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Abstract—The effect of f-receptor blocking agents on ['*CJamino acid incorporation into protein
in cultures of chick embryo liver cells was studied. prL-Propranolol, a f-blocker with non-specific
membrane effects, caused a 40 per cent inhibition of incorporation of ['*Clamino acids into protein.
The inhibition was concentration dependent and reversible. A similar inhibition was obtained by
oxprenolol (Trasicor), which is also a B-receptor blocking agent with non-specific membrane effects,
and by the membrane active compounds: p-propranolol, lidocaine and quinidine. Pindolol (Visken),
and practolol, which are almost devoid of membrane activity, were ineffective. These data indicate
that the inhibitory effect of pr-propranolol and oxprenolol on protein synthesis is caused by their

non-specific membrane effects.

In previous investigations we have shown that DL-
propranolol, an agent blocking adrenergic f-receptors
with non-specific membrane effects [1], reduces sig-
nificantly the induction of experimental porphyria in
rats [2]. Further experiments carried out in tissue cul-
tures of chick embryo liver cells showed an inhibitory
effect of propranolol and some other f-blockers on
induction of delta-aminolevulinate  synthetase
(EC23.1.37) [3,4], the rate limiting enzyme in por-
phyrin biosynthesis [5]. It was not clear whether this
inhibition is caused by a specific effect of some
p-receptor blocking agents on induction of delta-
aminolevulinate synthetase or whether these agents
non-specifically inhibit protein synthesis in general
We, therefore, examined the effect of DL-propranolol
and other fS-receptor blocking agents on aminoc-acid
incorporation into protein in tissue cultures of chick
embryo liver cells. The experiments showed that some
of these agents reduce the incorporation of amino
acids into proteins in this system.

MATERIALS AND METHODS

Preparation of cell cultures: Seventeen days old
chick embryo liver cells were prepared and incubated
in Eagle’s Minimal Essential Medium with 10%, fetal
calf serum at 37° and 5%, CO,: 95% air, according
to Granick [6]. Leucine concentration in the medium
was 25.8 mg/l. Incubations were carried out in petri
dishes, 5cm diameter (Nunclon, Denmark). After a
preliminary incubation of 24 hr the medium contain-
ing non-adherent cells was discarded, replaced by
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fresh medium and incubations were continued for
another 24 hr,

Determination of incorporation of [**Clieucine
and [**CJamino acids into trichloroacetic acid preci-
pitable proteins: the culture medium was removed
and fresh medium (3 ml) was added prior to labelling
with [**C]leucine. 1 yCi uniformly labelled [**C]r-
leucine 270-324 mCi/m-mole or ['*CJamino acids,
high sp. act. mixture, both from the Radiochemical
Centre, Amersham, England, were added to the cul-
tures, together with DL~propranolol or other drugs.
After 30 min incubation the medium was discarded
and the petri dishes with adherent cells were rinsed
twice with 0.05M Tris-buffer pH 7.4. The cells were
scraped from the bottoms of the dishes in 1 ml buffer
and homogenized. For protein determination 0.02 ml
homogenate were removed. Ice cold 109, TCA was
added in equal vol to the homogenate and mixed.
After centrifugation for 10 min at 5000 g the precipi-
tate was washed three times with ice cold 5%, TCA,
transferred to a Millipore filter, 0.45 um, Millipore
Corporation, Massachusetts) washed again with ice
cold 5% TCA and dried. Each filter was placed in
a counting vial containing 10ml scintillation fluid
composed of PPO 11.2 g, dimethyl POPOP 15mg,
dioxan 375 ml, toluene 375 ml, methanol 225 ml, and
naphthalene 78 g. Radioactivity was measured in a
Packard Tri-Carb liquid scintillation spectrometer,
Model 544, with a correction unit for dis/min. Results
were calculated as dis/min per mg protein.

In control experiments t-RNA was hydrolysed with
1M NaOH, hot TCA (80°) or RNase. The difference
in radioactivity between these samples and those
treated with cold TCA was not significant.

