulin has been repeatedly demon-



strated (31). In the present study insulin action was impaired
on prudent and carbohydrate-rich diets. By contrast, oral inges-
tion of glucose has been found to improve the sensitivity of
antilipolysis to insulin within 1 h (30). However, replacement
of approximately one-third of daily energy intake by sucrose for
14 d also resulted in disappearance of insulin’s antilipolytic effect
(32). It therefore appears possible that the acute and more chronic
effects of ingesting large amounts of carbohydrates, on antili-
polysis to insulin may be different or even opposing in man
(30, 32).

The observation that insulin sensitivity was reduced by en-
ergy restriction relative to fat-rich diets is at variance with findings
in obese subjects too. Insulin sensitivity has been found to be
unaffected or even improved by starvation in overweight subjects
(29, 33). Comparisons with the current observations are difficult,
however, because the prefasting diets were either poorly defined
or differed in composition from those employed in the present
studies. Kashiwagi et al. (5) reported that antilipolysis to insulin
was decreased in adipocytes of moderately obese relative to non-
obese subjects. In addition, Arner et al. (34) presented evidence
suggesting that obese fat cells may be less flexible than adipocytes
of normal weight subjects in adapting to acute nutritional
changes. Whether more prolonged dietary manipulations will
reveal additional differences between adipocytes from lean and
obese donors remains an interesting question for further studies.

Prostaglandin E,. Prostaglandins of the E- and F-type are
produced and released by adipose tissue (35). The physiological
role of eicosanoids in regulation of human fat cell function is
not known at present. The observation that sensitivity to pros-
taglandin E, is influenced by dietary manipulations in a manner
similar to insulin could indicate that changes in prostaglandin
E, action are important during dietary adaption. Among the
agents thought to have a common coupling pathway through
N;, only prostaglandin E, displayed diet-related variations in
antilipolytic activity. It appears therefore that the diet-induced
changes in prostaglandin E, action are confined to the receptor
level. Interestingly dietary fatty acids have been shown to influ-
ence prostaglandin E,-receptor densities on rat macrophages (36).

In conclusion. The current studies show that variations in
total energy intake and dietary composition have characteristic
and specific effects on human fat cell lipolysis. The results provide
a basic framework necessary for considering how nutritional
factors influence lipid mobilization in normal man. Further
studies should investigate the mechanisms leading to diet-related
variations in nonstimulated glycerol release and insulin action.
Also should further work consider whether or not the diet-in-
duced changes in prostaglandin E, action are in fact confined
to the receptor level.
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