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Abstract The ability of insulin to inhibit epinephrine- 
stimulated lipolysis was compared in large and small rat 
adipocytes. Large cells were obtained from older, obese 
animals (>12 months old and >500 g) and small cells 
were obtained from younger, leaner animals (4-5 weeks 
old, 140-160 g). When full insulin dose response studies 
were conducted it was found that large adipocytes were 
less sensitive to the antilipolytic effects of insulin. Thus, 
decreased insulin responses were seen at low insulin con- 
centrations, while normal inhibition of lipolysis was seen 
at a maximally effective insulin concentration. In other 
words, the dose response curve for insulin’s antilipolytic 
action was shifted to the right, and this is consistent with 
the previously reported decrease of insulin receptors in 
these cells. Furthermore, since the maximal antilipolytic 
response to insulin was fully normal in large adipocytes, 
the data also indicate that the post receptor antilipolytic 
system is intact in these cells. 
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It is well known that insulin initiates its cellular 
effects by binding to a plasma membrane receptor 
( l ) ,  and that adipocytes respond maximally to insulin 
when only a minority of all available insulin re- 
ceptors are occupied (2-5). This observation has led 
to the spare receptor concept, which holds that adi- 
pocytes have an excess of receptors, all of which are 
fully functional, and that these spare receptors en- 
hance the sensitivity of these cells to the relatively low 
insulin concentrations that prevail in vivo. According 
to this line of reasoning, if the number of insulin re- 
ceptors per cell is decreased, the functional conse- 
quence will be a decrease in insulin action at low 
insulin concentrations, with normal effects at higher 
insulin concentrations, i.e., a right shift in the insulin 
dose response curve or decreased insulin sensitivity 
(6). This sequence has been clearly demonstrated by 
Kono and Barham (2) and El-Allaway and Gliemann 
(4), who studied glucose oxidation in adipocytes 
whose complement of insulin receptors had been de- 
creased by mild trypsinization. Additionally, we have 

previously reported that large adipocytes from older, 
fatter rats have decreased numbers of insulin re- 
ceptors (7, s), and that the expected consequence of 
this defect, Le., a rightward shift in the insulin- 
glucose transport dose response curve, could be ob- 
served (8). 

Insulin markedly inhibits hormone-stimulated 
lipolysis in adipocytes, and this effect provides another 
convenient system in which to assess insulin sensi- 
tivity in these cells. In these studies we have com- 
pared insulin’s antilipolytic effects in large and small 
adipocytes and have found that, while maximal 
antilipolytic effects are comparable in both groups 
of cells, the large cells are less sensitive to submaximal 
concentrations of insulin. 

MATERIALS AND METHODS 

Animals 
Male Sprague-Dawley rats were used for all experi- 

ments. Younger, leaner animals were 4-5 weeks old 
and weighed 140- 160 g, and older, fatter animals 
were more than 12 months old and weighed more 
than 500 g. All animals were fed ad libitum until the 
morning of each experiment. 

Preparation of isolated adipocytes 
All studies were begun between 8 and 9 AM. Ani- 

mals were stunned by a blow to the head, decapitated, 
and epididymal fat pads were removed. Isolated 
fat cells were prepared by shaking at 37°C for 60 
min in Krebs-Ringer bicarbonate buffer containing 
collagenase (3 mg/ml) and albumin (40 mg/ml), ac- 
cording to the method of Rodbell (9). Cells were 
then filtered through 250 pm nylon mesh, centri- 
fuged at 400 rpm for 4 min, and washed two times 
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Fig. 1. Time course of glycerol release by small adipocytes from younger, leaner animals ( A )  and by 
large cells from older fatter animals ( B ) .  Epinephrine concentration was 0.3 pg/ml in all tubes. Four 
separate experiments were performed, each employing several different cell concentrations. The results 
in the figure are the data from a representative experiment. All data are normalized to lo5 cells/ml, 
and each line represents an incubation conducted at the indicated different cell concentration. 

