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Abstract. The release of adenosine by isolated rat adipocytes into the incubation medium was
studied in relation to fat cell size and concentration. Incubations were carried out for 60 min at
37°C in Krebs-Ringer bicarbonate-albumin medium containing 6 mM glucose. 2'-Deoxycofor-
mycin was added to inhibit endogenous adenosine deaminase activity (maximal supression was
achieved at 0.8 uM concentration of the inhibitor). The data show that (a) the amount of adenosine
released into the medium was similar for the first and second 30-min incubation periods; (b)
increasing adipocyte concentration markedly inhibited adenosine release; and (c) large fat cells
(volume > 300 pl) released significantly more adenosine (per fat cell) into the medium than
smaller fat cells (volume < 180 pl) when incubated at concentrations of <350,000 cells/ml. Above
this cell concentration, differences between adenosine release and cell size were not noted. Adenosine
release by isolated rat adipocytes appears to be a precisely regulated process which is exquisitly
sensitive to the number of fat cells in the incubation medium and, to a certain extent, to the

adipocyte size.

© 1986 Society for Experimental Biology and Medicine.

Adenosine, an ubiquitous nucleoside, is
known to have a number of physiological ac-
tions. In most vascular beds, adenosine exhib-
its a vasodilatory effect (1), and in the coronary
bed adenosine release has been shown to in-
crease following myocardial ischemia (2-8).
In contrast, adenosine produces vasoconstric-
tion in the kidney (1, 9). A neurotransmitter
role for adenosine in the central nervous sys-
tem (10-16), as well as an inhibitory role in
the release of noradrenaline from sympathetic
nerve terminals in many tissues, including the
heart, has been demonstrated (9, 17).

An additional physiological function of
adenosine is suggested by its capacity to inhibit
insulin release from rat pancreatic islets (18),
and by the moderate degree of hyperglycemia
produced by adenosine when injected into in-
tact rats (19). The antilipolytic effect of aden-
osine, shown in adipose tissue (20), isolated
adipocytes (21-22), or perifused fat cells (23,
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24) challenged by lipolytic hormones, and the
enhancement by adenosine of the effect of in-
sulin on glucose metabolism also suggest a lo-
cal metabolic regulatory role for adenosine in
adipose tissue (25-27). Recent studies from
our laboratory have shown marked suppres-
sion of food intake following subcutaneous or
intravenous administration of adenosine (28);
these observations have suggested that aden-
osine could be a physiological signal of pe-
ripheral lipid and caloric storage to the hy-
pothalamus.

The present study was directed toward the
elucidation of adenosine release by isolated rat
adipocytes in order to determine whether fac-
tors such as fat cell size or fat cell concentration
in the medium may affect the production of
adenosine by adipose tissue from animals with
different degrees of adiposity.

Materials and Methods. Animals. Male
Wistar rats (from Royalhart Laboratory, New
Hampton, N.Y.) were housed in individual
cages, in a temperature-controlled (22°C)
room with light-dark intervals of 12 hr. Rats
were allowed free access to water and Purina
laboratory chow. Three groups of rats were
studied: Group A, 6-8 weeks old, weighing
150-230 g; Group B, 3-4 months old, weigh-
ing 300-400 g; and Group C, 8-12 months
old, weighing 550-670 g.
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16 ADENOSINE RELEASE BY ADIPOCYTES

Materials. Collagenase, Type 1 (lot 47A
144P) was obtained from the Worthington
Corporation (Freehold, N.J.). Bovine serum
albumin (fraction V powder, No. A-4503),
adenosine, inosine, and adenosine deaminase
(EC 3.5.4.4) were obtained from Sigma
Chemical Company (St. Louis, Mo.). Tri-u-
octylamine was procured from Aldrich
Chemical Company (Milwaukee, Wis.). Freon
113 (1,1,2-trichlorotrifluoroethane) was pur-
chased from Fisher Scientific Company (At-
lanta, Ga.). 2-Deoxycoformycin was a gift
from the Developmental Therapeutics Pro-
gram, Division of Cancer Treatment, National
Cancer Institute, (Bethesda, Md.). Erythro-
9-(2-hydroxy-3-nonyl)adenine (EHNA) was
kindly provided by Dr. Donald Namm,
Burroughs Wellcome (Research Triangle
Park, N.C.).

