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1. Introduction

The cellular cyclic AMP level is an important fac-
tor controlling the rate of lipolysis in fat cells [1,2].
Various hormones such as ACTH, glucagon and
B-adrenergic agonists increase the rate of lipolysis
by increasing the intracellular concentration of
cyclic AMP, On the other hand, the antilipolytic
effects of several hormonal factors appear to involve
a decreased level of cyclic AMP. Whereas insulin has
been shown to stimulate the activity of the low K,
form of cyclic AMP phosphodiesterase [3],the
lowering effects of adenosine, a-adrenergic agonists
and some prostaglandins on adipocyte cyclic AMP
levels appear to be due to receptor-mediated inhibi-
tions of adenylate cyclase [4—6]. Besides these hor-
monal factors, nicotinic acid acts as a powerful anti-
lipolytic drug, and it has been shown to decrease
cyclic AMP levels in intact adipocytes of several
species [1,2]. We present data indicating that nico-
tinic acid can inhibit adenylate cyclase in rat and
hamster fat cell ghosts under conditions identical
with those required for inhibition of the enzyme by
hormonal factors.

2. Materials and methods

Materials and methods used were essentially as
in [7]. Male golden hamsters (60—100 g) and rats
(120-160 g) were fed ad libitum. Preparation of fat
cells and their ghosts was as in [8]. Membrane pre-
parations from human platelets and rabbit myocar-
dium were obtained as in [9,10].

Adenylate cyclase activity was determined as in
[7]. The assay medium contained 20 uM [o-32P] ATP,
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10 mM MgCl, , 1 mM 3-isobutyl-1-methylxanthine,
0.1 mM cyclic AMP, 5 mM creatine phosphate, 0.4
mg creatine kinase/ml and 0.2% (w/v) bovine serum
albumin in 50 mM triethanolamine—HCl buffer

(pH 7 4). Incubations were carried out in 100 ul
total vol. at 25°C for 10 min. Reactions were initiat-
ed by the addition of membrane preparations
(520 pug protein) to the prewarmed reaction mix-
ture, For sodium-free conditions, creatine phosphate
was used as its di-ammonium salt, prepared from

the di-sodium salt by anion-exchange chromato-
graphy on QAE—Sephadex A-25. Assays were per-
formed in triplicate in repeated experiments. Protein
was determined according to [11], using bovine
serum albumin as standard.,

3. Results and discussion

Prostaglandin E, and adrenaline, by its a-adrenerg-
ic component, inhibit adenylate cyclase in ghosts of
hamster adipocytes and effective inhibitory coupling
requires the presence of both GTP and Na* [5]. In the
same tissue, comparable results were obtained with
nicotinic acid (Table 1). In the absence of GTP and
NaCl or in the presence of NaCl (100 mM) alone,
nicotinic acid (30 uM) had no effect, and the agent
caused only slight inhibition in the presence of GTP
(1 uM) alone. In the presence of both GTP and
Na(Cl inhibition by nicotinic acid was largely pro-
nounced. This effect, similar to inhibition by the
hormonal factors, was immediate in onset and was
seen with the basal and hormonally stimulated forms
of the enzyme but was not demonstrable after activa-
tion by the stable GTP analogue, guanylyl 5'-imidodi-
phosphate [6]. The findings that nicotinic acid inhib-
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Table 1
Inhibition of hamster adipocyte adenylate cyclase by nicotinic acid, prostaglandin
E, and adrenaline

Additions Control Nicotinic Prostaglandin 1-Adrenaline
acid 30 uM)  E, (1 uM) (300 uM)
(pmol cAMP . mg protein~* . min~')
None 279 +10 272 =+ 15 281 £25 287 7
NaCl (100 mM) 213 + 3 206 2 210 + 8 208 =5
GTP (1 uM) 48.2+ 0.8 39.3: 1.5 519+ 0.1 526:1.1
NaCl + GTP 95.1+ 2.8 566% 0.3 559: 04 643:06

Indicated are means + SD from a typical experiment. The effect of l-adrenaline
was studied with 30 uM d,1-propranolol, which by itself had no effect

ited hamster adipocyte adenylate cyclase in a hor-
mone-like manner initiated studies on the problem of
whether nicotinic acid causes similar inhibition of

the enzyme in adipocytes from a different species and
in two different cellular systems.

In rat fat cell ghosts, neither in the presence of
GTP (1 uM) alone nor of NaCl (100 mM) alone, nico-
tinic acid (up to 100 uM) significantly affected
adenylate cyclase activity (fig.1). However, when
added in the presence of both GTP and NaCl, nico-
tinic acid inhibited the rat fat cell enzyme to a similar
extent and with a similar concentration-dependence
as observed in hamster adipocytes [6]. Half-maximal
inhibition occurred at ~0.5 uM, and maximal inhibi-
tion by 40—60% was seen at ~10 uM nicotinic acid.

Depicted in fig.2 is the influence of GTP on the
inhibitory effect of nicotinic acid (30 uM) on rat
adipocyte adenylate cyclase activity in the presence
of 120 mM NaCl. As reported for the hamster and rat
adipocyte enzyme [5,12], GTP decreased the activity
in a concentration-dependent manner. In the presence
of 120 mM NaCl, the GTP-induced reduction of
activity was half-maximal at ~1 M, and maximal
reduction by ~50% occurred at 10—-30 uM GTP. The
adenylate cyclase inhibition by nicotinic acid depen-
ded on the presence of GTP. Maximal inhibition by
the antilipolytic compound was seen at 1 uM GTP;
the effect was half-maximal at ~0.2 uM GTP. At > 1
M GTP, the inhibitory effect slightly decreased.

