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The effects of an in vivo cortisol-treatment to rats (2x2 mg/rat/day, for one week) on
insulin plasma levels, insulin binding and antilipolytic activity in rat adipose tissue were in
vestigated. Hyperinsulinemia together with an increase in insulin degradation in the serum of
cortisol-treated rats were observed. The adipocytes from cortisol-treated animals showed a
statistically significant decrease in insulin binding but no change in receptor numbers [cortisol-
treated 103,000 ± 8,000 (n = 8) receptors/cell and controls 138,000 ± 15,000 (n = 16) re-
ceptors/cell], together with unchanged receptor affinity [ED50: cortisol-treated 3 X IO-9 M
and controls 3.2 X 10-9M], and a decreased sensitivity to the antilipolytic effect of insulin.
The evidence presented for pre-receptor, receptor and post-receptor insulin defects on the
action of cortisol in isolated rat adipocytes could represent a coordinated mechanism by which
cortisol exerts «insulin resistance*  in this tissue.

Key words: Cortisol, Adipocytes, Insulin-degradation, Insulin-receptor, Antilipolysis.

Contradictory results have been report
ed concerning the effects of glucocorti
coids on insulin receptor binding and/or
their actions on different tissues. The dif
ferences in the results may be explained on
the basis of different experimental set-ups.
These include dose and type of glucocor
ticoid used, administration route and the
duration of in vivo treatment or the time
course of in vitro exposure, and the type 

* To whom all correspondence should be ad
dressed.

of tissue in which insulin binding and ac
tion were studied.

The effect of in vivo glucocorticoid
treatment to rats on insulin binding in adi
pose tissue has been reported to be de
creased (5, 16, 18), increased (5), or un
changed (23). In addition, under the same
conditions, some of the effects of insulin
proved to be impaired (5, 16, 23), while
others were found to be increased (5).

The purpose of the present study was
therefore to evaluate the binding —a re
ceptor-event— and the antilipolytic action
of insulin —a post-receptor event hitherto 
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unstudied in glucocorticoid-treated ani
mals—, using isolated adipocytes from
cortisol-treated rats. Additionally, insulin
degradation in the serum of these cortisol-
treated rats as a pre-receptor event prob
ably involved in the process was studied.

Materials and Methods

Animals.— Male Wistar rats (190-200 g,
b.w.) from our own inbred colony were
used. They received standard rat chow
and tap water ad libitum. The animals
were injected s.c. with cortisol (Sigma) (2
X 2 mg/rat/day) for one week. Tne glu
cocorticoid solution was freshly prepared
in ethanol:H2O (1:1), the last injection
being given 3-4 hours before sacrifice.
Control rats received similar amounts of
the ethanol solution. No weight differ
ences were found in cortisol-treated rats as
compared to the controls. At the end of
the treatment period, the animals were de
capitated (11.00 - 12.00 a.m.) and blood
samples and epididymal adipose tissue
were extracted.

Isolation of adipocytes.— Isolated adip
ocytes were prepared by collagenase
(Worthington) digestion according to the
method reported by Rodbell (19). Adip
ocyte numbers were determined with a
NEUBAUER-type haemocytometer and cell
viability —assessed by the ability to ex
clude 0.2 % Tripan blue— was greater
than 90 %. Measurements of cell diameter
were also performed as reported by Di
Girolamo et al (6). A minimum of 100
cells was measured from each rat.

Insulin binding studies.— Mono-[125I]
insulin was prepared (9) with specific ac
tivities of 200-300 pCi/pg using Na125I
(Amersham) and porcine monocompo
nent insulin fNovo). Isolated adipocytes
(0.3-0.5 X 10^ cells/ml) were incubated at
a final volume of 350 pl with mono-[125I]-
insulin (0.1-0.2 X 10"9M) at 30 °C for 30 

min. in Krebs-Hepes buffer pH 7.4 con
taining glucose (3.3 mM), BSA (1 %) and
bacitracin (0.9 mM) (Sigma) either in the
absence or the presence of unlabeled in
sulin at increasing concentrations from
0.25 x 10"9M to 0.5 x 10“7M. Adipo
cytes were separated from the medium by
centrifugation through dinonyl-phthalate
according to the method of Gliemann et
al. (10). The amount of l25I-insulin bound
in the presence of 0.25 X 10~6 M unla
beled insulin was considered as non-spe
cific binding. Binding data were expressed
as 125I-insulin specifically bound/106 cells.

