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1. Introduction 

Sensitivity of liver adenylyl cyclase to glucagon 
and to a lesser degree to adrenalin was first reported 
by Murad et al. [l] . In purified liver plasma mem- 
brane preparations adenylyl cyclase is mainly sensitive 
to glucagon as first found by Pohl et al. [2]. Follow- 

ing Bitensky’s observation [3] that adrenalectomy 
increases the sensitivity of rat liver adenylyl cyclase 
towards adrenalin, F. Leray [4] demonstrated a weak 
stimulation of liver plasma membrane adenylyl 
cyclase by adrenalin. 

Cyclic AMP antagonist [5] regulates protein kinase 
and phosphoprotein phosphatase in an opposite way 
to CAMP. This antagonist inhibits the adrenalin- but 
not the glucagon-responsive adenylyl cyclase by phos- 

phorylating this enzyme, most likely in a complex 
reaction event. [7] . This may be one of the reasons 
why only very poor responsiveness of adenylyl cyclase 
to adrenalin has been found in liver plasma membrane 
preparations. Synthesis of this CAMP antagonist can 
be inhibited by treatment of rats with indomethacin 
(H. Wasner, in preparation). The present report shows 
that liver plasma membrane preparations from indo- 
methacin pretreated rats are highly responsive not 
only to glucagon but also to adrenalin. 

2. Materials and methods 

Male Sprague Dawley rats weighing approximately 
200 g were used. The rats were fed ad libitum on 
standard diet and had free access to water. Bilaterally 

adrenalectomized rats were maintained on physiolo- 
gical saline solution for 5 days. Indomethacin (5 mg/ 
kg body weight) was injected intraperitoneally twice 
a day for l-2 days. 

The quickly excised livers were immediately 
homogenized with five to seven strokes of a Dounce 
homogenizer with a loose fitting pestle in medium I 
(20 mM Tris-HCl, pH 7.4, 20 mM sucrose, 1 mM 
EDTA, 1 mM ATP, 2 mM NaHCOs). The homogenate 

prepared from 4-5 livers was brought to a final 

volume of 200 ml with medium I, filtered three times 
through a triple layer of surgical gauze and centrifuged 
at 1000 X g for 10 min. The pellet was suspended in 

100 ml medium I and respun. The redispersed pellet 
was layered on a linear sucrose gradient (20-60% 
(w/w) sucrose, containing 1 mM EDTA, 1 mM ATP 
and 10 mM Tris-HCl, pH 7.4) and centrifuged for 
60 min at 27 000 rev./min in a SW 27 rotor. The most 
prominent zone in the sucrose gradient at a density of 
approximately 1.22 consists primarily of mitochondrial 
membranes. Above this there is a smaller zone with a 
density of approximately 1.16, representing the 
plasma membranes. This zone was aspirated from the 
top and diluted with 4-5 volumes of medium II 
(10 mM Tris-HCl, pH 7.4,l mM EDTA, 10 mM 
sucrose) and centrifuged at 15 000 X g for 10 mm. 
The pellet was resuspended in 4-5 ml of medium II 
and frozen in 0.5 ml aliquots in liquid nitrogen. From 
five livers (approximately 25 g) 12-20 mg membrane 
protein was obtained. This preparation could be stored 
in liquid nitrogen for one year without detectable loss 
of adrenalin-responsive adenylyl cyclase activity. 

Adenylyl cyclase assay was performed essentially 
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according to Rall and Sutherland [8]. The assay mix- 
ture contained in a final volume of 600 ~1: 2.4 mM 

ATP, 4 mM Mg*‘, 5 mM theophylline, 30 mM glycyl- 
glycine buffer, pH 7.4,20-50 pg liver plasma mem- 

brane proteins. Final concentrations of adrenalin and 

glucagon were 2.25 X 10e4 M and 5 X 10e8 M respec- 
tively. Incubations were carried out at 30°C for 

1 O-20 min and stopped by adding 0.5 ml 0.6 M 

perchloric acid. E3H]cAMP (6000 cpm) was added for 
recovery determination. CAMP formed was purified on 

Dowex 50 WX 8 and estimated by the protein binding 
assay of Gilman [9]. 

Protein was measured by the procedure of Lowry 
et al. [lo] using bovine serum albumin as standard. 

[3H] CAMP was obtained from Amersham-Buchler; 
ATP and CAMP were from Boehringer, Mannheim; 
adrenalin was a gift from Farbwerke Hoechst; glucagon 
from Eli Lily; and indomethacin from Dr C. A. Stone, 
Merck Sharp and Dohme. Dowex 50 was obtained from 
Bio-Rad Lab.; all other chemicals were from E. Merck, 
Darmstadt. 

3. Results 

3.1. Plasma membrane of normal rats 
In liver plasma membranes prepared frorn normal, 

untreated rats basal, as well as glucagon and adrenalin 
stimulated CAMP synthesis by adenylyl cyclase was 
determined. Mainly glucagon-responsive adenylyl 
cyclase was found as demonstrated also by others [2,4] 
The average glucagon stimulation was at least lo-fold 

over the basal level (Bg.1). 