The influence of Na®, added as NaCl, on the nico-
tinic acid-induced inhibition of rat adipocyte adeny-
late cyclase is presented in fig.3. NaCl increased the
enzyme activity suppressed by GTP (1 uM) maxi-
mally 4-fold at ~300 mM; this effect was half-maxi-
mal at ~100 mM NaCl. Nicotinic acid (30 uM)
specifically reduced this NaCl-induced increase in

12

activity, whereas the agent had only a small effect

in the absence of NaCl, Maximal inhibition by nico-
tinic acid was seen between 70—150 mM NacCl, and
half-maximal inhibition occurred at ~30 mM. These
findings on the GTP- and Na'-requirements are very
similar to those obtained in hamster adipocytes for
inhibition by nicotinic acid, prostaglandin E, and the
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Fig.1. Effect of nicotinic acid on rat adipocyte adenylate
cyclase activity. The effect of nicotinic acid added at the
concentrations indicated on the abscissa was studied in the
presence of 1 uM GTP (o), 100 mM NaCl (v) or GTP plus
NaCli (v).
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Fig.2. Influence of GTP on the effect of nicotinic acid on

rat adipocyte adenylate cyclase activity. Enzyme activity
(left ordinate) was determined at the GTP concentrations
indicated on the abscissa in the absence (o) or presence (o)
of 30 uM nicotinic acid, NaCl (120 mM) was present under
each condition. (#) Inhibition (%, right ordinate} by nicotinic
acid.
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Fig.3. Influence of NaCl on the effect of nicotinic acid on rat
adipocyte adenylate cyclase activity. Enzyme activity (left
ordinate) was determined at the NaCl concentrations indicated
on the abscissa in the absence (@) or presence (o) of 30 uM
nicotinic acid. GTP (1 uM) was present under each condition.
(®) Inhibition (%, right ordinate) by nicotinic acid.
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a-adrenergic component of adrenaline [5,6]. Similar
to hormone-induced inhibitions of adenylate cyclases,
the effect of nicotinic acid on the rat adipocyte
enzyme could be reversed by washing of the mem-
brane preparations (not shown). An indirect effect

of nicotinic acid on adenylate cyclase, involving an
increased formation of a prostaglandin of the E

type, is not likely as indomethacin (100 uM) or
acetylsalicyclic acid (100 uM) did not affect nicotinic
acid-induced inhibition of adenylate cyclase (not
shown),

As an interaction of nicotinic acid with specific
receptors has not been shown, we have studied a
possible tissue-non-specific interaction of this com-
pound with the coupling system responsible for
transducing inhibitory signals from hormone receptors
to the adenylate cyclase. In human platelets and rab-
bit myocardium,@-adrenergic and cholinergic agonists,
respectively, exhibit a GTP-dependent inhibition of
the adenylate cyclase [9,10]. However, under the
same conditions when these hormonal factors were
inhibitory, nicotinic acid (30 uM) had no effect on
the enzyme of these tissues (table 2).

Table 2
Effect of nicotinic acid on adenylate cyclase of
human platelets and rabbit myocardium

{pmol cAMP . mg protein™!. min~!)

Human platelets

Control 57.9+4.2
Adrenaline 30 uM 40.3+ 0.7
300 uM 371+ 1.1
Nicotinic acid 30 uM 575+48
300 uM 524+1.1
Rabbit myocardium
Control 317+ 14
Carbachol 100 uM 193+ 1.1
Nicotinic acid 30 uM 29.8+ 1.1

Adenylate cyclase assay conditions were essentially as in sec-
tion 2. [a-**PJATP, GTP and NaCl were 50 uM, 30 uM and
80 mM, respectively. Ethyleneglycol-bis(g-aminoethylether)-
NN’ tetraacetic acid (EGTA, 0.1 mM) was present under all
conditions. The myocardial activity was determined in the
presence of 1 mM dithiothreitol (DTT) and 10 mM creatine
phosphate. Incubations were carried out for 20 min at 37°C
with 16 pg platelet membrane protein and for 10 min at
25°C with 85 ug myocardial protein. The effect of 1-adrena-
line was studied with 30 uM d }-propanolol, which by itself
had no effect on the enzyme activity. Numbers indicate
means ¢ SD of the adenylate cyclase activities from a typical
experiment
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These data presented indicate that inhibition of
rat and hamster adipocyte adenylate cyclase resem-
bles that seen with various hormonal factors in differ-
ent cell types [4-6,9,10,13,14]. Common character-
istics of the inhibitions by nicotinic acid as well as by
hormonal factors are the velocity, magnitude and
reversibility of the effects and the simultaneous
requirements for GTP and Na*. As an unspecific effect
of nicotinic acid (beyond the hormone receptor level)
could not be detected, the data suggest that the effect
of nicotinic acid on adipocyte adenylate cyclase in-
volves a specific membrane-bound receptor. Further
studies are required to demonstrate the occurrence of
the postulated receptor in binding studies and to elu-
cidate its physiological ligand.
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