Protein determination: Proteins were determined
by the method of Lowry et al. [7] with bovine serum
albumin as standard.
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Fig. 1. The effect of pL-propranolol on incorporation of
[!*CTleucine and of ['*CJamino acids into protein in chick
embryo liver cells. pL-Propranolol in various concentra-
tions and 1 xCi [**Clleucine or [**Clamino acids were
added to cuitures of chick embryo liver cells. After 30 min
incubation the incorporation of ['*Clleucine or
[*4CJamino acids into protein was determined (see Mater-
ials and Methods). The value of incorporation obtained
in the control cultures was 8467 + 656 dis/min/per mg pro-
tein. This value was considered as 100 per cent and results
are expressed as per cent inhibition of [**Clleucine or
[!4CJamino acids incorporation into protein. Each value
represents the mean and standard deviation of 6-8 deter-
minations. @——@ Inhibition of incorporation of
[14CJleucine. x x Inhibition of incorporation of
{**Clamino acids.

The addition of cycloheximide, 250 ug/ml medium,
caused an inhibition of 99 per cent of ['*CJleucine
incorporation in this system. Each experiment was
carried out in duplicate or triplicate 2-5 times.

pL-Propranolol and practolol were donated by
Abic, Ramat-Gan, Israel, and p-propranolol by Dr.
H. A. Johnston, Imperial Chemical Industries, Eng-
land. Pindolol was a generous gift from Dr. H.
Friedli, Sandoz AG, Basel, Switzerland. Quinidine
sulfate was obtained from Pharmaplantex, Netanya,
Israel. Fetal calf serum was obtained from the Grand
Island Biological Company, U.S.A. and Eagle’s Mini-
mal Essential Medium from the Laboratory of Pub-
lic Health, Jaffa, Isracl. All other reagents were of
the highest purity commercially available.

RESULTS

pL-Propranolol inhibited to the same extent the in-
corporation of both ['*CJleucine and a mixture of
[**Clamino acids into trichloroacetic acid precipi-
table material in cultures of chick embryo liver cells;
the inhibition was lineary related to the concentration
of propranolol and reached 35-40 per cent in the
presence of 60 ug propranolol per mi medium (Fig.
1). At higher concentrations of propranolol the cells
lost their viability according to the trypan blue test
and became detached from the bottoms of the culture
dishes.

Figure 2 shows that the inhibition of leucine incor-
poration was dependent upon the duration of contact
of the cells with propranolol. The curve relating per
cent inhibition to duration of contact shows a steep
slope during the first 30min and a plateau after
60 min. Maximal inhibition of nearly 50 per cent was
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Fig. 2. The effect of time on inhibition of incorporation
of [1*CJleucine into proteins caused by pr-propranolol in
cultures of chick embryo liver cells. Cultures were incu-
bated for (—270 min in the presence of DL-propranolol,
60 ug/ml medium. In simultaneously run experiments con-
trol cultures were incubated for 0-270 min in the presence
of vehicle only. At each time indicated incorporation of
[**CJleucine into protein of the cells was determined.
Results are expressed as per cent inhibition of [!*C]leucine
incorporation compared to control values. Each value is
the mean and standard deviation of 6-8 determinations.

obtained after incubation of the cells in the presence
of propranolol during approximately one hr after
which no further increase in inhibition occurred.

The inhibition of incorporation of leucine into pro-
teins was reversible, but the reversal required changes
of the medium, as shown in Table 1.

Relief of the inhibition induced by propranolol
could not be obtained without changing the medium
several times, even when the incubation was con-
tinued for several hours after exchanging the pro-
pranolol containing medium with medium without
propranolol.

Table 1. Reversibility of the effect of propranolol on incor-
poration of [**Clleucine into protein*

Number of Min incubation %, decrease in
changes of after removal incorporation
medium of propranclol of [**Clleucine
0 0 385445
1 30 2854+ 45
2 60 . 230420
3 90 155405
4 120 0

* Cultures of chick embryo liver cells were incubated
with and without pL-propranolol, 60 ug/ml medium. After
30 min the medium was removed, the adherent cells were
rinsed and incubated for another 30min with fresh
medium not containing propranolol. Medium was
exchanged up to four times after each 30 min of incubation.
1 u#Ci [**C]leucine was added to the cultures at the begin-
ning of the last 30 min incubation period. The per cent
decrease was calculated on the basis of controls which
were treated exactly like the propranolol experimental cul-
tures but no propranolol was added to the medium during
the first 30 min of incubation. The per cent decrease shows
the mean and standard deviation of 4 separate experi-
ments.
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Table 2. The effect of f-receptor blocking agents and membrane active compounds
on [**Clleucine incorporation into protein in cultured chick embryo liver cells

