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Propranolol uptake into the central nervous system
and the effect on rat behaviour and amine metabolism

R. LAVERTY AND K. M. TAYLOR

Propranolol readily penetrated all areas of the central nervous system after acute
intraperitoneal administration and was cleared within 8-16 hr. Propranolo!
levels in the heart followed a similar pattern. After chronic oral administration
brain levels of propranolol were equal to those 3 hr after intraperitoneal injection.
Propranolol caused no significant difference in the brain levels of noradrenaline,
normetanephrine, dopamine, 3-methoxytyramine, homovanillic acid, S5-hydroxy-
tryptamine or total indoles, nor did it cause measurable changes in rat behaviour.
An increase by propranolol in sleeping time after chloral hydrate in rats and mice
was observed; this effect could not be correlated with changes in brain amine
concentrations,

ROPRANOLOL in large doses has sedative and anti-convulsive pro-

perties in animals (Leszkovsky & Tardos, 1965); the central nervous
activity does not seem to be related to the S-blocking activity of the drug
(Murmann, Almirante & Saccani-Guelfi, 1966). It has been reported
{(Waal, 1967) that patients receiving propranolol have a high incidence
of depression; this observation was not confirmed by Fitzgerald (1967).
Brunner, Hedwell & others (1966) indicated that propranolol had a
central nervous action and that treatment with propranolol for four days
decreased the noradrenaline content of the rat brain and increased the
heart noradrenaline content. However, Westfall (1967) reported that
there were no significant changes in either heart or spleen noradrenaline
following a range of doses of propranolol at 1 or 6 hr after treatment or
after the daily administration of propranolol for 7 days.

Drugs causing depression and sedation may affect brain amine meta-
bolism, so the uptake of propranolol by rat brain, and the effects of
the drug administered acutely and chronically on catechol and indole
amine metabolism and on behaviour have been examined.

Experimental

METHODS

For acute studies, propranolol (Inderal, 1.C.I.) and control saline
solutions were injected intraperitoneally into male albino rats (200-250 g).
Propranolol was administered by two routes for chronic studies. It was
given orally by replacing the rats’ drinking water with a solution of 1%
glucose and 0-5% sodium chloride containing propranolol (10 mg/100 ml).
Ten male albino rats (150 g) received this fluid for 14 days, the daily
intake being measured. Ten control rats received the solution not con-
taining propranolol. In an attempt to duplicate the findings of Brunner
& others (1966), their chronic administration method was repeated. Male
albino rats (250 g) received daily subcutaneous injections of propranolol
(10 mg/kg) for 4 days, and their brains were removed 2-2} hr after the
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final injection. Control rats received normal saline injections. All doses
are in terms of propranolol hydrochloride.

After the measured time the rats were decapitated, the brain, heart
and other tissues removed, dissected, and immediately frozen over solid
carbon dioxide and stored at —14° until estimated for the appropriate
compound.

Determination of propranolol levels. The method of Stock & Wester-
mann (1965) for the estimation of 1-(3-methylphenoxy) 3-isopropylamino-
propanol (Ko 592) was adapted and proved more reliable and sensitive
than the method of Black, Duncan & Shanks (1965). The tissue blank
was equivalent to 0-05 ug/g of propranolol and a mean recovery of 779,
(=+-3-3 s.e.; 11 determinations not corrected for extraction) was obtained.
Tissue levels stated in terms of propranolol base are not corrected for
recovery.

Determination of biogenic amines and metabolites. Noradrenaline, dop-
amine, normetanephrine and 3-methoxytyramine were determined on each
brain sample by the hydroxyindole fluorimetric method (Taylor, 1967;
Laverty & Taylor, 1967) using Dowex 50W cation exchange resin for
amine separation (Bertler, Carlsson & Rosengren, 1958). Homovanillic
acid was estimated by the fluorimetric method of Juorio, Sharman &
Trajkov (1966). Mean recoveries (+ s.e.) obtained were ; for noradrena-
line 89% (4 1-8; 14 values), dopamine 77%; (=+-5-4; 12), normetanephrine
939/ (+£4-0; 2), 3-methoxytyramine 719, (+4-6; 2) and homovanillic acid
629, (2; 10). Tissue levels of the above compounds are not corrected
for recovery.

A modification of the method of Ashcroft & Sharman (1962) was used
for 5-hydroxytryptamine and total indole determinations, the main
alteration being the use of 0-4n perchloric acid as a protein precipitant.
Mean recoveries were 5-hydroxytryptamine 63% (+4-2 s.e.; 13 values)
and total indoles 53% (L£7-6; 4 values); the tissue levels stated are not
corrected for recovery.