in buffer (4, 5, 7, 8). Adipocyte counts were per- 
formed according to a modification of method I11 of 
Hirsch and Gallian (lo), in which the cells were 
fixed in 2% osmium tetroxide in 0.05 M collidine 
buffer (made isotonic with saline) for 24 hr at 37°C 
and then taken up in a known volume of 0.154 M 
NaCl for counting. Counting was performed using a 
Coulter Counter model ZB, with a 400 pm aperture. 
Aliquots for cell counts were obtained before and after 
the incubation period from test tubes containing cells 
treated identically to the incubates used for the 
lipolysis studies. The cell number used for each ex- 
periment was the mean of the two measurements 
made before and after the study. Furthermore, the 
mean cell counts before and after the incubation were 
comparable, indicating that cell breakage did not 
occur during the 1 hr lipolysis study. Adipocyte 
size was determined using a calibrated microscope 
according to the method of Di Girolamo, Medlinger, 
and Fertig (1 1). 

Lipolysis studies 
Lipolysis was measured by previously described 

methods (12) in which the release of glycerol from 
adipocytes is taken as an index of lipolysis. Adipo- 

cytes (<250,000 celldml) were incubated in 2 ml of 
Krebs-Ringer bicarbonate buffer containing 1 mM 
glucose, pH 7.4, at 37°C for 60 min at the indicated 
concentrations of epinephrine andor insulin. At 
the end of the incubation period the buffer was re- 
moved, deproteinated, and glycerol was enzymatically 
determined (1 2). Unless otherwise indicated, the 
epinephrine concentration used to stimulate lipolysis 
was 1.68 p M  or 0.3 pg/ml. 

RESULTS 

Schwabe, Ebert, and Erbler (13), Schwabe, Schono- 
hofer, and Ebert (14), and Fain and Wieser (15) have 
demonstrated that during incubation adipocytes re- 
lease adenosine which, itself, has antilipolytic effects. 
Thus, the higher the cell concentration, the lower 
will be the rate of lipolysis per cell due to the accumula- 
tion of this inhibitor in the incubation medium. 
Obviously, when insulin's antilipolytic action is as- 
sessed, it is important to avoid potentially confounding 
effects of released adenosine. Therefore, before 
measuring the antilipolytic effect of insulin, we 
studied the time course of epinephrine-stimulated 
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glycerol release by large and small adipocytes as a 
function of cell concentration. These studies are 
summarized in Fig. 1, and it can be seen that the 
results confirm the observations of Schwabe et al. 
(13, 14) and Fain and Wieser (1 5) .  Thus, as the period 
of incubation became more prolonged, the rate of 
glycerol release became nonlinear (presumably due to 
adenosine accumulation), and this effect was more 
pronounced the higher the cell concentration. How- 
ever, provided cell concentrations <2.5 x lo5 cells/ml 
were used and incubations were not carried out past 
60 min, antilipolytic effects were not observed. 
These results were presumably due to the fact that 
sufficient medium concentrations of adenosine2 did 
not accumulate under these conditions. 