Insulin degradation in the incubation
medium of the adipocytes at the time of
binding was determined by TCA-precip-
itaton.

Antilipolysis studies.— A hundred pl of
isolated adipocytes (0.3-0.5 X 106 cells/
ml) were incubated with Krebs-Hepes
buffer pH 7.4 without glucose and with
1 % FFA-free BSA (Sigma) and bacitracin
(0.9 mM). The cells were incubated at
37 °C either in the absence or presence of
10-6M isoproterenol or 10~6M isoproter
enol plus different concentrations of in
sulin (5 X 10“12 M - 1.25 x 10"10 M) for
60 min. The glycerol content was deter
mined by the method of Lambert and
Neish (13) with some of our own modi
fications (22). The data were expressed as
nmol/105 cells/h.

Blood determinations.— Plasma sam
ples were analyzed for insulin content by
RIA (12) and for glucose using a com
mercial glucose-oxidase method. Serum
samples were incubated with mono-[125I]
insulin (0.1 X 10~9 M) for one and two
hours at 37 °C and the disappearance of
intact insulin was measureci oy the de
crease in radioactivity precipitable in
10 % TCA.

Statistical analysis.— The results were
expressed as means ± SEM. For statistical
comparisons Student’s «t»-test was used.
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Results

Plasma insulin levels were elevated in
cortisol-treated rats [1.5 ± 0.06 (n = 20)
ng/ml] as compared to controls [1.0 ±
0.01 (n = 33) ng/ml, p < 0.05]. Plasma
glucose was also increased in treated rats
[129 ± 0.9 (n = 40) mg/dl vs. 112 ± 1.2
(n = 33) mg/dl, p < 0.05].

The rate of insulin degradation in serum
was increased in cortisol-treated rats both
at 1 h [5 ± 0.6 % (n = 24) vs. 3 ± 0.4 %
(n = 28), p < 0.05] and 2 h of incubation
[8 ± 0.8 % (n = 22) vs. 6 ± 0.6 % (n =
30), p < 0.05].

No changes were found in adipocyte
cell diameter between the two groups of
animals: 49.5 ±4.1 pm in cortisol-treated
rats (n = 6) and 48.8 ± 4.0 pm in control
rats (n = 6).

Cortisol-treatment induced a statistical
ly significant decrease in insulin binding to
adipocytes. Figure 1 shows the competi
tive displacement of 125I-insulin by differ
ent concentrations of unlabeled insulin in

Fig. 1. Displacement curves of mono-[niI] insulin
binding in adipocytes from cortisol-treated rats (n

= 8) as compared to controls (n = 16).
Each point is the mean ± S.E.M. obtained from
separate determinations carried out in triplicate
with isolated adipocytes from individual rats. Ar
rows represent the insulin concentration causing
50 % inhibition of the receptor-bound fraction of
Mono-[I25I] insulin (apparent receptor affinity) in

each group of animals.

Fig. 2. Scatchard analysis of insulin binding data
in adipocytes from cortisol-treated rats (n — 8) as

compared to controls (n — 16).
Each point is the mean ± S.E.M. obtained from
separate determinations carried out in triplicate
with isolated adipocytes from individual rats. The
asterisks represent statistically significant differ

ences between the two groups (p < 0.05).

adipocytes from cortisol-treated and con
trol rats. The concentration of unlabeled
insulin required to displace half of the
maximal l2SI-insulin bound was similar in
both the treated and control groups (3 x
IO-9 M and 3.2 X IO-9 M respectively) in
dicating no change in receptor affinity.

