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Summary

The aim of this project was to study changes in cardiovascular 

responses brought about by long term oral treatment of Wistar rats 

with beta adrenoceptor antagonists. After chronic treatment with 

propranolol (12 or 60 mg/kg/day for up to 6 weeks) or timolol (1 .2 , 

2.5, 5 or 25 mg/kg/day for up to 17 weeks), the log dose-response 

curves for mean rises in heart rate and mean arterial pressure on 

stimulation of the postsynaptic adrenoceptors of the pithed rat by 

l.V. noradrenaline or isoprenaline were not significantly changed. 

Chronic propranolol treatment significantly reduced the response of 

the heart to electrical stimulation of the whole sympathetic outflow 

but treatment with timolol failed to alter the cardiac chronotropic 

response. The rises in mean arterial pressure on stimulation of the 

whole sympathetic outflow were not altered by long term treatment 

with either propranolol or timolol. The high dose of propranolol 

significantly reduced the heart rate of conscious rats. However 

neither the lower dose of propranolol nor any dose of timolol 

affected heart rate. The systolic pressure of conscious rats was 

unaltered by treatment with the beta adrenoceptor blockers. The 

threshold for release of tritiated noradrenaline from the sympathetic 

nerves on stimulation of the whole spinal outflow was raised by 

chronic treatment with propranolol or timolol. Timolol significantly 

increased the concentration of ^H noradrenaline in the blood and 

decreased the heart content of tritium. Chronic propranolol 

treatment did not alter the blood or heart levels of ^H 

noradrenaline.

Thus, although the plasma levels of the beta adrenoceptor
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blocking drugs were probably insufficient to ensure prolonged 

blockade of postsynaptic receptors, significant changes in 

presynaptic function were observed. It remains to be seen whether 

these changes play any significant part in cardiovascular responses 

to beta adrenoceptor antagonists in clinical practice.
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Chapter 1: Introduction



1.1 Aim of the Thesis

The aim of this thesis was to investigate the effects 

of chronic administration of two beta adrenoceptor blocking 

drugs, propranolol and timolol, on the cardiovascular system 

of the rat. Both drugs have been used in the treatment of 

hypertension for several years, however the precise 

mechanism by which beta adrenoceptor blocking drugs lower 

blood pressure is still unknown. A variety of theories have 

been advanced to explain the antihypertensive action of beta 

adrenoceptor antagonists for example a reduction in 

sympathetic nervous activity brought about by blockade of 

presynaptic beta adrenoceptors or by resetting of the 

baroreceptors, a central action, the restoration of vascular 

relaxation sensitivity and an action on the 

renin-angiotensin system. No single theory explains 

satisfactorily all aspects of the reduction in blood 

pressure produced by beta adrenoceptor blocking agents 

therefore further elucidation of the mechanisms involved is 

required.

In this thesis, the pithed rat preparation was used to 

investigate changes in pressor or chronotropic responses 

after prolonged administration of propranolol or timolol. 

Responses to stimulation of postsynaptic and presynaptic 

alpha or beta adrenoceptors by adrenergic agonists or by 

nerve stimulation were examined. Changes in sympathetic 

nervous activity after chronic beta blockade were studied by 

investigating the release of neurotransmitter on nerve 

stimulation. Thus it was hoped to determine whether chronic



administration of beta adrenoceptor antagonists would result 

in changes in the blood pressure and heart rate of rats and 

to provide an explanation for these changes. The results in 

rats could then be compared to the effects of chronic 

administration of beta adrenoceptor blocking drugs to man, 

in order to determine whether the same mechanisms also 

contribute to the antihypertensive effect in man.

1.2 Aim of the Introduction

This introduction considers the background to the 

administration of beta adrenoceptor blocking drugs to man 

and rats. The pharmacological properties of propranolol and 

timolol, such as potency at beta adrenoceptors, membrane 

stabilising activity and intrinsic sympathomimetic activity, 

are examined first. The clinical indications for the use of 

beta adrenoceptor blocking drugs and their role in the 

treatment of hypertension are then discussed, followed by 

the haemodynamic effects of propranolol and timolol in man 

and in rats. Various theories have been expounded to 

explain the antihypertensive action of beta adrenoceptor 

blocking drugs and the relative importance of each theory is 

considered. Next the difference in the pharmacokinetics of 

propranolol and timolol in man and in the rat is examined. 

Following the termination of chronic treatment with beta 

adrenoceptor blocking drugs, a withdrawal phenomenon has 

been reported. The importance of this phenomenon is 

discussed and possible mechanisms to explain its occurrence 

are put forward. Finally, the effects in rats of chronic



administration of beta adrenoceptor antagonists are examined 

and the use of the pithed rat preparation is discussed.

1.3 Historical Background

The first beta adrenoceptor blocking agent to be 

discovered was dichloroisoprenaline (Powell and Slater, 

1958). Since then a series of beta adrenoceptor antagonists 

has been developed, resulting in a variety of compounds with 

differing ancillary properties. Pronethalol was the first 

beta adrenoceptor blocking agent to be used clinically in 

the treatment of cardiac arrhythmias and angina pectoris. 

Because this agent lowers cardiac output by blockade of 

cardiac beta adrenoceptors, it reduces the oxygen demand of 

the heart and was therefore found to be beneficial in the 

treatment of angina pectoris (Black and Stephenson, 1962).

Soon after the introduction of pronethalol, arterial 

pressure was observed to fall in some patients during long 

term treatment for angina. The initial report of the 

hypotensive action of pronethalol in patients with high 

blood pressure was published in 1964 (Prichard, 1964). 

Pronethalol had to be withdrawn because of its tumour - 

producing action in mice but the use of propranolol in 

hypertension was described later the same year (Prichard and 

Gillam, 1964). Since its introduction propranolol has 

become the standard agent to which all other beta 

adrenoceptor blocking drugs are compared.

1.4 Beta Adrenoceptor Antagonism; Potency and Selectivity



The beta adrenergic blocking activity of timolol was

reported by Hall et al in 1970 (Hall et al, 1975). Many

papers have been published about the actions of propranolol

and timolol in man and in laboratory animals. The two drugs

differ in their pharmacological properties other than beta

adrenoceptor blockade and they do not exert identical

effects after in vivo administration. Timolol is a more

potent beta adrenoceptor antagonist than propranolol. The

comparative potency of timolol is between 3 to 10 times that

of propranolol in animal studies, depending on the method by

which potency is assessed. dl-Timolol maleate is nearly 10

times more active than propranolol in reducing

isoprenaline-induced cardioacceleration after oral
tioavailaVili'ty 

administration to the rat, therefore of timolol

appears to be better. After l.V. administration or in in 
tioavaU

vitro preparations would not be as important to

the action of the drugs and the potency of timolol is then 

closer to that of propranolol (Hall et al, 1975). The beta 

adrenoceptor blocking action is exhibited by the laevo (-) 

isomer of both timolol (Hall et al, 1975) and propranolol 

(Fitzgerald, 1980), with very little activity associated 

with the dextro (+) isomer. Timolol is usually administered 

to man as the laevo isomer whereas propranolol is given as 

the racemate. In a study with normal volunteers, an oral 

dose of 2.5 mg timolol exerted a similar effect on heart 

rate to 20 mg propranolol in the sitting position and 40 mg 

of propranolol in the standing position (Ulrych et al,

1972).



Beta adrenoceptors have been classified into two 

subgroups, beta-1 and beta-2. A preponderance of beta-1 

adrenoceptors has been found in tissues such as the heart, 

parts of the eye responsible for production of aqueous 

humour and the renin secreting tissues of the kidneys, 

whereas bronchial tissue, peripheral blood vessels, the 

uterus and the insulin secreting tissue of the pancreas 

contain predominantly beta-2 adrenoceptors. No tissue has 

been found to contain exclusively one subgroup of receptors 

and all tissues contain blood vessels supplied with beta-2 

adrenoceptors (Breckenridge, 1983). Propranolol and timolol 

are competitive antagonists at both beta-1 and beta-2 

adrenoceptors. There is some evidence that they are more 

active in reducing isoprenaline-induced vasodepressor 

(beta-2) than cardioaccelerator (beta-1) responses (Hall et 

al, 1975).

1.5 Properties of Propranolol and Timolol Other than Beta

Blockade

Most beta adrenoceptor antagonists possess other 

properties that give each compound its individual profile of 

action. These secondary properties include stabilisation of 

membranes, intrinsic sympathomimetic activity, antagonism of 

the action of 5-hydroxytryptamine and increasing 

prostaglandin levels.

1.5.1 Membrane Stabilisation The membrane stabilising (local



anaesthetic) activity of a beta adrenoceptor blocking agent 

depends on the physicochemical properties of the compound. 

The more hydrophobic compounds demonstrate greater membrane 

stabilising activity. The partition coefficient of the 

agent in an octanol-buffer system can be used to predict the 

non-specific membrane affinity of the agent (Hellenbrecht et 

al, 1972). Propranolol is a more lipophilic molecule than 

timolol and propranolol has been shown to produce a high 

degree of membrane stabilisation (Van Zwieten and 

Timmermans, 1983). Significant local anaesthetic activity 

in mice could not be demonstrated with dl-timolol maleate 

(Hall et al, 1975). Both optical isomers of propranolol 

display comparable membrane stabilising activity (Van 

Zwieten and Timmermans, 1983) and this property is unrelated 

to the ability to block beta adrenoceptors. Higher doses of 

propranolol were required for membrane stabilisation than 

the accepted therapeutic dose range and therefore this 

property is only of relevance to the clinical effects of 

propranolol after the administration of very high doses 

(Breckenridge, 1983).

1.5.2 Intrinsic Sympathomimetic Activity Some beta

adrenoceptor blocking drugs, for example pindolol, 

oxprenolol and alprenolol, possess a mild degree of agonist 

potency at the beta adrenoceptor. Thus besides blocking the 

access of endogenous catecholamines to the receptor they 

also produce a slight stimulation of the receptor, which is 

referred to as partial agonist activity (Van Zwieten and 

Timmermans, 1983). Beta adrenoceptor antagonists, which 

possess intrinsic sympathomimetic activity, exert differing



effects on heart rate compared to the compounds devoid of 

this property. The decrease in heart rate produced by

blockade of the cardiac beta adrenoceptors can be

substituted partly or completely by the intrinsic 

sympathomimetic action of the compound (Man in't Veld and 

Schalekamp, 1983). Neither propranolol nor timolol has been 

shown to exhibit intrinsic sympathomimetic activity (Hall et 

al, 1975 and Mouille et al, 1976).

1.5.3 Antagonism of 5-Hydroxytryptamine Both propranolol and

timolol were effective antagonists of head twitches in mice, 

produced by administration of 200 mg/kg l.P. of 

dl-5-hydroxytryptophan. The E.D.sodose of timolol was about

17 times higher than that of propranolol. Head twitches in

mice after 5-hydroxytryptophan depend on an action in the 

central nervous system of 5-hydroxytryptamine formed by 

decarboxylation of the precursor amino acid. Since the 

uptake of timolol into the brain is lower than the uptake of 

propranolol, less antagonism was seen after timolol (Tocco 

et al, 1980).

1.5.4 Increased Prostaglandin Levels Intra arterial infusions 

of dl-propranolol or d-propranolol into the superior 

mesenteric artery of the rat have been shown to increase the 

mesenteric venous prostaglandin E^ concentration. Jackson 

and Campbell (1981) attributed the increase in prostaglandin 

E% to an enhancement by propranolol of prostaglandin 

biosynthesis. Since the injection of indomethacin inhibits 

the hypotensive effect of propranolol in Wistar-Kyoto rats.



prostaglandins may play a role in the antihypertensive 

action of propranolol (Sugawara and Ozaki, 1981). However 

Tsukada et al (1981) found that the hypotensive effect of 

propranolol in rabbits was not suppressed after 

indomethacin.

1.6 Clinical Indications

Beta adrenoceptor blocking drugs have a variety of 

therapeutic applications. In cardiovascular disease they 

have been widely used to treat hypertension, angina pectoris 

and tachyarrhythmia (Van Zwieten and Timmermans, 1983).

Beta adrenoceptor blocking drugs have more recently been 

proved to be of value in secondary prevention after 

myocardial infarction. Both propranolol and timolol were 

shown to have a protective effect, since they reduced the 

incidence of death and reinfarction (Hampton, 1982). More 

rarely, beta adrenoceptor blocking drugs are used in the 

following cardiovascular disorders: impending and acute 

myocardial infarction, dissecting aortic aneurysm, asymétrie 

septum hypertrophy and tetralogy of Fallot (Van Zwieten and 

Timmermans, 1983). Chronic migraine, anxiety combined with 

tachycardia and certain forms of tremor have all been 

proposed as indications for beta adrenoceptor antagonists 

(British National Formulary, 1984). Timolol has been 

marketed for the treatment of glaucoma. Only beta 

adrenoceptor blocking drugs that are not local anaesthetic 

agents may be used in glaucoma (Van Zwieten and Timmermans, 

1983). Hyperthyroidism has also been treated with beta
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adrenoceptor blocking agents.

1.7 Beta Adrenoceptor Blocking Drugs and the Treatment of 

Hypertension

Blood pressure may be raised above the normal level as 

a result of renal disease, Cushing’s syndrome, 

phaeochromocytoma, primary Aldosteronism or coarctation of 

the aorta but in the majority of cases (80%) the cause is 

unknown and these patients are classified as essential 

hypertensives (Houston et al, 1975). High blood pressure 

needs to be reduced before complications affecting the 

cardiovascular system or kidneys occur. Untreated 

hypertension may lead to heart failure, thickening of the 

arteries leading to coronary artery disease, renal failure 

and cerebral haemorrhage. Beta adrenoceptor blocking drugs 

can be used to treat all forms of hypertension. In mild or 

moderate cases they may be used as sole treatment but beta 

adrenoceptor blockers can also be combined with other 

antihypertensive drugs to produce a greater reduction in 

blood pressure (Prichard, 1982). Orthostatic hypotension is 

not a problem in patients treated with beta adrenoceptor 

blocking drugs but various side effects have been described, 

which are related to the beta adrenoceptor blocking 

properties.

1.8 Haemodynamic Effects of Propranolol and Timolol After Oral

Administration
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After chronic treatment with propranolol or timolol, 

there is a change in the haemodynamic actions of the two 

drugs compared to acute administration. Propranolol and 

timolol exert similar effects on blood pressure and heart 

rate in man and rats after oral administration. When 

propranolol or timolol is given acutely, the heart rate is 

decreased in both man and rats and this effect persists for 

a few hours (Ulrych et al, 1972, Planz and Planz, 1981,

Sweet et al, 1976 and Hall et al, 1975). The systolic and 

diastolic pressures are not usually decreased after 

administration of a single oral dose (Sweet et al, 1976 and 

Ulrych et al, 1972) but Planz and Planz (1981) found that 

the supine blood pressure was significantly reduced in 

healthy volunteers. Cardiac output was decreased and 

peripheral resistance increased after a 5 mg dose of timolol 

(Ulrych et al, 1972).

During chronic treatment of patients the mean arterial 

pressure begins to fall usually within 2 weeks of commencing 

treatment (Morgan et al, 1974 and Yu, 1980). This fall in 

blood pressure is maintained whilst treatment lasts.

Cardiac output and heart rate are found to fall within a few 

hours of commencing propranolol or timolol therapy and these 

two parameters remain at a lower level during treatment 

(Dunn et al, 1978, Lund-Johansen and Ohm, 1976, and Van Baak 

et al, 1982). If the cardiac output is reduced then the 

peripheral resistance must be increased to maintain the same 

mean arterial pressure. After chronic therapy with 

propranolol or timolol, the peripheral resistance gradually 

returns towards the pre-treatment level as the blood
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pressure falls (Dunn et al, 1978, and Van Baak et al, 1982). 

Propranolol and timolol thus exert similar effects on blood 

pressure, heart rate, cardiac output and peripheral 

resistance after chronic treatment in man. However the left 

ventricular ejection rate index remained reduced after 

long-term propranolol therapy whereas this index returned 

towards the pretreatment level after chronic timolol 

therapy. The difference in effect may arise because 

propranolol exerts a greater myocardial depressant action 

than timolol (Dunn et al, 1978).

In some studies of the effect of chronic oral 

administration of propranolol and timolol to rats, the mean 

arterial pressure has been decreased by treatment (Kubo et 

al, 1977, Garvey and Ram, 1975, and Ljung et al, 1975).

This reduction of blood pressure was seen in both 

spontaneously hypertensive rats and in normotensive 

Sprague-Dawley rats (Garvey and Ram, 1975). However in 

several studies, no effect on the mean arterial pressure was 

observed (Weiss et al, 1974, Sen and Tarazi, 1983, and 

Nishiyama et al, 1978). Weiss et al (1974) found that in 

spontaneously hypertensive rats treated with propranolol 

from 2.5 months of age the mean arterial pressure was 

significantly reduced after 5.5 months treatment but in 

older rats given the same dose of propranolol between the 

ages of 8 and 10 months the mean arterial pressure was not 

significantly altered. The age at which treatment is begun 

may be important in spontaneously hypertensive rats, where 

changes in the resistance vessels occur as the high blood 

pressure develops (Weiss et al, 1974). This theory has not
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been supported by the study of Nishiyama et al (1978), where 

beta adrenoceptor blocking therapy with propranolol or 

timolol from conception to 12 weeks of age failed to alter 

the development and course of arterial pressure. Kubo et al 

(1977) achieved a significant reduction of the systolic 

blood pressure in spontaneously hypertensive rats treated 

with propranolol from 5 months of age. The lack of effect 

of propranolol or timolol in some studies can not be 

attributed to the length of treatment or to the dosage used 

since Garvey and Ram (1975) found that low doses of 

propranolol (5.7 or 7.5 mg/kg/day) significantly reduced the 

mean blood pressure after only 14 days of treatment.

Heart rate was significantly reduced by chronic 

propranolol or timolol treatment of rats, even in the 

studies where the mean arterial pressure was not decreased 

(Kubo et al, 1977, Garvey and Ram, 1975 and Nishiyama et al, 

1978). Propranolol or timolol reduced cardiac output by 

about 30% in both Wistar-Kyoto and spontaneously 

hypertensive rats (Nishiyama et al, 1978). Since in this 

study the mean arterial pressure was not reduced, the total 

peripheral resistance must have significantly increased.

1.9 Theories to Explain the Antihypertensive Action of Beta

Adrenoceptor Blocking Drugs

A reduction in mean arterial pressure after chronic 

administration of beta adrenoceptor blocking drugs is 

brought about by alterations in cardiac output and 

peripheral vascular resistance. Drugs such as propranolol
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and timolol which lower cardiac output, raise peripheral 

resistance initially. Peripheral resistance then decreases 

to a level close to or below that before treatment and as a 

result the mean arterial pressure falls. Pindolol is a beta 

adrenoceptor antagonist which also exerts an intrinsic 

sympathomimetic action. After administration of pindolol, 

cardiac output is not reduced due to pindolol's stimulant 

effect at the cardiac beta adrenoceptors but vascular 

resistance is reduced. Drugs such as alprenolol or 

oxprenolol, which are weaker partial agonists reduce both 

cardiac output and peripheral vascular resistance. Thus a 

reduction in cardiac output is not an essential prerequisite 

for the fall in blood pressure produced by all beta 

adrenoceptor blockers but a decrease in vascular resistance 

is (Man in't Veld and Schalekamp, 1982).

Several theories have been advanced to account for the 

reduction in peripheral vascular resistance by beta 

adrenoceptor blocking drugs. No theory has yet been 

universally accepted, as none satisfactorily explains all 

aspects of the action of beta adrenoceptor blocking drugs in 

hypertension. It may be that each mechanism is of greater 

importance in a particular group of patients, for example 

beta adrenoceptor antagonists may act by reducing plasma 

renin activity and this would obviously be of importance to 

patients with high renin levels. Perhaps a combination of 

the effects of the proposed mechanisms is required to 

maintain a lower blood pressure. The main theories that 

have been advanced are a central action, resetting of 

baroreceptors, blockade of presynaptic beta adrenoceptors.
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an adrenergic neurone blocking effect, reduced synthesis of 

catecholamines, reduced renin release and the restoration of 

vascular relaxation sensitivity.

1.9.1 Central Actions of Beta Adrenoceptor Antagonists Beta

adrenoceptor blocking drugs may modulate central blood 

pressure regulation. Intracerebroventricular injection of 

propranolol or timolol to spontaneously hypertensive rats 

resulted in a significant elevation of mean arterial 

pressure during the first hour after injection, followed by 

a fall in blood pressure, which lasted several hours (Sweet 

et al, 1976). Propranolol and timolol have been shown to 

leak rapidly out of the brain into the peripheral 

circulation (Sweet et al, 1976 and Smits et al, 1980b). The 

concentration of propranolol or timolol in the plasma, 30 

minutes after an intracerebroventricular injection was 

sufficient to antagonise significantly the hypotension and 

cardioacceleration produced by intravenous isoprenaline.

Thus peripheral beta adrenoceptors may be blocked after 

intracerebroventricular administration. However in the same 

study when the beta adrenoceptor blocking drug was given by 

intraaortic injection neither heart rate nor arterial 

pressure was decreased (Sweet et al, 1976).

Beta adrenoceptor blocking drugs may be taken up into 

the brain after peripheral administration. Subcutaneous or 

oral administration of propranolol and pindolol decreased 

the mean arterial pressure of spontaneously hypertensive and 

Sprague-Dawley rats. On examination of the brain, 

propranolol was found to be concentrated in the hippocampus
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and pindolol in the septum. Sotalol was also given in this 

study but significant central concentrations of sotalol were 

not demonstrable and sotalol did not reduce the mean 

arterial pressure (Garvey and Ram, 1975). Timolol and 

propranolol were both found to be taken up into the brain 

after oral administration but the concentration of timolol 

was lower than that of propranolol after the same dose 

(Tocco et al, 1980). The more lipophilic beta adrenoceptor 

antagonists penetrate into the brain most readily. Very low 

central concentrations are found of the hydrophilic beta 

adrenoceptor blockers such as atenolol and sotalol yet these 

compounds adequately lower blood pressure (Man in't Veld and 

Schalekamp, 1982). Beta adrenoceptor antagonists may reduce 

sympathetic nervous activity by a central effect and so less 

noradrenaline would be released (Prichard, 1982). Drugs 

like clonidine, which decrease central sympathetic outflow 

lower the plasma concentration of noradrenaline. However 

after beta adrenoceptor blockade, the plasma concentration 

of noradrenaline has been reported to be increased. Because 

the clearance of plasma noradrenaline is reduced by 

administration of beta adrenoceptor blockers, this may 

account for the raised plasma concentration (Man in't Veld 

and Schalekamp, 1982).

