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of the skeletal muscle strongly increased in the same
exercised mice’. The lack of the hydrolytic response in
cardiac muscle after exercise may indicate that mouse
cardiac muscle has an inherent protective mechanism
against overstrain. Such a mechanism can be induced in
skeletal muscle by endurance training!®'®. Species variation
also influences the susceptibility of myocytes to cell dam-
age?. Acid proteolytic capacity increases in cardiac muscle
during ageing?!, starvation®® or insulin deprivation?.

In addition to lysosomal proteolytic enzymes there are also
neutral and alkaline proteases* and protease inhibitors®® in
cardiac muscle. The activities of these nonlysosomal pro-
teases have been found to increase very considerably dur-
ing ageing®, starvation??, and some other conditions
causing cardiac atrophy?®. In mouse cardiac muscle the
activities of alkaline protease, neutral autolysis and trypsin
inhibitor were unaffected by strenuous exercise (table) as
also in skeletal muscle®. Problems associated with inhibitors
may, however, disturb the analysis of these nonlysosomal
proteases®.

In spite of some ultrastructurally similar alterations in
reversibly damaged rat cardiac and skeletal muscle fibres®”’
there seems to be no distinct enzymaltic response to stren-
uous exercise in mouse cardiac muscle. This may be due to
different responses between the lysosomal systems of car-
diac and skeletal muscles or to species differences in the
properties of the cardiac muscle.
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Alpha- and beta-adrenergic receptors in rat myocardium membranes after prolonged ethanol inhalation'
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Summary. After 3 weeks of continuous ethanol intoxication by inhalation, the maximal number and affinity of the a- and
[B-receptors of rat heart were unchanged. These data indicate that adrenergic receptor disturbances are not involved in the
mechanism of chronic ethanol-induced triglyceride deposition in the heart.

Tremor, agitation, tachycardia and hypertension are
characteristic features frequently observed after the discon-
tinuation of long-term heavy ethanol consumption?3, Simi-
lar symptoms also occur in hyperadrenergic states such as
thyrotoxicosis®, and propranolol, a f-adrenergic blocker,
has been successfully used to control some of the clinical
signs of ethanol withdrawal such as hypertension and
tremor>. This led to the suggestion that the peripheral
manifestations of increased adrenergic activity in ethanol
withdrawal may be the result of increased f-adrenergic
sensitivity®.

In a recent study, Banerjee et al” reported that the j-
receptor density in rat brain membranes decreased after
chronic ethanol-treatment and conversely increased during
the withdrawal state. In addition, the same authors present-
ed some partial data suggesting that the same alterations
may affect the cardiac §-receptors as well’. The latter data,
however, concerned experiments in which a single concen-
tration of labeled ligand was used, thus allowing no conclu-
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sion about possible alterations in the maximal number
and/or affinity of the measured binding sites. Therefore,
and because no attempt was made by these authors’ to
investigate the cardiac a-receptors, we have studied both
the a- and the f-receptors in heart membranes of rats
submitted to a 3-week ethanol inhalation treatment®.

Material and methods. Male Wistar rats weighing 300-350 g
were exposed for 21 days to ethanol vapor according to Le
Bourhis®. Food and water intake and total body weight
were monitored daily. The ethanol concentration in the air
was gradually raised from 15 mg/]l on day 1 to 20 mg/1 on
day 21, resulting in blood ethanol concentrations of about
70 mg/100 ml on day 21. Animals were then sacrificed, and
the hearts were quickly excised, rinsed and weighed.

Hearts were minced in cold buffer (0.25 M sucrose, 5 mM
Tris/HCL, 1 mM MgClL,, pH 7.4) and homogenized in a
Potter-Elvejhem homogenizer. The homogenate was fil-
tered through 1 layer of cheese-cloth and centrifuged at
1000 g for 10 min at 4 °C. The pellets were discarded and
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the supernatant was centrifuged at 40,000x g for 10 min.
The resulting pellet was washed twice in cold incubation
buffer (50 mM Tris/HCl, 10 mM MgCl,, pH 7.5) and was
finally resuspended at 3-5 mg of protein/ml in incubation
buffer. This suspension was used in the binding assays. The
yields of final membrane preparation per g of initial heart
wet weight from control and from ethanol-treated animals
were similar (about 5 mg of membrane protein/g initial wet
weight).