The ability of increasing concentrations of epineph- 
rine to stimulate lipolysis in large and small adipocytes 
is presented in Fig. 2. As noted by other workers 
(16- 19), these dose response curves are bimodal, and 
the reason for this is not entirely clear (16-19). 
The lipolytic peak occurring at lower epinephrine 
levels has been termed lipolysis I, while the second 
peak has been termed lipolysis 11. Although both 
curves are bimodal, they are not parallel, and it is 
obvious that comparisons of epinephrine-stimulated 
lipolysis for both groups of cells will differ depend- 
ing on the epinephrine level used. Furthermore, adi- 
pocyte sensitivity to insulin’s antilipolytic effects de- 
creases as the epinephrine concentration increases 
(17, 18). With these factors in mind, we decided to 
study insulin’s antilipolytic effects in large and small 
adipocytes at an epinephrine concentration that pro- 
duced submaximal rates of lipolysis in both groups 
of cells (1.68 x 10-6M). The dose response curves 
for insulin’s antilipolytic effects are summarized in 
Fig. 3. It can be seen that, in the absence of insulin, 
the hormone-stimulated rates of lipolysis are rea- 
sonably comparable for large and small adipocytes. 
Furthermore, although a higher insulin concentra- 
tion is needed to achieve maximal antilipolysis in the 
large cells, at these maximally effective insulin levels, 
lipolysis is 80% inhibited in both groups of cells. On 
the other hand, at submaximal levels of insulin, large 
cells are significantly less sensitive to the antilipolytic 
effects of insulin; in other words, the dose response 
curve is shifted to the right. 

If the maximal absolute antilipolytic effect of 
insulin is taken as loo%, the percent of the maximal 

It should be noted that these studies simply show the ac- 
cumulation of an inhibitor and its dependence on cell concentra- 
tion. They do not specifically identify this inhibitor as adenosine, 
although recent reports indicate that this is likely to be the case 
(13- 15). Clearly, this inhibitory effect could involve other sub- 
stances. 
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Fig. 2. Effect of increasing epinephrine concentration on gly- 
cerol release from large (0) and small (0) adipocytes. Data repre- 
sent the mean of three separate experiments. The epinephrine 
concentrations below 5 pg/ml are 0.1, 0.3, 0.5, and 1 pg/ml. 

effect achieved at each insulin level can be calculated 
by the formula 

x 100 
absolute effect at submaximal concentration 
absolute effect at maximal concentration 

These results are presented in Fig. 4, and this 
analysis provides a better estimate of the insulin 
sensitivity of a metabolic process, particularly when 
comparisons are being made in which the basal or 
maximal values are unequal (7, 20). With this ap- 
proach (Fig. 4) it is evident that the response curve 
for the large cells is still shifted to the right, and that 
half maximal insulin effects are reached at about 0.1 
ng/ml in small cells and 0.2 ng/ml in large cells. 

DISCUSSION 

Decreased insulin binding has been found in a 
variety of tissues from obese animals and man 
(21 -26), and we have recently reported that adipo- 
cytes from older, obese rats also have decreased 
insulin receptors (7,8). Since adipocytes exhibit maxi- 
mal insulin responses when only a minority of in- 
sulin receptors (10%) are occupied (2-5), the func- 
tional consequence of an absolute decrease in cellular 
insulin receptors should be a right shift in the in- 
sulin dose response curve (6, 27). Thus, providing 
the cellular effector system is intact, cells with fewer 
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receptors will demonstrate decreased responsiveness 
at low concentrations of insulin but normal re- 
sponses to maximal levels of insulin. In other words, 
insulin-receptor complexes are rate determining for 
insulin action until a certain fractional receptor satura- 
tion is reached (-10%). At receptor occupancies 
above this level, some step distal to the insulin re- 
ceptor becomes rate determining. Direct experi- 
mental evidence for this spare receptor hypothesis 
has been provided by Kono and Barham (2) and El- 
Allaway and Gliemann (4) who found that when adi- 
pocyte insulin receptors were decreased by mild 
trypsin treatment the subsequent insulin-glucose oxi- 
dation dose response curves were shifted to the right. 
Furthermore, similar findings have been reported 
with large adipocytes from older, obese rats in which 
decreased insulin binding and a right shift in the in- 
sulin-glucose transport dose response curve was 
found (8). 

These current studies clearly demonstrate that 
large adipocytes from older, heavier rats are less 
sensitive to the antilipolytic effects of low concen- 
trations of insulin, compared to small cells from 
younger, leaner animals. 