1.9.2 Resetting of the Baroreceptors Blockade of beta

adrenoceptors inhibits cardiac sympathetic activity, thereby 

reducing the cardiac contribution and consequently the rise 

in blood pressure to some but not all pressor stimuli. For 

example the rise in blood pressure on exercise and the
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pressor overshoot in Valsalva's manoeuvre are reduced after 

beta blockade. This attenuation of the pressor responses to 

various stimuli may lead to the baroreceptors generating 

their inhibitory impulses at a lower level of blood 

pressure, resulting in a fall in mean pressure. A similar 

effect may be seen when a hypertensive patient is put to 

bed. The reduction in sensory input might allow the 

baroreceptors to lower blood pressure (Prichard, 1982). 

However, Simon et al (1977) were unable to detect any change 

in high pressure baroreceptor reflex sensitivity, either 

after intravenous administration of propranolol or after 

nine weeks treatment with timolol of essential hypertensive 

patients.

1.9.3 Presynaptic Beta Adrenoceptor Antagonism The

haemodynamic effects of beta adrenoceptor blocking drugs may 

be determined not only by blockade of postsynaptic beta 

adrenoceptors, but also by blockade of presynaptic beta 

adrenoceptors (Man in't Veld and Schalekamp, 1982). The 

presence of presynaptic beta adrenoceptors has been 

demonstrated in human tissues (Stjarne and Brundin, 1975) 

and in rat tissues (Dahlof et al, 1978 and Majewski et al,

1981). Beta adrenoceptor antagonists decrease the nerve 

stimulation induced release of noradrenaline and also block 

the facilitation of noradrenaline release produced by beta 

adrenergic stimulants such as noradrenaline, adrenaline or 

isoprenaline (Stjarne and Brundin, 1975, Dahlof et al, 1978 

and 1980, Majewski et al, 1981).

A low dose of adrenaline and a high dose of



noradrenaline increased the fractional release of tritiated 

noradrenaline elicited by sympathetic nerve stimulation of 

the rat portal vein (Dahlof et al, 1978). This suggests 

that the presynaptic beta receptors are of the beta-2 

subtype. ICI 118551, a beta-2 selective antagonist, 

abolished the adrenaline induced enhancement of neurogenic 

pressor responses in pithed adrenal demedullated rats 

whereas atenolol, a beta-1 antagonist, did not alter these 

pressor responses (Borkowski and Quinn, 1984). In the 

isolated rat portal vein, the release of neuronal 

noradrenaline during transmural nerve stimulation was 

decreased by propranolol but not by metoprolol. Propranolol 

is an antagonist at both the beta-1 and beta-2 adrenoceptors 

but metoprolol is relatively beta-1 selective. However, 

metoprolol abolished the enhancement by adrenaline of the 

stimulation-induced efflux of radioactivity from rat atria 

previously incubated with ^H noradrenaline (Majewski et al,

1981). Therefore it has not been shown conclusively that 

the presynaptic beta adrenoceptors are beta-2 in nature.

Antagonism of presynaptic beta adrenoceptors should 

decrease the release of noradrenaline in response to pressor 

stimuli. However, beta adrenoceptor blockade with 

propranolol has been shown to increase plasma catecholamine 

concentrations in patients with high blood pressure (Rahn et 

al 1978). Since beta adrenoceptor blocking drugs may 

decrease the clearance of noradrenaline and thus increase 

the plasma concentration, this observation does not 

necessarily exclude presynaptic beta adrenoceptor antagonism 

by propranolol (Man in't Veld and Schalekamp, 1982). The
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antihypertensive action of beta adrenoceptor blocking drugs 

is a delayed effect whereas presynaptic beta blockade occurs 

as soon as the beta adrenoceptor blocking drug is 

administered. However, there may be a time-lapse from the 

commencement of the blockade until noradrenaline release is 

sufficiently decreased to affect the pressor response.

Short term treatment of the pithed rat with practolol 

increased the pressor response to electrical stimulation of 

the spinal cord, whereas a decreased response was observed 

after chronic treatment with practolol (Lewis, 1974). The 

response to electrical stimulation of the rat portal vein 

was attenuated after protracted but not after short term 

oral administration of propranolol or metoprolol (Ljung et 

al, 1975).

1.9.4 Adrenergic Neurone Blockade Propranolol was found to

diminish the stimulation-induced release of noradrenaline 

from adrenergic nerve endings in the isolated guinea-pig vas 

deferens preparation. The d and 1 isomers of propranolol 

were equipotent inhibitors of neurotransmitter release and 

this adrenergic neurone blocking effect was independent of 

beta adrenoceptor blockade or the local anaesthetic action 

of propranolol. Propranolol also enhanced the spontaneous 

release of tritiated neurotransmitter from the vas deferens 

by a mechanism consistent with a direct interaction between 

the drug and the synaptic storage vesicles. This releasing 

action of propranolol resembles that of guanethidine and it 

may contribute to the neuronal blocking effect of 

propranolol (Saelens et al, 1977).
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In most studies, the concentration of propranolol 

required for adrenergic neurone blockade was 500-14,000 

ng/ml (Jackson and Campbell, 1980). This concentration is 

much higher than the concentration of propranolol in the 

plasma of patients, which produces an adequate 

antihypertensive effect. Both isomers of propranolol exert 

an adrenergic neurone blocking effect but at the doses used 

in the treatment of hypertension, the d isomer does not 

lower blood pressure. Thus an adrenergic neurone blocking 

action by a beta adrenoceptor blocking drug is unlikely to 

contribute to its antihypertensive effects (Prichard, 1982).

1.9.5 Reduced Synthesis of Catecholamines Spontaneously

hypertensive rats, which received chronic propranolol 

treatment, were found to have a reduced tyrosine hydroxylase 

activity of the adrenal glands. At the same time, mean 

arterial pressure was significantly reduced by treatment 

(Bhagat, 1978 and Ablad et al, 1977). Tyrosine hydroxylase 

is the rate limiting enzyme in the biosynthesis of 

noradrenaline therefore a reduction in the enzyme activity 

may lead to a lower adrenal noradrenaline content. Ablad et 

al (1977) found that the adrenal dopamine concentration was 

significantly decreased 3 days after cessation of chronic 

propranolol treatment but the concentrations of 

noradrenaline and adrenaline were not significantly altered. 

If tyrosine hydroxylase activity is also reduced in the 

sympathetic nerve endings then less noradrenaline will be 

available for release. The decrease in enzyme activity may 

be brought about by a generalised decrease in sympathetic
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activity after long term administration of propranolol. 

Prolonged propranolol therapy for at least 8 days was 

required before the adrenal tyrosine hydroxylase activity or 

systolic pressure were significantly reduced and this may 

explain the delayed antihypertensive action of propranolol 

(Bhagat, 1978).

1.9.6 Reduced Renin Release Blockade of beta-1 adrenoceptors

on the juxtaglomerular cells of the kidney leads to a 

decrease in the release of renin (Man in't Veld and 

Schalekamp, 1982). Subsequently, the blood level of 

angiotensin II is reduced. Since angiotensin II stimulates 

sympathetic activity by various methods, causes 

vasoconstriction and affects the production of aldosterone, 

decreasing the formation of angiotensin via renin lowers 

blood pressure. The antihypertensive action of beta 

adrenoceptor blocking drugs has been closely related to the 

pretreatment level of plasma renin activity and the degree 

of inhibition of renin release (Buhler et al, 1972 and 

Hollifield et al, 1976). However, in some studies, no 

correlation was found between the fall in plasma renin 

activity and fall in arterial pressure after chronic 

treatment (Dunn et al, 1978 and Julius and Simon, 1980). 

Leenen et al (1984) found that plasma renin activity was 

reduced to a similar extent after 1 and 14 days treatment of 

hypertensive patients with propranolol whereas resting 

diastolic pressure did not fall significantly until 14 days 

of treatment had been given. In another study of patients 

with essential hypertension, plasma renin activity was
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reduced to a greater extent after 6 and 24 weeks treatment 

than after acute intravenous injection of propranolol (Van 

Baak et al, 1982).

Thus a direct relationship between decreased plasma 

renin activity and the antihypertensive effect has not been 

shown in all studies. In fact there is evidence which 

suggests that high blood pressure may be reduced without a 

decrease in renin release. Stokes et al (1974) showed that 

long term treatment of hypertensive patients with 

propranolol produced an antihypertensive effect and a 

sustained suppression of the renin-angiotensin system. When 

pindolol was substituted for propranolol, blood pressure 

control was retained but there was a prompt rise in plasma 

renin activity, which was not attributable to changes in 

electrolyte balance. In captopril treated patients, 

propranolol administration resulted in a significant 

hypotensive effect without altering plasma angiotensin II or 

aldosterone concentrations (Staessen et al, 1981). A 

decrease in the release of renin may play an important part 

in the antihypertensive action of beta adrenoceptor blocking 

drugs in patients with high renin levels. However when 

renin levels are normal or low, the antihypertensive effect 

is more likely to be brought about by other mechanisms.

1.9.7 Restoration of Vascular Relaxation Sensitivity Amer

(1977) has put forward a theory that prolonged blockade of 

vascular beta adrenoceptors may protect the relaxation 

mechanisms involving cyclic AMP synthesis from becoming 

desensitised. He has suggested that in hyp ertension there
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is a decreased sensitivity of vascular beta adrenoceptors 

due to increased sympathetic outflow. This would result in 

predominant alpha adrenoceptor activity causing increased 

vascular resistance and elevated arterial pressure. The 

beta adrenoceptor is one of a variety of hormonal receptors 

that will trigger cyclic AMP synthesis via the same 

adenylate cyclase enzyme complex. This enzyme complex is 

thought to consist of multiple receptor subunits, a coupler 

subunit and a catalytic subunit. Reduced activity in the 

coupler or catalytic units of the enzyme could result in 

decreased responsiveness of the system to all the various 

stimuli acting via adenylate cyclase. For example, reduced 

activity could be caused by elevated catecholamine or 

angiotensin II levels. If there is decreased beta 

adrenoceptor responsiveness in hypertension affecting the 

coupler sub unit, this may result in decreased sensitivity 

to the natural hormonal vasodilators eg histamine and 

prostaglandins.

Chronic beta blockade may protect the vascular beta 

adrenoceptor from the reinforcing levels of catecholamines 

that maintain the subsensitivity of the vasodilating 

apparatus. It would thus allow the adenylate 

cyclase-relaxation complex to slowly regain its 

responsiveness to other agents that normally mediate 

vasodilation. Although little direct evidence has been 

found to support this hypothesis, it does explain a number 

of obsttvations. First, the most important property of beta 

adrenoceptor blocking drugs that correlates well with their 

antihypertensive activity is their beta antagonist action.
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This is the only property needed by this hypothesis.

Second, according to this theory the delay in onset of the 

antihypertensive action of beta adrenoceptor blockers occurs 

due to the time required for the recovery of the relaxation 

process and receptor response. Third, there is a decrease 

in peripheral vascular resistance resulting in the 

antihypertensive action of beta adrenoceptor blocking drugs. 

This hypothesis localises the effects of these agents to the 

peripheral vasculature via a mechanism that directly results 

in decreased vascular smooth muscle tone. The last point is 

that blood pressure returns to pretreatment levels at a 

variable rate after cessation of beta blockade. This may be 

due to the coupler unit returning to its subsensitive state 

at a rate that depends on the release of catecholamines and 

the condition of the vascular beta adrenoceptors.

All the different mechanisms which have been proposed 

as being responsible for the antihypertensive action of beta 

adrenoceptor blocking drugs could contribute towards 

restoring vascular relaxation sensitivity. A decreased 

release of noradrenaline brought about by a central action 

or by presynaptic beta blockade or due to a reduced 

synthesis of noradrenaline or even by decreased baroreceptor 

activity would result in less vasoconstriction and help to 

restore the sensitivity of the adenylate cyclase enzyme 

complex to vasodilator agents. Inhibition of renin release 

by beta adrenoceptor blocking drugs would result in less 

formation of angiotensin. If the levels of noradrenaline 

and angiotensin are reduced, then stimulation of the 

adenylate cyclase enzyme complex would be reduced and thus
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the sensitivity of the enzyme complex could be increased 

back towards a normal level.

1.10 Pharmacokinetics of Propranolol and Timolol in Man and Rat

The half-lives of propranolol and timolol are longer in 

man than in the rat after oral or I.V. administration. In

normal volunteers the half-life of propranolol was 190

minutes following a single oral dose, (Evans and Shand,

1973) whereas a half-life between 43 minutes (Lemmer and 

Bathe, 1982) and 83 minutes (Terao and Shen, 1983) has been 

found in the rat after I.V injection. Similarly for timolol 

the half-life of the drug and metabolites in plasma was 2 

hours in the rat and about 4.5 hours in human volunteers 

(Tocco et al, 1975). The difference in the half-lives 

between man and rat is probably due to the much higher 

clearance of the drugs in rats. The clearance of 

propranolol in rats is between 61.5 ml/min/kg (Terao and 

Shen, 1983) and 167 ml/min/kg (Lemmer and Bathe, 1982). In

man the clearance of propranolol is 1.09 1/minute (Evans and 

Shand, 1973) which, taking into account the difference in 

mass between man and rat, is much lower. There is evidence 

that circadian variation occurs in the half-life of 

propranolol after I.V. injection in rats. The half-life was 

shorter (33.2 minutes) in the dark phase than in the light 

(43.4 minutes) (Lemmer and Bathe, 1982). It has also been 

found that the half-life of propranolol in the rat was 

increased following the I.V. administration of a high dose 

(Schneck et al, 1977).



26

Accumulation of propranolol has been shown in both man 

and rats after chronic administration. An average two fold 

accumulation was apparent in man during therapy with 

propranolol for at least 3 days. There was a 44% increase 

in half-life from 190 minutes to 274 minutes (Evans and 

Shand, 1973). Multiple dosing of light-dark synchronized 

rats resulted in an increase in the half-life of propranolol 

during the light and the dark phases, compared to a single 

dose (Lemmer and Bathe, 1982). The clearance of propranolol 

was not subject to circadian variation and clearance was 

reduced from about 167 ml/min/kg following a single dose to 

37 ml/min/kg during multiple dosing. Evans and Shand (1973) 

attributed the increased availability of propranolol to two 

factors. First, the high hepatic extraction of propranolol 

was considered to be due to high-affinity drug binding, 

which became saturated. Second, the increase in drug 

availability was sufficient to saturate partially the 

metabolism of propranolol and therefore decrease systemic 

drug clearance. No evidence of accumulation of timolol has 

been found in man after chronic administration (Davies, 

1980).

When propranolol or timolol therapy is discontinued in 

man, there is a rapid decrease in the plasma concentration 

of the drug due to its short half-life. 24 hours after 

discontinuing chronic propranolol adminstration to patients, 

the mean plasma concentration was 12 ng/ml (Evans and Shand, 

1973) and similarly 48 hours after the withdrawal of 

propranolol treatment the mean serum concentration was only 

1 ng/ml (Irishman et al, 1978). The plasma concentration
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of timolol declines monoexponentially in relation to time. 

24 hours after administering a 20 mg oral dose, the timolol 

plasma concentration averaged 3 . 0 - 3 . 0  ng/ml (Bobik et al, 

1980). Since the half-lives of propranolol and timolol are 

shorter in rats, the plasma concentration should fall to 

zero more rapidly when chronic treatment of rats is 

discontinued. Serum levels of propranolol were reduced by 

95% 24 hours after oral treatment of Wistar rats with 

propranolol was withdrawn (Cramb et al, 1984).

1.11 Withdrawal Syndrome After Chronic Beta Adrenergic Blockade

Following the abrupt withdrawal of propranolol 

treatment from patients with angina, a number of adverse 

reactions have been reported in some patients. In a recent 

review by Prichard et al (1983), the adverse reactions were 

found to include myocardial infarction, ventricular 

tachycardia and episodes of acute coronary insufficiency.

In some cases sudden death occurred. There was some 

evidence that patients with severe angina were more likely 

to experience adverse effects on withdrawal of treatment. 

Metoprolol withdrawal has also been found to cause 

myocardial infarction when active treatment was replaced 

by placebo in angina patients (Pritchard et al, 1983). No 

overshoot of blood pressure was found in hypertensive 

patients when beta blocking therapy with oxprenolol or 

propranolol was withdrawn (Pritchard et al, 1983). However 

when treatment of hypertensive patients with propranolol or 

metoprolol ceased, palpitations, tremors and sweating were
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reported (Pedersen et al, 1979). Significant rebound 

increases in heart rate were observed after discontinuing 

propranolol, atenolol, oxprenolol or acebutolol 

administration to normal volunteers for either one or six 

weeks (Ross et al, 1981). In the same study, significant 

increases in heart rate also occurred in patients with 

angina when propranolol or oxprenolol treatment was stopped.

Significant changes in blood pressure and heart rate 

are not always observed when treatment with beta adrenergic 

blocking drugs is withdrawn. Planz and Planz (1981) found 

that blood pressure and heart rate returned to the 

pretreatment levels without a significant rebound increase, 

2 k days after the sudden withdrawal of chronic treatment 

with propranolol. In a clinical trial of timolol in patients 

with mild to moderate essential hypertension, systolic and 

diastolic blood pressures and pulse rate rose to the levels 

observed during the base line period when timolol 

administration was discontinued and there was no sign of 

rebound phenomena (Yu, 1980). The timing of the withdrawal 

phenomenon appears to vary considerably from 1 to 14 or 

possibly 21 days (Prichard et al, 1983).

Cardiac sensitivity to isoprenaline was found to be 

increased after withdrawal of chronic propranolol treatment 

in man (Prichard et al, 1983) and in rats (Rotting and 

Crook, 1981, Cramb et al, 1984 and Kennedy and Donnelly,

1982). However chronic treatment with atenolol or LL21-945 

did not result in supersensitivity of the chronotropic 

effects of I.V. isoprenaline in pithed rats when treatment 

was discontinued (Botting and Crook, 1981). An increased
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density of beta adrenoceptors has been reported in rat 

ventricular muscle after chronic beta blockade with 

propranolol (Cramb et al, 1984 and Aarons and Molinoff,

1982). This increase in beta adrenoceptor density was also 

found to occur on rat and human lymphocytes (Aarons and 

Molinoff, 1982 and Molinoff and Aarons, 1983). The rebound 

increase in heart rate observed after the withdrawal of beta 

adrenoceptor blocking drugs may well be related to the 

increased number of beta adrenoceptors.

However, Kennedy and Donnelly (1982) found that 

although in right ventricular strips from Sprague-Dawley 

rats there was a significant shift to the left in the 

inotropic response to isoprenaline or noradrenaline after 

the discontinuation of chronic propranolol treatment, there 

was no significant difference in beta adrenoceptor number or 

affinity between propranolol or saline treatment. In the 

same study, treatment and withdrawal of propranolol did not 

alter the inotropic responsiveness of right ventricular 

strips to agonists that alter calcium fluxes or myofibrillar 

calcium binding (methoxamine, ouabain, extracellular 

calcium) or to agonists that alter tissue levels of cyclic 

AMP (glucagon, IBMX) nor was there any change in the 

sensitivity of the myocardial tissues to cholinergic 

stimulation with acetylcholine or methacholine. Kennedy and 

Donnelly concluded that the propranolol-induced 

supersensitivity was possibly due to alteration of the beta 

adrenoceptor-adenylate cyclase coupling mechanism.

24 hours after withdrawal of chronic propranolol 

administration to Wistar rats, increased chronotropic
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responses to I.V. isoprenaline were observed. In addition, 

cardiac sarcolenmal beta adrenoceptor number and adenylate 

cyclase activity were significantly increased above control. 

48 hours after withdrawal, the chronotropic response to I.V. 

isoprenaline had returned to the control value as had the 

isoprenaline-stimulated adenylate cyclase activity; 

sarcolemmal beta adrenoceptor density was still elevated. 

Fluoride and forskolin-stimulated adenylate cyclase 

activities were significantly increased 24 hours after 

withdrawal but the enzyme activities decreased below the 

control values by 48 hours of withdrawal. This suggests 

that there may be an alteration in the catalytic and 

regulatory components of the adenylate cyclase system (Cramb 

et al, 1984).

The levels of circulating catecholamines were not found 

to rise after the withdrawal of beta adrenoceptor blocking 

drugs (Prichard et al, 1983). Two and a half days after the 

sudden withdrawal of chronic propranolol treatment in 

healthy volunteers, supine and exercise plasma 

concentrations of noradrenaline and adrenaline were still in 

the normal range (Planz and Planz, 1981). Cessation of long 

term treatment of rats with propranolol did not alter the 

myocardial content of noradrenaline or acetylcholine, 

estimated 12,24,48 and 96 hours after the last propranolol 

injection (Penttila et al, 1977). Thus accumulation of the 

autonomic neurotransmitters in the heart during treatment 

with propranolol is not likely to be responsible for the 

adverse effects which occur when the drug is withdrawn.

Increased platelet sensitivity to aggregating
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concentrations of both ADP and adrenaline has been found in 

patients with angina pectoris compared to normal subjects. 

Propranolol therapy had a dramatic effect in reducing 

platelet sensitivity to ADP and adrenaline in these 

patients. When the propranolol was abruptly discontinued, 

the platelets showed marked increases in sensitivity to the 

aggregating agents. In six out of ten patients, the 

platelets were more hyper-responsive to aggregating 

concentrations of ADP and adrenaline than before any 

treatment (Frishman et al, 1978). It has been suggested 

that hyperaggregable platelets may play an important role in 

ischaemic cardiovascular events. The prostaglandin, 

thromboxane A ^ , which constricts coronary vessels can be 

liberated from aggregating platelets (Prichard et al, 1983).