3.2. Plasma membrane of indomethacin treated rats 
Indomethacin, known as an inhibitor of prostag- 

landin synthetase [ 111, also inhibits the synthesis of 
the CAMP antagonist (H. Wasner, in preparation). Rats 
were usually subjected to 4 injections of indomethacin 
within 2 days. Liver plasma membranes were prepared, 
and basal, glucagon and adrenalin stimulated adenylyl 
cyclase activity was measured. As illustrated in fig.2 
the membranes of indomethacin treated rats exhibited, 
in addition to their glucagon responsiveness a marked 
increase in adrenalin-stimulated adenylyl cyclase 
activity. Glucagon stimulation was at least lo-fold, and 
stimulation by adrenalin about 4-fold over the basal 
level. 
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F&l. Time course of CAMP synthesis by adenylyl cyclase 
from a purified liver plasma membrane of normal, untreated 
rats. Curve (a) basal level of CAMP synthesis, curve (b) 
adrenalin-stimulated CAMP synthesis (2.25 X 10e4 M) and 
curve (c) glucagon-stimulated CAMP synthesis (5 X lo-’ M). 

3.3. Plasma membrane of indomethacin treated, 
adrenalectomized rats 

Bilaterally adrenalectomized rats were also treated 

with indomethacin. A first injection was made at the 
end of the fourth and a second on the fifth day after 
adrenalectomy. A third injection was omitted, because 
the survival rate of adrenalectomized rats is much 
smaller on indomethacin treatment, when compared 
with normal rats. At the end of the fifth day after 
adrenalectomy liver plasma membranes were prepared 
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Fig.2. Time course of CAMP synthesis by adenylyl cyclase 
from a purified liver plasma membrane of indomethacin 
treated rats. Curve (a) basal level of CAMP synthesis, curve (b) 
adrenalin-stimulated (2.25 X 10e4 M) and curve (c) glucagon- 
stimulated CAMP synthesis (5 X lo-* M). 
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Fig.3. Time course of CAMP synthesis by adenylyl cyclase 
from a purified liver plasma membrane of indomethacin 
treated, adrenalectomized rats. Curve (a) basal level, curve (b) 
adrenalin-stimulated (2.25 X low4 M) and curve (c) glucagon- 
stimulated CAMP synthesis (5 X 10-a M). 

and assayed for adenylyl cyclase activity (fig.3). 
Glucagon stimulation of adenylyl cyclase was approxi- 
mately 1 O-fold over the basal level, but on indomethacin 
treatment the responsiveness of adenylyl cyclase to 
adrenalin was largely increased in adrenalectomized 
rats, resulting in an 8-fold stimulation. 

In a control experiment purified liver plasma mem- 
brane preparations of adrenalectomized rats without 
indomethacin treatment showed a twofold stimulation 
of adenylyl cyclase by adrenalin, confirming the results 

of Leray [4] and Hanoune [13]. 

4. Discussion 

Glucagon- and adrenalin-responsive adenylyl cyclase 
have different stabilities. Thus, adrenalin sensitivity is 
much more labile against dilution with buffer during 
the preparation. In plasma membranes prepared accord- 
ing to Neville [ 121 from livers of adrenalectomized, 
indomethacin treated rats, mainly elevated basal CAMP 
synthesis rather than a hormonal stimulation of 
adenylyl cyclase could be observed. 

It appears that the increase in responsiveness of 
adenylyl cyclase to adrenalin after adrenalectomy 
represents an increase in enzyme protein levels [3]. 
It may also be the result of sensibilisation of adenylyl 
cyclase towards adrenalin because of adrenalin 

deficiency. The effect of indomethacin on adrenalin 
stimulated adenylyl cyclase is independent from 

adrenalectomy. An often observed post mortem effect 
and result of tissue trauma is that tissue prostaglandin 

concentrations rise rapidly [ 14,151. 
Hepatocytes, which were prepared under mild 

conditions and are kept in well oxygenated media still 
respond to adrenalin with an increased CAMP synthesis. 
In contrast the rigorous conditions for the plasma 
membrane preparations may lead to an increase not 
only in the prostaglandin but also in the CAMP anta- 
gonist levels. Evidence has been gained that this anta- 
gonist seems to regulate the inhibition of the adrenalin- 
responsive adenylyl cyclase indirectly by activating a 
membrane bound protein kinase, which then inhibits 
the adenylyl cyclase by phosphorylation [7] . This 
concept is supported by the present finding that it is 
possible to prepare a liver plasma membrane with an 

adrenalin-responsive adenylyl cyclase after indo- 
methacin treatment of the donor rats. Furthermore it 
is suggested that there may exist a correlation between 
prostaglandin formation and the synthesis of a CAMP 
antagonist [6]. 
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