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Abstract-Propranolol reduced brain lactate and pyruvate concentrations. Phentol- 
amine raised brain pyruvate whereas pheuoxybe nzamine was without effect. Phentol- 
amine produced a biphasic change in brain lactate whereas phenoxybenzamine did not 
affect the concentration of this metabolite. Propranolol reduced glucose&phosphate 
but did not affect the concentration of fructose-1,6-diphosphate. Both of the a-adrenergic 
blocking drugs raised the brain concentrations of these metabolites. PropranoIol 
increased the concentration of “bound” glycogen without affecting that of the “free” 
form, In contrast, phentoi~e produced a biphasic change in “free” glycogen and 
slightly reduced the “bound” form. Phenoxybenzamine reduced the concentration of 
“free” glycogen without aflecting the ‘Lboumi” form. 

TI%W is evidence from studies in uivo that the actions of noradrenaline on the brain 
can be antagonized by both a- and ~-adrenaline receptor blocking drugs.lW3 To 
investigate this problem further, and as part of a general investigation of the effects of 
adrenoceptive blocking drugs on carbohydrate metabolism in the mouse brain, the 
effects of dl-propranolol were compared with those of phentolamine and phenoxy- 
benzamine. A comparison between these drugs seemed appropriate as it is well 
established that they readily enter the brairFg and are also potent adrenaline receptor 
blocking drugs in most peripheral tissues. 

MATERIAL AND METHODS 

Specific pathogen free albino mice of the Alderley Park strain (18-22 g, either sex) 
were used throughout these experiments. The mice were injected with the drug or 
vehicle (control group) and the oesophageal temperatures deter~ned at regular 
intervals during the experimental period by means of a thermistor probe (Light 52 
Sons, Brighton). If the temperature of the mice in any of the groups was reduced by 
more than 09, the animals were placed in a constant temperature room at 38” until 
they were killed. Hyperthermia did not occur with any of the drugs tested. 

At various times (shown in Results) after administration of the drug, groups of at 
least five mice were killed by immersion in liquid nitrogen. The mice were decapitated, 
their brains rapidly chipped out while still frozen, weighed and triturated with a 
protein precipitating agent (generally 10 % (w/v) trichloracetic acid) in a cooled glass 
mortar. After centrifugation (approximately 500 g for 10-15 min) the supernatant 
fraction was separated from the pellet. Both fractions were kept on an ice bath until 
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the assays were undertaken. With the exception of glycogen, the assays were per- 
formed on the same day that the extracts were prepared. The following determinations 
were made: 

Glycogen. The trichloracetic acid soluble glycogen (“free”) and insoluble glycogen 
(“bound”) were treated by the method described by Russell and Bloom.l” After 
hydrolysis of the glycogen with N sulphuric acid, and neutralization of the extract, the 
glucose formed was estimated by the glucose oxidase method of Hugget and Nixon.” 

Brain glucose. The protein precipitant described by GeylZ was used and the glucose 
content of the supernatant solution determined by the glucose oxidase method. 

Brain lactate and pyruvate were estimated on portions of the supernatant fraction 
following protein precipitation (with 10 % trichloracetic acid for lactate and O-6 N 
perchloric acid for pyruvate) by the lactate dehydrogenase method of Scholz et al., 
using Boehringer test kits. 

Brain glucose-g-phosphate andfructose-l,6-diphosphate were determined on portions 
of the supernatant solution, following protein precipitation (with 10 % trichloracetic 
acid), by the spectrophotometric method of Hohorst14 for glucosed-phosphate and of 
Slater15 for fructose-1,6-diphosphate. 

Brain hexokinase activity. Following decapitation of the mice, total brain hexokinase 
activity was determined in fresh half brains by the method of Slein et a1.16 as modified 
by Bennet et a1.l’ 

The significance of the results was assessed using Student’s t-test. 

RESULTS 

None of the drugs tested had any marked effect on the gross behaviour of the mice. 
The results are shown for one dose level only of the three drugs. Lower doses 

(10 and 20 mg/kg) of the a-blockers produced qualitatively similar but less marked 
effects on mouse brain glycolysis. Propranolol(3 mg/kg) caused a slight reduction in 
glycolysis but no significant change in glycogenesis. 

E&et on brain glycogen. Propranolol had no significant effect on “free” glycogen 
but increased the concentration of “bound” glycogen 120 min after administration 
(Table 1). Phenoxybenzamine caused a transitory decrease in “free” glycogen without 
significantly affecting “bound” glycogen; phentolamine caused a biphasic change in 
“free” glycogen and a transitory decrease in “bound” glycogen. 