Experimental protocol. After the animals
were killed (by cervical dislocation in the fed
state between 9 and 11 AM), the epididymal
fat pads were removed, cut into small pieces
(10-20 mg), and incubated at 37°C for 1 hr
with collagenase (5-10 mg/g of tissue) in
Krebs-Ringer bicarbonate (KRB) with 4%
bovine serum albumin and 6 mA/ glucose, at
pH 7.4. The isolated fat cells were washed four
times with KRB-albumin medium and re-
suspended. Aliquots of the isolated fat cell
suspension were removed and diluted with
KRB-albumin medium (in siliconized Erlen-
meyer flasks) to give three separate cell con-
centrations (at an approximate ratio of 1:2:4)
corresponding to 0.6, 1.2, and 2.4 X 10° fat
cells/ml, respectively, in final incubation vol-
umes of 12 ml.

Six experiments were carried out with
pooled epididymal adipose pads obtained from
12 rats in Group A, four experiments with
pooled pads from 6 rats in Group B, and five
experiments from the pads of animals in
Group C.

Incubations were carried out at 37°C in a
Dubnoff metabolic shaker (80 strokes/min)
under a gas-phase of 95% O,-5% CO,. Du-
plicate samples of 3 ml each were removed
within 0.5 min and after 30 and 60 min of the
incubation, and then transferred into nitro-
cellulose test tubes. After centrifugation for 20
sec at 500g the bottom of the tube was punc-
tured and the medium was allowed to drip
into a plastic centrifuge tube. Adenosine was

measured in the medium by the procedure de-
scribed below. In parallel experiments, aliquots
of the various fat cell suspensions were re-
moved, prior to and during the incubation,
for determination of fat cell concentration and
size as previously described (29). The volume
of the medium occupied by the cells was also
calculated and taken into account for the es-
timate of adenosine release. Results are ex-
pressed as net (final minus initial) adenosine
released into the incubation medium by 10°
fat cells in 30 or 60 min.

In preliminary experiments, two inhibitors
of adenosine deaminase were tested to define
the appropriate concentration which would
prevent deamination of the adenosine released
during the incubation period. The two inhib-
itors tested, EHNA and 2’-deoxycoformycin,
were incubated at various concentrations with
isolated fat cells at several cell concentrations
and sizes. At the end of 1 hr of incubation,
aliquots of the cell suspension were removed
and processed as described below. The con-
centrations of inhibitors capable of producing
persistent maximal suppression of adenosine
deaminase activity (as determined by the
presence of a consistently stable peak for
adenosine and the lack of an inosine peak in
the liquid chromatogram) were 100 uM for
EHNA and 0.8 uM for 2-deoxycoformycin.
No significant differences were observed be-
tween the two inhibitors in the rapidity of ac-
tion or the maximal degree of effectiveness.
Because of its longer duration of action (data
not shown) and effectiveness at lower concen-
trations, 2-deoxycoformycin (0.8 uM) was
used in all subsequent experiments.

Analytical techniques. Adenosine was de-
termined according to Hartwick and Brown
(30) as follows: An aliquot of the incubation
medium was transferred to a centrifuge tube
containing cold trichloroacetic acid (TCA;
final concentration = 4%). The TCA-medium
mixture was vortexed and then centrifuged at
500¢ for 20 min at room temperature. An al-
iquot of the supernatant fraction was trans-
ferred to another centrifuge tube and an equal
volume of a solution of 4.42 g of tri-n-octyl-
amine in 25 ml of Freon 113 was added. The
mixture was vortexed and centrifuged at 500g
for 10 min. The upper phase was removed and
stored overnight at 4°C in a siliconized glass
vial to be assayed the following day by high-
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pressure liquid chromatography (HPLC).
The recovery of added adenosine was more
than 95%.

A liquid chromatograph (Waters Assoc.,
Milford, Mass.) Model ALC-202, equipped
with uv detector (254 nm) and a pBondapak
Ci3 (30 cm X 4 mm) reversed phase column
was used. Numerical integration was carried
out on a Spectraphysics System IV Computing
Integrator for chromatography. The analysis
was carried out at ambient temperature. The
mobile phase consisted of a 10:90 v/v mixture
of methanol (HPLC grade) and 0.007 M
KH,PO,, pH 5.8 (adjusted with H;PO, prior
to the addition of methanol). The flow rate
was maintained at 2.5 ml/min at a pressure
of 1500-2000 psi. Samples (250 ul) were in-
jected via the UK6 Universal injector (Wa-
ters).