The mechanism responsible for the withdrawal phenomenon 

that occurs after the abrupt discontinuation of beta 

adrenoceptor blocking drugs has not yet been fully 

elucidated. Changes in beta adrenoceptor density and in 

adenylate cyclase activity are probably important in 

increasing the sensitivity of the myocardium to endogenous 

catecholamines. Limitation of physical activity appears to 

provide protection against withdrawal exacerbation of angina 

pectoris (Prichard et al, 1983). Patients with 

hyperaggregable platelets may be more likely to suffer 

adverse reactions on withdrawal of beta adrenoceptor 

blocking drugs (Frishman et al, 1978).

1.12 Chronic Administration of Beta Adrenoceptor Blocking Drugs

to Rats
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The effects of long term treatment with beta 

adrenoceptor blocking drugs have been found to vary 

considerably between different studies. As has already 

been pointed out, the haemodynamic effects of chronic oral 

administration of propranolol and timolol are not uniform. 

In some studies the mean arterial pressure was decreased by 

treatment (Kubo et al, 1977 and Ljung et al, 1975), whilst 

in several other studies no effect on mean arterial 

pressure could be observed (Weiss et al, 1974 and Sen and 

Tarazi, 1983). In nearly all studies, heart rate was 

significantly decreased by chronic treatment (Kubo et al, 

1977, Garvey and Ram, 1975 and Nishiyama et al, 1978). The 

chronotropic response to isoprenaline was almost always 

blocked after chronic administration of beta adrenoceptor 

blocking drugs (Botting and Crook, 1981, Adler-Graschinsky 

and Carrara, 1982, Cramb et al, 1984 and 

Mazurkiewicz-Kwilecki and Romagnoli, 1970). However, 

responses of the heart and blood pressure to electrical 

stimulation of the complete sympathetic outflow in pithed 

rats were found to be significantly reduced after chronic 

practolol treatment (Lewis, 1974) but not after chronic 

propranolol (Burkan and Leach, 1981).

This difference in the response to stimulation of the 

complete sympathetic outflow could perhaps be attributed to 

differences in the secondary properties of practolol and 

propranolol, since practolol possesses intrinsic 

sympathomimetic activity (Man in't Veld and Schalekamp,

1983). Lewis (1974) also observed a potentiation of the
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pressor response to 500 ng noradrenaline in pithed rats, 

which received practolol for 6 weeks, whereas after 

propranolol treatment for 8 weeks the pressor response to 

noradrenaline was unchanged in pithed rats (Kubo et al, 

1977). It is also possible that the difference in results 

was due to a strain difference since Wistar rats were used 

by Lewis (1974) but spontaneously hypertensive rats were 

used in the studies of Kubo et al (1977) and Burkan and 

Leach (1981).

Glaubiger and Lefkowitz (1977) reported an increase in 

cardiac beta adrenoceptor number after male C-D strain rats 

(Charles River) were injected intraperitoneally every 8 

hours with 10 mg/kg propranolol for 2 weeks. When the same 

dosage regimen was administered to Sprague-Dawley rats, no 

change in the density of beta adrenoceptors in the heart 

was observed (Aarons and Molinoff, 1982 and Baker and 

Potter, 1980). However, Aarons and Molinoff (1982) found 

that plasma levels of propranolol were not detectable 8 

hours after a dose of propranolol of 10 mg/kg. When they 

administered propranolol continuously s.c. by osmotic 

minipump, the density of beta adrenoceptors in rat 

ventricle was significantly increased. In spontaneously 

hypertensive rats, a high dose of propranolol (94.6 

mg/kg/day for 6 months) resulted in a decrease in cardiac 

beta adrenoceptor concentration, whereas a lower dose (41.6 

mg/kg/day for 6 months) did not alter the cardiac beta 

adrenoceptor concentration (Baker and Katovich, 1982).

Differences in cardiac adrenergic reactivity have been 

demonstrated in normotensive and spontaneously hypertensive
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rats. Kunos et al (1978) found that mechanisms of agonist 

inactivation were impaired or non-functional in the 

myocardium of spontaneously hypertensive rats. There was 

also a shift in the balance of cardiac inotropic 

adrenoceptors from beta toward alpha between normotensive 

and hypertensive rats and the beta adrenoceptors were found 

to be subsensitive in adult spontaneously hypertensive 

rats. Caution must therefore be observed when comparing 

studies on the effects of chronic administration of beta 

adrenoceptor blocking drugs in spontaneously hypertensive 

and normotensive rats. The different ancillary properties 

of the beta adrenoceptor blocking drugs such as membrane 

stabilisation or intrinsic sympathomimetic activity must 

also be taken into account.

1.13 The Pithed Rat Preparation

The pithed rat provides a preparation in which the in 

vivo responses to electrical stimulation of the nerves or 

to exogenously administered drugs may be studied. The 

brain and spinal cord are destroyed by pithing so that 

neurogenic cardiovascular control is eliminated (Albrecht 

et al, 1975). Vascular smooth muscle tone is apparently 

almost completely abolished since injection of papaverine 

into pithed rats does not appreciably reduce total 

peripheral resistance (Albrecht et al, 1975). Gillespie 

and Muir (1967) described the use of the pithing rod as an 

electrode to stimulate the entire sympathetic outflow from 

the spinal cord. No further operative interference is
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required to expose the nerves therefore the functional 

integrity of the tissues is unimpaired (Gillespie et al, 

1970). The method of Gillespie and Muir was adapted by 

shielding the electrode so that the electrical stimulus 

could be localised to a particular section of the spinal 

cord. In this way, pressor and cardioaccelerator nerves 

could be stimulated separately (Gillespie et al, 1970).

The pithed rat preparation has been used to study the 

effects of antagonists on the responses to electrical 

stimulation of the nerves and to exogenous agonists (Lewis, 

1974 and Yamaguchi and Kopin, 1980). It has also been used 

to investigate the actions of uptake I and uptake II (Bell 

and Kushinsky, 1978). Both presynaptic and postsynaptic 

responses can be determined in pithed rats (Docherty and 

McGrath, 1980). The relationship between stimulation of 

the complete sympathetic outflow of the pithed rat and the 

increases in plasma catecholamines and blood pressure was 

examined by Yamaguchi and Kopin (1979). That study showed 

that noradrenaline released at the sympathetic nerve 

endings is primarily responsible for the increase in blood 

pressure. Thus the pithed rat is a very useful preparation 

in which to study the peripheral effects of chronic 

administration of beta adrenoceptor blocking drugs.

1.14 The next chapter describes the methods that were used

to investigate the effects of chronic treatment with 

propranolol or timolol on the cardiovascular system of the 

rat and the results of the experiments are given. The 

methods and results are divided into four sections each
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comprising a particular aspect of the research. The first 

section is a preliminary study, which was designed to 

answer the question of how long treatment with propranolol 

or timolol should be continued before significant effects 

on the pressor and cardiac responses to electrical 

stimulation of the whole spinal outflow or to noradrenaline 

would be seen. The second section concerns the response of 

the pithed rat to electrical stimulation of the whole 

spinal outflow or to stimulation of the cardiac nerves 

alone or to stimulation of just the mesenteric nerves. 

Dose-response curves to isoprenaline have also been 

obtained and the pressor and chronotropic responses to the 

various forms of stimulation are compared in control and 

treated rats. In the third section , the plasma 

concentration of propranolol has been determined and the 

pharmacokinetics of propranolol and timolol are considered 

to help explain the results from section two. Finally, 

the last section examines the release of tritiated 

noradrenaline on stimulation of the spinal outflow of the 

pithed rat to investigate whether chronic treatment with 

beta adrenoceptor antagonists affects the release of 

neurotransmitter.

A brief discussion of the results from each section of 

experiments is given at the end of each section. However, 

the results are discussed in much greater detail in the 

last chapter. A comparison of my results to other 

published research is made first and then possible 

explanations for the results are provided. The relevance 

of my research to the administration of propranolol, and
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timolol to man is considered. Finally, some suggestions 

for future work are provided.
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Chapter 2: Methods and Results



N.B. All daily doses quoted are nominal doses based on a fluid

intake of 25 ml per rat per day observed in preliminary

experiments. Subsequent observations (p 89) showed fluid

intake to vary significantly from this figure and attained 

doses were calculated as follows:

nominal dose (mg/kg/day) attained dose 

propranolol 12 19.1

60 46.3

timolol 5 7.1

All solutions were made up usually daily and not less 

frequently than every other day. Under the conditions 

used all drug solutions were stable for at least 48 hours.
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2.1 Section 1: Preliminary Study to Determine the Length of Time

for Chronic Dosing

This preliminary study was undertaken to determine how 

long rats should be treated with beta adrenoceptor blocking 

drugs before a significant effect on heart rate or mean 

arterial pressure was seen.

2.2 Methods

2.2.1 Dosing Schedules Male Wistar rats (University of Bath 

strain) were treated with propranolol hydrochloride or 

timolol maleate by dissolving the drug in the drinking 

water. The doses chosen were 12 mg/kg/day propranolol or 

1.2 mg/kg/day timolol (doses expressed as the base), since 

after chronic oral treatment of Wistar rats with these 

doses, significant effects were observed on the in vitro 

response of the anococcygeus muscle to exogenous agonists or 

electrical stimulation (Redfern et al, 1980). It had 

previously been observed in this laboratory that on average 

each rat drank 25 ml of water daily. Cages of six to eight 

rats were used and the dose of the drug was calculated from 

their mean weight. Treatment was continued for 2, 4 or 6 

weeks with propranolol and 2, 4, 6, 12 or 17 weeks with 

timolol.

2.2.2 Pithing Control or chronically treated male rats (200 

to 400 g) were anaesthetised with diethyl ether. The 

trachea was cannulated and the animal pithed through one
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orbit using a steel rod (Gillespie and Muir, 1967). After 

pithing, the rat was artificially respired with room air at 

a volume of 10 ml/kg by a Parvalux pump. A steel needle was 

inserted under the skin in the scapular region to act as an 

indifferent electrode. The left carotid artery was then 

cannulated for the recording of blood pressure via a Bell 

and Howell physiological pressure transducer connected to a 

Physiograph Mklll recorder. The heart rate was derived from 

the blood pressure pulse and also recorded. Finally the 

femoral vein was cannulated for the administration of drugs.

2.2.3 Response to I.V. Noradrenaline Dose-response curves to

noradrenaline were determined in control rats and rats 

treated with 12 mg/kg/day propranolol or 1.2 mg/kg/day 

timolol. Immediately after pithing the rat, atropine, 1 

mg/kg, and tubocurarine, 1 mg/kg, were administered via the 

femoral vein. Five minutes later, doses of 10, 50, 100,

200, 300 and 500 ng noradrenaline were given I.V. in a 

random order and the responses of blood pressure and heart 

rate were recorded. Five minutes or until the blood 

pressure and heart rate had returned to the preinjection 

levels was allowed between each dose. The response to 

electrical stimulation of the entire sympathetic outflow was 

also determined in these rats. In some rats, the 

dose-response curve to noradrenaline was obtained before 

stimulating the spinal outflow and vice versa.
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2.2.4 Stimulation of the Complete Sympathetic Outflow from

the Spinal Column. Atropine, 1 mg/kg, and tubocurarine, 1 

mg/kg, were administered via the femoral vein to the pithed 

rat. Atropine was given to prevent any parasympathetic 

responses due to spread of the electrical stimulus to the 

vagal or sacral fibres. The tubocurarine was intended to 

prevent excessive twitching of skeletal muscle, produced by 

stimulation of motor fibres in the ventral roots. Five 

minutes later, the complete sympathetic spinal outflow was 

stimulated via the steel pithing rod in control or treated 

animals. This was achieved using a Grass S44 stimulator. A 

supramaximal voltage of 30v was determined in a few control 

pithed rats and thus the stimulation parameters used were 

30v, 1ms duration for 10s every five minutes. The frequency 

was varied in a random order of 2, 5, 10, 20 and 30 Hz and 

the rises in blood pressure and heart rate were recorded.

In the rats that also received noradrenaline, the order of 

each procedure (noradrenaline or electrical stimulation) was 

varied.

Statistical evaluation of the results in each section is 

given at the end of the last section.

2.3 Results

2.3.1 Initial Heart Rate, Systolic and Diastolic Pressures

Immediately after the carotid artery had been cannulated, 

the heart rate, systolic and diastolic pressures of each 

pithed rat were measured. There were no significant



42

differences in the systolic or diastolic pressures between 

control rats and those treated with 12 mg/kg/day propranolol 

or 1.2 mg/kg/day timolol. Rats which received 1.2 mg/kg/day 

timolol for 17 weeks had significantly lower initial heart 

rates than control rats but there were no differences in 

initial heart rate for any of the other groups (Table 1).

2.3.2 Log Dose - Response Curves to Noradrenaline There was a

dose-dependent rise in mean arterial pressure (MAP) and 

heart rate after administration of noradrenaline to control 

pithed rats. MAP was calculated as the diastolic pressure 

plus a third of the pulse pressure. The log dose-response 

curves for rises in MAP or heart rate were not significantly 

different from control for rats treated with 12 mg/kg/day 

propranolol or 1.2 mg/kg/day timolol (figures 1, 2, 3 and 

4).

2.3.3 Mean Rises in MAP and Heart Rate on Stimulation of the

Complete Spinal Outflow of Pithed Rats Stimulation of the 

complete spinal outflow of control pithed rats resulted in 

frequency-dependent rises in mean arterial pressure and 

heart rate. The blood pressure response was characterised 

by a large rise in blood pressure, followed by a second 

smaller rise as the blood pressure was returning to the base 

line (figure 5). The primary rise in blood pressure was due 

to stimulation of the postsynaptic alpha adrenoceptors, 

which mediate vasoconstriction, by transmitter noradrenaline 

released from the sympathetic nerves, whilst the secondary 

rise has been attributed to circulating catecholamines from
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the adrenal glands. Adrenalectomy was shown to abolish the 

secondary pressor response (Gillespie and Muir, 1967). Both 

rises in MAP were measured. There were no significant 

differences in the mean rises in MAP (primary or secondary) 

between control rats and those treated with 12 mg/kg/day 

propranolol or 1.2 mg/kg/day timolol (figures 6, 7, 8 and 

9). The mean rise in heart rate on stimulation of the 

entire sympathetic outflow was significantly reduced in rats 

treated with 12 mg/kg/day propranolol for 4 or 6 weeks 

compared to control rats but the mean rise in heart rate was 

not significantly different in rats treated with 12 

mg/kg/day propranolol for 2 weeks, nor was there any change 

in the mean rise in heart rate in rats treated with timolol 

(figures 10 and 11).

2.4 Discussion

Because propranolol (12 mg/kg/day) administered for 4 

or 6 weeks significantly reduced the chronotropic response 

of the heart to stimulation of the complete spinal outflow, 

a period of 4 weeks treatment was chosen for the main part 

of the study. However, propranolol treatment did not alter 

the mean rise in heart rate produced by noradrenaline, which 

suggests that factors other than postsynaptic beta blockade 

may have been involved in the diminution of the response to 

electrical stimulation. Timolol (1.2 mg/kg/day) was without 

effect on the responses to stimulation of the complete 

sympathetic outflow or to noradrenaline, even after 17 weeks 

treatment. Therefore a higher dose of timolol was chosen
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for the rest of the study.



45

Table 1; Initial Systolic and Diastolic Pressures (mmHg) and Heart 
Rate (bpm) of Control Pithed Rats and Rats Treated with 12 mg/kg/day 
Propranolol or 1.2 mg/kg/day Timolol

Treatment Length of Systolic Diastolic Heart Rate
treatment Pressure Pressure (bpm)
(wks ) (mmHg) (mmHg)

Mean +  SE

Control 67.6+2.8 44.0+2.2 306.4+12.2 (18)T
Propranolol 2 63.1+2.6 46.1+2.1 351.0+23.2 ( 5)
Propranolol 4 71.4±4.9 42.4+3.1 261.3+26.8 ( 8)
Propranolol 6 54.5+6.0 36.5±3.3 306.0+19.6 ( 5)
Timolol 2 59.9±4.6 36.8+3.5 235.0+12.6 ( 3)
Timolol 4 61.0+7.4 38.2+6.3 276.3+17.4 ( 4)
Timolol 6 66.7+2.1 41.9+2.8 288.0+13.7 ( 5)
Timolol 12 79.8+2.3 47.0+5.0 266.3+26.9 ( 4)
Timolol 17 59.5+6.3 28.6+4.1 *216.7+33.8 ( 3)

f numbers in brackets are number of rats 
p < 0.05 by Dunnett's test
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Figure 1: Log Dose-Response Curves for Mean Rise In Mean Arterial 
Pressure (MAP) on Administration of Noradrenaline I.V. to Propranolol 
Treated Pithed Rats Q  Control (n=7), □  12 mg/kg/day for 2 weekF
(n=4), e  12 mg/kg/day for A weeks (n=4), #  12 mg/kg/day for 6
weeks (n=4 or 5). On every figure the vertical bars represent the 
standard error of the mean.
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Figure 2: Log Dose-Response Curves for Mean Rise in Mean Arterial 
Pressure (MAP) on Administration of Noradrenaline I.V. to Timolol 
Treated Pithed Rats q  Control (n=7), □  1.2 mg/kg/day for 2
weeks (n=3), A  1.2 mg/kg/day for 4 veeks (n=3), 1.2 mg/kg/
day for 6 weeks (n=4 or 5), 
(n=2 or 3).
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Figure 3: Log Dose-Response Curves for Mean Rise in Heart Rate 
on Administration of Noradrenaline I.V. to Propranolol Treated 
Pithed Rats. Q  Control (n=7), □  12 mg/kg/day for 2 weeks
(n=4), #  12 mg/kg/day for 4 weeks (n=4), 12 mg/kg/day
for 6 weeks (n=4 or 5). * p < 0.05 by Dunnett's test.
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Figure A: Log Dose-Response Curves for Mean Rise in Heart Rate on 
Administration of Noradrenaline I.V. to Timolol Treated Pithed 
Rats. O  Control (n=7), □  1.2 mg/kg/day for 2 weeks (n=3),

1.2 mg/kg/day for 4 weeks (n=3), #  1.2 mg/kg/day for 6 
weeks (n=5), ■  1.2 mg/kg/day for 12 weeks (n=2 or 3).
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Figure 5: Trace from a Single Experiment Showing Rises in Heart 
Rate and Blood Pressure on Stimulation of the Whole Spinal Outflow 
of A Control Pithed Rat, Stimulation at 30v, 1 ms for 10 seconds 
every 5 minutes.

A. Heart Rate

B. Blood Pressure

2H; 5Hz OH:
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Figure 6: Mean Primary Ri s e  in Mean Arterial Pressure (MAP) on 
Stimulation of the Complete Spinal Outflow (3Qv, 1ms for 10s) in 
Propranolol Treated Pithed Rats O  Control (n=5, 11, 12 or 13), 

□  12 mg/kg/day for 2 weeks (n=3), #  12 mg/kg/day for 4
veeks (n=4 or 8), m  12 mg/kg/day for 6 weeks (n= A or 5 ) .
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Figure 7: Mean Primary Rise in Mean Arterial Pressure (MAP) on 
Stimulation of the Complete Spinal Outflow (30v, 1ms for IQs) in 
Timolol Treated Pithed Rats. Q  Control (n=5, 11, 12, or 13),

□  1.2 mg/kg/day for 2 weeks (n=3), A  1.2 mg/kg/day for 4
weeks (n=3), #  1.2 mg/kg/day for 6 weeks (n=5), U  1.2 mg/kg/
day for 12 weeks (n=3), A  1 -2 mg/kg/day for 17 weeks (n=3).
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Figure 8: Mean Secondary Rise in Mean Arterial Pressure (MAP) on 
Stimulation of the Complete Spinal Outflow (30v, 1ms for 10s) in 
Propranolol Treated Pithed Rats o  Control (n=3, 6 or 7),

□  12 mg/kg/day for 2 weeks (n=3) 12 mg/kg/day for 4
weeks (n=4 or 7), 12 mg/kg/day for 6 weeks (n=2,4 or 5).
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Figure 9: Mean Secondary Rise in Mean Arterial Pressure (MAP) on 
Stimulation of the Complete Spinal Outflow (30v, 1ms for 10s) in 
Timolol Treated Pithed Rats Q  Control (n=3, 6 or 7), □  1.2
mg/kg/day for 2 weeks (n=3), A  1.2 mg/kg/day for 6 weeks (n=4 or 5), 

e  1.2 mg/kg/day for 12 weeks (n=3), ■  1.2 mg/kg/day for 17
weeks (n=3).
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Figure 10: Mean Rise in Heart Rate on Stimulation of the Complete
Spinal Outflow (30v, 1ms for 10s) in Propranolol Treated Pithed
Rats O  Control (n=5, 11,12 or 13) , □  12mg/kg/day for 2
w e e k s (n=3), •  12 mg/kg/day for 4 weeks (n=4 or 8), ■
12mg/kg/day for 6 weeks (n=4 or 5). * p < 0 . 0 5  by Dunnett's test
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Figure 11: Mean Rise in Heart Rate on Stimulation of the Complete Spinal 
Outflow (30v, 1 ms for 10s) in Timolol Treated Pithed Rats. O  Control 
Cn -5,11,12 or 13), 0  1.2 mg/kg/day for 2 weeks (n = 3) , A  1-2 mg/kg/day
for 4 weeks (n=3) 1.2 mg/kg/day for 6 weeks (n=5 ) J| 1. 2mg/kg/day for
12 weeks (n=3), A  1-2 mg/kg/day for 17 weeks (n=3).
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2.5 Section 2: Investigation of the Effects of Chronic

Administration of Propranolol and Timolol on Responses to 

Electrical Stimulation of the Spinal Outflow, Responses to 

I.V. Isoprenaline, Conscious Systolic Pressure and Heart 

Rate and Growth Rate of Wistar Rats

The aim of this part of the study was first to 

determine whether a higher dose of timolol would be 

effective in reducing the rise in heart rate on stimulation 

of the whole spinal outflow as was observed with propranolol 

in the preliminary study; second, to investigate further the 

response to electrical stimulation of sympathetic nerves in 

the pithed rat; third, to determine whether the doses of 

propranolol and timolol would provide adequate beta blockade 

of the chronotropic action of I.V. isoprenaline; fourth, to 

ascertain whether chronic beta blockade has the same effect 

in conscious animals as in pithed and last to see if 

propranolol or timolol have adverse effects on the growth of 

rats.