Concentration

% inhibition
of ['*C]leucine

Drug pg/m! medium incorporation
B-Receptor blocking
agents with non-specific
membrane effects
1. pL-Propranolol 30 18.8 + 122
60 31T+ 75
2. Oxprenolol (Trasicor) 50 130+ 10
150 217 £ 67
300 343+ 113
B-Receptor blocking
agents without membrane
effects
3. Pindolol (Visken) 15 0
30 0
4. Practolol 75 48 + 1.0
150 37+37
Membrane active compounds
5. p-Propranolol 30 142 + 63
60 336 + 132
6. Quinidine suifate 30 125+ 05
60 272 453
120 603 + 32
7. Lidocaine 50 55421
340 954+ 15
680 160 + 3.0
1360 317+ 10

Cultures were prepared as described in Materials and Methods. [**C]leucine,
1 uCi, was added to each culture together with the agent the effect of which was
examined. After 30 min incubation the medium was removed and ['*Clleucine
incorporation was determined. The control value was considered as 100 per cent
and results are expressed as per cent inhibition of [**C]leucine incorporation into
protein. Each value represents the mean and standard deviation of 4-8 determina-

tions.

DL-Propranolol has both f-receptor blocking
properties and a membrane stabilizing effect. In order
to ascertain which of these activities caused the
observed inhibition of protein synthesis some other
drugs were examined.

Table 2 shows that the f-blockers DL-propranolol
and oxprenolol caused virtually similar inhibitions of
incorporation of L-leucine when given at high concen-
trations. Both these drugs also have membrane effects.
Pindolol and practolol which are devoid of mem-
brane activity were ineffective in concentrations
related to their potency as S-receptor blocking agents.

p-Propranolol, the p-isomer of propranolol, has a
very slight f-blocking effect but its membrane action
is similar to that of prL-propranolol. Quinidine and
lidocaine have a membrane stabilizing action but are
structurally and functionally unrelated to S-receptor
blocking agents. These three drugs also inhibit amino
acid incorporation when added to the cultures. p-Pro-
pranolol was effective at a concentration similar to
that of pL-propranolol. The effective concentrations
of quinidine and lidocaine were determined experi-
mentally. The high concentration of lidocaine
required is in accordance with its lesser potency as
compared to quinidine.

DISCUSSION

B-Receptor blocking agents with non-specific mem-
brane activity have a multitude of effects, some of
which are related to blockade of the S-receptors and
others to their effects on membrane.

In previous investigations it was shown that pL-
propranolol, a f-blocker drug with membrane effects,
markedly decreased induction of the enzyme delta-
aminolevulinate synthetase in rat liver in vivo and in
tissue cultures of chick embryo liver cells. The drug
had no effect on the basal activity of this enzyme
[2-4].

This induction is thought to be the result of in-
creased synthesis of the enzyme, either by increased
translation or enhanced transcription [8~10]. In the
present experiments, it is shown that the above inhibi-
tion caused by DL-propranoiol is not specific for in-
duction of delta-aminolevulinate synthetase but for
protein synthesis in general. In cultures of chick
embryo liver cells DL-propranolol, a S-blocker with
non-specific membrane effects, partially inhibits the
incorporation of ['*C]leucine and of [**CJamino
acids into proteins. This inhibition is reversible,
though the technique required for complete reversal
indicated that the drug has a high affinity for liver
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cells. This is in accordance with other observations
[11].

Examining a variety of other substances it was
further shown that the membrane active compounds:
D-propranolol, quinidine and lidocaine in appropriate
concentrations also inhibit the incorporation of
[*4C]leucine into proteins. Oxprenolol, a f-blocker
drug with membrane effects, acted like DL-proprano-
lol. On the other hand, pindolol and practolol, two
drugs which are f-blockers practically devoid of
membrane effects, did not influence the incorporation
of [**Clleucine into proteins. It seems, therefore,
reasonable to assume that the membrane effects cause
the inhibition of incorporation of amino acids into
proteins in cultured chick embryo liver cells.