Standard solutions of adenosine and inosine
at concentrations of 5 ug/ml were prepared in
distilled water. Calibration was carried out and
standard curves were obtained every day prior
to sample injections; standards were also run
frequently during the adenosine determina-
tion. Confirmation of adenosine peaks was
achieved by adding known amounts of aden-
osine to samples prior to injection (superim-
position of peak), as well as by the enzymatic
peak shift method (disappearance of adenosine
peak and appearance of inosine peak) using
adenosine deaminase (2 units per sample).
This large excess of the enzyme was necessary
in the confirmatory tests to overcome the in-
hibitory effect of the added 2-deoxycofor-
mycin. The standard curve was linear in the
range of 10-1000 ng and day to day variability
was less than 3%; the minimum sensitivity of
the method was 10 ng of adenosine.

Statistical evaluation of the data. Compar-
isons of means were done using Student’s ¢
test (31). Values of P < 0.05 were taken to
indicate significance. Linear regression utilized
the method of least squares: An exponential
relationship was discerned by logarithmic
transformation (32).

Results. Rate of release of adenosine. For
the three cell size populations studied, the
amount of adenosine produced during the first
and the second 30 min of incubation, ex-
pressed as ng/10° fat cells, is shown in Fig. 1.
The plots also depict the data obtained from
incubations carried out at different cell con-

centrations. The results indicate that the net
adenosine production by isolated adipocytes
was approximately the same for the first and
second 30-min incubation periods regardless
of cell size and cell concentration; there were
no significant differences (P < 0.05) in almost
all cases (eight of nine panels as shown in
Fig. 1).

Effect of cell concentration on adenosine re-
lease. Net adenosine production (ng per 10°
cell) was inversely related to fat cell concen-
tration for the three sizes of adipocytes as
shown in Fig. 1. In each set of three vertical
panels, net adenosine production, for either
the first or second 30 min of incubation, was
significantly different (P < 0.05) when the val-
ues for the higher concentration of cells were
compared to the intermediate or lower cell
concentrations. The magnitude of the cell
concentration effect on adenosine release ap-
peared to be greater in the large fat cells de-
picted in the set of three vertical panels shown
on the right in Fig. 1; this may, however, be
due in part to the lower number of cells present
in the incubation medium.

Comparison of the cell concentration effect
in three types of cells. In Fig. 2, the effect of
cell concentration on the suppression of aden-
osine release is expressed as percentage de-
crease from the values (arbitrarily set at 100%)
observed at the lowest fat cell concentration.
This figure not only reemphasizes the marked
effect of the cell concentration in adenosine
release, but it also indicates that larger fat cells
may be more sensitive to the cell concentration
effect (by showing a greater percentage decline
affected by a lesser change in fat cell density
with increasing cell density) than the inter-
mediate or smaller-sized fat cells.

Adenosine release per fat cell in relation to
fat cell size. In order to assess whether larger
fat cells release more adenosine per cell into
the incubation medium than smaller cells, a
regression analysis of fat cell number per mil-
liliter and net adenosine release per 10° cells
was carried out. For this analysis, the cell types
encountered in the experiments were subdi-
vided into two major groups: Cells with a
mean volume of >300 pl and cells with vol-
ume of <180 pl. Figure 3A shows that the re-
lationship between the two variables is expo-
nential. When the fat cell number exceeded
350,000/ml, adenosine release appeared to be
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FIG. 1. Comparison of adenosine release into the medium by three types of rat adipocytes (small, mean
volume = 55.1 pl; intermediate, mean volume = 144.4 pl; large, mean volume = 442.8 pl), incubated at
three cell concentrations (top panel—low concentration; middle panel—intermediate concentration; bottom
panel—high concentration). Values are means * SE of duplicate observations in five experiments for each
point. The numbers in parentheses represent fat cell concentration.

suppressed and thus differences among the two
types of cells could not be clearly identified.
When the cells were incubated at a cell density
lower than 350,000/ml, however, the two cell
populations, identified by cell volume, ap-
peared to separate in two groups with regard
to adenosine release (Fig. 3B). When subjected
to group mean comparison by Student’s ¢ test,
the larger cells released significantly more
adenosine than the smaller cells (P < 0.01).