a- and B-receptors were studied according to the proce-
dures described by Williams and Lefkowitz’ using (*H)-
dihydroergocryptine (DHEC) and (—)-(CH)-dihydroalpre-
nolol (DHA) as ligands respectively. Nonspecific binding,
determined in the presence of either 10 M phentolamine
(a-receptors) or 10 pM (% )-propranolol (B-receptors), was
similar in membranes from control and ethanol-treated rats
[35-40% of total binding at 3 nM (*H)-DHEC and 12-15%
of total binding at 3 nM (H)-DHA respectively]. The
origin of the chemicals used was as by Giudicelli and
Pecquery’® and Pecquery et al.!l.

Results and discussion. The figure shows the results of a
typical experiment in which the concentration-dependence
of the specific binding of (*H)-DHEC and (*H)-DHA is
measured in heart membranes from control and chronic
ethanol-treated rats. As can be seen, no obvious difference
was found between (*H)-DHA binding to the f-receptors in

- ——Control A

S == =xChronic ethanol-treated

<]

& 80r

[=)]

£

o

[<}

E

= 60r

=

=1

[«

Q0

2

i 40r

S

Q

=

53

E > @

<. 20} N

= \,

a 0 L N

T 02 4 60 80

,,2:5 Bound (fmole/mg protein)
0 I " L
0 2 4 6 8

[(3H)- Dihydroergocryptine] (M)

A Specific binding of (H)-DHEC to rat myocardial membranes as
a function of increasing concentrations of (CH)-DHEC. Inset:
Scatchard plot of ?H)-DHEC binding. The ratio (B/F) of bound
(H)-DHEC (fmole/mg protein) to free CH)-DHEC (nM) is plot-
ted as a function of the CH)-DHEC bound per mg protein. Each
value is the mean of triplicate determinations.
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the control and the ethanol-treated group. Concerning the
a-receptors, however, binding of (*H)-DHEC at high
concentrations was apparently lower in heart membranes
from the ethanol-treated animals.

In order to have a better insight into the effect of chronic
ethanol inhalation on the properties of cardiac - and -
receptors, the results of 3 separate experiments were ana-
lyzed according to Scatchard!? (table). Chronic ethanol
inhalation induced a non-significant reduction of the max-
imal number of a- and g-receptors and did not alter their
binding affinities.

The lack of any modification of the number of cardiac §-
receptors found in the present work contrasts with the
significant decrease (—43%) observed by Banerjee et al.’.
There are at least 2 explanations for these discrepant
results. Firstly, as already pointed out above, the assump-
tion made by these authors that the number of cardiac f-
receptors is markedly decreased by chronic ethanol admin-
istration was based on binding data obtained at a single
(*H)-DHA concentration. Considering the fact that (CH)-
DHA binding to heart membranes follows the law of mass
action, the only way to assess the total number of f-
receptors is to perform saturation binding experiments®>,
Secondly, the chronic ethanol treatment used by Banerjee
et al” was different from ours and consisted of giving
ethanol in an homogenized liquid diet** for 60 days. From
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B Specific binding of *H)-DHA to rat myocardial membranes as a
function of increasing concentrations of (H)-DHA. Inset: Scat-
chard plot of (*H)-DHA binding. Each value is the mean of
triplicate determinations. Experimental conditions are described in
the legend to the table.

Influence of chronic ethanol inhalation on the a- and f-adrenergic receptor density and affinity of rat heart membranes

a-Adrenergic receptors

B-Adrenergic receptors

Maximal Dissociation Maximal Dissociation

number constant, number constant,

(fmole/mg protein) Kp (nM) (fmole/mg protein) Kp (nM)
Control 102+ 19 32413 164+ 26 34+09
Chronic 80+ 16 23+13 142+ 9 344038
ethanol-treated

p>02 p>02 p>02 p>0.2

Rats were subjected to a 3-week ethanol inhalation treatment and the maximal number and affinity of a- and S-receptors were determined
as described in the text. Ventricular membranes were incubated at 25°C with different concentrations (1-8 nM) of either (H)-DHEC or
(®*H)-DHA for 20 min or 18 min respectively. Each value represents the mean = SD of the data from 3 separate experiments, each per-
formed on pooled membranes from 10 to 12 hearts, with specific binding assessed in triplicate in each experiment as described in the text.
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recent studies', it is clear that the method used for ethanol
administration plays an important role in studies such as
these. In fact, while Banerjee et al” reported marked
modifications in the density of f-receptors in the brain
during both ethanol-treatment and ethanol-withdrawal,
Hunt et al.!’® failed to observe any significant modification
of the concentration of these receptors in most brain areas
of rats rendered dependent after a 4 day oral administra-
tion of ethanol. In this connection, it is interesting to note
that brain benzodiazepin receptors have also been reported
to be unaffected in rats subjected to an ethanol treatment
similar to that used here'®.