2.6 Methods

2.6.1 Stimulation of the Complete Sympathetic Outflow in Rats

Treated with Timolol Male Wistar rats were treated for 4 

weeks with timolol in the drinking water. Two dosage groups 

were used 2.5 mg/kg/day and 5 mg/kg/day (dose in terms of 

the base). At the end of the treatment period, the rats 

were anaesthetised with diethyl ether and pithed as 

described in Section 1, except that a different pithing rod
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was used. This time instead of a steel rod, a wire 

electrode was used for stimulation. The wire was inserted 

into polythene tubing and a short steel tube was used to 

guide the polythene and wire electrode through the orbit and 

foramen magnum down in to the spinal column (figure 12).

This pithing arrangement was used in all subsequent 

experiments.

After pithing, the left carotid artery and left femoral 

vein were cannulated and the rat prepared for recording 

blood pressure and heart rate as in Section 1. 1 mg/kg

atropine and 1 mg/kg tubocurarine were given via the femoral 

vein. Five minutes later, the rat was prepared for 

electrical stimulation of the whole spinal outflow by 

pulling back the polythene tube to expose the wire electrode 

fully. The position of the polythene and electrode in the 

spinal column was checked by measuring the length of 

polythene extending from the steel guide and the length of 

wire electrode extending beyond the polythene. The whole 

spinal outflow was then stimulated at 30v, 1 ms duration for 

10s. The frequency was varied in a random order of 2, 5, 10 

and 20 Hz. Five minutes or until the blood pressure and 

heart rate had returned to the prestimulation levels were 

allowed between each stimulation. The responses to 

electrical stimulation of the whole spinal outflow of these 

treated rats were compared to the responses of the control 

rats used in Section 1, the preliminary study. Some of the 

control rats were also pithed using the variable pithing 

arrangement instead of a steel rod and as there was no 

significant difference in the response to stimulation using
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either method the data were combined.

2.6.2 Stimulation of the Cardiac Nerves in Rats Treated with

Propranolol or Timolol Male Wistar rats were treated with 12 

mg/kg/day propranolol or 2.5 mg/kg/day timolol in the 

drinking water for 4 weeks. Control rats and these treated 

rats were then pithed using the wire electrode and polythene 

tube. The pithed rat was prepared for measuring the 

arterial pressure and heart rate and 1 mg/kg atropine and 1 

mg/kg tubocurarine were given I.V. as described previously. 

Five minutes later, the wire electrode and polythene shield 

were arranged so that about 5 ram of the electrode was 

exposed. This was verified by measuring the length of wire 

and polythene protruding from the steel guide tube. Moving 

the wire electrode and polythene up or down the spine 

ensured that the maximum increase in heart rate due to 

stimulation was achieved, whilst the blood pressure response 

was minimal. The cardiac nerves were then stimulated at 

30v, 1 ms duration for 10 s in a randomised order of 

frequencies of 2, 5, 10 and 20 Hz. The changes in arterial 

pressure and heart rate were recorded and the next period of 

stimulation was applied when the heart rate had returned to 

the prestimulation level.

2.6.3 Stimulation of the Mesenteric Nerves in Rats Treated

with Propranolol or Timolol Control rats or rats treated 

with 12 mg/kg/day propranolol or 2.5 mg/kg/day timolol for 4 

weeks were pithed and prepared for recording blood pressure 

and heart rate. 1 mg/kg atropine and 1 mg/kg tubocurarine
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were administered via the femoral vein. Five minutes later, 

the pithed rat was prepared for stimulation of the 

mesenteric nerves only, by pulling the wire electrode and 

polythene shield up the spine to the correct level. The 

position of the wire electrode and polythene were adjusted 

until the maximum increase in blood pressure was obtained, 

whilst keeping the heart rate response minimal. The 

mesenteric nerves were then stimulated using the same 

parameters as for stimulation of the cardiac nerves. The 

rises in blood pressure and heart rate were recorded and the 

next period of stimulation was applied when the arterial 

pressure returned to its prestimulation level. After 

determining the frequency response curve to stimulating the 

mesenteric nerves, 3 mg/kg phentolamine was injected via the 

femoral vein. 60 to 90 seconds later the mesenteric nerves 

were stimulated to obtain another frequency - response 

curve.

2.6.4 Dose - Response Curves to Isoprenaline Dose-response

curves to isoprenaline were recorded from control rats and 

from rats which were treated for 4 weeks with 12 or 60 

mg/kg/day propranolol or 2.5 or 5 mg/kg/day timolol. Rats 

were also treated with 60 mg/kg propranolol or 5 mg/kg 

timolol in the drinking water for 24 hours. After pithing, 

the rats were prepared for recording blood pressure and 

heart rate as before. Doses of 1, 2.5, 5, 10, 20 and 40 ng 

isoprenaline were given via the femoral vein in a random 

order. Each dose was given twice and the rises in arterial 

pressure and heart rate recorded. Different groups of
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control rats and rats, which received 12 mg/kg/day 

propranolol or 2.5 mg/kg/day timolol for 4 weeks were used 

to determine the response to the same doses of isoprenaline 

after 50xig/kg propranolol was injected via the femoral 

vein. In control pithed rats and pithed rats treated with 5 

mg/kg timolol for 24 hours, 1, 5, and 20 ng doses of 

isoprenaline were injected I.V., before and 1.5 minutes 

after giving I.V. timolol maleate in the following doses, 5, 

10, 25 and 50>ug/kg. The arterial pressure and heart rate 

changes were recorded for each dose of isoprenaline.

2.6.5 Conscious Systolic Pressure and Heart Rate The

conscious systolic pressure was measured by the tail cuff 

method in control rats and rats treated with 5 or 25 

mg/kg/day timolol or 12 or 60 mg/kg/day propranolol for 4 

weeks. Rats were placed in a restraining device, which 

warmed the rat by means of a Narco rat holder temperature 

control unit mk IV. This dilated the tail artery so that 

the blood pressure pulse could be detected. The tail was 

passed through an inflatable cuff, which also held a 

pressure transducer in contact with the tail. A Narco 

programmed electrosphygmomanometer PE300 was used to control 

the application of pressure to the tail. The systolic pulse 

was recorded on a Narco Physiograph MklllS, using a

pneumatic pulse transducer. The heart rate was then 

determined from the systolic pulse by running the trace at a

faster rate for two minutes in order to count the number of

beats per minute.
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2.6.6 Growth Rate of Rats Rats were treated with 12 or 60

mg/kg/day propranolol or 5 or 25 mg/kg/day timolol in the 

drinking water for 4 weeks. Control rats were kept under 

the same conditions (with plain drinking water) for 4 weeks. 

The rats were weighed on the day treatment started and on 

three other days during treatment. Since the initial weight 

of the rats varied, the gradients of the lines relating 

mean weight to day of treatment were compared by a test for 

parallelism.

2.7 Results

2.7.1 Mean Rises in MAP and Heart Rate on Stimulation of the

Whole Spinal Outflow in Timolol Treated Rats The response to 

electrical stimulation of the complete sympathetic outflow 

was very similar in rats treated with higher doses of 

timolol (2.5 and 5 mg/kg/day) to that in rats treated with

1.2 mg/kg/day timolol. There were no significant 

differences in the mean rises in heart rate or mean arterial 

pressure (MAP) between control and treated rats (figures 13, 

14 and 15).

2.7.2 Mean Rises in Heart Rate on Stimulation of the Cardiac

Nerves By stimulating the cardiac nerves in pithed rats, it

was possible to increase the heart rate with only a small 

increase in mean arterial pressure. There were no 

significant differences in the mean rises in heart rate on 

stimulation of the cardiac nerves in pithed control rats and 

those treated with 12 mg/kg/day propranolol or 2.5 mg/kg/day
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timolol for 4 weeks (figure 16).

2.7.3 Mean Rises in Mean Arterial Pressure on Stimulation of 

the Mesenteric Nerves The mean arterial pressure (MAP) of 

the pithed rat was increased by stimulating the mesenteric 

nerves, whilst the rise in heart rate was very small. The 

rise in MAP showed two distinct phases as for stimulation of 

the whole spinal outflow. Since the secondary rise in MAP 

on stimulation of the whole spinal outflow had not been 

significantly different from control for the treated rats, 

only the primary rise was measured. There was no 

significant difference in the mean rise in MAP between 

treated rats (12 mg/kg/day propranolol or 2.5 mg/kg/day 

timolol for 4 weeks) and control rats. After administering

3 mg/kg phentolamine, the mean rise in MAP on stimulation of 

the mesenteric nerves was decreased significantly at every 

frequency except the lowest (2Hz) in control or treated 

rats. There were no significant differences between the 

mean rises in MAP after phentolamine, in control or treated 

rats (figure 17).

2.7.4 Log Dose - Response Curves to Isoprenaline There was a 

dose-dependent rise in heart rate on administration of 

isoprenaline to pithed rats. The mean arterial pressure 

either increased or decreased very slightly after 

isoprenaline. The log dose-response curves for mean rise in 

heart rate in rats treated with 12 mg/kg/day propranolol for

4 weeks, 60 mg/kg/day propranolol for 4 weeks or 24 hours 

and 2.5 mg/kg/day timolol for 4 weeks were not significantly
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different from the log dose-response curve in control rats. 

Rats treated with 5 mg/kg/day timolol for 4 weeks or 24 

hours gave very similar log dose-response curves to the one 

obtained in control rats, except at the lowest doses of 

isoprenaline where the mean rise in heart rate was 

significantly greater in the treated rats than in the 

control (figures 18,19 and 20).

After 50 vug/kg of propranolol I.V., the log 

dose-response curve for mean rise in heart rate on 

administration of isoprenaline was shifted to the right in 

comparison to the log dose-response curve before 

propranolol in control rats and rats which received 12 

mg/kg/day propranolol or 2.5 mg/kg/day timolol. There were 

no significant differences in the log dose-response curves 

to isoprenaline after I.V. propranolol, between control or 

treated rats (figure 18). In control rats, the I.V. 

injection of timolol shifted the isoprenaline log 

dose-response curve for mean rise in heart rate 

significantly to the right (figure 21). In rats treated 

with timolol 5 mg/kg/day for 24 hours the log dose-response 

curve to isoprenaline was also moved to the right after I.V. 

timolol, but l O ^ g / k g  was needed to reduce significantly the 

response to 5 ng of isoprenaline (figure 22).

2.7.5 Initial Heart Rate, Systolic and Diastolic Pressures of

Pithed Rats In each pithed rat the heart rate, systolic and 

diastolic pressures were measured immediately after the 

carotid artery had been cannulated (Table 2). There were no 

significant differences in heart rate between control and
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treated rats. Overall, the systolic and diastolic pressures 

of treated rats were not significantly different from 

control rats. Although there were two treatment groups 

where significant differences occurred, these do not appear 

to represent a trend towards lower or higher pressures as 

the same differences were not apparent in rats, which 

received identical treatment on other occasions.

2.7.6 Conscious Systolic Pressure and Heart Rate of Treated

Rats There were no significant differences in systolic

pressure measured in conscious control or treated rats 

(Table 3). After 60 mg/kg/day propranolol for 4 weeks, the 

conscious heart rate was significantly reduced compared to 

control rats but there were no significant differences 

between the control rats and the other treatment groups.

The systolic pressure of conscious rats was almost twice 

that of the pithed animals but the heart rate values were

very similar.

2.7.7 Growth Rate of Rats If the treated rats and the control

rats were all growing at the same rate, then the lines

relating the day of treatment to the mean weight of the rats 

should be parallel (figure 23). Linear regression was 

carried out for each line and the gradients of the lines 

from the treated rats were compared to the control gradient. 

The correlation coefficient of each of the lines showed that 

there was a significant linear relationship between the day 

of treatment (i.e. age) and the mean weight of the rats.

For each group of treated rats, the gradient of the growth
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line was significantly less than the control gradient.

Since the growth rate of young rats is exponential, the mean 

starting weight of the rats may have influenced the gradient 

of the growth line. Younger rats would be expected to give 

a steeper gradient than older rats. Due to problems in the 

animal house at the time of these experiments, groups of 

animals with mean body weights which were very close 

together were not available. However, in only one group of 

treated rats (5 mg/kg/day timolol) was the mean body weight 

at the start of the experiment higher than that of the 

controls. In each of the other groups of treated rats, the 

mean body weight at the start of the experiment was lower 

than the mean body weight of the controls. This suggests 

that 4 weeks treatment with propranolol or timolol reduces 

growth rate.

2.8 Discussion

Higher doses of timolol (2.5 and 5 mg/kg/day for 4 

weeks) still did not reduce the mean rise in heart rate on 

stimulation of the whole spinal outflow in pithed rats.

This suggests that the blood level of timolol may be 

insufficient for beta blockade even after administration of 

higher doses. On stimulation of the cardiac nerves only, 

the mean rise in heart rate was not reduced after 12 

mg/kg/day propranolol for 4 weeks, unlike the response to 

stimulation of the whole spinal outflow. Perhaps then the 

reduction in the mean rise in heart rate on stimulation of 

the complete sympathetic outflow in propranolol treated rats
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involved other factors than postsynaptic beta blockade of 

the cardiac beta adrenoceptors. This will be considered in 

detail in the main discussion. After I.V. isoprenaline, the 

log dose-response curve for mean rise in heart rate was not 

shifted to the right in any of the treated pithed rats. 

However, the log dose-response curve could be shifted to the 

right by I.V. propranolol or timolol in these rats. This 

suggests that the plasma levels of propranolol and timolol 

may be inadequate for beta blockade. It was therefore 

considered important to measure the plasma levels of the two 

beta adrenoceptor blockers and this was attempted in the 

next part of the study.

The mean heart rate of conscious rats was reduced by 60 

mg/kg/day propranolol for 4 weeks but the mean heart rate 

of pithed rats that received the same treatment was not 

significantly reduced. Thus there was perhaps a central or 

presynaptic component to the reduction in heart rate in 

conscious animals that could not be expressed in pithed 

rats. Even a very high dose of timolol (25 mg/kg/day) was 

insufficient to reduce the conscious heart rate. However, 

the doses of propranolol (12 or 60 mg/kg/day for 4 weeks) 

and timolol (5 or 25 mg/kg/day for 4 weeks) were adequate to 

reduce the growth rate of rats.
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Figure 13: Mean Primary Rise in Mean Arterial Pressure (MAP) on
Stimulation of the Complete Spinal Outflow (30v, 1ms for 10s) 1 n
Timolol Treated Pithed Rats O Control ( n=ll, 12 or 13), □
2.5 mg/kg/day for 4 weeks (n=4), A  5 mg/kg/day for 4 weeks (n=4).
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Stimulation of the Complete Spinal Outflow (30v, 1 ms for 10s) in
Timolol Treated Pithed Rats O  Control (n=6 or 7) , □  2.5 mg/
kg/day for 4 weeks (n=2), A  5 mg/kg/day for 4 weeks (n= 3 or4).
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Figure 15: Mean Rise in Heart Rate on Stimulation of the Complete 
Spinal Outflow (30v, 1 ms for 10s) in Timolol Treated Pithed Rats
 O  Control (n-ll,l2 or 13)jZI2.5 mg/kg/day for 4 weeks (n=3 or 4)

A  5mg/kg/day for 4 weeks (n=4).
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Figure 16: Mean Rise in Heart Rate on Stimulation of the Cardiac Nerves 
(30v,l ms for 10s) in Pithed Rats Q  Control (n=7 or 8), □  12 mg/kg/
day propranolol for 4 weeks (n=10), 
(n= 7 or 8).

A  2.5 mg/kg/day timolol for 4 weeks
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Figure 17: Mean Primary Rise in Mean Arterial Pressure (MAP) on
Stimulation of the Mesenteric Nerves (30v, 1ms for 10s) in Pithed
Rats, Before and After 3 mg/kg Phentolamine 1 V. Control O
Before (n=8) and #  After (n=6, 7 or 8), 12 mg/kg/day propranolol
for 4 weeks □  Before (n=6) and ■  After (n=6), 2.5 mg/kg/day
timolol for 4 weeks A  Before (n=3) and A. After (n= 3) * p <
0.05 and ** p <0.01 by paired t-test
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Figure 18: Log Dose-Response Curves for Mean Rise in Heart Rate on 
Administration of Isoprenaline I.V. to Pithed Rats, Before and After 
50 pg/kg Propranolol I.V. Control O  Before (n=8,9,10,ll or 12) 
and •  After (n=8 or 9), 12 mg/kg/day propranolol for 4 weeks □
Before (n=7,8 or 9) and After (n=7 or 8), 2.5 mg/kg/day timolol for
4 weeks A  Before (n=4 or 5) and ▲  After (n=4) * p < 0.05 and
** p < 0.01 by unpaired t-test
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Figure 19: Log Dose- Response Curves for Mean Rise in Heart Rate on 
Administration of Isoprenaline I.V. to Pithed Rats Q  Control (n=8, 
9,10 11 orl2), □  60 mg/kg propranolol for 24 hours, (n= 5, 6 or 7) , 

^  60 mg/kg/day propranolol for 4 weeks (n=4 or 5) .
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Figure 20: Log Dose-Response Curves for Mean Rise in Heart Rate on
Administration of Isoprenaline I.V. to Pithed Rats______Q  Control
(n=8,9,lQ,ll or 12), □  5mg/kg timolol for 24 hours (n=5 or 1),
 A  5mg/kg/day timolol for 4 weeks (n = 5 or 6) . * p < 0.05 by
Dunnett's test
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Figure 21: Log Dose-Response Curves for Mean Rise in Heart Rate on
Admin 1 strat 1 on of Isoprena 1 1 ne i • V“.to Control Pithed Rats, Before and
After Timolol I.V. O  Before (n=10), □  After 5pg/kg (n=10), A
After lOpg/kg (n-7, 8 or 9), #  After 25pg/kg (n=6 or 7), ■  After
50pg/kg (n=6). * p < 0 . 0 5  by Dunnett's test
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Figure 22: Log Dose-Response Curves for Mean Rise in Heart Rate on 
Administration of IsoprenalineI.V.to Pithed Rats Treated with 5 mg/ 
kg timolol for 24 hours. Before and After Timolol I.V. Q  Before 
(n=18), □  After 5pg/kg (n=13,14 or 15), A  After lOpg/kg (n=
,9 or 10), After 25|jg/kg (n=6) , ■  After 50ug/kg (n=5)
'p < 0.05 and ** p < 0.01 by Dunnett's test.
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Table 2: Initial Systolic and Diastolic Pressures (mmHg) and Heart
Rate (bpm) of Pithed Rats, Controls and Rats treated with Propranolol
or Timolol at Varying Doses

Treatment Dose Length Systolic Diastolic Heart Rate
mg/kg/ of Pressure Pressure (bpm)
day treatment (mmHg) (mmHg)

Mean ±  S.E,

Rats where the whole spine was stimulated

Control 67.6+2.8 44.0+2.2 306.4+12.2 (18)f
Timolol 2.5 4 weeks 63.1±8.9 36.9+7.8 312.5+ 4.8 ( 4)
Timolol 5 4 weeks 67.6+4.2 38.1+2.3 302.0+31.8 ( 5)

Rats where cardiac inerves were stimulated

Control 77.1+2.5 44.0+3.8 347.5+18.3 ( 8 )
Timolol 2.5 4 weeks 75.0+6.1 41.1+4.1 313.1+ 8.9 ( 8 )
Propranolol 12 4 weeks 81.2+3.4 46.4+3.0 316.5+21.8 (1 0 )

Rats where mesenteric nerves were stimulated

Control 72.6±2.3 36.6+2.2 338.8+12.2 ( 8 )
Timolol 2.5 4 weeks 84.1+4.2 46.8+3.2 300.0+ 7.6 ( 3)
Propranolol 12 4 weeks 83.0±5.1 *'50.8+2.9 360.0+13.4 ( 6 )

Rats which received I.V. iso prenaline

Control 76.2+1.9 39.2+1.8 357.3+ 9.9 (2 0 )
Propranolol 12 4 weeks 76.6+1.7 39.5+2.1 344.7+14.9 (17)
Propranolol 60 24 hours 67.0+7.4 40.1+7.9 352.1+21.3 ( 7)
Propranolol 60 4 weeks 69.4+6.6 42.9+7.7 393.6+16.2 ( 7)
Timolol 2.5 4 weeks 80.0+3.5 41.5+1.5 356.5+10.4 (1 0 )
Timolol 5 24 hours 62.4+6.7 42.9+3.2 394.0+13.0 ( 5)
Timolol 5 4 weeks * 61.9+2.8 32.2+3.3 384.2+13.0 ( 6 )

Rats which received I.V. iso prenaline and I.V. timolol

Control 68.7+2.0 43.1+2.3 407.5+17.4 (1 2 )
Timolol 5 24 hours 74.6+2.6 40.6+1.9 383.4+15.6 (16)

t numbers in brackets are number of rats 
Ilf p < 0.05 by Dunnett's test
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Table 3; Conscious Systolic Pressure (mmHg) and Heart Rate (bpm) of 
Control Rats and Rats treated with 5 or 25 mg/kg/day Timolol for 4 
weeks and 12 or 60 mg/kg/day Propranolol for 4 weeks

Treatment Dose Systolic Heart Rate
mg/kg day Pressure(mmHg) (bpm)

Mean ±  S.E.