It has been pointed out that remarkably little infor-
mation is available about the interaction between
properties of biological membranes and protein syn-
thesis [12]. Similarly, very little is known about the
effect of membrane active drugs on protein synthesis.
Local anesthetics are membrane active compounds.
Their action is possibly mediated by an increase in
the disorder of lipid molecules, an expansion of the
lipid portion of the membrane, or conformational
changes in proteins, intimately associated with lipids
[13-15]. According to Vail et al.[16] the ability of
these drugs to displace membrane bound Ca**, could
induce changes in the organization of peripheral pro-
teins involved in regulating the distribution of cell
surface receptors. DL-Propranolol, a f-blocker agent
with non-specific membrane activity, affects markedly
the permeability and buffering capacity of mitochon-
drial membranes. These changes were interpreted to
be the result of a change in the membrane charge
distribution and of perturbation of the membrane
structure [17]. It has also been shown that DL-pro-
pranolo]l affects sodium and potassium exchange
[18,19] and inhibits membrane ATPase [20].

Which of these membrane properties, or others, are
related to inhibition of incorporation of amino acids
into proteins in cultures of chick embryo liver cells
is unclear. The effects observed might be caused by
reduced uptake of amino acids by the cells. Further
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investigations are in progress to elucidate this inhibi-
tion.

Acknowledgements—Special thanks are expressed for the
excellent technical assistance of Miss Yehudit Greenblat
and Mrs. Orit Epstein.

REFERENCES

. J. D. Fitzgerald, Clin. Pharmac. Ther. 10, 292 (1969).
. L Blum, N. Schoenfeld and A. Atsmon, Biochim. bio-

phys. Acta. 320, 242 (1973).

3. N. Schoenfeld, 1. Blum, H. Yehoshua and A. Atsmon,
in Porphyrins in Human Diseases, p. 18-24. Proceedings
of Ist International Porphyrin Meeting, Freiburg,
(1975).

4. N. Schoenfeld, O. Epstein and A. Atsmon, Biochim.
biophys. Acta. 444, 286 (1976).

5. S. Granick and G. Urata, J. biol. Chem. 238, 821 (1963).

6. S. Granwick, J. biol. Chem. 241, 1359 (1966).

7. O. H. Lowry, N. J. Rosebrough, A. L. Farr and R.
J. Randall, J. biol. Chem. 193, 265 (1951).

8. A. Sassa and S. Granick, Proc. natn. Acad. Sci. U.S.A.
67, 512 (1970).

9. H. Nawata and K. Kato, Biochem. J. 136, 209 (1973).

10. Y. Tomita, A. Ohashi and G. Kikuchi, J. Biochem. 75,
1007 (1974).

11. D. G. Shand, R. A. Branch, G. H. Evans, A. S. Nies
and G. R. Wilkinson, Am. Soc. Pharmac. Exp. Ther.
1, 679 (1973).

12. H. Breitbart, H. Atlan, F. Eltes and M. Herzberg,
Molec. Biol. Rep. 2, 167 (1975).

13. S. M. Johnson and K. W. Miller, Nature, Lond. 228,
75 (1970).

14. J. M. Boggs, T. Yoong and J. C. Hsia, Molec. Pharmac.
12, 127 (1976).

15. P. Seeman, Pharmac. Rev. 24, 583 (1972).

16. G. Poste, D. Papahadjopulos, K. Jacobson and W. J.
Vail, Biochim. biophys. Acta 394, 520 (1975).

17. J. O. Jorvoisalo and N. L. Saris, Biochem. Pharmac.
24, 1309 (1975).

18. A. Ekman, V. Manninen and S. Salminen, Acta physiol.
Scand. 75, 333 (1969.

19. S. J. Choi, J. Roberts and G. J. Kelliher, Eur. J. Phar-
mac. 20, 10 (1972).

20. K. G. Kennedy and W. G. Nayles, Biochim. biophys.

Acta 110, 174 (1965).

N —