Behavioural studies. The behaviour of albino and black male albino
rats (200-250 g) after receiving intraperitoneal or oral propranolol was
compared with that of control (saline-injected) rats using the following
tests: (i) Y-runway of Steinberg, Rushton & Tinson (1961). (ii) Rotarod
rotated at 7 and 12 rev/min. (iii) Conditioned avoidance response. (iv)
Overnight activity in a modified jiggle cage.

Potentiation of sleeping time. Male mice (20-30 g) were tested for the
potentiation of narcosis induced by chloral hydrate (Fastier, Speden &
Waal, 1957) at a room temperature of 23°. A corresponding experiment
using rats (200 g) at a chloral hydrate dose of 300 mg/kg was also made
in a heated room at 29°. The concentration of noradrenaline, normetane-
phrine, dopamine and 3-methoxytyramine was determined in the thalamic
regions and striatae of the treated rats.

Results
Propranolol levels. Table 1A indicates the brain and heart concen-
trations of propranolol after injection with 10 mg/kg intraperitoneally.
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It will be seen that propranolol can be detected in both central nervous
and heart tissue for a period of 8-16 hr after a single intraperitoneal
injection. During chronic oral administration, the mean intake of
propranolol was 4-25 mg/day/rat over the 14-day period. The brain
propranolol levels in these rats, when killed, showed a similar distribution
to that found after an intraperitoneal injection, though the levels in the
striate region were perhaps relatively higher.

Catecholamine, 5-hydroxytryptamine and metabolite levels. In 21 ex-
periments using over 180 rats, no change was found in the content in
whole brain or in various brain regions of noradrenaline, normetanephrine,
dopamine, 3-methoxytyramine, homovanillic acid, 5-hydroxytryptamine
or total 5-OR indoles at 1 to 16 hr after the intraperitoneal injection of
propranolol at 10 and 30 mg/kg. After chronic oral and subcutaneous
treatment (Table 2), no change in content of amines or metabolites was
found.

Behavioural studies. Despite extensive studies using the Y-runway,
rotarod, conditioned avoidance response and overnight activity apparatus,
no change in behaviour due to propranolol was detected following acute
or chronic administration by injection or oral administration.

Potentiation of sleeping time. The duration of sleeping following chloral
hydrate was increased by propranolol in both rats and mice. Six saline-
injected rats slept 34-5 4 4-4 min (mean - s.e.) whereas equal groups
of propranolol-injected rats slept 57-3 4+ 4-4 min after 10 mg/kg and
756 + 4-7 min after 30 mg/kg; these were significantly different from the
saline-injected group at P << 0-01, P << 0-001 respectively. In three groups
of 18 mice similarly treated, the sleeping times in minutes were 24-0 = 0-5
for controls, 25-4 4 0-7 for 10 mg/kg and 61-6 + 2-1 after 30 mg/kg;
this last value was significantly different from the saline-injected group
(P < 0-001). Brain levels of noradrenaline, normetanephrine, dopamine
and 3-methoxytyramine were not changed in propranolol-treated rats
compared with controls also treated with chloral hydrate.

Discussion

Propranolol readily penetrates the blood-brain barrier to all areas of
the rat brain (Table 1) and is cleared from nervous tissue, as from the
heart, relatively quickly, tissue levels having returned to zero 8-16 hr
after a single intraperitoneal injection. After chronic oral administration
at a dose rate of approximately 20 mg/kg/day (Table 2), the brain tissue
content of propranolol corresponded to that found 3-4 hr after a single
intraperitoneal injection of 10 mg/kg.

Propranolol prolongs the hypnotic effect of chloral hydrate in both
rats and mice; these results extend and confirm those of Leszkovsky &
Tardos (1965) and Murmann & others (1966) who studied the potentiation
of barbiturate anaesthesia. Hence propranolol may have some action
on the central nervous system, though no effects of propranolol on various
other behavioural measurements or on brain amine metabolism were
observed at the dose levels used. Brunner & others (1966) had reported
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a fall in brain noradrenaline and an increase in heart noradrenaline after
repeated propranolol administration; we could not repeat this observa-
tion using identical dose and time schedules. Westfall (1967) also
reported no effect on tissue noradrenaline content after acute and
repeated propranolol administration.

Since in the present experiments in rats there was no change in observ-
able behaviour or in amine metabolism, it is not possible to predict
whether or not the reported propranolol-induced depression in humans
is associated with changes in brain amine metabolism.
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