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This study demonstrates that estradiol-treatment (10 pg per day x 5 days) 
does not impair the level of N the adenylate cyclase stimulatory regulatory protein, 
in hamster fat cell membranes. 7; addition, this report shows that the defective cyclic 
AMP response induced in intact adipocytes by the estradiol-treatment is either unalte- 
red by the administration of o-bromocryptine or abolished by tamoxifen- or khydroxyta- 
moxifen-treatment. It can thus be concluded that the reduced lipolytic response found 
in hamster fat cells after estradiol-treatment is related only to an estradiol-receptor- 
mediated defect in adenylate cyclase catalytic subunit activity which is independent 
from increased prolactin secretion. IFI 1987 Academic Press, Inc. 

In a recent study (l), we have shown that estradiol (10 pg per day) admi- 

nistered for 5 days to male hamsters results in a 50 % decrease in the in vitro lipo- 

lytic and cyclic AMP responses of white adipocytes to catecholamines, ACTH and theo- 

phylline. We also reported that these alterations were correlated with parallel decrea- 

ses in the adenylate cyclase activity which could not be explained either by altered 

adenylate cyclase activatory receptors such as the fl-adrenoceptors or by changes in 

the activity of the inhibitory pathway controlling adenylate cyclase (2). Moreover, 

although the status of Ns, the stimulatory regulatory protein of adenylate cyclase (3) 

was not directly investigated, these experiments suggested that the mechanism through 

which estradiol-treatment alters lipolysis in hamsters adipocytes is a defect in the 

adenylate cyclase catalytic subunit rather than in the Ns protein (1). 
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The first aim of the present study was therefore to quantify the N orotein 
S 

in order to provide convincing evidence that this protein is or not altered by the es- 

tradiol-treatment. This was accomplished by comparing the cholera-toxin catalyzed 32 P-ADP 

ribosylation of the functional as-subunit of Ns (4) in fat cell membranes from control 

and estradiol-treated hamsters. Our second purpose was to establish whether the lipolytic 

changes seen after estradiol-treatment are due to estradiol per se and, if so, to an 

estrogen-receptor-dependent effect or are the consequence of increased prolactin secre- 

tion induced by the estradiol-treatment (5). This was examined by testing the ability 

of two estrogen-receptor antagonists, tamoxifen (6) and 4-hydroxytamoxifen (71, and 

the prolactin-secretion inhibitor, a-bromocryptine (8) to modulate the effects of the 

estradiol-treatment on the cyclic AMP response of hamster fat cells. 

MATERIALS AND METHODS 

Six-week-old male golden hamsters (100 -' 10 g) received one daily intramus- 
cular injection of estradiol benzoate (10 )Ig/animal) in olive oil for 5 days. Control 
animals received the vehicle only. In some experiments, control and estradiol-treated 
hamsters received along with their treatment additional daily subcutaneous injections 
of a-bromocryptine (500 pg/animal), tamoxifen citrate or 4-hydroxytamoxifen (50 pg/ani- 
mall. Animals were sacrificed on the sixth day. 

Epididymal and perirenal adipose tissues were pooled and isolated fat cells 
prepared as previously described (9). Adipocytes were incubated for 60 min (lipolysis) 
or 10 min (cyclic AMP) at 37-C in Krebs-Ringer- 25 mM Tris buffer, pH 7.4, containing 
5 mM glucose, albumin (3 % for lipolysis and 2 % for cyclic AMP assays) and, when in- 
dicated, 0.1 mM theophylline and 50 mu/ml adenosine deaminase. Glycerol release and 
cyclic AMP production were measured as previously described (10). 

ADP-ribosylation of N was performed as follows. Fat cell membranes (100 
pg protein) prepared as previouslt described (11) were incubated for 20 min at 3OOC 
in a final volume of 0.1 ml containing 100 mM KH2PO4 IpH 7.4), 
10 mM thymidine, 1 mM ATP, 0.5 mM GTP, 2 mM dithiothreltol, 3 PM 

lmiol !qj' ',,;! @,"'$( 

pg preactivated cholera toxin (A subunit). Cholera toxin was preactivated in 20 mM di- 
thiothreitol for 10 min at 37-C immediately prior to be used. Following the labeling 
reaction, membranes were washed, solubilized and subjected to electrophoresis on 10 
% polyacrylamide gels in the presence of 0.1 % SDS (12). Gels were stained with Coomassie 
blue, dried and autoradiographed at - 80°C for 2-3 days using Kodak X-Omat AR film in 
the presence of intensifying screens. Bands of radioactivity were excised from the dried 
gels, dissolved in 0.4 ml of 30 % H 0 by heating for 45 min at 7O'C, and counted. Pro- 
teins were determined by the dye-bigd?ng procedure of Bio-Rad Laboratories (13). 

lo-Bromocryptine was kindly provided by Sandoz $'harmaceuticals and tamoxifen 
and 4-hydroxytamoxifen by ICI Pharmaceuticals. GTP, ATP, NAD and cholera toxin (A subu- 
nit) were from Sigma, adenosine deaminase 
lin and bovine albumin from Calbiochem, 

;rd thymidine from Boehringer Mannheim, forsko- 
[ ~1 -cyclic AMP and cyclic AMP 

32 
inding protein 

from Amersham, collagenase (CLS, spec. act. 148 U/mg) from Cooper and [ ~1 NAD+ (spec. 
act. 37.5 Ci/mmol) from N.E.N. 