Discussion. The present study was carried
out to determine the relationship between in
vitro adenosine release by rat adipocytes and
the size and concentration of the fat cells. Our
study shows that (a) production of adenosine
was approximately the same for the first and
second 30-min periods of incubation; (b)
adenosine release was correlated with adipo-
cyte concentration; and (c) adipocytes of large
size (above 300 pl in volume) released, per
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FIG. 2. Relationship between fat cell concentration and
relative decrease in net adenosine release at 60 min of
incubation for the three sizes of fat cells (as in Fig. 1).
Value shown represent means of duplicate observations
in five experiments for each cell size type. Values in pa-
rentheses are net adenosine released at 60 min, expressed
as nanograms per 10° fat cells.

unit of time, more adenosine per fat cell than
smaller adipocytes.

Certain relevant methodological consider-
ations are in order: (i) The technique of high-

pressure liquid chromatography was found to
be efficient and reliable. The sensitivity of the
method, however, limits the determination of
adenosine to 10 ng per sample injected into
the chromatograph. This requires a minimum
of 100,000-150,000 cells/ml in the incubation
medium to collect enough adenosine to be
measured. (i) Since adenosine is deaminated
by adenosine deaminase, a rather ubiquitous
enzyme, it is essential, in studies such as these,
that an adequate concentration of adenosine
deaminase inhibitor be employed. (iii) Even
though the deamination of adenosine and its
subsequent conversion to other metabolic
products was prevented, a possible source of
imprecision in our determination of net aden-
osine release might be the continuing removal
of adenosine from the medium by the adi-
pocytes themselves. Adenosine is known to be
bound and taken up by fat cells (34). In a pre-
liminary series of experiments, we measured
the adenosine uptake by adipocytes at various
adenosine concentrations (data not shown).
Based on our data and those of others (34),
the amount of adenosine taken up by the cells
after 30 min of incubation approximates one-
tenth to one-fifth that released into the me-
dium. Furthermore, since the uptake of aden-
osine by fat cells is related to its concentration
(34), the amount of adenosine removed from
the medium may even be lower when cells are
incubated at high cell concentrations. The
present observations suggest that the extrac-
tion of adenosine from the medium by incu-
bated fat cells, although important and size-
able, probably does not significantly alter the
overall results and conclusions of this study.
One of the main findings in this study is the
suppression of adenosine release by progres-
sively increasing cell concentrations in the
medium for all cell sizes studied (shown in
Figs. 1 and 2). It appears (Fig. 2) that large fat
cells are somewhat more sensitive to the cell
concentration effect; large fat cells, however,
were incubated at a slightly lower cell concen-
tration than the other two cell types. The cell
concentration effect could be the result of a
variety of factors that include (a) cell-cell in-
teraction, (b) accumulation of adenosine in
the medium with feedback inhibition, and (c)
accumulation in the medium of products such
as free fatty acids that may independently
suppress lipolysis (33). Since Schwabe et al.
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F1G. 3. (A) Relationship between net adenosine release at 60 min of incubation and fat cell concentration
for cells in two size groups: Mean volume < 180 pl (A), and >300 pl (®@). (B) The adenosine values (A)
plotted to the left of the dotted line (reflecting a cell concentration of 350,000 fat cells/ml) were averaged
for the two sizes (mean volumes < 180 pl and >300 pl) and replotted. Group mean comparison revealed a
significantly greater (P < 0.001) adenosine release by the larger fat cells (Group A) than by smaller cells

(Group B).

(21, 25) and others (20, 23) have suggested a
close link between lipolysis and adenosine re-
lease, it is possible that inhibition of lipolysis
may alter adenosine metabolism and efflux
from fat cells.

Further, adenosine mimics insulin in its
antagonism of hormone-stimulated lipolysis
(20, 21, 23-25) and promotion of glucose me-
tabolism in fat cells (26); addition of adenosine
to incubation mixtures containing fat cells and
and insulin appeared to enhance the effect of
the hormone. Since large fat cells are less re-
sponsive to the effect of insulin on glucose
metabolism (29), a greater production of
adenosine (by large cells) may not be able to
overcome the decrease in insulin effect on glu-
cose transport and metabolism, but may po-
tentiate the antilipolytic effect of insulin. Fur-
ther studies will be needed to clarify this point.