Thus, while insulin's maximal antilipolytic ability 
is the same in both groups of cells, the entire dose 
response curve is shifted to the right. Half maximal 
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Fig. 3. Dose response curves for the antilipolytic effect of insulin 
in large (0) and small (0) adipocytes. Data represent the mean 
(+SE) at each p i n t ,  and are the sum of seven separate experi- 
ments for each group. Epinephrine concentration used was 0.3 
&ml. Two asterisks means P < 0.01, one asterisk means P 
< 0.05, no asterisk means lack of significant difference. The 
mean adipocyte volume was 63 f 7 pl for the small adipocytes 
compared to 360 f 31 pl for the large cells. 
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Fig. 4. Ability of insulin to inhibit epinephrine (0.3 pg/ml) 
stimulated lipolysis for large (0) and small (0) adipocytes. 
Data are derived from the results presented in Fig. 3 by dividing 
the decrease in glycerol release due to insulin at each concen- 
tration by the maximal decrement in glycerol release and multi- 
plying by 100. Thus, the p i n t s  represent the mean (kSE) per- 
cent of the maximal insulin effect at each insulin concentration. 
Two asterisks means P < 0.01, one asterisk means P < 0.05. 

insulin effects occur at an insulin concentration 
of 0.08 k 0.01 ng/ml in small cells and 0.18 2 0.03 
ng/ml in large cells. These differences are signifi- 
cant (P < 0.01) and it should be noted that this 
twofold increase in the half maximally effective 
insulin level correlates nicely with the previously re- 
ported 45% decrease in the number of insulin re- 
ceptors on these cells (7, 8). 

Since both groups of cells exhibit the same maximal 
responsiveness to high insulin levels, the post- 
receptor effector systems for insulin-induced anti- 
lipolysis are probably intact in the large adipocyte. 
Thus, although severe intracellular defects in glu- 
cose oxidation and fatty acid synthesis have been 
demonstrated in these cells, no evidence for an 
intracellular abnormality in the antilipolytic mech- 
anisms is found. 

Previous reports on the lipolytic effects of cate- 
cholamine~~ in large and small adipocytes have yielded 
conflicting results. For example, several groups have 
found that, in the absence of insulin, catecholamine- 

In the past, different groups have used either epinephrine or 
norepinephrine to stimulate adipocyte lipolysis, and these 
agents give essentially identical results (16). Therefore, no dis- 
tinction will be made between these two agents in the remainder 
of the discussion, and the term catecholamine-stimulated lipolysis 
will be used. 
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stimulated lipolysis is greater in large adipocytes 
(28-31) while others have found no effect of cell 
size or  rat weight on stimulated lipolytic rates (17, 
32-35). In the current studies, the catecholamine- 
stimulated lipolytic rates are comparable in both 
groups of cells and, therefore, our data agree more 
closely with the latter results (17,32-35). No definitive 
explanation for these discrepancies is available, but 
it is possible that they may relate, in part, to the re- 
cently described antilipolytic effect of adenosine, 
which is normally released by cells into the incuba- 
tion medium. The  concentration of this inhibitor 
will obviously be related to the cell concentrations 
used and, if higher cell concentrations are employed 
when small cells are studied compared to large cells, 
the lipolytic rates observed with the small adipocytes 
may be spuriously low. This is a reasonable possi- 
bility since, when equal weights of fat tissue are studied 
(3 l ) ,  greater numbers of small cells will be employed 
than of larger cells. As seen in Fig. 1, attempts were 
made to avoid any potential effects of inhibitor 
accumulation in these current studies. Furthermore, 
as previously demonstrated by Miller and Allen (17), 
and as can be seen from Fig. 2, catecholamine- 
stimulated lipolysis can be increased, decreased, or 
normal in large adipocytes from older, fatter rats de- 
pending on the catecholamine concentration used. 
Finally, our studies were performed on large and 
small adipocytes from rats of different age, weight, 
etc., and the greatest effects of cell size were re- 
ported with different size adipocytes from the same 
animal (“within” animals studies) (30). Thus, the 
“between” animal variables could also contribute to 
the apparent lack of effect of cell size on rates of 
catecholamine-stimulated lipolysis. 

