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SUMMARY: To test the hypothesis that insulin receptors may be 
modulated by metabolic events within the target cells, we in- 
vestigated the relation between lipolysis and insulin binding 
in isolated fat cells of the rat. The stimulation of lipolysis 
by theophylline was associated with a significant decrease of 
insulin binding. The concentration-response curves suggested a 
close correlation of both effects of theophylline. Binding cur- 
ves revealed a decrease of the affinity rather than a reduction 
of the number of insulin receptors. Methylpyrazolecarboxylic 
acid, an antilipolytic agent, antagonized the effects of theo- 
phylline on both lipolysis and insulin binding. 

INTRODUCTION 

The primary step of insulin action is its binding to a specific 

membrane receptor site. Several agents and conditions which al- 

ter the response to insulin have previously been shown to modu- 

late insulin receptors. It is generally accepted, therefore, 

that the affinity as well as the number of specific binding si- 

tes may regulate the effects of insulin on cellular metabolism. 

Our present study is based on the hypothesis that also the in- 

verse relationship might exist: the modulation of insulin re- 

ceptors by the cell metabolism. 

At present only few data are available to support this hype 

thesis. In cultured liver cells, agents that produce insulin- 

like effects without combining with the receptor site alter the 

binding of insulin in parallel with their metabolic effects (1). 

Further, the "down-regulation" mechanism, a receptor loss in- 
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duced by insulin itself, was recently reported to be prevented 

by nicotinamide, presumably at a postreceptor site (2). 

In the fat cell, insulin predominantly regulates the syn- 

thesis and degradation of triglycerides. Therefore, to test the 

hypothesis that metabolic events controlled by insulin may mo- 

dulate insulin receptors, we investigated the effects of both 

stimulated (theophylline) and inhibited (5-methylpyrazole-3- 

carboxylic acid) lipolysis on insulin binding in isolated fat 

cells of the rat. 

MATERIALS AND METHODS 

Male Wistar rats, body weight 200 - 280 g, were used throughout. 
Fat cells were prepared according to Rodbell (3), and all incu- 
bations were carried out in Krebs-Ringer phosphate buffer con- 
taining 40 mg/ml defatted bovine albumin (Cohn's fraction JI, 
obtained from Serva, Heidelberg). Cell suspensions (3-5.10 
cells/ml) were incubated in polystyrene vials with the indica- 
ted concentrations of theophylling or methylpyrazolecarboxylic 
acid in a shaking waterbath at 37 C. The incubation was stopped 
after 1 hour, and an aliquot of the medium was deproteinized 
with 10 % trichloroacetic acid. The glycerol content of the su- 
pernatant was determined according to Lambert and Neish (4). 

Aliquots (200 ul) 
transferred to pol propylene tubes, and [ I 

of the remaining c~~~~~~~~~~~~o;,~~=~, 

werke, Frankfurt)-3nd unlabelled pork insulin were added. Samp- 
les containing 10 M insulin were prepared in order to assess 
non-specific binding. The cell suspension was allowed to equi- 
librate at 22 for 45 min, and the cells were separated from 
the medium by the "oil-flotation" method (5). The top layer 
containing the fat cells was removed and cell-associated radio- 
activity was determined. 

In order to analyse insulin binding a Scatchard plot (6) 
was constructed and binding parameters were determined on the 
basis of a two site model (7). In addition, an average-affinity 
plot was drawn to consider the alterations of insulin binding 
according to the cooperative-binding-sites model of DeMeyts (8). 

RESULTS 

Theophylline (1 mM) stimulated the rate of lipolysis as reflec- 

ted by the 30-fold increase in glycerol release from the fat 

cells. Simultaneously the specifically bound insulin was redu- 

ced by 30 % (Fig. 1). When 5-methylpyrazole-3-carboxylic acid 

was added (0.1 mM) , the stimulatory effect of theophylline on 

46 



Vol. 104, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

I a 
control Thoophyllme Thao 

llmM) .M.th 
carbc 

1 
hylline IlmM) 
Ipyrazol*- 
lylic acid (O.lmM) 

Figure 1 Effects of theophylline and methylpyrazolecarboxylic 
acid on lipolysis and specific insulin bAnding in fat cells. 
Cells were preincubated for 1 hour at 37 with the indicated 
concentration of agents, and lipolysis was determined. Insulin 
bindieg was measured after an 
at 22 in the presence of 0\15 nM 

ion period of 45 min 
Data were COP 

rectedSfor nonspecific binqing (radioactivity not d\isplaceable 
by 10 M unlabelled insulin). Values represent means + SE of 
8 experiments. 

lipolysis disappeared, and insulin binding was reversed towards 

normal. Theophylline did not interfere with the binding assay, 

since the agent, as well as having failed to affect lipolysis, 

also failed to affect insulin binding when the incubation was 

carried out at 4O (data not shown). 