The data depicted in Fig. 1 showing similar
adenosine release in the first and second 30-
min periods are at variance with those of
Schwabe et al. (25), who found diminished re-
lease of adenosine with time by isolated fat
cells. The absence of an adenosine deaminase
inhibitor in Schwabe’s study may be respon-
sible for this difference. The present findings

also provide evidence (at least for the first 60
min of incubation) against the previously ad-
vanced suggestion that adenosine accumula-
tion per se may be a negative feedback signal
on adenosine production (25). Indeed, if the
adenosine concentration in the medium,
found to be somewhat higher during the sec-
ond 30 min of incubation than during the first
30 min, had been the feedback signal, one
would have expected a progressive diminution
of adenosine release in the second 30 min of
incubation. It appears that factors other than
accumulation of adenosine itself into the me-
dium are probably responsible for the inhi-
bition of adenosine release with increasing cell
concentration. This observation needs to be
investigated further.

A novel finding in this study is the increased
production of adenosine by large fat cells,
which are also known to present a greater basal
lipolytic rate (29). We have previously dem-
onstrated that large adipocytes from older,
fatter rats contain greater amounts of ATP
than smaller adipocytes (35). It is therefore not
surprising that more adenosine appears to be
produced in the large fat cells.

In conclusion, the studies reported here in-
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dicate that adenosine release by adipocytes is
a precisely regulated process which is quite
sensitive to the number and concentration of
cells in the incubation medium. Adenosine
release appears to be linear (in short term
studies) with time and related, to a certain ex-
tent, to the adipocyte size. We still do not know
whether the total contribution to adenosine
production by an enlarged adipose organ of
an obese animal is greater than that of a lean
animal, but our results suggest that this is a
viable hypothesis. Studies are now in progress
in our laboratory to determine the concentra-
tion of adenosine in the blood of lean versus
obese animals and thus to explore this possi-
bility.

We gratefully acknowledge the expert help of Dr. Nancy
Newton in the preliminary phase of this work concerning
the selection of an adenosine deaminase inhibitor. We are
particularly grateful to Dr. Steven Moffitt of the Depart-
ment of Biometry, Emory University, for his valuable
contribution to the statistical analysis of the data. We also
thank Ms. Cathy Moss and Ms. Sarah Attaway for their
help in preparing this manuscript.

1. Haddy FJ, Scott JB. Metabolically linked vasoactive
chemicals in local regulation of blood flow. Physiol
Rev 48:688-707, 1968.

2. Fox A. Release of adenosine from human hearts dur-
ing angina induced by rapid atrial pacing. J Clin Invest
53:1447-1457, 1974.

3. Katori M, Berne RM. Release of adenosine from an-
oxic hearts: Relationship to coronary flow. Circ Res
19:425, 1966.

4. Rubio R, Berne RM. Release of adenosine by the
normal myocardium in dogs and its relationship to
the regulation of coronary resistance. Circ Res 25:
407-414, 1969.

5. Rubio R, Berne RM, Katori M. Release of adenosine
in reactive hyperemia of the dog heart. Amer J Physiol
216:56-61, 1969.

6. Rubio R, Wiedmeier VT, Berne RM. Relationship
between coronary flow and adenosine production and
release. J Mol Cell Cardiol 6:561-566, 1974.

7. Weidmeier VT, Spell LH. Effects of catecholamines,
histamine and nitroglycerin on flow, oxygen utiliza-
tion, and adenosine production in the perfused guinea
pig heart. Circ Res 41:503-508, 1977.

8. Watkinson WP, Foley DH, Rubio R, Berne RM.
Myocardial adenosine formation with increased car-
diac performance in the dog. Amer J Physiol 236:
H13-H21, 1979.

9. Hedqvist P, Fredholm BB. Effects of adenosine on
adrenergic neurotransmission; prejunctional inhibi-

1.

22

23.

24.

25.

21

tion and postjunctional enhancement. Arch Phar-
macol 293:217-233, 1976.

. Huang M, Daly JH. Adenosine-elicited accumulation

of cyclic AMP in brain slices: Potentiation by agents
which inhibit uptake of adenosine. Life Sci 14:489-
503, 1974.

Kluge H, Fischer HD, Shwarzenfield IV, Haubenreiser
J, Zahlten W, Hartman W. Further studies on the
formation of adenosine and its effects in the brain.
Acta Biol Med Ger 34:1279-1282, 1975.

. Mah HD, Daly JH. Adenosine-dependent formation

of cyclic AMP in brain slices. Pharmacol Res Com-
mun 8:65-79, 1976.

. Newman M, Mcllwain H. Adenosine as a constituent

of the brain and of isolated cerebral tissues, and its
relationship to the generation of adenosine 3':5"-cyclic
monophosphate. Biochem J 164:131-137, 1977.