Effect on brain glucose, glucosed-phosphate and fructose-1,6-diphosphate. dl- 
Propranolol caused a significant increase in the concentration of glucose which per- 
sisted for 180 min following the administration of the drug (Table 1). This drug had a 
clear effect on glucosed-phosphate levels but did not significantly change fructose 
diphosphate levels. 

Phentolamine caused a marked rise in brain glucose, glucose-6-phosphate and 
fructose diphosphate levels. Following the administration of phenoxybenzamine, 
brain glucose was reduced and glucose-6-phosphate raised; the concentration of 
fructose diphosphate levels were raised 120 min after the drug had been administered 
and then rapidly returned to the control levels. 

Efict on brain pyruvate and lactate. Propranolol caused a prolonged decrease in the 
concentration of brain lactate and a slight decrease in pyruvate (Table 1). Phentol- 
amine significantly increased brain pyruvate and produced a biphasic change in brain 
lactate, the initial slight fall being followed by a compensatory rise in lactate 120 min 
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later. In contrast, phenoxybenzamine did not significantly affect the concentration of 
either brain pyruvate or lactate. 

E$ect on brain hexokinase. Neither phenoxybenzamine nor propranolol had any 
effect on total brain hexokinase activity. However, phentolamine produced a slight 
(12 per cent) decrease in hexokinase activity 4 hr after the drug had been administered. 
From the present investigation, the significance of this finding is difficult to assess. 

These results therefore suggest that whereas propranolol decreases glycolysis; both 
a-blockers increase it. 

DISCUSSION 

The results of this investigation show that a distinction can be made between the 
effects of the two u-adrenaline receptor blocking drugs and propranolol. However, it is 
apparent from the previous study4 that the changes in several of the parameters pro- 
duced by the a-adrenergic blocking drugs are qualitatively similar to those found for 
other Sblocking drugs. For example, phenoxybenzamine produces changes in gly- 
cogen, glucose, pyruvate and lactate similar to those found following the administra- 
tion of sotalol. As both these drugs increase glycogenolysis and glycolysis, it is clear 
that they have effects on brain carbohydrate metabolism similar to central stimulant 
drugs. However, there is little evidence from their effects on gross behaviour of mice 
that they cause hyperactivity. Indeed, sotalol has been found to increase the hexo- 
barbitone induced sleeping time of mice, which suggests that it has a sedative rather 
than a stimulant effect.18 

The mechanisms by which adrenaline receptor blocking drugs affect glycolysis may 
involve their effect on the concentration, or turnover, of brain catecholamines. It is 
well established that the control of glycolysis in the brain and other tissues is mediated 
by the adenyl cyclase system. lg Clearly, any drug affecting the turnover of nor- 
adrenaline, which acts as the principal neurohormone in activating the membrane 
bound enzyme,20 will affect the rate of brain glycolysis. There is evidence that when 
propranolol is administered daily for 4 days to rodents, it does produce a slight 
reduction in the concentration of brain noradrenaline, although no evidence could 
be found that its administration immediately affects the turnover of this amine.4 
Nevertheless, there is evidence that propranolol reduces the concentration of 3,5 cyclic 
adenosine monophosphate in vivo,22 presumably by blocking the action of the neuro- 
hormone on adenyl cyclase. This finding could account for the glycogenesis and 
reduced glycolysis found in mice following their treatment with this drug. Conversely, 
the “stimulant” profile produced by phenoxybenzamine could be related to its ability 
to increase the synthesis of noradrenaline, possibly by increasing tyrosine hydroxylase 
activity.g Furthermore, Bigelow and coworkers* have shown that the turnover of 
catecholamines is increased in rats following the administration of phenoxybenzamine 
even though the animals were behaviourally depressed. Such results might explain the 
increase in glycolysis found in the present investigation following the administration of 
this drug to mice. 

So far there is little to suggest that phentolamine affects the concentration or tum- 
over of brain catecholamines in vivo. However, Weiss3 has shown that this drug 
reduces adenyl cyclase activity in the rat pineal gland in vitro. Phenoxybenzamine had 
a similar effect but neither of these drugs was as effective as proprandlol in antagonizing 
the noradrenaline induced increase in cyclase activity in this tissue. 
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The results of this study show that it is possible to distinguish a- from /I-adrenaline 
receptor blocking drugs by their effects on mouse brain glycolysis. However, the 
diverse effects on carbohydrate metabolism shown in earlier studieP suggest that 
these criteria alone do not provide an unequivocal distinction between a- and & 
blockers. It is possible that the sites of action of these drugs in the brain differ so that 
any fundamental differences may only be detectable in discrete areas. Future work 
will, therefore, be directed towards comparing the effects of different adrenergic 
agonists and antagonists on anatomically discrete areas of the mouse brain in the hope 
that such an approach may provide a fuller understanding of the nature of adrenergic 
receptor(s) in the central nervous system. 
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