RESULTS AND DISCUSSION 

Confirming our recent observation Cl), isoproterenol (1 PM)- stimulated 

lipolysis was depressed by 40 % after estradiol-treatment. The same was also observed 
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TABLE I 

Lipolytic response of white fat cells from control and estradiol-treated hamsters 

Addition Glycerol production (umol/g lipids/60 min) 

Control Estradiol-treated 

None 1.2 z 0.2 1.0 '_ 0.2' 

(-)-Isoproterenol (1 pM) 18.5 : 1.5 10.9 z 0.8* 

Forskolin (0.1 mM) 21.3 : 1.6 13.0 “ 1.2* 

Theophylline (0.1 mM) 18.5 z 0.7 10.8 : 1.6* 

Dibutyrylcyclic AMP (5 mM) 17.9 z 1.3 16.9 z 1.5’ 

Fat cells were incubated as described under Materials and Methods in the presence of 
adenosine deaminase (50 mU/ml).*Each value represents the mean t S.E.M. of 3 to 5 expe- 
riments. t= non-significant ; = P < 0.01. 

when cells were incubated with the receptor-independent adenylate cyclase activator 

(14) forskolin (10 FM) or the phosphodiesterase inhibitor theophylline (0.1 mM) (Ta- 

ble I). In contrast, lipolysis stimulated by the cyclic AMP analog dibutyryl cyclic 

AMP (5 mM) was unaltered by estradiol-treatment (Table I), a finding which adds further 

support to our previous suggestion that impaired adenylate cyclase function is the basis 

of the defective lipolytic response seen in hamster adipocytes after estradiol- treat- 

ment. 

As shown in Table II, essentially the same results were found when cyclic 

AMP productions were examined. In fact, in the presence of adenosine deaminase (50 mU/ml) 

and theophylline (0.1 mM) to prevent both adenylate cyclase inhibition by endogenous 

adenosine and phosphodiesterase interference, basal and isoproterenol- (1 JIM) or forsko- 

lin- (10 PM) stimulated cyclic AMP productions were all depressed in estradiol-treated 

hamsters (45 to 68 % below the control values). As also shown in this Table, administra- 

tion of bromocryptine alone reduced basal, isoproterenol and forskolin-stimulated cyclic 

AMP productions as well. (The mechanism of this effect of bromocryptine remains unclear, 

although in vivo treatment with prolactin influences cyclic AMP in hamsters fat cells- 

unpublished observation). When bromocryptine- treated hamsters were simultaneously injec- 

ted with estradiol, however, a further decrease in cyclic AMP productions was observed, 

and it is important to note that the magnitude of this effect was similar to that induced 

by estradiol in control hamsters. Asthe bromocryptine-treatment used in these experiments 
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TABLE II 

Influence of CY-bromocryptine ( (Y-Br) and tamoxifen (Tam) treatments on basal, c-j- 
isoproterenol- and forskolin-stimulated cyclic AMP production in white adipocytes from 

control (C) and estradiol- (E2)-treated hamsters 

Addition Cyclic AMP production (nmoles/g lipids/l0 min) 

C 
E2 (Y-Br Cx-Br + E 

2 Tam E2 + Tam 

None 1.37 r 0.44 : 0.81 " 0.24 z 
0.21 0.05* 0.11* 0.02** 

0.72 " 0.80 2 
0.06~ 0.09’ 

C-68) C-70) (+ll) 

(-)-Isoproterenol 46.11 2 25.30 : 
(1 uM) 2.87 1.75* 29.70+: 1.81 

17.22 -' 
1.53** 29.00*: 

26.19 : 
2.07 1.85’ 

C-45) C-42) C-10) 

Forskolin 32.02 : 15.34*: 19.86 -' 
1.80* 

9.56,; 11.14*: 10.40 _' 
(10 uM) 2.86 1.05 0.59 1.25 0.91’ 

C-52) C-52) C-7) 

Fat cells were incubated as described under Materials and Methods in the presence of 
theophylline (0.1 mM) and adenosine deaminase (50 mu/ml) alone or in combination with 
the indicated added compounds. Each value is the mean T S.E.M. of 5 experiments perfor- 
med in duplicate. Numbers shown in parentheses represent the effects of the estradiol- 
treatment expressed as* percentage of the values found in the ctztrol, CY -Br or Tam 
groups, respectively. = P < 0.01 compared to control value ; = P < 0.01 compared 
to theCY-Br values ; '= non-significant compared to the Tam values. 

has been shown to be adequate to abolish prolactin secretion in various species (15- 

161, the above results indicate that the impaired adenylate cyclase function induced 

by estrogen in hamster adipocytes is not related to increased prolactin secretion. 