Antilipolytic effects of insulin have also been pre- 
viously compared in large and small adipocytes, 
again with conflicting results. Thus, either normal 
(36) or subnormal ( 1  7) responsiveness to maximal 
levels of insulin have been reported. Different 
amounts of adenosine accumulation could play a role 
in leading to these discrepancies, as could the con- 
centration of catecholamine employed. For example, 
as has been shown by Miller and Allen (17) and 
Desai, Li, and Angel (18), lipolysis stimulated at lower 
levels of catecholamine (lipolysis I) is quite insulin 
sensitive, while lipolysis I1 is not inhibited by insulin. 
Therefore, in the current studies, submaximal levels 
of epinephrine were employed in order to optimize 
antilipolytic effects of insulin. In  order to relate 
insulin’s antilipolytic effects to insulin binding, de- 
tailed dose response curves must be constructed for 
both groups of cells. Two other workers have at- 
tempted this comparison. Gries (37) compared the 

insulin-antilipolysis dose response curves using adi- 
pocytes from normal and obese subjects, and found 
results essentially identical to those seen in Figs. 3 and 
4, Le., a right shift in the dose response curve of 
the cells from the obese patients. On the other hand, 
Jacobsson et al. (36), in a recent and excellent study, 
found no abnormality in the dose response curve 
for insulin’s antilipolytic action on large human adi- 
pocytes. In the study by Gries (37), and in the current 
report, a relatively low catecholamine concentration 
was used (0.1 and 0.3 pg/ml, respectively), while 
Jacobsson et al. (37) employed a considerably higher 
level (10 pg/ml). Since adipocytes are much less 
sensitive to insulin’s antilipolytic effects at higher 
catecholamine concentrations (17, 18), this differ- 
ence in experimental design may account for the 
difference in results. It is also possible that the large 
adipocytes studied by Jacobsson et al. (36) were ob- 
tained from patients who were not much more obese 
than the controls and, therefore, may not have ex- 
hibited decreased insulin binding. 

I t  is obvious that differences in cell concentration, 
catecholamine concentration, patient selection, and 
whether comparisons are made between large and 
small cells across individuals or within a single indi- 
vidual can all affect the experimental results. Thus, 
since the large and small cells in these studies were 
obtained from animals that differed in age, degree 
of obesity, caloric intake, plasma insulin level, etc., the 
results do not offer any insight into which of the 
above variables causes the observed differences. 
Nevertheless, the studies currently reported do 
demonstrate that adipocytes from older, fatter rats 
display a clear right shift in the insulin dose re- 
sponse curve for antilipolysis, and this is the pre- 
dicted consequence of the decreased insulin bind- 
ing, which we have previously demonstrated in cells 
from these anima1s.m 
This work was supported by the Medical Research Service 
of the Veterans Administration and by a grant from the 
American Diabetes Association. I would also like to thank 
Dr. Ulf Smith for critically reviewing this paper and for his 
helpful suggestions. 
Manuscript received 26 October 1976 and accepted 15 February 1977. 

REFERENCES 

1.  Roth, J. 1973. Peptide hormone binding to receptors: a 
review of direct studies in vitro. Metabolism. 22: 1059- 
1073. 

2. Kono, T., and F. W. Barham. 1971. The relationship 
between the insulin-binding capacity of fat cells and the 
cellular response to insulin: studies with intact and tryp- 
sin-treated fat cells. J .  Biol. Chem. 246: 6210-6216. 

Olefsky Insulin sensitivity of large adipocytes 463 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


3. Gliemann, J., S. Gammeltoft, and J. Vinten. 1975. 
Time course of insulin-receptor binding and insulin- 
induced lipogenesis in isolated rat fat cells. J .  Biol. 
Chem. 250: 3368-3374. 