Control 135.1+3.8 386,.1+ 1 0 ,.8 (11)
Timolol 5 131.3+3.1 351,.9+11,.4 (11)
Timolol 25 134.9+4.5 365,.0+ 5,.0 ( 6 )
Propranolol 12 127.4+4.2 362,.1+ 2 2 ,.7 ( 6 )
Propranolol 60 124.4+2.9 *340,.4+ 9,.5 (12)

t number in brackets is number of rats
* p < 0.05 by Dunnett's test
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Figure 23: Growth Rate of Treated and Control Rats O  Control
(n=8), □  5mg/kg/day 4 weeks timolol (n=8), A  12mg/kg/day 4
weeks propranolol (n=8) , #  25mg/kg/day 4 weeks timolol (n=8) ,

60mg/kg/day 4 weeks propranolol (n=8).
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2.9 Section 3: Determination of the Plasma Levels of Propranolol

and Timolol in Rats

It was now necessary to ascertain whether the plasma 

levels of the beta adrenoceptor blocking drugs were high 

enough to achieve adequate beta blockade at the time the 

experiments were performed. Because of the lack of 

difference between the log dose-response curves for the 

chronotropic action of isoprenaline in treated pithed rats 

and in controls, the doses of propranolol and timolol 

administered may have been too low to maintain beta blockade 

for up to 24 hours. Several different methods have been 

developed to assay propranolol in plasma such as high 

pressure liquid chromatography (Winkler et al, 1982, Drummer 

et al, 1981, Rosseel and Bogaert, 1981, Racket and Dusci, 

1979 and Schneck et al, 1979), spectrophotofluorometry 

(Offerhaus and Van der Vecht, 1976), radioimmuno assay 

(Kawashima et al, 1976) and gas liquid chromatography 

(Walle, 1974). For timolol, the usual assay utilises gas 

liquid chromatography - mass spectrometry (Carlin et al,

1980). It has been suggested that high pressure liquid 

chromatography (HPLC) with UV detection may be used to 

measure any beta adrenoceptor blocking drug (Patel et al,

1981). If propranolol and timolol were measured by the same 

method, it would save the time involved in developing two 

separate methods. The fluorometric assay of propranolol is 

also efficient and cheap and the apparatus was readily 

available. Therefore both methods were tried.
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2.10 High Pressure Liquid Chromatographic Determination of 

Propranolol and Timolol

2.10.1 Methods It was decided to adapt the method of Patel et

al (1981), which was first used to assay nadolol, as they 

had determined other beta adrenoceptor blocking drugs 

(including propranolol and timolol) by this method. The 

apparatus used was a constametric pump model III with a 

spectroMonitor III model 1204D variable UV detector. The 

variable wavelength monitor was set at 220 nm. A JJ 

instruments CR650 recorder was used to record the peaks. A 

2 0 >ul precision loop injector was attached to the 

reversed-phase ethylsilane (RP-2), 1 0 -Aim, 250 mm long x 4 mm 

internal diameter prepacked column (Lichrosorb Hibar RT 250-

4).

The mobile phase was varied from that used by Patel et 

al since the buffer they used, 0.0005 M hydrochloric acid - 

0.05 M sodium chloride, would rust a stainless steel column. 

Instead a 0.05 M sodium acetate, 0.05 M acetic acid buffer 

was used, which also gave a pH of 4.5. Various 

concentrations of methanol:acetate buffer were tried to 

obtain the best separation of the drug peak from the solvent 

front. Each mobile phase was degassed for 15 minutes with 

argon before running through the column. Standard solutions 

of propranolol and timolol were prepared (100 and 1 ./ug/ml) 

in distilled water, lOOUug/ml of propranolol or timolol was 

injected onto the column to see if a peak was obtained for 

the drug. The flow rate of the pump was then varied from
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0.4 to 1.0 ml/minute to determine the best values for column 

efficiency (N) and the retention (X) for each peak.

2.10.2 Results Using a mobile phase consisting of 5% methanol

(HPLC grade) 95% 0.05 M buffer, a flow rate of 0.8 ml/minute 

and the UV detector set at its lowest usable sensitivity, no 

peaks could be recorded after injecting lOO-Ajg/ml 

propranolol onto the column. Changing the UV wavelength 

from 220 nm to 298 nm did not help to resolve a peak for 

propranolol. However for timolol (100-Aig/ml) a peak could 

be recorded using the same mobile phase and the 220 nm 

wavelength. The flow rate of the mobile phase was then 

varied from 0.4 to 1.0 ml/minute to determine N and ÎC from 

the following equations.

2

N = 5 .5 4 /  tr  \ K  = tr - to

\ w% height J to

where tr = retention time for peak, w^ height = width of the 

peak at half its height, to = retention time for solvent 

front. Table 4 shows the values for N and at each flow 

rate for l O O ^ g / m l  timolol. The highest N value was 4399.3 

at a flow rate of 0.6 ml/ minute. The ^  values were all 

very similar with the highest for 0.8 ml/minute. Therefore

0.6 ml/minute was chosen as the flow rate for the rest of 

the measurements.

Varying concentrations of timolol were injected onto 

the column to determine the lowest concentration that could 

be measured. The mobile phase was kept as 5% methanol, 95%
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buffer, the wavelength at 220 nm and the flow rate was 0.6 

ml/minute. At a concentration of 100 ng/ml timolol, a peak 

height of 12 mm was obtained on the lowest sensitivity 

setting that could be used. Increasing the sensitivity of 

the detector further greatly increased the background 

variation so that peaks could not be measured.

2.10.3 Discussion Using this HPLC method, propranolol could

not be detected. This was probably because the UV detector 

was not sensitive enough. It is unlikely that propranolol 

was not being separated from the solvent front because 

timolol, which is a more polar compound could be resolved. 

Although timolol could be detected and measured, the <K 

values were low showing poor retention. The lowest 

concentration of timolol that could be measured was about 50 

ng/ml. The concentration of timolol in the plasma of 

treated rats is very likely to be below this level due to 

the lack of blockade of isoprenaline. In man, maximum 

decrease in exercise heart rate and resting heart rate occur 

at about 30 ng/ml timolol (Bobik et al, 1980 and Ferguson et 

al, 1982). It was decided not to develop this method for 

the measurement of timolol plasma levels any further because 

there was not sufficient time available. After the plasma 

concentration of propranolol was determined by 

spectrophotofluorometry, the concentration of timolol was 

able to be inferred because the pharmacokinetics of 

propranolol and timolol are similar (vide infra). Therefore 

it was not absolutely necessary to measure the plasma levels 

of both drugs.
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2.11 Assay of Propranolol by Spectrophotofluorometry

2.11.1 Methods Offerhaus and Van der Vecht (1976) have improved

the fluorimetric assay of propranolol so that samples of 0.5 

to 1.0 ml may be measured with greater sensitivity and 

accuracy. Plasma concentrations down to 5 ng/ml could be 

determined. Firstly a standard curve for known 

concentrations of propranolol in plasma was obtained. Seven 

tubes containing 1 ml of fresh rat plasma spiked with 1 0 ,

25, 50, 75, 100, 150 and 300 ng/ml propranolol were prepared 

plus a blank sample of plasma. Solutions of 1 vug/ml and 100 

ng/ml propranolol hydrochloride, made up in 0.01 N 

hydrochloric acid were used for spiking. All the glassware 

was soaked overnight in 20% nitric acid, washed with 

double-distilled water and dried at 100 *C. Each 1 ml of 

spiked heparinised plasma, in a 30 ml glass stoppered, round 

bottom quickfit centrifuge tube, was made alkaline with 0.1 

ml 2N sodium hydroxide solution and extracted with 5 ml of 

hexane containing 1.5% v/v isoamylalcohol, during 15 minutes 

in a Griffin flask shaker. The aqueous and organic layers 

were separated by centrifuging at 3000 rpm for 5 minutes at 

4 ®C in a Chilspin centrifuge. 4 ml of the organic 

supernatant was then transferred to a clean centrifuge tube, 

using a 1 ml adjustable Oxford pipette.

The extraction procedure was repeated with a second 5 

ml of hexane/isoamylalcohol and the supernatants pooled for 

each spiked sample. 3 ml of 0.01 N hydrochloric acid was 

added to the pooled supernatants, which were then shaken for
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15 minutes. The tubes were centrifuged at 3000 rpm for 5 

minutes at 4 °C and the lower layer was separated in a 

Quickfit separator. The fluorescence of the lower acid 

layer containing the propranolol was measured in 1 cm 

cuvettes, using an Aminco Bowman Spectrophotofluorometer 

(4-8202) with a photomultiplier microphotometer. The same 

concentrations of propranolol (10 to 300 ng/ml) were also 

measured in 0.01 N hydrochloric acid using an acid blank.

The excitation and emission wavelengths were 300 and 360 nm 

respectively, using 3 mm slits. These were determined as 

the wavelengths for maximum sensitivity by varying one 

whilst the other was kept constant.

The spiked plasma samples were extracted and measured, 

along with standard propranolol in hydrochloric acid, on 

several occasions to produce standard curves for propranolol 

in plasma and acid. The concentration of propranolol in the 

plasma of treated rats was then determined. Rats given 12 

mg/kg/day or 60 mg/kg/day propranolol for 4 weeks were 

subjected to cardiac puncture at 11 am on the last day of 

treatment. About 10 ml of blood was obtained from each rat. 

This was frozen for between 27 and 44 days before 

determining the propranolol. Two samples were measured on 

each occasion along with a blank plasma sample and a 

standard plasma sample spiked with 100 ng/ml propranolol. 

Duplicate extractions and measurements were made for each 

sample. The mean of the two duplicates was taken and then 

the mean propranolol concentration for the two dose levels 

was calculated.



2.11.2 Results The standard curves for propranolol measured in

acid or plasma were parallel straight lines (figure 24).

The equations of the lines were y = 0.905731 x - 1.81605 for 

the samples extracted from plasma and y = 0.969534 x - 

1.45061 for the samples in acid. Correlation coefficients 

were 0.996592 and 0.999036 respectively, which were 

significant at p < 0.01. To determine the concentration of 

propranolol in the unknown samples, the mean log (intensity 

of sample - intensity of blank) i.e. mean log (R-B) was 

determined and the concentration of propranolol for this 

value read off the standard curve for propranolol extracted 

from plasma. Plasma from rats treated with 12 mg/kg/day 

propranolol for 4 weeks contained no detectable propranolol. 

However rats treated with 60 mg/kg/day propranolol for 4 

weeks had a mean plasma propranolol concentration of 15.75 

ng/ml. The range was 0 to 47.86 ng/ml.

2.11.3 Discussion The fluorimetric assay of propranolol is 

fairly rapid and is sensitive enough to detect a 

concentration of at least 5 ng/ml in plasma. Using this 

assay, no propranolol could be measured in the plasma of 

rats that received 12 mg/kg/day for 4 weeks, which is 

consistent with the lack of blockade of the chronotropic 

action of isoprenaline. In rats that received the higher 

dose of propranolol (60 mg/kg/day), the propranolol 

concentration was within the limits for blockade of the 

action of isoprenaline on the heart (Cramb et al, 1984). 

However, there was considerable variation in the plasma 

levels. Two of the rats had propranolol concentrations that
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were undetectable. Perhaps the variability of the plasma 

level was responsible for the lack of beta blockade in 

pithed rats treated with 60 mg/kg/day propranolol for 4 

weeks. In conscious rats that received 75-100 mg/kg/day 

propranolol in the drinking water, there was a shift of the 

dose-response curve for I.V. isoprenaline to the right with 

significant increases in the ED 50 values (Cramb et al, 

1984).

2.12 Measuring Drinking In Control and Treated Rats

From previous observation in this laboratory, the dose 

of the drugs had been calculated assuming each rat drank 25 

ml of water/day. It was now decided to verify this figure.

2.12.1 Methods Drinking was measured in rats treated with 12 

or 60 mg/kg/day propranolol for 4 weeks or 5 mg/kg/day 

timolol for 4 weeks. The drug was dissolved in tap water 

and the solution made up to 500 ml. Control rats received 

just tap water to drink and were kept under the same 

conditions as the treated rats. Rats were housed in groups 

of six or eight per cage. Measurements were made over 4 

weeks on 11 to 20 days (excluding weekends and holidays).

2.12.2 Results Table 5 shows that control rats drank almost 

twice as much water a day as was previously noted. The 

treated rats all drank significantly less water than the 

control rats, although only the rats which received 60 

mg/kg/day propranolol drank less than 25 ml. The reduced
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growth rate observed in treated rats (section 2 ) may be 

related to the reduced water intake. Since the water intake 

of the rats was different from that which had been assumed, 

the doses of propranolol and timolol were also different. 

Rats, which were thought to have been receiving 12 or 60 

mg/kg/day of propranolol, did in fact receive doses of about

19.1 or 46.3 mg/kg/day respectively. Similarly the dose of 

timolol given to the rats was about 7.1 mg/kg/day and not 5 

mg/kg/day. These revised doses were calculated from the 

daily water intakes of the treated rats.

2.12.3 Discussion Propranolol and timolol reduced drinking in

rats, which was probably because they gave the water a 

bitter taste. This could be overcome by sweetening the 

water with saccharin or glucose. Only in one treatment 

group was the actual dose of drug reduced compared to the 

dose that had been assumed.

2.13 Overall Discussion

The aim of the experiments described in this section 

was to measure the plasma concentration of the two beta 

adrenoceptor blocking drugs. This has been achieved for 

propranolol but for timolol a suitable method could not be 

found in the time available. However the pharmacokinetics 

of timolol are very similar to propranolol in rats (Tocco et 

al, 1980). After 5 mg/kg timolol was given p.o. to 

Sprague-Dawley rats, a plasma level of 12.3 ng/ml was
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achieved 1 hour later but this had declined to 2.3 ng/ml 

after 4 hours (Tocco et al, 1980). In view of this data and 

the chronotropic response to isoprenaline being unaltered in 

timolol treated rats, it would appear that the plasma levels 

of timolol were insufficient for beta blockade. Rats drink 

mostly at night therefore the experiments were carried out 

several hours after peak concentrations of the drugs were 

reached. The half-life of propranolol and timolol in rats 

is between 1 to 2 hours (Tocco et al, 1975, Forman and 

Mulrow, 1974 and Faulkner et al, 1973). Thus the blood 

levels will have declined to zero in the rats that received 

the low doses by the time the experiments were performed. 

This would account for the lack of blockade of postsynaptic 

responses to isoprenaline and noradrenaline. However, 12 

mg/kg/day propranolol for 4 weeks did reduce the response of 

the heart to electrical stimulation of the whole spinal 

outflow. Therefore further investigation of the effect of 

stimulating the sympathetic outflow needs to be carried out.
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Table 4; N and %  values for 100>ug/ml timolol detected at 220 nm for 
various flow rates.

Flow Rate 
ml/min

N
Mean ± S.E.

TC
Mean + S.E

0.4 3803.1± 58.1 1.05+0.01 (2 )f
0.6 4399.31153.3 1.0410.01 (4)
0.8 3255.81215.4 1.0910.04 (5)
1.0 3603.81141.3 1 .0010.01 (2 )

f  numbers in brackets are number of determinations
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Table 5; Mean daily volume of water drunk by control rats or rats 
treated with propranolol or timolol in the drinking water for 4 weeks

Treatment Dose Volume drunk/rat 
(ml)

Control (no drug) 47.8±1.4t (13) t
Propranolol 12mg/kg/day 39.811.3* (11)
Propranolol 60mg/kg/day 19.310.6* (16)
Timolol 5mg/kg/day 35.611.8* (2 0 )

t  mean -  S .E .
X  n u m b e rs  in b r a c k e t s  a re  n um be r  of d a y s  when volume m e asu re d  
* p<0.05 by  D u n n e t t ' s  t e s t
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2.14 Section 4: Release of Radioactive Noradrenaline on Electrical 

Stimulation of the Complete Sympathetic Outflow in Pithed 

Rats

The aim of this last section was to investigate the 

effect of chronic beta blockade on the release of ^H 

noradrenaline by stimulation of the whole spinal outflow in 

pithed rats. The research so far has shown that chronic beta 

blockade with propranolol significantly reduced the response 

of the heart to presynaptic stimulation but the postsynaptic 

response to noradrenaline or isoprenaline was unchanged. It 

was hoped that measuring transmitter release would reveal 

more about a possible presynaptic action of propranolol and 

timolol. Using exogenous  ̂H noradrenaline to label the 

transmitter stores requires that the labelled noradrenaline 

is taken up into the nerve endings where it mixes with the 

endogenous noradrenaline in the synaptic vesicles. Nerve 

stimulation then releases labelled and endogenous 

noradrenaline in a fixed proportion, resulting in a rise in 

tritium in the blood which reflects the rise in endogenous 

noradrenaline (Cubeddu et al, 1974).

A method had to be developed to assay tritium in whole 

blood, sampled before and after stimulation of the whole 

spinal outflow in pithed rats. Small volumes of blood needed 

to be withdrawn for sampling, in order to avoid the need to 

transfuse the rat with donor blood. An accurate, 

reproducible sampling method was required and the blood 

sample had to be suitably treated for liquid scintillation 

counting.
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2.15 Basic Principles of Scintillation Counting

IVhen radioactive atoms emit beta particles, their 

passage through a liquid scintillator creates photophysical 

and photochemical changes. First the solvent absorbs energy 

to form the solvent excited state. Second, energy is 

transferred from the solvent to the solute, which then leads 

to fluorescent emission by the solute. The radiation energy 

is thus converted into light photons, which are detected by 

photomultiplier tubes in the scintillation counter.

There are a number of factors that contribute to a 

count value obtained with a liquid scintillation counter.

1. Counts from radioactivity in the sample.

2. Counts due to background radiation.

3. Loss of counts due to limited efficiency of the light 

collection system and photomultiplier tube.

4. Loss of counts due to quenching (colour or chemical) in 

the scintillator.

5. Counts due to chemiluminescence in the scintillator.

6 . Counts due to noise in the detection system i.e. thermal 

noise in the photomultiplier tube.

In order to calculate DPM values (disintegrations per 

minute), the effects due to factors (2 to 6 ) must be removed 

from the measured CPM (counts per minute). The liquid 

scintillation counter was an LKB Wallac 1215 Rackbeta, which 

uses two photomultiplier tubes in coincidence to eliminate
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most of the effects due to background, chemiluminescence and 

noise.

2.16 Construction of a Quench Curve for Tritium by Hat Trick

2.16.1 Methods Quench correction to produce DPM values was

carried out automatically in the Rackbeta scintillation 

counter.

A = N . 100 Equation 1 

E

The absolute activity. A, of a sample is obtained from 

equation 1, where N is the measured CPM and E is the counting 

efficiency. A standard quench curve for tritium in the 

liquid scintillator, which related efficiency to R values, 

was computed using an unsmoothed spline function curve. This 

curve was stored in the machine’s memory. When an unknown 

sample was measured the efficiency corresponding to the R 

value was calculated and this was used to calculate sample 

activity according to equation 1. Therefore before unknown 

samples could be measured, a standard quench curve had to be 

produced.

The hat trick method of quench calibration was used.

This involved the automatic and continuous addition of a 

quenching agent to a radioactive standard in the 

scintillation liquid by an evaporation device. To obtain the 

quench curve, the sample was counted repeatedly by the 

Rackbeta as the amount of quenching increased. The
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radioactive standard was ’ H-0 tritium for organic solvents 

(LKB Wallac), which gave out a known number of counts. 

Aqualuma was the scintillation liquid. The plastic 

evaporation device (figure 25) included a small container for 

quenching agent (carbon tetrachloride) and a filter paper 

evaporation element. Carbon tetrachloride pipetted into the

container, wet the filter paper and then evaporated from the

outer surface of the container. The evaporation rate 

increased with time to give complete quenching of the sample 

in a reasonable period. The external standard channels ratio 

method was used for counting and constructing the quench 

curve.

2.16.2 Results Figure 26 shows the quench curve for tritium in

aqualuma. This could now be used to calculate the DPM values 

of unknown samples.

2.17 Sample Preparation for Counting

2.17.1 Methods The ideal sample requires a specimen with

sufficient activity, a solvent with high energy transfer and

high flash point and a scintillator with high efficiency and

chemical stability. The final sample should be homogeneous 

with a minimum of quenching and a minimum total sample 

volume. To measure radioactivity in blood, the sample needed 

to be solubilised so that the liquid scintillator and the 

blood formed a homogeneous system. The solubilising agent 

used was lumasolve 1:2 isopropanol and the scintillation 

liquid was aqualuma. Bleaching of the blood with 100 volume
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hydrogen peroxide was essential to prevent colour quenching 

due to the haemoglobin. To determine the volume of 

solubilising agent to be used, blood was spiked with 'H 

noradrenaline (made up in 250 units/ml heparin saline and 

containing 0.025vuCi of *H noradrenaline in 0.05 ml).

Samples were prepared as in Table 6 , by pipetting the 

required volumes into 20 ml glass scintillation vials, using 

an adjustable automatic pipette. All the solutions were left 

for half an hour to solubilise the blood and saline. 8 ml 

aqualuma was added to samples 3 to 7 and the vials were then 

whirlimixed and placed in the Rackbeta for 30 minutes before 

counting, to reduce chemiluminescence. 0.5 ml 100 volume 

hydrogen peroxide was slowly added dropwise to samples 1 and 

2, which were then left for 30 minutes to bleach. 8 ml 

aqualuma was added to the vials, which were whirlimixed and 

left for 30 minutes in the Rackbeta before counting.
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2.17.2 Results Table 7 shows the DPM for each sample. Sample 7,

aqualuma and heparin saline, gave a DPM value in the expected 

range (55,000 DPM). Vials containing 0.2 ml lumasolve and

0.4 ml isopropanol gave lower DPM's, thus the solubilising 

agent is lowering the number of counts. Vials containing 0.1 

ml lumasolve and 0.2 ml isopropanol gave counts in the 

expected range. The lowest value for each solubilising agent 

was obtained with samples 5 and 6 , which suggests that 

heparin saline may help to produce a more homogeneous 

solution. Samples 1 and 2 fitted in with these results 

therefore the blood had been sufficiently bleached not to 

interfere with the counting. The solutions all appeared 

homogeneous. It was therefore decided to use 0.1 ml 

lumasolve, 0.2 ml isopropanol, 0.05 ml blood, 0.3 ml heparin 

saline and 8 ml aqualuma as the counting system.