Figure 2 shows a Scatchard analysis (20)
of the binding data. A significant decrease
in binding was observed up to concentra
tions of unlabeled insulin of 0.25 X IO-7
M. However the differences in the total
number of insulin receptors were not sta
tistically significant between the groups:
103,000 ± 8,000 (n = 8) receptors/cell in
adipocytes from cortisol-treated rats and
138,000 ± 15,000 (n = 16) receptors/cell
in controls.

Adipocytes from rats treated with cor
tisol (n = 4) were found to inactivate in
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Table I. Antilipolytic action of insulin in the pres
ence in all groups of 10 6 M isoproterenol on iso
lated adipocytes from five cortisol-treated and five

control rats.
Values (Means ± S.E.M.; n = 5) are percent of ma

ximal glycerol release.

Insulin (MJ
0 5x1Q ’? 1.25X10” 5x10'” 1.25x10-’°

Control
100 89.7±2.6 85.1 ±4.8 69.0±3.0 62.1 ±8.6

Cortisol
100 95.2±3.9 92.9±2.4 79.9±3.9a 72.0±9.3

a p < 0.05.

sulin to the same extent as those from con
trol rats (n = 4): 2.8-2.9 % at the time of
binding.

Basal values of glycerol release were 54
± 12 nmol/105 cells/h in adipocytes from
treated rats (n = 5) and 34 ± 7 nmol/105
cells/h in controls (n = 5), with no statis
tically significant differences. Glycerol
values in the presence of IO-6 M isopro
terenol were elevated in adipocytes from
treated rats [106 ± 12 (n = 5) nmol/105
cells/h] as compared to controls [75 ±10
(n = 5) nmol/105 cells/h, p < 0.05]. How
ever the differences in the rates of glycerol
release (96 % and 120 % respectively)
were not statistically significant.

The antilipolytic activity of insulin in
the presence of isoproterenol on isolated
rat adipocytes from cortisol-treated and
control rats is shown in Table I. Results
are indicated as means ±S.E.M. of %
maximal glycerol release in the presence of
10-6 M isorproterenol. Fat cells prepared
from the cortisol-treated rats were signif
icantly less sensitive to the antilipolytic ef
fect of insulin.

Discussion

Glucocorticoids have been described to
increase insulin secretion (14, 15), and in 

the present study has also detected high
levels of plasma insulin in cortisol-treated
rats. The significance of the hyperinsuli-
nemia accompanying the increased insulin
degradation in the serum of our cortisol-
treated rats remains to be elucidated. In
certain situations of «insulin resistance#,
the presence of a serum factor with in
creased insulin degradating activity has
been reported (1, 17). Glucocorticoid ex
cess results in «insulin resistance#, and it
is possible that in this situation a serum
factor might also be induced which could
cause an increase in insulin degradation.

Our data pointing to a decrease in in
sulin receptor binding with no changes in
receptor affinity and capacity in adipo
cytes from cortisol-treated rats are par
tially in accordance with previous in vivo
studies in rats after dexamethasone admin
istration (5,18) or cortisol implants (16).
In this sense, De Pirro et al. (5) reporter
that dexamethasone administration to rats
resulted in a decrease in insulin binding to
adipocytes without changes in receptor af
finity. Olefsky et al (18) reported that
adipocytes from dexamethasone-treated
rats had decreased insulin binding and de
creased receptor affinity and Mendes et al.
(16) detected that cortisol implants pro
duced a decreased insulin binding to iso
lated adipocytes per cell although not per
unit surface area.

Our binding results do not agree with
the findings of other authors after pred
nisolone (5) or prednisone (23) treatment
to rats. De Pirro et al. (5) detected an in
creased insulin binding without changes in
receptor affinity and Vann Bennett and
Cuatrecasas (23) did not detect any
change either in receptor concentrations
or in receptor affinity.