In hamsters treated only with tamoxifen (Table II) or li-hydroxytsmoxifen 

(Fig. l), basal and stimulated cyclic AMP productions were also reduced, but the potency 

of 4-hydroxytamoxifen in decreasing forskolin-stimulation was weaker than the potency 

of tamoxifen. Although unexpected, we cannot exclude that these effects are due to 

a partial estrogen-agonistic action of these compounds in hamster fat cells as was previ- 

ously reported in rat uterus for tamoxifen (17, 18) and in rat adipose tissue for nafoxi- 

din (19), another estrogen-antagonist. At all events, data in Table II and Fig. 1 clearly 

demonstrate that when tamoxifen- or 4-hydroxytamoxifen- treated hamsters received estra- 

diol, no further decrease in fat cell cyclic AMP productions could be observed. These 

experiments, which fail to show any additivity between the inhibitory actions of estra- 

diol and these estrogen-antagonists, strongly suggest that the mechanism underlying 

the defective adenylate cyclase response found in estradiol-treated hamster is estrogen- 
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Fig. 1. Influence of 4-hydroxytamoxifen (Q-OH Tam) treatment on basal an3 forskolin-sti- 
mulated cyclic AMP production in white adipocytes from control and estradiol- (E ) trea- 
ted hamsters. Fat cells were incubated as described under Table II. Each "al& is the 
mean of 3 experiments performed in duplicate. Open and hatched bars represent basal 
and forskolin-stimulated cycl+ic AMP productions, respectively, and are expressed as 
percentage of the basal (0.95 - 0.18) or forskolin-stimulated values (31.36 " 3.82 nmoles 
cyclic AMP/g lipids/l0 min) found in the controls. (a) = P<O.Ol compared to control 
(b) = P<O.Ol compared to E 2 ; Cc) = non-significant compareId to E2 and 4-OH Tam. 

receptor-dependent. Whether the concerned receptors belong to the adipocytes (20) or 

to other tissues cannot yet be answered. 

Finally, recent reports having shown that estrogens (21) and other steroid 

hormones (22) can alter the amount of the adenylate cyclase regulatory protein Ns in 

some tissues, this study was completed by comparing the amount of the as-subunit of 

Ns in adipocyte membranes from control and estradiol-treated hamsters. This as-subunit, 

which is responsible for the activation of the adenylate cyclase catalytic site (31, 

is ADP ribosylated by cholera toxin (4) and can thus be directly quantified by measuring 

the amount of 32 P NAD+ incorporated into its 43-48 Kdaltons peptides (23, 24). Fig. 

2 shows the SDS polyacrylamide gel electrophoresis autoradiograms of cholera toxin-cata- 

lyzed radiolabeling of fat cell membrane peptides in control and estradiol- treated 

animals. As can be seen, the electrophoretic mobility of ~1~ was unaltered in the estro- 

gen-group. In addition, calculation of the relative amount of 32 P label incorporated 

into the 43-48 Kdaltons peptides under optimal conditions (25 pg/ml cholera toxin, 50 

PM NAD+) failed to reveal any significant difference between control and estradiol-trea- 

ted animals (820 '_ 85 vs 890 z 78 fmol 32 P/mg protein, respectively, n = 3). These re- 

sults, together with our previous observation (1) that the estradiol- induced defect 

in adenylate cyclase activity still persists after complementation of the fat cell mem- 
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Fig. 2. SDS-polyacrylamide gel analysis of cholera toxin [CX 3*P ] ADP-ribosylated pep- 
tides of adipocyte membranes from control and estradiol-treated hamsters. Fat cell mem- 
branes from contro$(lanes +1 and 2) and eftradiol-treated hamsters (lanes 3 and 4) were 
incubated with [fX P ] NAD plus cold NAD (50 PM) in the absence or presence of cholera 
toxin (25 pg/ml). Conditions of incubation, electrophoresis and autoradiography are 
described under Materials and Methods. These data are from one experiment representative 
of two others. Mr values of the labeled peptides were established by comparison with 
protein standards. 

branes with erythrocyte Ns, clearly demonstrate that neither the amount, nor the 

function of Ns is altered by the estradiol-treatment. 

Therefore, this study allows to firmly conclude that the defective lipoly- 

tic response found in male hamster adipocytes after estradiol-treatment is due to a 

decreased activity of the adenylate cyclase catalytic subunit and that this decrease 

is mediated by an estrogen-receptor dependent mechanism. At our knowledge, this is the 

first example of a steroid hormone- induced modulation of the adenylate cyclase catalytic 

activity in a mammalian cell. Because the plasma estrogen levels reached at the end 

of the treatment used here (1) are similar to those found in female hamsters at the 

end of pregnancy (241, it is tempting to speculate that the estradiol-effects reported 

here may play a significant role in the important lipolytic changes that occur in adipose 

tissue during late pregnancy and on the onset of lactation (25, 26). 
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