2.18 Disappearance o f * H  Noradrenaline from the Blood of Pithed 

Rats

2.18.1 Methods Control male Wistar rats were pithed under ether

anaesthesia as described in section 1. The right carotid 

artery was cannulated to record arterial pressure. After 

cannulating the left femoral vein, 2.5 -uCi 

’H-7-dl-noradrenaline (equivalent to 50.4 ng) was injected

1.V. at time 0. 5 0 _xil of blood was withdrawn from the left 

carotid artery, using a 100 ̂ 1  Hamilton syringe, at 2, 4, 6 , 

8 , 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 80 and 90 

minutes after the injection of *H noradrenaline. Each blood 

sample was immediately transferred to a 20 ml glass
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scintillation vial, with 2 x 50-ai1 and 2 x 100.Ail heparin 

saline (250 units/ml) to rinse the syringe. An artery clip 

was used to seal the left carotid artery between each sample. 

The Hamilton syringe had a fixed needle, which was filled 

with heparin (25,000 units/ml) to prevent clotting of the 

blood during sampling. The blood samples were then 

solubilised with 0.1 ml lumasolve and 0.2 ml isopropanol, 

over 30 minutes. 5 x 100-Ail of hydrogen peroxide were added 

dropwise to bleach the blood. 30 minutes later, 8 ml 

aqualuma was added and the vials whirlimixed. The samples 

were left for 30 minutes in the Rackbeta scintillation 

counter before counting.

2.18.2 Results Figure 27 shows the mean DPM in 50 .Ail blood

samples taken over 90 minutes. It can be seen that the 

concentration of tritium in the blood dropped rapidly at 

first. This was because the 'H noradrenaline was taken up 

into the nerve endings and tissues where it was metabolised. 

The unbound drug and metabolites were then washed out of the 

tissues and excreted via the kidneys. The blood level 

reached a plateau after about 30 minutes, which was due to 

the gradual release of the ’ H noradrenaline from its binding 

sites within the tissues. Thus sampling of the blood, before 

and during stimulation, should begin at least 30 minutes 

after the injection of tritiated noradrenaline, when the 

plateau will have been reached.

2.19 Rinsing of the Hamilton Syringe
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2.19.1 Methods To verify that rinsing the 1 0 0 .Ail Hamilton 

syringe with 2 x 50 ̂ 1  and 2 x 1 0 0 ^ 1  heparin saline 

transfers most of the radioactivity to the scintillation 

vial, further rinsing of the syringe was undertaken. During 

one of the experiments to determine the disappearance of *H 

noradrenaline from the blood, blood samples taken at 25, 30, 

35, 40 and 45 minutes were rinsed into the glass vial with 2 

X 50-All and 2 x 100 - A il heparin saline as normal. The 

Hamilton syringe was then rinsed with a further 3 x 100-Ail 

heparin saline into another vial. 8 ml aqualuma was added to 

the 3 0 0 .All heparin saline samples, which were counted after 

30 minutes temperature stabilisation in the scintillation 

counter.

2.19.2 Results The mean DPM of the 3 0 0 -ul rinsings was 40.48 -

2.45. The five 50.Ail blood samples, which were withdrawn and

transferred to a vial with heparin saline before the syringe 

was rinsed again had a mean DPM of 1370.8± 21.47. Therefore 

the loss in radioactivity due to that remaining in the 

syringe after the normal rinsing was 2.95% of the measured 

DPM. The majority of the radioactivity in the syringe was 

transferred to the vial by rinsing with 2 x 50uil and 2 x 100

-All heparin saline.

2.20 Sampling via a Cannula - Accuracy of Flushing with Heparin 

Saline and then Sampling

2.20.1 Methods In order to measure the efflux of tritiated
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noradrenaline into the circulation on stimulation of the 

whole spinal sympathetic outflow, blood samples needed to be 

withdrawn, before and during stimulation from a site close to 

the heart. By pushing a cannula down the left carotid 

artery, blood could be sampled from the aortic arch, which 

receives the majority of the left ventricular output. It was 

therefore decided to check the accuracy of sampling via a 

cannula. 10 ml of blood was spiked with O.l-AiCi of ’ H 

noradrenaline (0.01-uCi/ml). 1 ml of spiked blood was placed

in 6 sarstedt tubes. A cannula filled with heparin saline 

was placed in the first tube. 50-ai1 heparin saline was 

flushed down the cannula with a 100.Ail Hamilton syringe, then 

a 70>ul sample was withdrawn into the syringe. This was 

transferred to a glass vial with 2 x 5 0 -ul and 2 x 100-ul 

heparin saline. The cannula was moved to the next tube, 50 

.All heparin saline flushed down it and a 7 0 -ul sample taken as 

before. This procedure was repeated for the remaining 4 

tubes. 5 0 -ul heparin saline was more than sufficient to 

clear the cannula. The blood samples were then solubilised, 

bleached and counted as described under sample preparation 

for counting.

2.20.2 Results The mean DPM of the 70xul blood samples was

5,250.5 ±14.3. The coefficient of variation of the six 

determinations was 6.69% and therefore sampling via a cannula 

is reproducible.

2.21 Sampling Before and During Stimulation of the IVhole Spinal 

Outflow of Pithed Rats
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2.21.1 Methods Male Wistar rats were treated for 4 weeks with

60 mg/kg/day propranolol or 5 mg/kg/day timolol in the 

drinking water. Control and treated rats were pithed as in 

section 1. The right carotid artery and left femoral vein 

were cannulated for recording arterial pressure and the 

injection of drugs respectively. 0.5 mg of d-tubocurarine 

chloride was injected I.V. followed by 3 mg/kg 

normetanephrine. 5 minutes later, 2.5-uCi 

’H-7-dl-noradrenaline was also given I.V. The pithed rat was 

then left for 35 minutes before sampling was begun, as by 

this time the blood level of * H noradrenaline would have 

reached a plateau. During this 35 minute period, the rat was 

set up for stimulation of the whole spinal outflow. The 

pithing rod was the same as that used in section 2 and 

consisted of a wire electrode inside a shielding polythene 

tube. During pithing the wire electrode and polythene shield 

were pushed down the length of the rat's spine, therefore to 

allow stimulation of the whole spinal outflow, the polythene 

shield was withdrawn, exposing the wire electrode. An 

indifferent electrode consisting of a steel needle was placed 

under the skin in the left scapular region. The electrodes 

were then connected to a Grass S44 stimulator.

A fine polythene cannula was filled with heparin saline 

(250 units/ml) using a Hamilton syringe and the end of the 

cannula was sealed with a pin. The cannula was inserted into 

the left carotid artery and pushed down towards the aortic 

arch. 30 minutes after the  ̂H noradrenaline injection, 2.5 

mg/kg of desmethylimipramine (DMI) was given. 5 minutes
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later sampling and stimulation were begun. Two 7 0 -ul blood 

samples were taken at each stimulation, one about 90 seconds 

before stimulating and one during the last 15 seconds of 

stimulation. The blood samples were taken using a 1 0 0 -ul 

Hamilton syringe placed in the end of the cannula in the left 

carotid artery. 5 0 -ul heparin saline was flushed down the 

cannula from the syringe to clear the dead space. 7 0 -ul 

blood was then taken up into the syringe and transferred to a 

20 ml glass vial with 2 x 50-ul and 2 x 100-ul heparin 

saline. The method of sampling allowed multiple samples to 

be taken with very little unnecessary blood loss. The entire 

sympathetic outflow was stimulated for one minute at 30V, 1 

ms duration and the following frequencies 1, 3, 10 and 30 Hz. 

The order of sampling and stimulation was as shown in the 

diagram.

Scale 1cm = 15 seconds

Stimulat ion of whole 
sp ina l  outf low

F irs t  70m1 sample taken  Second 70pl
sample taken

5 minutes was allowed after the second sample was taken 

before the next period of sampling and stimulation was begun.
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The frequency of stimulation was varied randomly and two 

blood samples were also taken with no stimulation in between. 

This was done by taking the first sample, then replacing the 

Hamilton syringe in the carotid cannula and leaving it there 

for 45 seconds before the second sample was withdrawn. At 

the end of the experiment, the heart was excised, opened up 

and rinsed with heparin saline to remove the blood. The 

heart was then blotted dry with tissue and weighed. The 

blood samples were solubilised, bleached and counted as 

described under sample preparation for counting.

2.21.2 Results Table 8 shows the mean difference in DPM between

samples taken before and duing stimulation of the entire 

sympathetic outflow at each frequent of stimulation for 

control and treated rats. OHz represents two samples taken 

with no stimulation in between. There was no significant 

difference by the paired t-test in the DPM of two samples 

taken with no stimulation in between, for control or treated 

rats. Neither was there any significant difference in the 

DPM of samples taken before and during 1 or 3Hz stimulation 

for 1 minute in control or treated rats. However, in control 

rats at 10 or 30Hz stimulation, the DPM of samples taken 

during the last 15 seconds of stimulation were significantly 

elevated over the DPM of samples before stimulation. This 

shows that stimulation of the entire sympathetic outflow 

results in a measurable release of  ̂H noradrenaline from the 

nerves into the blood stream. In rats treated with 5 

mg/kg/day timolol or 60 mg/kg/day propranolol for 4 weeks, 

only stimulation at 30 Hz caused a significant rise in the
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DPM of the samples taken during stimulation. There was no 

significant difference in the DPM of samples taken before and 

during stimulation at 10 Hz. This suggests that the efflux of 

 ̂H noradrenaline may be reduced by chronic treatment with 

propranolol or timolol.

To compare the efflux of tritiated noradrenaline on 

stimulation of the sympathetic outflow between control and 

treated rats, the mean % change in *H noradrenaline release was 

calculated as follows

% change = DPM during - DPM before x 100 

in release DPM before

As expected there was no significant difference in the 

mean % change in release of ’ H noradrenaline between control 

and treated rats at 0,1 or 3Hz. At 10 or 30 Hz stimulation, 

the mean % change in release of  ̂H noradrenaline was lower in 

rats given propranolol or timolol chronically but this 

difference was not significant due to the variability of the 

results (figures 28, 29 and 30).

There was no significant difference in the mean arterial 

pressure on stimulation of the entire sympathetic outflow for 

one minute between control pithed rats and pithed rats treated 

with propranolol or timolol for 4 weeks (figure 31). Figure 32 

shows the mean % change in release of ^H noradrenaline plotted 

against mean rise in mean arterial pressure at each frequency 

of stimulation for control rats. The correlation coefficient 

was 0.936122, which is just below the value needed for a 

significant linear relationship. For timolol treated rats (5
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mg/kg/day for 4 weeks) the correlation coefficient was 0.758486 

and for propranolol treated rats (60 mg/kg/day for 4 weeks) it

was 0.824101. This suggests that the mean rise in mean

arterial pressure is not linearly related to the mean % change 

in release of ^H noradrenaline in treated rats. Scatter 

diagrams showing the % change in release of ’H noradrenaline 

and rise in mean aterial pressure for each separate stimulation 

are given in figures 33,34 and 35.

In rats receiving 5 mg/kg/day timolol for 4 weeks, the

mean rise in heart rate on stimulation of the whole spinal 

outflow for one minute was not significantly different from the 

response in control rats (figure 36). However, rats treated 

with 60 mg/kg/day propranolol for 4 weeks showed a different 

response to stimulation. At 3 or 30 Hz, the mean rise in heart 

rate was significantly higher in propranolol treated rats than 

in controls. The maximum response was obtained earlier (3 Hz 

rather than 10 Hz) and was lower (65.7 bpm compared to 92.5 

bpm) in the propranolol treated rats.

After the carotid artery was cannulated, the systolic and 

diastolic pressures and the heart rate were measured. In rats 

that received 60 mg/kg/day propranolol for 4 weeks, the heart 

rate was significantly lower than in controls but the systolic 

and diastolic pressures were unchanged. 5 mg/kg/day timolol 

for 4 weeks did not significantly alter the heart rate, 

systolic or diastolic pressures (Table 9). The heart weight to 

body weight ratio was determined in the rats used in this 

experiment but as this data has been combined with that from 

the rats used in the next experiment, the results will be given 

in a separate sub-section.
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2.22 Heart and Blood Levels of  ̂H Noradrenaline

2.22.1 Methods Rats were treated with 60 mg/kg/day propranolol

or 5 mg/kg/day timolol for 4 weeks. Control or treated rats 

were pithed and the right carotid artery and left femoral 

vein were cannulated. 2.5-uCi, ^H-7-dl-noradrenaline was 

injected I.V. 60 minutes later, 50-ul blood was withdrawn 

from the left carotid artery using a 100-ul Hamilton syringe. 

The blood sample was transferred to a 20 ml glass vial with 

heparin saline. The respiration pump was switched off and 

the heart immediately excised. The heart was cut open and 

rinsed with heparin saline to remove the blood. After 

blotting dry with tissue, the heart was weighed, minced 

finely with scissors and 3 samples (each about 20 mg) were 

weighed into 20 ml glass vials. The above procedure was 

repeated in control rats given 2.5 mg/kg DMI and 3 mg/kg 

normetanephrine via the femoral vein 5 minutes before 

injecting the  ̂H noradrenaline.

The blood samples were solubilised, bleached and counted 

as described under sample preparation for counting. The 

three 20 m g  samples of heart, taken from each rat, were 

solubilised by adding 0.3 ml lumasolve, heating in a water 

bath at 5 0 *C for 2 to 4 hours and leaving overnight in the 

water bath, which was switched off. The next morning 16 ml 

aqualuma was added to each vial and the samples placed in the 

Rackbeta scintillation counter for 30 minutes before 

counting.
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2.22.2 Results Table 10 shows the concentration of  ̂H

noradrenaline in the blood, 1 hour after injecting 2 . 5 -uCi

I.V. into control or treated rats. The specific activity of 

the noradrenaline (49.6 mCi/mg) was used to calculate the 

concentration in terms of ng/ml. 5 mg/kg/day timolol for 4 

weeks significantly elevated the concentration of tritium in 

the blood. However, 60 mg/kg/day propranolol for 4 weeks did 

not significantly change the concentration. Blocking uptake 

I and uptake II before injecting the ’ H noradrenaline did not 

alter the level of  ̂H noradrenaline either. The heart 

content of tritiated noradrenaline was significantly 

decreased by 5 mg/kg/day timolol for 4 weeks (Table 11). 60

mg/kg/day propranolol for 4 weeks also lowered the heart 

content of tritium by almost 50% but this was not 

significant. Uptake I and uptake II blockade significantly 

reduced the concentration of * H noradrenaline in the heart. 

This shows that the blockade was sufficient to decrease 

reuptake of noradrenaline into the heart after its release by 

stimulation of the cardiac nerves.

2.23 Heart Weight of Control and Treated Rats

2.23.1 Methods The heart was removed from each rat at the end

of the following experiments:- (1) measuring the plasma 

concentration of propranolol, (2 ) determining the release of 

 ̂H noradrenaline on stimulation of the sympathetic outflow and 

(3) measuring the heart and blood levels of ^H noradrenaline. 

The heart was then cut open, rinsed with heparin saline, 

blotted dry and weighed. Some, of the hearts were minced
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finely and a sample of 500 mg was taken. This sample was 

dried to constant weight in an oven at 100 “C in order to 

determine the % loss in weight on drying.

2.23.2 Results The heart weight to body weight ratios of the

treated rats were all lower than the controls but this was 

only significant for rats given 60 mg/kg/day propranolol for

4 weeks (Table 12). There was no significant difference 

between the body weights of any of the chronically dosed rats 

and the controls. This suggests that the weight of heart is 

reduced, rather than the body weight being increased. Rats 

treated with 12 mg/kg/day propranolol for 4 weeks had hearts 

with a significantly higher water content than the controls 

(Table 13). There was no difference in % loss in weight on 

drying between hearts from control rats and rats treated with

5 mg/kg/day timolol or 60 mg/kg/day propranolol.

2.24 Discussion

A method was developed to measure the release of tritiated 

noradrenaline into the blood on stimulation of the spinal 

outflow in pithed rats, after uptake I and uptake II were 

blocked. In control rats, there was a significant release of 

 ̂H noradrenaline during stimulation at 10 or 30 Hz compared to 

before stimulation. However the threshold for efflux of ^H 

noradrenaline on stimulation was raised to 30 Hz in rats 

treated with 5 mg/kg/day timolol or 60 mg/kg/day propranolol 

for 4 weeks. This suggests that propranolol and timolol act 

presynaptically to reduce the release of noradrenaline, which
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may well contribute to their antihypertensive acton in man. 

Possible mechanisms for this presynaptic effect include 

presynaptic beta adrenoceptor blockade, an adrenergic neurone 

blocking action and interference with the neuronal uptake of 

noradrenaline. These will be considered further in the main 

discussion.

The release of  ̂H noradrenaline was not linearly related 

to the rise in mean arterial pressure in treated rats but the 

relationship was almost linear in control rats. It was 

assumed that the blood level of tritium would reflect the 

concentration of noradrenaline at the postsynaptic 

adrenoceptor. This is most likely to be true in control 

rats. However, propranolol and timolol are known to reduce 

blood flow to some organs (Nishiyama et al, 1978), therefore 

a blood sample taken from close to the aortic arch in a 

treated rat may not reflect the concentration of ’ H 

noradrenaline in the mesenteric vessels, which are primarily 

responsible for the vasoconstriction resulting from 

stimulation of the complete sympathetic outflow.

The mean rise in heart rate on stimulation of the 

sympathetic nerves of the pithed rat was significantly higher 

at 3 or 30 Hz in rats receiving 60 mg/kg/day propranolol than 

in controls but the maximum response was lower. This is 

probably the result of propranolol protecting the heart from 

the intense stimulation for one minute. 5 mg/kg/day timolol 

did not alter the mean rise in heart rate on stimulation, 

suggesting that the plasma timolol concentration may be too 

low (see section 3). The heart rate measured soon after 

pithing was significantly lower in rats treated with
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propranolol but not in rats treated with timolol.

The concentration of  ̂H noradrenaline in the blood was 

significantly elevated in rats treated with 5 mg/kg/day 

timolol, whilst the heart content of tritium was reduced. 60 

mg/kg/day propranolol did not alter significantly the heart 

or blood concentration of ^H noradrenaline, although the 

heart content was considerably reduced. Timolol is probably 

affecting the uptake of noradrenaline into the heart.

Blockade of uptake I and uptake II with DMI and 

normetanephrine decreased the heart content of 

noradrenaline but the blood level was not changed. These 

results will be considered in more detail in the main 

discussion.

60 mg/kg/day propranolol reduced the heart weight of 

rats after 4 weeks treatment whilst 5 mg/kg/day timolol did 

not affect the heart weight. Since the % loss in weight on 

drying was not significantly different from the controls in 

these two groups, the change in weight was not related to the 

water content of the heart. However after 4 weeks of 12 

mg/kg/day propranolol the % loss in weight on drying was 

increased. These changes could be related to the reduced 

amount of drinking and lower growth rates of treated rats 

compared to controls.



114

Figure 25: Construction of the Evaporation Device
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Figure 26: Quench Curve for Tritium in Aqualuma
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(250 units/ml) and H Noradrenaline used to Determine the Best
Counting System

Sample Volume of Volume of Volume of Volume of Volume of
Number lumasolve isopropanol blood *H noradren heparin

(ml) (ml) (ml) -aline (ml) saline (ml)

1 0.1 0.2 0.05 0.05 0.25
2 0.2 0.4 0.05 0.05 0.25
3 0.1 0.2 0.05 0.3
4 0.2 0.4 0.05 0.3
5 0.1 0.2 0.05
6 0.2 0.4 0.05
7 0.05 0.3
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Table 7: D.P.M. of Each Combination of Solubilising Agent, Blood, 
Heparin Saline and  ̂H Noradrenaline Used in the Determination of the 
Best Counting System. Sample Numbers are the same as in Table 6

Sample Number D.P.M.

1 60,351.5
2 48,793.1
3 63,300.7
4 49,486.1
5 57,826.1
6 42,703.5
7 64,555.3
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Figure 27: Disappearance of Tritium from the Blood After I.V• 

Injection of 2.5pCi noradrenaline.50pl blood samples were 

taken over 90 minutes.
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Table 8 ; Differences in PPM due to Efflux of ^H Noradrenaline, Before 
and During Stimulation of the Whole Spine of Control and Treated 
Pithed Rats

Frequency Control Timolol 4 weeks Propranolol 4 weeks
Hz 5 mg/kg/day 60 mg/kg/day

X  ±  S.E. 5c 1 S.E. X I  S.E.

0 - 79.631 62.31 -120.471422.74 96.261 85.29
1 -152.521 90.79 75.341 86.06 39.621141.90
3 107.771 98.18 184.801 97.26 -22.301 98.60
10 * *  428.301 69.83 229.981278.21 49.871415.61
30 * *695.811162.80 *1034.481634.92 *583.751208.10

n=9, 10 or 11 n=3, 5 or 6 n= 6 , 7, 9 or 11

*p<0.05 different after stimulation to during by paired t-test 
*^p<0.01 different after stimulation to during by paired t-test
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Figure 28: Mean % Change in Release of noradrenaline on 
Stimulation of the Whole Spinal Outflow (30v, 1ms for 1 minute) 
in Control Pithed Rats.
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Figure 29: Mean % Change in Release of  ̂ H noradrenaline on 
Stimulation of the Whole Spinal Outflow (30v, 1ms for 1 minute) 
in Pithed Rats Treated for 4 weeks with 5 mg/kg/day Timolol.

50

40

30

20

10

-10

-20 OHz IHz 3Hz lOHz 30Hz
4.18 1.64 4.56 8.50 24.72
11.84 ± 2.81 1 3.11 1 8.85 : 7.48

n=3 n=4 n=4 n=5 n=3



122

r :aurfc 3C;: Kta:.  ̂ C 
ct tne Whole Spirial 
Ireatec for 4 weeks wjth

ar,ae i r. Rt u ase cf -H noradrenaline on ft.rr.ula; 
Outflow Of'v, 1ms : or 1 mjnute.i : n Pithed Pats 

mc/kc'cav Prcorano loi

i or.