4. El-Allaway, R. M. M., and J. Gliemann. 1972. Trypsin 
treatment of adipocytes: effect of sensitivity to insulin. 
Biochim. Biophys. Acta. 273: 97- 109. 

5. Olefsky, J. M. 1975. Effects of dexamethasone on 
insulin binding, glucose transport, and glucose oxida- 
tion of isolated rat adipocytes. J .  Clin. Invest. 56: 1499- 
1508. 

6. Freychet, P. 1976. Interactions of polypeptide hor- 
mones with cell membrane specific receptors: studies 
with insulin and glucagon. Diabetologaa. 12: 83- 100. 

7. Olefsky, J .  M., and G. M. Reaven. 1975. The effects of 
age and obesity on 12SI-insulin binding to isolated rat 
adipocytes. Endocrinology. 96: 1486- 1498. 

8. Olefsky, J. M. 1976. The effects of spontaneous obesity 
in insulin binding, glucose transport and glucose oxida- 
tion of isolated rat adipocytes. J. Clin. Invest. 57: 842- 
851. 

9. Rodbell, M. 1964. Metabolism of isolated fat cells. I. 
Effects of hormones on glucose metabolism and 
lipolysis. J. Biol. Chem. 239: 375-380. 

10. Hirsch, J., and E. Gallian. 1968. Methods for the 
determination of adipose cell size in man and animals. 
J. Lzpid Res. 9: 110- 119. 

1 1 .  Di Girolamo, M., S. Medlinger, and J. W. Fertig. 1971. 
A simple method to determine fat cell size and number 
in four mammalian species. Amer. J .  Physiol. 221: 

12. Weiland, O., In Methods of Enzymatic Analysis. H. V. 
Bergmeyer, editor. Academic Press, New York. Chap- 
ter 3, p. 211-214. 1963. 

13. Schwabe, U., R. Ebert, and H. C. Erbler. 1973. Adeno- 
sine release from isolated fat cells and its significance 
for the effects of hormones on cyclic 3’,5’-AMP 
levels and lipolysis. Arch. P h a m c o l .  276: 133- 148. 

14. Schwabe, U., P. S. Schonohofer, and R. Ebert. 1974. 
Facilitation by adenosine of the action of insulin on 
the accumulation of adenosine 3‘:5‘-monophosphate, 
lipolysis, and glucose oxidation in isolated fat cells. 
Eur. J. Biochem. 46: 537-545. 

15. Fain, J. N., and P. B. Wieser. 1975. Effects of adeno- 
sine deaminase on cyclic adenosine monophosphate 
accumulation, lipolysis, and glucose metabolism of fat 
cells. J .  Biol. Chem. 250: 1027-1034. 

16. Allen, D. O., C. C. Hillman, and J. Ashmore. 1969. 
Studies on a biphasic lipolytic response to catechola- 
mines in isolated fat cells. Biochem. Phannacol. 18: 2233- 
2240. 

17. Miller, E. A., and D. 0. Allen. 1973. Hormone-stimu- 
lated lipolysis in isolated fat cells from “young” and 
“old” rats. J. Lipid. Res. 14: 3 1 1-336. 

18. Desai, K. S., K. C. Li, and A. Angel. 1973. Bimodal 
effect of insulin on hormone-stimulated lipolysis: rela- 
tion to intracellular 3’,5’-cyclic adenylic acid and free 
fatty acid levels. J. Lipid Res. 14: 647-655. 

19. Kono, T., and F. W. Barham. 1973. Effects of insulin 
on the levels of adenosine 3’:5’-monophosphate and 
lipolysis in isolated rat epididymal fat cells. J. Biol. 
Chem. 21: 7417-7426. 

850-858. 

20. Olefsky, J. M. Effects of fasting on insulin binding, 
glucose transport, and glucose oxidation in isolated rat 
adipocytes: relationships between insulin receptors 
and insulin acti0n.J. Clin. Invest. (In press). 