From this study, we can conclude that the chronic ethanol
inhalation treatment presently used does not alter the
density and affinity of cardiac «- and f-receptors.
Moreover, since hydrolysis of cardiac triglycerides depends
on a catecholamine-sensitive lipase!”, this study also indi-
cates that the triglyceride accumulation that we have
recently found in rat heart after the same ethanol inhala-
tion treatment'® does not result from an ethanol-induced
alteration of the cardiac f-receptors.
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Summary. Ureases from jack beans and Rhodototorula pilimanae were observed to be inhibited by primary hydroxamic
acids but were not inhibited by acyclic-secondary (N-alkyl) hydroxamic acids.

During nutritional studies with the yeast Rhodotorula pili-
manae it was observed that urea would serve as a nitrogen
source in cultures deprived of iron. During iron deprivation
R. pilimanae and related yeasts produce millimolar quanti-
ties of their iron transport agent, the hydroxamic acid
rhodotorulic acid®“. Urease inhibition and the retardation
of microbial growth on urea by hydroxamic acids are well
known>, yet paradoxically R. pilimanae thrives (table 1) in
low-iron cultures with urea as the sole nitrogen source in
spite of the presence of millimolar concentrations of rhodo-
torulic acid. To resolve this problem the effect of a number
of hydroxamic acids on R. pilimanae and jack bean ureases
was determined.

Ureases were assayed spectrophotometrically and the inhi-
bition by hydroxamic acids determined’. N-Methylhydrox-
ylamine was obtained from Aldrich Chemical Co. while
N-butylhydroxylamine was prepared by reducing the corre-
sponding oxime®. Rhodotorulic acid was isolated from low
iron R.pilimanae (ATCC 26423) cultures?, glycine hydrox-
amic acid, jack bean powder, and avidin were from Sigma
Chemical Co., while acetohydroxamic acid, propionohy-
droxamic acid, N-methylacetohydroxamic acid, and
N-butylacetohydroxamic acid were prepared by acylation
of the hydroxylamines®. Hydroxamic acid concentrations
were determined spectrophotometrically with 5 mM
Fe(ClO,); in 0.1 M HCIO, using typical hydroxamic acid
extinction coefficients>!%, For cultures of R.pilimanae
grown with urea, 1.7 g/1 was substituted for the ammonium
contained in the normal culture medium? Urea solutions

were filter sterilized. R.pilimanae extracts were prepared
from cells grown on urea containing medium for 2 days
from a 1% inoculum by grinding with alumina, extracting
with 0.02 M potassium phosphate 0.002 M EDTA, pH 6.5,
and centrifuging at 14,000x g for 20 min. Avidin and
hydroxamic acid solutions were prepared with the same
buffer (pH readjusted to 6.5).

Both jack bean and R. pilimanae ureases were found to be
inhibited (table 2) by primary (unsubstituted nitrogen)
hydroxamic acids while secondary (n-substituted) hydrox-

Table 1. The effect of nitrogen source and iron on the formation of
rhodotorulic acid and cell yield in Rhodotorula pilimanae cultures®

N source? Fee Rhodotornlic acid  cell yieldd
concentration (mM)

Urea — 3.23 7.8

Urea + 0.02 9.6

Ammonium - 3.83 82

Ammonium + 0.01 10.1

aDeterminations were made after 3 days of growth at 23°C from a
1% inoculum. The data represents an average of 3 separate deter-
minations. ® Cultures were prepared with 0.8 g of nitrogen per
liter as urea or ammonium acetate. © A negative (— ) sign indicated
no iron salts were added to the cultures while a plus (+) indicated
5 mg of iron as ferric citrate was added per liter of culture. 9 Cells
were washed twice with 1% saline and the resulting pellets were
dried to a constant weight at 90°C.