50

40

30

20

10

30Hz
23.34
10.13

lOHz
7.69
8.31

3Hz
0.09
3.05

IHz
3.96

OHz 
3.70 

: 3.49
-10

n=8n = 5n= 7n=5n=4
-20



123

Figure 31: Mean Rise in Mean Arterial Pressure (MAP) on Stimulation 
of the Complete Spinal Outflow (30v, 1ms for 1 minute) in Pithed 
Rats O  Control (n=5 or 7), □  5 mg/kg/day timolol for 4 weeks
(n-3, 4 or 5), A  60 mg/kg/day propranolol for 4 weeks (n=5, 7 or 8.)
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Figure 32: Mean % Change in Release of  ̂ H noradrenaline v Mean Rise 
in Mean Arterial Pressure (MAP) on Stimulation of the Complete 
Spinal Outflow (30v, 1 ms for 1 minute) in Control Pithed Rats.
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Figure 33: Scatter Diagram to Show Relationship Between % Change in Release 
of noradrenaline and Rise in Mean Arterial Pressure (MAP) for Each
Individual Stimulation of the Complete Spinal Outflow of Control Pithed
Rats,Stimulation at 30v, 1 ms for 1 minute <> IHz, A  3Hz, n  lOHz
and O  30Hz.
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Release of noradrenaline and Rise in Mean Arterial Pressure (MAP)
for Each Individual Stimulation of the Complete Spinal Outflow of
Pithed Rats Given 5mg/kg/day Timolol for 4 weeks. St imulation at
30v, 1 ms for 1 minute 0  IHz, A  3Hz, □  lOHz and O  30Hz.
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in Release of ^H noradrenaline and Rise in Mean Arterial Pressure
(MAP) for Each Individual Stimulation of the Complete Spinal
Outflow of Pithed Rats Given 60 mg/kg/day Propranolol for 4 weekS/
Stimulation at 30v, 1ms for 1 minute 0 1 Hz, A 3Hz, □
10 Hz and O  30 Hz.
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Figure 36: Mean Rise in Heart Rate on Stimulation of the Complete
Spinal Outflow (30v, 1ms for 1 minute in Pithed Rats O  Control
(n=5, 6 or 7), □  5mg/kg/day timolol for 4 weeks (n=3 or 5) ,

^  60 mg/kg/day propranolol for 4 weeks (n=4 or 7) * p <  0.05
by Dunnett's test.
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Rate (bpm) of Pithed Rats.

Treatment Dose
mg/kg/
day

Length
of
treatment

Systolic
Pressure
mmHg

Diastolic
Pressure
mmHg

Heart Rate 
bpm

X ± S.E X  ±  S.E x ±  S.E.
Control 82.9±4.4 48.2±3.1 400.7±19.5 (7)
Timolol 5 4 weeks 82.2±2.9 43.4±1.9 358.8± 9.8 ( 8 )
Propranolol 60 4 weeks 83.3±3.8 50.0±3.4 *326.7+19.3 (9)

t numbers in brackets are number of rats 
* p<0.05 by Dunnett's test
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Table 10 : Concentration of  ̂H Noradrenaline in the Blood, One hour 
After Injecting 2.5 _AiCi l.V. into Control and Treated Rats.

Drug Dose DPM/ml blood 
X  ± S.E.

ng/ml blood 
R ±  S.E.

Control 60,433.2 + 
5,205.4

0.55382
0.04770

+
(5)t

Timolol 5 mg/kg/day 
4 weeks

*
82,562.7 + 
4,477.4

*-
0.75662
0.04103

+
(6 )

Propranolol 60mg/kg/day 
4 weeks

70,204.8 ± 
6,255.6

0.64337
0.05733

±
(5)

Control Uptake
blocked

49,570.0 ± 
9,975.0

0.45427
0.09141

+
(4)

* p< 0.05 b y  Dunnett's test
Uptake blocked - ^H noradrenaline was injected 5 minutes after 
2.6 m g / k g  D.M.I. and 3 m g / k g  normetanephrine given l.V.

T n u m b e r s  in brackets are n u m b e r  of rats
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Table 11: Concentration of ^H Noradrenaline in the Heart, One hour 
After Injecting 2.5 _AiCi l.V. into Control and Treated Rats.

Drug Dose DPM/g heart 
X ± S.E.

ng/g heart 
X + S.E.

Control 202,297.0 + 1.8539 ±
35,142.0 0.3220 (5) t

»  *. » *
Timolol 5 mg/kg/day 59,845.4 + 0.54844 +

4 weeks 10,250.9 0.09394 (6 )

Propranolol 60 mg/kg/day 106,275.0 + 0.97392 +
4 weeks 37,165.3 0.34058 (5)

** M *
Control 'Uptake 32,016.1 + 0.29340 +

2,875.6 0.02635 (4)

* *  p < 0 . 0 1  by Dunnett's test
t Uptake blocked -  ̂H noradrenaline was injected 5 minutes after
2.5 mg/kg D.M.I. and 3 mg/kg normetanephrine given l.V.

J: numbers in brackets are number of rats
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Table 12: Heart Weight to Body Weight Ratio of Control and Treated 
Rats

Drug Dose Length of 
mg/kg/day treatment

Heart weight to body weight 
ratio (mg/g) ^  - S.E.

Control 3.1455 ±  0.0660 (18) T
Timolol 5 4 weeks 2.9692 ±  0.0502 (19)
Propranolol 12 4 weeks 2.9684 ±  0.0475 (14)
Propranolol 60 4 weeks *2.9458 ±  0.0442 (19)

* p < 0.05 by Dunnett* s test
'I" numbers in brackets are number of rats

Table 13: Mean % Loss in Weight on Drying of 500 mg Samples of Heart 
from Control and Treated Rats.

Drug Dose
mg/kg/day

Length of 
treatment

% loss 
5c 1!

in weight 
3.E.

Control 78.07 ±  0.33 (10)
Timolol 5 4 weeks 77.52 ±  0.40 (11)
Propranolol 12 4 weeks *79.84 ±  0.33 ( 8)
Propranolol 60 4 weeks 77.92 ±  0.71 (10)

* p < 0.05 by Dunnett’s test
numbers in brackets are number of rats
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2.25 Statistical Evaluation

The following statistical methods were used throughout 

this research where appropriate:-

Dunnett's test was used when there were several groups 

and the comparison was between each of the means of these 

groups and the control mean. This test takes into account 

the increase in probability of obtaining a significant 

result, which occurs when comparing the means of several 

groups to one control mean by performing several t-tests. 

Student's t-test for grouped data was used to compare the 

mean of a treated group to the control where only one such 

comparison occurred. The paired t-test was used where data 

was presented in a paired fashion, for example the rise in 

mean arterial pressure on stimulation of the mesenteric 

nerves before and after the administration of phentolamine. 

Each before and after determination was made in the same rat.

To find the 'best' straight line to fit a set of data 

points, linear regression was used. This is a least squares 

methods i.e. the sum of the squares of the vertical 

deviations from the observed point to the corresponding point 

on the line is a minimum. Analysis of the regression line 

was then performed to determine the correlation coefficient. 

To determine if two lines obtained by linear regression were 

parallel, a test for parellelism was used. This is done by 

comparing the slopes of the regression lines. In each 

statistical test, a p value of less than 0.05 was taken as 

indicating a significant difference between the two values 

under comparison.
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dl-Propranolol hydrochloride 

1-Timolol maleate 

1-Noradrenaline bitartrate 

Atropine sulphate 

d-Tubocurarine chloride 

Phentolamine mesylate 

dl-Isoprenaline hydrochloride 

 ̂H-7-dl-Noradrenaline hydrochloride 

dl-Normetanephrine hydrochloride 

Desmethylimipramine hydrochloride 

Heparin Sodium Mucous 

Diethylether 

Lumasolve

Isopropanol (Propan-2-ol)

Hydrogen peroxide 

Aqualuma

Hydrochloric acid 

Sodium hydroxide pellets 

Isoamyl alcohol 

n-Hexane 

Nitric acid

ICI Pharmaceuticals pic

Merk, Sharp and Dohme Ltd

Sigma Chemical Co Ltd

Sigma Chemical Co Ltd

Sigma Chemical Co Ltd

Ciba Laboratories

Sigma Chemical Co Ltd

Amersham International pic

Sigma Chemical Co Ltd

Geigy Pharmaceuticals

Duncan, Flockhart and Co Ltd

Fisons pic

LKB Wallac

BDH Chemicals Ltd

Fisons pic

LKB Wallac

Fisons pic

BDH Chemicals Ltd

BDH Chemicals Ltd

Fisons pic

Fisons pic
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Chapter 3 - Discussion
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3.1 Introduction

The work described in this thesis may be divided into 

two parts. The first two sections of methods and results 

describe an investigation of the effect of chronic 

administration of propranolol and timolol on the response of 

the cardiovascular system to electrical stimulation of the 

sympathetic outflow and to two exogenous agonists, 

noradrenaline and isoprenaline. In this discussion chapter 

these results are considered first and a comparison made to 

published research in the same areas. The last two sections 

describe work undertaken to try to account for the results 

obtained in the first part of the research, by measuring the 

plasma concentration of propranolol and by examining the 

release of tritiated noradrenaline on nerve stimulation. As 

well as comparing the results from the last two sections to 

the literature, the wider implications are also considered 

and possible explanations for the results put forward. The 

relevance of the results to the administration of 

propranolol and timolol to man is then considered and finally 

some suggestions for future work are provided.

3.2 Responses to l.V. Noradrenaline

There were no differences in the pressor or chronotropic 

responses to l.V. noradrenaline in pithed rats given 12 

mg/kg/day propranolol or 1.2 mg/kg/day timolol, compared to 

controls. Kubo et al (1977) found that the pressor responses 

to noradrenaline were the same in untreated and
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propranolol-treated (64 mg/kg/day in rat chow from 5 to 8 

months of age) spontaneously hypertensive pithed rats.

However in practolol treated pithed rats (Lewis, 1974) there 

was a significant potentiation of the pressor response to 500 

ng of noradrenaline and a significant reduction in the 

tachycardia to all doses of noradrenaline. A reduction in 

the rise in heart rate would be expected if the postsynaptic 

beta adrenoceptors of the heart were blocked by propranolol 

or timolol. Since there was no reduction in the heart rate 

response to I.V. noradrenaline, this implies that the beta 

adrenoceptors were not blocked in the chronically treated 

rats.

3.3 Responses to Electrical Stimulation of the Complete Spinal 

Outflow

The mean rise in heart rate was significantly reduced by 

12 mg/kg/day of propranolol administered for 4 or 6 weeks.

On the other hand, 1.2,2.5 or 5 mg/kg/day timolol for up to 

17 weeks did not decrease the chronotropic response of the 

heart to stimulation. The reduced response of the heart to 

stimulation of the spinal outflow after propranolol may be 

due solely to postsynaptic beta blockade but as has been 

already pointed out this dose of propranolol did not block 

the action of I.V. noradrenaline, suggesting rather that 

there may be a presynaptic component to the action of 

propranolol on the heart. There was a difference in the 

response of the heart to stimulation of the complete spinal 

outflow in propranolol and timolol treated rats. There
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appears to be a lack of blockade of the postsynaptic beta 

adrenoceptors by timolol. In support of the result obtained 

with propranolol treatment, Lewis (1974) also found that the 

tachycardia produced by electrical stimulation of the spinal 

outflow of pithed rats was significantly less after chronic 

administration of practolol.

The vasoconstriction resulting from stimulation of 

sympathetic nerves is mediated via alpha adrenoceptors in the 

blood vessels. The effect of stimulating postsynaptic beta 

adrenoceptors in the skeletal muscle vasculature would be to 

cause vasodilatation. Hence after beta blockade there would 

be less vasodilatation and the blood pressure might be 

expected to rise further. There was no evidence to suggest 

that this occurred after chronic administration of 

propranolol or timolol. The mean rises in mean arterial 

pressure (MAP) on stimulation of the complete spinal outflow 

of the pithed rat were unchanged by chronic administration of 

12 mg/kg/day propranolol or 1.2, 2.5 or 5 mg/kg/day timolol. 

In pithed rats treated with practolol for 6 weeks, the 

pressor responses to electrical stimulation were less than in 

control rats (Lewis, 1974). However this only occurred at 

the higher voltages (30v and 40v). The pressor response was 

lower in rats treated with propranolol for 6 weeks but this 

difference was not significant. Lewis suggested that the 

decrease in the pressor response to electrical stimulation, 

after chronic administration of practolol, was due to a 

reduction in the release of noradrenaline from the 

sympathetic nerve endings.

The secondary rise in mean arterial pressure on
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stimulation of the complete spinal outflow of pithed rats has 

been attributed to circulating catecholamines from the 

adrenal glands (Gillespie and Muir, 1967). However, this has 

not been conclusively proved since Bell and Kushinsky (1978) 

found that this secondary phase was not altered by acute 

bilateral adrenalectomy but was abolished by guanethidine, an 

adrenergic neurone blocking drug. In my experiment the 

secondary rise in MAP was not significantly different from 

the control response in rats treated with 12 mg/kg/day 

propranolol or 1.2, 2.5 or 5 mg/kg/day timolol.

Although adrenaline is released from the adrenal glands 

by stimulation of the complete spinal outflow, its 

contribution to the pressor response to stimulation appears 

to be small (Gillespie and Muir, 1967). Yamaguchi and Kopin 

(1979) found that stimulation of the complete spinal outflow 

resulted in an immediate increase in blood pressure and a 

prompt release of adrenaline into the circulation. Adrenal 

demedullation or splanchnicectomy blocked completely the 

elevation of adrenaline, significantly attenuated the rise in 

plasma noradrenaline and eliminated the initial peak blood 

pressure response to stimulation of the spinal outflow. 

However, Yamaguchi and Kopin concluded that noradrenaline 

released at sympathetic nerve endings is primarily 

responsible for the pressor effects resulting from 

stimulation of the spinal outflow. Facilitation of 

noradrenergic transmission may be produced by adrenaline due 

to stimulation of presynaptic beta adrenoceptors (Dahlof et 

al, 1978 and Majewski et al, 1981). Adrenaline has been 

shown to act as a co-transmitter with noradrenaline after its
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uptake into rat atria. On stimulation of the sympathetic 

nerves, adrenaline was released along with noradrenaline and 

it then activated presynaptic beta adrenoceptors to increase 

the release of noradrenaline (Majewski et al, 1981).

Administration of beta adrenoceptor antagonists blocked 

the presynaptic beta receptors and therefore the facilitation 

of noradrenaline release by adrenaline was prevented (Dahlof 

et al, 1978, Majewski et al, 1981, and Borkowski and Quinn, 

1984). Injection of propranolol or pindolol I.V. into 

Wistar-Kyoto rats induced a release of catecholamines from 

the adrenal medulla (Sugawara et al, 1980). If circulating 

levels of adrenaline are increased by beta adrenoceptor 

antagonists, this adrenaline may compete at the presynaptic 

beta adrenoceptors along with the beta blocking drugs. 

Circulating adrenaline would also affect the postsynaptic 

alpha and beta adrenoceptors in the vasculature and heart.

The resultant effects on blood pressure and heart rate would 

depend upon the relative concentrations of adrenaline and the 

beta adrenoceptor antagonist. In this study, no significant 

effects on the mean rise in MAP in response to stimulation 

were observed after chronic administration of propranolol or 

timolol. It would therefore appear that effects at 

presynaptic beta adrenoceptors or on the adrenal medulla are 

unimportant to the pressor response to stimulation of the 

complete spinal outflow. On the other hand, these two 

opposing effects may cancel each other out.
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3.4 Responses to Electrical Stimulation of the Cardiac Nerves

The chronotropic response to stimulation of the cardiac 

nerves was not decreased by 12 mg/kg/day propranolol or 2.5 

mg/kg/day timolol for 4 weeks. This lack of postsynaptic 

beta blockade was consistent after chronic timolol treatment, 

where the heart rate response to stimulation of the whole 

spinal outflow was unaltered by treatment with 2.5 mg/kg/day 

timolol. However, 12 mg/kg/day propranolol significantly 

reduced the rise in heart rate on stimulation of the whole 

spinal outflow. Blockade of the rise in heart rate by 

propranolol, after chronic treatment, appears to have 

involved more than stimulation of the cardiac nerves alone. 

Perhaps adrenaline released from the adrenals contributed to 

the rise in heart rate by acting on presynaptic beta 

adrenoceptors, as has already been suggested. Propranolol 

may have then antagonised the facilitatory effects of 

adrenaline on the release of transmitter.

3.5 Responses to Electrical Stimulation of the Mesenteric Nerves

Chronic administration of 12 mg/kg/day propranolol or

2.5 mg/kg/day timolol did not alter the pressor response to 

stimulation of the mesenteric nerves. I.V. phentolamine 

significantly reduced the pressor response by blocking the 

postsynaptic alpha adrenoceptors. Propranolol or timolol 

treatment did not modify the effect of phentolamine. There 

was no evidence of a block of presynaptic beta adrenoceptors 

in the mesenteric vessels or of changes in alpha adrenoceptor
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sensitivity. Postsynaptic beta-2 adrenoceptors are probably 

not important for vasodilatation of mesenteric vessels since 

no potentiation of the rise in MAP was observed after chronic 

administration of beta adrenoceptor antagonists.

Spontaneously hypertensive rats treated with propranolol (8 

mg/kg for 8 weeks by daily I.P. injection) showed unchanged 

pressor responsiveness to electrical stimulation of the 

sympathetic outflow after pithing (Burkan and Leach, 1981). 

Perfused mesentery preparations taken from these rats showed 

significantly reduced responses to electrical sympathetic 

nerve stimulation compared to untreated preparations. Thus 

there appeared to be a difference in in vivo and in vitro 

reactivity of blood vessels after chronic beta blockade.

3.6 Heart Rate, Systolic and Diastolic Blood Pressure in 

Conscious and Pithed Rats

The mean systolic pressure of conscious control rats was 

135.1 ±  3.8 mmHg which fell to between 67.6- 2.8 and 77.11 2.5 

mmHg on average after pithing. Chronic propranolol treatment 

(12 or 60 mg/kg/day) or chronic timolol treatment (5 or 25 

mg/kg/day) did not significantly decrease the systolic 

pressure of the conscious rats. The effect of beta 

adrenoceptor antagonists on the systolic pressure of 

normotensive rats after chronic administration is still 

uncertain. In some studies, no significant change in the 

systolic pressure has been found (Mazurkiewicz-Kwilecki and 

Romagnoli, 1970, Chatelain et al, 1981 and Sen and Tarazi, 

1983), whereas in another study there was a significant
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reduction in systolic pressure (Garvey and Ram, 1975). 

Greenberg and Wilborn (1982a) found that the systolic 

pressure of Wistar-Kyoto rats was significantly reduced by

3.0 mg/kg/day of propranolol but not by 0.75 mg/kg/day (both 

doses were administered subcutaneously by osmotic minipump 

over 3 weeks).

The initial systolic and diastolic pressures of pithed 

rats were unchanged from control values after chronic 

propranolol (12 or 60 mg/kg/day) or timolol (1.2, 2.5 or 5 

mg/kg/day) treatment. This is in contrast to Lewis's results 

(1974), where acute or chronic treatment with practolol 

significantly raised the initial systolic and diastolic 

pressures after pithing. Lewis suggested that peripheral 

resistance may be higher after chronic administration of 

practolol. The initial mean systolic pressure of practolol 

treated rats was similar to the mean systolic pressures 

obtained in timolol or propranolol treated rats, whereas 

Lewis's control rats had lower systolic pressures than the 

control pithed rats used in this study. Conversely, the 

initial diastolic pressures of the control rats were similar 

in both studies but the practolol treated rats had higher 

diastolic pressures than propranolol or timolol treated rats. 

These differences in initial mean systolic and mean diastolic 

pressures may have been due to differences in the methods of 

pithing and of recording arterial pressure used in this study 

and Lewis's.

In conscious rats, heart rate was significantly 

decreased by 60 mg/kg/day propranolol but was not altered by 

treatment with 12 mg/kg/day propranolol or 5 or 25 mg/kg/day
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timolol. After pithing, the initial heart rates were 

unchanged by either propranolol or timolol treatment. This 

implies that the reduction in conscious heart rate was not 

solely due to a greater degree of beta blockade in rats 

receiving 60 mg/kg/day propranolol. There may be a central 

effect of propranolol or an action on peripheral sympathetic 

nervous activity, resulting in less transmitter being 

released, effects which could not occur in pithed animals. 

Lewis (1974) also found that chronic practolol treatment did 

not significantly decrease the initial heart rate of pithed 

rats. In most studies, heart rate was significantly lower 

after chronic propranolol administration (Garvey and Ram,

1975 and Greenberg and Wilborn, 1982a).

3 .7 Responses to I.V. Isoprenaline

The log dose-response curve for mean rise in heart rate 

on administration of isoprenaline I.V. was not shifted to the 

right by even the highest doses of propranolol and timolol 

used (60mg/kg/day and 5 mg/kg/day respectively). Injection 

of 50>ug/kg propranolol I.V. before determining the response 

to isoprenaline shifted the log dose-response curve to the 

right in pithed control and in treated rats (12 mg/kg/day 

propranolol or 2.5 mg/kg/day timolol). This shows that 

propranolol given acutely results in postsynaptic beta 

blockade and that there are postsynaptic beta adrenoceptors 

available in the hearts of chronically treated animals. The 

most likely explanation of the lack of beta blockade after 

chronic administration of propranolol and timolol is that the
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concentration of drug at the postsynaptic beta adrenoceptor 

was too low. Dotting and Crook (1981) found that there was a 

substantial blockade of the effects of isoprenaline given 

I.V. to pithed rats, after treatment with 50-60 mg/kg/day of 

propranolol in the drinking water. This difference in 

response may be explained since in my experiments the rats 

treated with 60 mg/kg/day propranolol drank less water than 

expected and therefore received only about 46 mg/kg/day. The 

plasma concentration of propranolol may have been lower in 

the rats used in this study than in Dotting and Crook's as 

the experiments may have been conducted at a later hour of 

the day when propranolol drunk the night before would have 

been further metabolised (vide infra).