The discrepancies between our results
and those of the aforementioned authors
could be explained in terms of different
factors. These could involve differences in
the dose and type of glucocorticoid used
and the duration of the in vivo treatment.

The increased insulin levels in our cor
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tisol-treated rats could be one of the caus
es of the decrease in insulin receptors in
these animals since hyperinsulinemia has
consistently been associated with de
creased insulin binding although excep
tions have also been observed. However,
a similar decrease in insulin receptor bind
ing in adipocytes from streptozotocin-di-
abetic rats with cortisol-implants has been
described (16), suggesting that hyperin
sulinemia is not involved in the effect of
cortisol on insulin receptors. Additional
ly, we have recently put forward a similar
hypothesis following study of patients
with Cushing’s syndrome (3).

There has been found (2) a direct effect
of cortisol on insulin binding using a prep
aration of isolated rat adipocytes. There
fore, it seems likely that the increased cor
tisol levels (11) in our cortisol-treated rats
might induce the decrease in insulin re
ceptor binding in the adipose tissue of
these animals.

On the other hand, fat cells from cor
tisol-treated rats were found to inactivate
insulin to the same extent as in control
rats, showing that the changes in insulin
binding were not due to differences in in
sulin degradation at the time of binding.

The decrease in insulin binding in adipo
cytes from cortisol-treated rats was ac
companied by a decrease in the antilipolyt
ic action of insulin in terms of decreased
sensitivity. Concerning this, «insulin re
sistance^ as shown in other two insulin
activities, has also been detected in isolat
ed adipocytes from glucocorticoid-treated
rats i.e.: glucose-transport (23) in pred-
nisone-treated rats, and glucose-transport
and oxidation (5) after dexamethasone
treatment. Moreover, cortisol implants in
normal and diabetic rats reduced both
basal and insulin-stimulated lipogenesis in
isolated adipocytes, although insulin sen
sitivity was unchanged (16).

Recently, a possibly specific role for the
insulin-sensitive particulate phosphodies
terase in the antifipolytic action of insulin
has been reported (7, 21). Moreover, glu

cocorticoid exposure of 3T3L1 adipocytes
with dexamethasone results in an inhibi
tion of the acute stimulation of cyclic
AMP phosphodiesterase by insulin (8).
Decreased phosphodiesterase activity
would presumably potentiate cAMP ac
cumulation in adipocytes from cortisol-
treated rats as previously suggested by us
(4). Therefore, decreased cAMP-phos-
phodiesterase activity could be closely re
lated to a decreased antilipolytic action of
insulin in adipocytes from cortisol-treated
rats.

In conclusion, the aforementioned al
terations could represent a coordinated
mechanism by which cortisol exerts «in-
sulin resistance» in rat adipose tissue.
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Resumen

Se estudia en ratas el efecto del tratamiento con
cortisol (2x2 mg/rata/dia, durante una semana), so-
bre los niveles circulantes de insulina, y a nivel de la
union de la insulina a sus receptores y su accion anti-
lipolitica en adipocitos de tejido adiposo epididimal.
Los resultados indican hiperinsulincmia e incrcmen-
to en la degradacion de la insulina en suero; dismi-
nucion en la union de la insulina a sus receptores sin
cambios en la capacidad [ratas tratadas 103,000 ± 8,
000 (n = 8) receptores/cel y controles 138,000 ±
15.000 (n = 16) receptores/cel], ni en la afinidad del
receptor [ED50: ratas tratadas 3 X 10'9 M y contro
les 3,2 X 10* ’ M] y, una disminucion de la sensi-
bilidad de los adipocitos a la accion antilipolitica de
la insulina. Estos efectos de la insulina a nivel pre
receptor, receptor y post-receptor pueden represen-
tar un mecanismo coordinado por cl cual el cortisol
induce un estado de <resistencia a la insulina*,  en el
tejido adiposo de rata.

Palabras clave: Cortisol, Adipocitos, Degradacion
de la insulina, Receptor de insulina, Antilipolisis.
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