21. Archer, J. A., P. Gorden, and J. Roth. 1975. Defect in 
insulin binding to receptors in obese man. Ameliora- 
tion with caloric restriction. J .  Clin. Invest. 55: 166- 174. 

22. Archer, J. A., P. Gorden, J. R. Gavin, 111, M. Lesniak, 
and J. Roth. 1973. Insulin receptors in human circulat- 
ing lymphocytes: application to the study of insulin 
resistance in man. J ,  Clin. Enducrinol. Metab. 3 6  627- 
633. 

23. Olefsky, J. M. 1976. Decreased insulin binding to adi- 
pocytes and circulating monocytes from obese sub- 
jects.J. Clin. Invest. 57: 1165-1 172. 

24. Kahn, C. R., D. M. Neville, Jr., and J. Roth. 1973. 
Insulin receptor interaction in the obese hyperglycemic 
mouse. A model of insulin resistance. J .  Biol. Chem. 
248: 244-250. 

25. Freychet, P., M. H. Laudat, P. Laudat, G. Rosselin, 
C. R. Kahn, P. Gorden, and J. Roth. 1972. Impair- 
ment of insulin binding to the fat cell plasma mem- 
brane in the obese hyperglycemic mouse. FEBS Lett. 

26. Soll, A. H., C. R. Kahn, D. M. Neville, Jr., and J. Roth. 
1975. Insulin receptor deficiency in genetic and ac- 
quired obesity. J. Clin. Invest. 5 6  769-780. 

27. Nickerson, M. 1956. Receptor occupancy and tissue 
response. Nature. 178: 697-698. 

28. Zinder, O., and B. Shapiro. 1971. Effect of cell size on 
epinephrine and ACTH-induced fatty acid release 
from isolated fat cells.]. Lipid. Res. 12: 91-95. 

29. Ostman, J., L. Backman, and D. Hallberg. 1975. Cell 
size and the antilipolytic effect of insulin in human 
subcutaneous adipose tissue. Diabetologza. 11: 159-164. 

30. Holm, G., B. Jacobsson, P. Bjorntorp, and U. Smith. 
1975. Effects of age and cell size on rat adipose 
tissue metabolism. J .  Lipid Res. 16: 46 1-464. 

31. Hansen, F. M., J. H. Nielsen, and J. Gliemann. 1974. 
The  influence of body weight and cell size on lipo- 
genesis and lipolysis of isolated rat fat cells. Eur. J. 
Clin. Invest. 46: 411-418. 

32. James, R. C., T. W. Burns, and G. R. Chase. 1971. 
Lipolysis of human adipose tissue cells: influence of 
donor factors. J. Lab, Clin. Med. 77: 254-266. 

33. Hartman, A. D., A. I. Cohen, C .  J. Richard, andT .  Hsu. 
1971. Lipolytic response and adenyl cyclase activity of 
rat adipocytes as related to cell size. J. Lipid Res. 12: 
498-505. 

34. Goldrick, R. B., and G. M. McLoughlin. 1970. Lipolysis 
and lipogenesis from glucose in human fat cells of 
different sizes. J. Clin. Invest. 49: 1213-1223. 

35. Hubbard, R. W., and W. T. Matthew. 1971. Growth 
and lipolysis of rat adipose tissue: effect of age, body 
weight, and food intake. J. Lipid Res. 12: 286-293. 

36. Jacobsson, B., G. Holm, P. Bjorntorp, and U. Smith. 
1976. Influence of cell size on the effects of insulin 
and noradrenaline on human adipose tissue. Dia- 
betologia. 12: 69-72. 

37. Cries, G. A. 1970. Hormonal control of human adipose 
tissue metabolism in vitro. Horm. Metab. Res. Suppl. 
2: 167-171. 

25: 339-342. 

464 Journal of Lipid Research Volume 18, 1977 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

