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Adrenaline-induced desensitization of liver adenylate cyclase®

(Received 30 October 19750 accepted 7 March 1976)

Recently several authors have observed that the exposure
of intact cells to adrenaline or prostaglandin £, resulied
in desensitization of the adenylate cyelase systems to the
respective hormones. This phenomenon has been docu-
mented on the level of the adenosine-3".5-monophosphate
(CAMP) response in intact cells as well as on the level
of adenylate cyclase solated from hormone-treated cells
and it may represent @ mechanism of physiotogical or
pharmacological tolerance or resistance by which cells pro-
tect themselves against prolonged exposure to hormonal
stimult and elevated levels of ¢cAMP. To date. hormone-
induced desensitization of adenvlate cyclase has been
observed mainly in isolated and cultured celt systems {1 6]
and it remains to be shown to what extent this effect can
be seen also i intact tissues and organs. Accordingly. we
have attempted to demonstrate the desensitization of lvey
adenylate cyclase by adrenaline treatment of liver slices.

Livers were obtained from adult and newborn (3 -7 days
of age) Wistar rats. The tissue was cut mechanically with
a tissue chopper into cubes (“slices™ of about 1-mm length.
The slices were collected in ice-cold saline and rinsed
several times with o bufler containing 110 mM  NaCl
49 mM KCL 1.2 mM MgSO,. 25 mM N, HPO,. 5.5 mM
p-plucose and 017, puriticd bovine serum  albumin,
adjusted to pH 7.4 and acrated with pure oxygen. About
300 mg of shices were incubated in Sml of this medium
at a temperature of 37 with gentle shaking with and with-
out varying doses of adrenaline (1-ephinephrine biwrtrate,
Sigma Chemical Co.: stock solutions prepared in 097,
NaCl). After incubation the tlasks were chilled in ice water
and the slices were then rinsed twice with ice-cold buffer
and briefly centrifuged. Following  decantation of the
supernatant, about 5 vol of Tris HCl (pH 7.5) containing
I mM MgCl, were added and the mixture was homo-
genized and adenylate cycelase prepared in form of a low
speed. washed membrane {raction as previously described
[71. Enzyme activity was measured using ATP-alpha-**P
as the substrate and separating the ¢cAMP produced by
1on exchange thin-layer chromatography on PFEl-cellulose
[8]. Assays were carried out in triplicate and contained
i a volume of 0.05mb: 40 mM Tris HCl (pH 8), SmM
MgCl,, 0.1°, bovine serum albumin. 0.1 mg'ml creatine
phosphokinase, 10 mM sodium creatine phosphate. 10 mM
aminophylline, 0.5 mM ¢cAMP and 0.1 mM ATP-alpha-*-P
(International Chemical Nuclear Co.: ca. 600.000 cpm).
After addition of enzyme protein (about 0.3 meg ml). incu-
bations were carried out for 10 min at 37 . Basal and hor-
mone-stimulated (0.1 mM  adrenaline)  activities  were
measured and hormone sensitivity of the enzyme was
expressed as A", stimulation.

In several experiments we observed and confirmed that
partial desensitization of adenylate cyclase to adrenaline
could be achieved by preincubation of liver slices with
107" M adrenaline provided albumin was included in the
buffer. No effect was seen in the absence of albumin. The
basis for this requirement is not understood: it may be
related to the binding of adrenaline. or of a factor involved
in desensitization. to the albumin. The glucagon sensitivity
of the cnzyme remained unaffected; Table | demonstrates
a typical result. Although slices from both adult and new-

Canada.

Table 1. Effect of adrenaline treatment of liver slices on
hormene sensitivity of adenylate cyelase

", Stimulation by

0°*M

0.02 mg/ml
Enzyme* Adrenaline Glucagon
Control 79 + 13 P304+ 25
Adrenaline-pretreated 23 + 6V 107 + 13%

* Three batches of liver slices from adult ruts cach were
incubated for 1 hr with and without 10 *M adrenaline
prior to preparing the enzymes as described in the text.
The means + S.EM. of enzyme activities obtained {from
cach batch of slices are listed.

+ Significantly different from control (P < 0.05).

i Not significantly different from control.

born animals showed this effect. the more pronounced
adrenaline sensitivity of adenvlate cyclase from livers of
newborns [7] caused us to use these for most experiments.