. Rose G, Schubert P. Release and transfer of [*H]

adenosine derivatives in the cholinergic septal system.
Brain Res 121:353-357, 1977.

. Hunt SP, Kunzle H. Bidirectional movement of label

and transneuronal transport phenomena after injec-
tion of [*H] adenosine into the central nervous system.
Brain Res 112:127-132, 1976.

. Scholfield CN. Adenosine action on synaptic trans-

mission in brain slices. Pharmacologist 16:292, 1974.

. Wakade AR, Wakade TD. Inhibition of noradrenaline

release by adenosine. J Physiol 282:35-49, 1978.

. Ismail NA, Ezz-Eldin SM, Denshary E, Montague W.

Adenosine and the regulation of insulin secretion by
isolated rat islets of langerhans. Biochem J 164:409—
413, 1977.

. DeSanchez V, Chagoya V, Brunner A, Sanchez ME,

Lopez C, Pira E. Utilization of adenosine as a tool in
studies on the regulation of liver glycogen biosynthesis.
Arch Biochem Biophys 160:145-150, 1974.

. Fredholm BB, Sollevi A. Antilipolytic effect of aden-

osine in dog tissue in situ. Acta Physiol Scand 99:
254-256, 1977.

. Ebert R, Schwabe U. Studies on the antilipolyic effect

of adenosine and related compounds in isolated fat
cells. Naunyn-Schmiedeberg’s Arch Pharmacol 278:
247-259, 1973.

Malbon CC, Hert RC, Fain, JN. Characterization of
[>H] adenosine binding to fat cell membranes. J Biol
Chem 253:3114-3122, 1978.

Turpin BP, Duckworth WC, Solomon SS. Perifusion
of isolated rat adipose cells: Modulation of lipolysis
by adenosine. J Clin Invest 60:442-448, 1977.
Solomon SS, Turpin BP, Duckworth WC. Compar-
ative studies of the antilipolytic effect of insulin and
adenosine in the perifused isolated fat cell. Horm Me-
tab Res 12:601-604, 1980.

Schwabe U, Ebert R, Erbler HC. Adenosine release
from isolated fat cells and its significance for the effects
of hormones on cyclic 3,5 AMP levels and lipolysis.
Naunyn-Schmiedeberg’s Arch Pharmacol 276:133-
148, 1973.



22

26.

27.

28.

29.

30.

ADENOSINE RELEASE BY ADIPOCYTES

Schwabe U, Schonhofer PS, Ebert R. Facilitation by
adenosine of the action of insulin on the accumulation
of adenosine 3',5-monophosphate, lipolysis, and glu-
cose oxidation in isolated fat cells. Eur J Biochem 46:
537-545, 1974.

Schwabe U, Ebert R, Erbler HC. Adenosine release
from isolated fat cells: Effect on cyclic AMP levels
and hormone actions. Adv Cyclic Nucleotide Res 5:
569-584, 1975.

Capogrossi MC, Francendese A, Di Girolamo M.
Suppression of food intake by adenosine and inosine.
Amer J Clin Nutr 32:1762-1768, 1979.

Di Girolamo M, Howe MD, Esposito J, Thurman L,
Owens JL. Metabolic patterns and insulin respon-
siveness of enlarging fat cells. J Lipid Res 15:332-
338, 1974.

Hartwick RA, Brown PR. Selective analysis of aden-
osine using reversed-phase high pressure liquid
chomatography. J Chromatogr 143:383-389, 1977.

31

32,

33.

34.

3s.

Armitage P. Statistical Methods in Medical Research.
New York, Wiley, 1971.

Draper NR, Smith H. Applied Regression Analysis.
New York, Wiley, 1966.

Fredholm BB. Local regulation of lipolysis in adipose
tissue by fatty acids, prostaglandins and adenosine.
Med Biol 56:249-261, 1978.

Fredholm BB, Hjemaahl P. Uptake and release of
adenosine in isolated rat fat cells. Acta Physiol Scand
105:257-267, 1979.

Di Girolamo M, Owens JL, Patrick JG, Kuo JF. Pro-
tein kinase activity of isolated rat adipocytes as related
to cell size. Proc Soc Exp Biol Med 154:513-516, 1977.

Received June 3, 1985. P.S.E.B.M. 1986, Vol. 182.
Accepted January 14, 1986.