Fig. 2 shows the concentration dependency of the observed 

effects. The triglyceride hydrolysis closely paralleled the de- 

crease in insulin binding: half maximal effects were produced 

by 1.4 KIM (lipolysis) and 2.1 mM (insulin binding) theophyllina 

When lipolysis was stimulated maximally, insulin binding decree 

sed by 60 %. 

Scatchard-plots of the binding data derived from a repla- 

cement curve are shown in Fig. 3. As the slope of the curvili- 

near plot changed, whereas the abscissa intercept did not chan- 

9-e, the receptor affinity rather than the receptor number was 

decreased by theophylline. Accordingly, the analysis of the 
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Figure 2 Concentration dependency of the effects of theophyllf 
ne on lipolysis (open circles) and specific insulin binding 
(filled circles). The experimental conditions were identical 
with those shown in Fig.1. Data represent means + SE of 9 ex- 
periments. 

data (7) on the basis of a two-site model revealed that the 

affinities of both binding sites were reduced compared to a 

negligible reduction in receptor number. Furthermore, identical 

results were obtained by the analysis based on the assumption 

of a single class of binding sites with negative cooperativity 

lo 60 lcm 150 
Insulin Bound pM/0.66406cells/ml 

Figure 3 Scatchard ~108 of a displacement curve. Cells preincp 
bated for 1 hour at 37 w+$$ ,1 mt4 theophylline were equilibra- 
ted at 22O with 0.15 nM [ IJinsulin and increasing amounts 
of unlabelled insulin. The control curve is symbolized by the 
open circles. Data represent means + SE of 12 experiments. Bin- 
ding parameters were obtained on the basis of a two site model. 
Dissociation constants: 1.75 and 20 nM (control), 2.4 and 
24.1 r&l (theophylline). Receptor numbers: 25000 and 128000/ 
cell (control), 22000 and 120000/tell (theophylline). 
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Figure 4 Average affinity profile of the data from Fig. 3. The 
average affinity was calculated according to DeMeyts (8) and 
plotted as a function of the percent receptor occupation. The 
control curve is symbolized by open circles. 

(average affinity profile, Fig. 4). The plot shows that recep- 

tor affinity (which decreases with increasing insulin concentra- 

tions) was reduced in adipocytes treated with theophylline. 

DISCUSSION 

The stimulation of lipolysis by theophylline for one hour prior 

to the binding assay resulted in a dose-dependent reduction of 

specific insulin binding. The effect apparently depended on a 

metabolic effect induced by theophylline, since the agent fai- 

led to affect insulin binding when the incubation was carried 

out at 4O. 

The observed effect was closely related to the rate of li- 

polysis. Further, methylpyrazolecarboxylic acid reversed the 

effects of theophylline an both lipolysis and insulin binding. 

The close correlation of lipolysis to insulin binding suggests 

that some step or metabolite of the lipolysis may account for 

the observed effect. 

The stimulation of lipolysis is associated with elevated 

levels of cellular cyclic-AMP, and may be paralleled by a re- 

duction of the ATP content in the adipocyte (9,101. Agents which 

reduce the cellular ATP content have previously been reported 
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to decrease insulin binding in rat adipocytes (11,12). Thus the 

possibility cannot be excluded that the cellular ATP content 

may mediate the effect of a stimulated lipolysis on insulin re- 

ceptors, as was observed in the present study. A participation 

of cyclic-AMP, however, seems less likely. The long-term eleva- 

tion of cyclic-AMP levels by a phosphodiesterase inhibitor in 

cultured fibroblasts (13) gave rise to an increase in insulin 

receptor number without any alteration in affinity. The short- 

term elevation of cyclic-AMP levels, in contrast, failed to af- 

fect insulin binding (14). 

Several agents mimicking the effects of insulin have re- 

cently been reported to reduce insulin binding in cultured li- 

ver cells (l), an effect similar to the receptor loss induced 

by exposure of cells to insulin itself. Since these agents did 

not combine with the insulin receptor site, a step of the cell 

metabolism distal from the receptor is thought to account for 

the effect. Unlike this so-called "down regulation" of recep- 

tors by insulin, the decrease in insulin binding observed in 

the present study reflected rather an impaired affinity than a 

reduced number of insulin receptors. Thus apparently not only 

the number of receptor sites on the cell membrane accessible to 

insulin but also their affinity may be controlled by the cell 

metabolism. 

The authors are indebted to Mr. Christoph Schmitz-Salue for his 

excellent technical assistance, and to Dave Schluckebier for 

his help in the preparation of the manuscript. 
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