When “desensitized™ slices, treated for 60 min with 1077
M adrenaline. were washed several times to remove the
hormone and reincubated for periods up to 90 min, no
significant recovery of the adrenaline sensitivity of adeny-
late cyclase was observed. In the case of adenylate cyclase
from Ehrlich ascites cells, recovery of adrenaline sensitive
adenylate cyclase took place within 30 60 min of reincuba-
tion [6] and in the case of human fibroblast cultures
periods of up to 24 hr were required [3]. The present ex-
periment is thus not conclusive since extended time periods
were not investigated. It has also been observed that trace
amounts of catecholamine prevent recovery [3]: the effi-
ciency of removal of adrenaline from liver slices by wash-
ing steps has not been evaluated by us.

The dose dependence of desensitization is shown in Fig.
. At 10 "°M adrenaline desensitization was notable and
at 107710 *M it became maximal, representing a
50-757, loss of hormone sensitivity compared to controls.
This result was confirmed in further experiments. A study
of the time course of adrenaline action revealed that within
30 min an almost maximal effect was obtained (Fig. 2).
We have not yet attempted to achieve more extensive or
complete desensitization of the cvelase by combining high
doses of adrenaline with longer incubation periods. Incu-
bations of more than 90 min led to notable physical deter-
ioration of the slices. We also noticed in some experiments
adrop in basal activity or yicld and of hormone sensitivity
of the enzyme after 60-90 min of incubating slices in the
absence of adrenaline; however, these changes were below
10 per cent of the control values at zero time and the
cifect of adrenaline treatment on the hormone sensitivity
of the enzyme was always significant compared to control
slhice incubations of the same duration.

The sensitivity of the adenylate cyclase to glucagon was
not changed in any of the experiments above. Adrenaline
thus induces a hormone-specific desensitization as has been
established by other authors for cyclases sensitive to both
adrenaline and prostagiandin E; [1.2]. The mechanism
underlying hormone-induced desensitization of adenylate
cyclase is not known.
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Fig. 1. Dose dependence of desensitization. Slices were

preincubated for | hr at various adrenaline concentrations

prior to preparation of adenylate cyclase. Each point rep-

resents the mean + S.E.M. of three batches of slices (new-
born rats).

A loss of the fi-udrenergic receptor binding function has
been noted in catecholamine-treated frog ervthrocvtes [S].
It is possible that a ¢cAMP-dependent phosphorylation
reaction on the level of adenylate cyclase or the hormone
receptor s involved.

The significance of the present desensitization pheno-
menon remains to be investigated. The chronic treatment
of rats with adrenaline was found to lead to a suppression
of the adrenaline-induced glycolytic response [9]. Tt is
possible that this pharmacological cffect is based on the
desensitization of liver adenylate cyclase. It should be
noted that the concentrations of adrenaline used in the
present study were considerably higher than those found
i civo, and this fact should be taken into account when
considering a possible physiological relevance of our data.
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Fig. 2. Time dependence of desensitization. For cach point
three batches of slices (new-born rats) were incubated with
10 °* M adrenaline for various times prior to preparation
of adenylate cyclase. One point (O) represents a control
incubated without adrenaline for 90 min. Means + S.E.M.

REFERENCES

1. T. J. Franklin and S. J. Foster. Nature. New Biol. 246,
146 (1973).
. E. Remold-O’Donnell. J. hiol. Chiem. 249, 3615 (1974).
T. 1. Franklin. W. P. Morris and P. A, Twose. Molec.
Pharmac. 11, 485 (1975).
4. J. Devellis and G. Brooker. Science 186, 1221 (1975),
. J. Mickey. R. Tate and R. J. Lefkowitz, J. biol. Chem.
250, 5727 (1975).
6. G. L. Lauzon. S. Kulshrestha, 1. Starr and H. P. Biir.
J.evelic Nuel, Res. 2,99 (1975).
7. H. P. Biir and P. Hahn. Can. J. Biochem. 49, 85 (1971),
& H. P. Bir. in Methods in Pharmacology 111, Smooth
Muscle (Eds. E. E. Dantel and D. M. Paton) p. 593
Plenum Press. New York (1975).
9. S. Rousscau-Migneron. J. Leblanc and L. Lafrance,
Can. J. Physiol. Pharmac. 83, 124 (1975).

fed 1

n

Biochemical Pharmucology. Vol 23 pp. 2104 2105 Pergamon Press. 1976, Printed in Great Britam

Non-specificity of sulphydryl inhibition of the alpha adrenergic response

(Received 6 March 1976: uccepred 7 April 1976)

Several reactive chemical groups have been suggested as
possible binding sites for agomists and antagonists on the
alpha adrenergic receptor [1 5], Prominent amongst these
suggestions is that of the involvement of the sulphvdryl
group[L. 6. 7]

Protein has been suggested as the foundation material
for the structure of the alpha adrencrgic receptor [8.9].
and irreversible alpha receptor blocking agents have heen
shown to interact with protein and its constituents {9 1],
In view of the relationship between free sutphydent groups