There was some evidence of supersensitivity to 

isoprenaline in timolol treated rats, particularly after 5 

mg/kg/day for 4 weeks. The response to the low doses of 

isoprenaline (1 and 5 ng) was significantly higher after 

chronic administration of timolol. Treatment with 

propranolol for 4 weeks did not produce any supersensitivity. 

Withdrawal of beta blocking drugs for 24 or 48 hours, after 

chronic administration, has been shown to result in a shift 

to the left of the dose-response curve to isoprenaline (Cramb 

et al, 1984 and Dotting and Crook, 1981). However the exact 

time at which supersensitivity appears is uncertain. Dotting 

and Crook (1981) found that there was an insignificant 

increase in sensitivity to isoprenaline 1 day after 

withdrawal of propranolol but a four-fold increase in 

sensitivity was observed 2 days after withdrawal. Whereas 

Cramb et al (1984) showed that the log dose-response curve to
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isoprenaline was shifted to the left 24 hours after 

withdrawal of propranolol but not after 48 hours of 

withdrawal. There was no evidence of supersensitivity to 

isoprenaline in spontaneously beating isolated atria taken 

from rats 40 hours after daily subcutaneous injections of 5 

mg/kg propranolol for 15 days were ceased (Adler-Graschinsky 

and Carrara, 1982). The results of this study would indicate 

that sensitivity to isoprenaline is increased within a few 

hours of withdrawal of timolol, since the plasma 

concentration of timolol would be maintained for several 

hours by the drug administered in the drinking water. When 

the plasma concentration of timolol falls below that required 

for beta blockade, supersensitivity to isoprenaline can be 

expressed. It also appears that there was an increased 

sensitivity after timolol had been given for only 24 hours.

The supersensitivity to isoprenaline after chronic 

administration of beta adrenoceptor antagonists has been 

attributed to increased cardiac beta adrenoceptor number 

(Claubiger and Lefkowitz, 1977, Aarons and Molinoff, 1982 and 

Cramb et al, 1984). However this has not been shown 

conclusively, since several other workers have found no 

change in beta adrenoceptor number (Baker and Potter, 1980, 

Kennedy and Donnelly, 1982 and Chatelain et al, 1981) and 

Baker and Katovich (1982) in fact discovered a 30% decrease 

in cardiac beta adrenoceptor concentration after rats were 

given 94.6 mg/kg/day of propranolol in their food for 6 

months. Although Cramb et al (1984) found an increased 

density of beta adrenoceptors in the cardiac sarcolemma, the 

supersensitivity to isoprenaline followed a time course more
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closely related to an increase in adenylate cyclase activity. 

The beta adrenoceptor density remained elevated 48 hours 

after propranolol withdrawal, whereas isoprenaline-stimulated 

adenylate cyclase activity had returned to control values.

3.8 Plasma Concentration of Propranolol and Timolol

Up to this point, the discussion has centered on the 

effect of chronic administration of propranolol and timolol 

on the responses to stimulation of alpha and beta 

adrenoceptors in the cardiovascular system of the pithed rat 

by I.V. noradrenaline, I.V. isoprenaline and by electrical 

stimulation of the spinal outflow. The results obtained in 

this study have been compared to the available literature.

The relevance of the low plasma concentration of propranolol 

will now be considered and the wider implications of the 

results will also be discussed.

It appears that the postsynaptic beta adrenoceptors of 

the heart were not blocked after chronic administration of 

propranolol or timolol since the tachycardie effects of I.V. 

noradrenaline or isoprenaline were unchanged in the treated 

rats. The mean plasma propranolol concentration was 15.751 

6.78 ng/ml, after 60 mg/kg/day for 4 weeks and therefore it 

is rather surprising that no significant effect was observed 

on the mean rise in heart rate following I.V. isoprenaline. 

According to Cramb et al (1984), this concentration of 

propranolol should have produced an effective beta blockade 

in the rat. The action of propranolol in reducing the water 

intake of the rats means that the actual dose administered
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was closer to 46 mg/kg/day. This dose is lower than that 

used by Cramb et al (1984), which was 75 to 100 mg/kg/day in 

the drinking water. The two doses resulted in very similar 

mean concentrations of propranolol in plasma (15.4±3.8 ng/ml 

in the study of Cramb et al). However the range of 

concentrations found in this study was 0 to 47.86 ng/ml, 

which is more variable than the results of Cramb et al (7 to 

23 ng/ml). Since in some of the rats used in this study, the 

propranolol concentration was undetectable, there was 

probably no beta blockade in these rats. Therefore the 

response to isoprenaline in rats given 60 mg/kg/day 

propranolol would be much more variable depending on the 

degree of beta blockade and a significant effect was not 

seen.

No propranolol could be detected in the plasma after

chronic administration of 12 mg/kg/day for 4 weeks. This

explains the absence of blockade of the effects of 

noradrenaline or isoprenaline in these rats. The 

disappearance of propranolol from the plasma, after oral or 

intravenous administration, is very rapid. Four hours after 

giving 10 mg/kg p.o. to Sprague-Dawley rats, the propranolol 

plasma concentration was only 6.2 ± 3 . 8  ng/ml (Tocco et al, 

1980). Similarly, six hours after 6 mg/kg propranolol was 

given orally to Sprague-Dawley rats the plasma concentration 

had declined to less than 2 ng/ml. The half-life of 

propranolol in rats has been determined as about 63 to 83

minutes (Schneck et al, 1977 and Terao and Shen, 1983).

Drinking in rats occurs mainly at night, beginning about

17.00 hours, therefore by the time experiments were performed
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in the morning, the plasma concentration of propranolol would 

be much lower than the peak level. There is some evidence 

that the half-life of propranolol is dose-dependent, being 

significantly increased after high doses (Schneck et al, 

1977). High plasma concentrations would have been achieved 

after the 60 mg/kg/day dose of propranolol and the half-life 

may have been longer in these rats.

Since no propranolol could be detected in the plasma 

after 12 mg/kg/day for 4 weeks, the significant decrease in 

the rise in heart rate on stimulation of the complete

sympathetic outflow in these rats can not be attributed to

postsynaptic beta blockade, unless the concentration of 

propranolol in the heart is raised by stimulation of the 

nerves. It has been demonstrated (Daniell et al, 1979) that 

after chronic oral propranolol treatment, in the dog, a pool 

of propranolol accumulated within the heart from which the 

drug could be released as a result of increased sympathetic 

nervous system activity. Significant quantities of 

noradrenaline and propranolol were released by either nerve 

stimulation or tyramine. Isoprenaline, which affects the 

postsynaptic beta adrenoceptors directly, did not evoke the 

release of propranolol from the heart (Daniell et al, 1979).

Stimulation of the sympathetic nerves to the hindlimb and

spleen of the dog also resulted in a significant increase in 

the overflow of propranolol (Russell, et al, 1983). It would 

appear that the release of propranolol on sympathetic nerve 

stimulation is a general phenomenon at the adrenergic 

synapse.

The uptake of propranolol into cultured superior cervical
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ganglia of the rat (Daniell et al, 1979) and into 

synaptosomes of rat cerebral cortex (Street et al, 1984) has 

been shown. Release of propranolol could then be stimulated 

by tyramine, veratridine (a depolarising agent) or an 

elevated potassium concentration. The increased propranolol 

concentration at the synapse is most likely to be a 

presynaptic phenomenon, following stimulation of the 

sympathetic nerves, however Russell et al (1983) found that 

postsynaptic alpha adrenoceptor blockade with prazosin or 

phenylephrine also increased the venous-arterial propranolol 

difference in perfused hindlimbs from dogs pretreated with 

propranolol. Street et al (1984) determined the subcellular 

localization of propranolol after uptake into synaptosomes of 

rat cerebral cortex. The presence of propranolol in, or 

associated with, synaptic storage vesicles could be 

demonstrated but the largest concentration of propranolol was 

associated with the synaptic plasma membrane fractions. If 

propranolol is stored within the synaptic vesicles, it may 

act as a false transmitter and thus be released on 

stimulation of the nerves. Alternatively, propranolol taken 

up into the presynaptic nerve endings may interfere with the 

uptake, storage or release of transmitter noradrenaline.

As the chronotropic response of the heart to 

stimulation of the cardiac nerves in rats treated with 12 

mg/kg/day propranolol was not significantly different from 

the control response, it would appear that stimulation of 

other sympathetic nerves besides the cardiac was important to 

the reduced rise in heart rate on stimulation of the whole 

spinal outflow. It may be that propranolol is not released
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from the cardiac sympathetic nerve endings on stimulation but 

release from other sites such as the superior cervical 

ganglia may be more important. However, it does appear that 

propranolol can be taken up into all sympathetic nerves. An 

elevated propranolol concentration in the heart, on 

stimulation of the whole spinal outflow, may also explain why 

60 mg/kg/day propranolol for 4 weeks significantly stabilised 

the response of the heart to stimulation of the whole spinal 

outflow for one minute, whilst the response to postsynaptic 

stimulation with isoprenaline was much more variable and 

therefore not significantly changed overall.

The plasma concentration of timolol after chronic 

administration could not be determined as the HPLC assay was 

unsuccessful. By analogy with propranolol it is very likely 

that timolol would have been undetectable at the time the 

experiments on pithed rats were carried out, since there was 

no evidence of postsynaptic beta blockade of the effects of 

noradrenaline or isoprenaline. Four hours after the oral 

administration of 5 mg/kg '^C-timolol to Sprague-Dawley 

rats, the plasma concentration of timolol was 2 . 3 ± 0 . 6  ng/ml 

(Tocco et al, 1980). The half-life of timolol in plasma was 

about 2 hours (Tocco et al, 1975) and therefore the plasma 

concentration fell rapidly. Thus in effect it appears that 

timolol was being withdrawn for part of each day. No data 

has been published about the uptake of timolol into 

sympathetic nerve endings and its subsequent release on 

stimulation but timolol is less likely to be taken up in as 

high a concentration as propranolol, because timolol is a 

less lipophilic molecule (Tocco et al, 1980).
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3.9 Time-Course for the Blood Level of Tritiated Noradrenaline

After I.V. injection the disappearance of tritiated 

noradrenaline from the blood was biphasic. Yamaguchi et al 

(1973) found that in the dog, tritiated noradrenaline was 

taken up into the heart and its disappearance from the plasma 

was biphasic. The initial decrease in the concentration of 

tritium in the plasma observed in the first 30 minutes is due 

to uptake of tritiated noradrenaline into the tissues, 

followed by washout of the unbound drug and its metabolites, 

which are then excreted in the urine. After 30 minutes, a 

plateau level was reached when the concentration of 

noradrenaline declined slowly due to gradual release from its 

binding site. In the dog, the initial rapid decline in 

radioactivity occurred over 60 minutes (Yamaguchi et al,

1973) whereas in the rat the plateau phase was reached 

sooner. This may be due to differences in the rate of 

metabolism of noradrenline in dogs and rats.

3.10 Effects on the Release of Tritiated Noradrenaline by 

Electrical Stimulation of the Spinal Outflow

The threshold for release of noradrenaline on 

stimulation of the whole spinal outflow was higher in rats 

treated chronically with 60 mg/kg/day propranolol or 5 

mg/kg/day timolol for 4 weeks than in controls. Propranolol 

and timolol were equally effective in decreasing the
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sensitivity of the nerve endings to stimulation. This 

implies that less noradrenaline was being released at each 

frequency of stimulation in the treated rats. The amount of 

 ̂H noradrenaline released by stimulation at 10 or 30 Hz was 

lower in the treated rats than in the controls but due to the 

variability of the results, this difference is not 

statistically significant. The action of propranolol and 

timolol on the release of noradrenaline by stimulation of the 

sympathetic nerves, appears to persist longer than the plasma 

concentration of the drugs would imply. After 60 mg/kg/day 

propranolol for 4 weeks, the plasma concentration was low at 

the time experiments were carried out but it may have been 

sufficient for beta blockade. The plasma concentration of 

timolol after 5 mg/kg/day was very likely to have declined to 

a level too low for beta blockade.

A similar persistence of the effects of beta blocking 

drugs on nerve stimulation has been found after withdrawal of 

chronic treatment. The overflow of tritiated noradrenaline 

evoked by cardioaccelerans nerve stimulation of isolated 

atria was still significantly reduced 40 hours after the last 

injection of propranolol, in Wistar rats given daily 

subcutaneous injections of 5 mg/kg propranolol for 15 days. 

This was in spite of a lack of postsynaptic blockade of the 

chronotropic response to nerve stimulation of the isolated 

atria (Adler-Graschinsky and Carrara, 1982). Propranolol or 

metoprolol were administered to spontaneously hypertensive 

rats, via the drinking water in an approximate daily dose of 

70 mg/kg. Two days after the withdrawal of the drugs, the 

response to transmural stimulation of isolated portal veins
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was less at each frequency of postganglionic nerve 

stimulation in the treated rats than in the controls. This 

difference was particularly marked at low 'physiological' 

impulse rates (Ljung et al, 1975). The prolonged effect is 

perhaps due to the uptake of beta adrenoceptor blocking drugs 

into sympathetic nerve endings, as has been shown for 

propranolol.

Propranolol and timolol may reduce the efflux of 

tritiated noradrenaline from the sympathetic nerve endings in 

several ways, for example by blockade of presynaptic beta 

adrenoceptors, or an adrenergic neurone blocking action, by 

affecting the neuronal uptake of noradrenaline or by altering 

the biosynthesis of noradrenaline.

3.10.1 Blockade of Presynaptic Beta Adrenoceptors It is

possible that block of presynaptic beta adrenoceptors results 

in a diminished release of noradrenaline. This is likely to 

be more important for propranolol than timolol, since the 

plasma concentration of propranolol should have been adequate 

for beta blockade. There was evidence to suggest that the 

concentration of timolol may have been too low for blockade 

of postsynaptic beta adrenoceptors. However, the 

concentration of a beta adrenoceptor antagonist needed to 

block the presynaptic receptors may not be the same as the 

concentration required at the postsynaptic beta adrenoceptor. 

Thus presynaptic beta blockade may still have been possible 

after chronic administration of timolol. Uptake of 

propranolol or timolol into the nerve endings, followed by 

rerelease on stimulation, has already been proposed as a
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mechanism to increase the concentration of the beta 

adrenoceptor blocking drug in the synaptic cleft.

Blockade of presynaptic beta adrenoceptors with 

propranolol has been shown to reduce the fractional release 

of tritium during transmural nerve stimulation (TNS) of 

isolated rat portal veins, which had previously been 

incubated with noradrenaline (Dahlof et al 1978 and 1980). 

Addition of a high dose of exogenous noradrenaline and a low 

dose of adrenaline were found to cause a significant increase 

of the fractional tritium release during TNS of isolated rat 

portal veins. This effect of noradrenaline and adrenaline 

was reversed by propranolol (Dahlof et al, 1978).

Stimulation of the whole spinal outflow of pithed rats, 

results in the release of adrenaline from the adrenal glands, 

which may then act at the presynaptic beta adrenoceptors to 

increase the release of transmitter noradrenaline. If the 

presynaptic beta adrenoceptors are completely blocked by 

propranolol or timolol, adrenaline can not facilitate the 

release of noradrenaline. Thus there are two ways in which 

propranolol or timolol may have reduced the release of 

noradrenaline by acting on presynaptic beta adrenoceptors, 

first, a direct action on transmitter release and second, by 

blocking the facilitation of release due to stimulation of 

the receptor by adrenaline.

3.10.2 Adrenergic Neurone Blocking Action Saelens et al (1977)

found that propranolol inhibited the contractile response of 

the isolated guinea pig vas deferens to field stimulation.

The d and 1 isomers were equipotent inhibitors of stimulation
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induced noradrenaline release, thus it is unlikely that 

propranolol was acting on presynaptic beta adrenoceptors, 

which are stereospecific for the 1 isomer (Dahlof et al, 

1980). Nor is it likely that the reduced release was due to 

the membrane-stabilizing action of propranolol, since a drug 

with local anaesthetic activity should prevent the effective 

depolarisation of the nerve ending on stimulation and thereby 

also block the exocytosis of proteins such as dopamine beta 

hydroxylase from the synaptic storage vesicles, besides the 

exocytosis of noradrenaline. Saelens et al (1977) showed 

that lidocaine, a local anaesthetic, produced a parallel 

reduction in the release of both dopamine beta hydroxylase 

and transmitter noradrenaline, whereas the concentrations of 

propranolol that significantly reduced noradrenaline output 

had only a small effect on dopamine beta hydroxylase. After 

preincubation of the isolated vasa deferentia with  ̂H 

noradrenaline, most of the tritium released by propranolol 

was in the form of deaminated metabolites and only a small 

portion appeared as intact amine. Therefore, it was 

suggested that propranolol can enter the nerve ending and 

interact with the storage vesicles to displace or other wise 

release noradrenaline from its binding sites, in a similar 

manner to guanethidine.

In support of this theory, propranolol has been found 

in, or associated with, synaptic storage vesicles, after 

osmotic lysis of synaptosomes preloaded with propranolol 

(Street et al, 1984). No responses to amphetamine could be 

elicited in anococcygeus muscles from rats treated with 

propranolol, timolol or atenolol (in the drinking water for 8
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weeks) at the dose range of amphetamine used for control 

responses. Since amphetamine is an indirectly acting agent, 

the beta adrenoceptor antagonists had either prevented 

penetration of the amphetamine through the neuronal membrane 

or interfered with the mechanism by which amphetamine 

displaces noradrenaline from the synaptic vesicles (Redfern 

et al, 1980).

3.10.3 Neuronal Uptake of Noradrenaline If propranolol or

timolol block the uptake of tritiated noradrenaline into the 

heart, then there would be less tritiated noradrenaline in 

the synaptic storage vesicles to be released. Chronic 

administration of timolol (5 mg/kg/day for 4 weeks) 

significantly lowered the heart content of *H noradrenaline 

and elevated the blood level of tritium, which strongly 

suggests that timolol exerted an uptake blocking action. 

However the effect of propranolol on the content of *H 

noradrenaline in the heart was much more variable. Even 

though the mean concentration of tritium was 50% lower in the 

propranolol treated rats (60 mg/kg/day) than in the controls, 

this difference was not significant.

 ̂H noradrenaline uptake into synaptosomes prepared from 

rat brain has been shown to be inhibited by a wide variety of 

beta adrenoceptor blocking drugs (Street and Walsh, 1984).

The uptake inhibition was unrelated to the beta adrenoceptor 

blocking potency but was highly correlated with drug 

lipophilicity. That is the most lipophilic agents, 

propranolol and pronethalol showed the greatest degree of 

inhibition whereas atenolol and sotalol showed the lowest
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degree of inhibition and were the least lipophilic. Large 

concentrations of propranolol were found to be associated 

with the synaptic plasma membrane fractions after osmotic 

lysis of rat brain synaptosomes preloaded with propranolol 

(Street et al, 1984). Street and Walsh (1984) suggested that 

the beta adrenoceptor blocking drug may interact with 

surrounding phospholipids in the plasma membrane and thus 

induce a conformational change in the noradrenaline carrier 

protein, which might result in suboptimal binding and 

translocation of noradrenaline.

Although propranolol has clearly been shown to inhibit 

the uptake of noradrenaline in vitro, a reduction in tissue 

levels of noradrenaline has not been found after chronic 

propranolol administration to normotensive rats (Sen and 

Tarazi, 1983 and Penttila et al, 1977). This supports the 

results of this study, since 60 mg/kg/day of propranolol for 

4 weeks did not significantly reduce the heart content of 

tritiated noradrenaline. Propranolol injected I.V. into 

anaesthetised rats reduced the turnover rate of noradrenaline 

in the heart and spleen, without altering the endogenous 

tissue levels of noradrenaline. The turnover rate was 

calculated after injecting tritiated noradrenaline to label 

the transmitter stores (Alexandre and Chevillard, 1980). The 

reduced efflux of ^H noradrenaline on stimulation of the 

whole spinal outflow is unlikely to be due to inhibition of 

noradrenaline uptake by propranolol, however this may still 

be important for timolol.

3.10.4 Biosynthesis of Noradrenaline A reduction in tyrosine
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hydroxylase activity after prolonged treatment with 

propranolol has been proposed by Bhagat (1978) as a mechanism 

by which propranolol may lower high blood pressure. The 

adrenal tyrosine hydroxylase activity of spontaneously 

hypertensive rats, treated with 2 mg/kg propranolol i.m. 

twice daily for 8 or 12 days, was significantly decreased. 

Tyrosine hydroxylase is the rate limiting enzyme in the 

biosynthesis of noradrenaline, therefore a decrease in its 

activity may lead to a decrease in the amount of transmitter 

available for release. Propranolol administered in the 

drinking water (750 mg/1) of spontaneously hypertensive rats 

for 4 weeks, significantly reduced the myocardial 

catecholamine concentration but the same dosage regimen 

administered to normotensive Wistar-Kyoto rats did not alter 

myocardial catecholamine concentration (Sen and Tarazi,

1983). It would therefore appear that propranolol may not 

alter tyrosine hydroxylase activity in normotensive rats in 

the same manner as in spontaneously hypertensive rats.

3.11 Relationship Between the Efflux of Tritiated Noradrenaline

and the Rises in Blood Pressure and Heart Rate on Stimulation 

of the Whole Spinal Outflow

Although the efflux of tritiated noradrenaline from 

sympathetic nerve endings on stimulation of the spinal 

outflow appears to have been reduced by chronic 

administration of propranolol or timolol, the mean rise in 

mean arterial pressure (MAP) was not significantly lower in 

the treated animals than in the controls. Thus there does
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not appear to be a direct relationship between the reduced 

blood levels of noradrenaline and the amount of 

vasoconstriction produced by stimulation of the spinal 

outflow. In control rats, the correlation coefficient is 

almost significant when the mean rise in MAP is plotted 

against the mean percentage change in release of tritiated

noradrenaline on stimulation, showing that there may be a

linear relationship between these two variables. Only four 

frequencies of stimulation were used, although the mean rise 

in MAP and mean % change in release of ^H noradrenaline were 

determined in at least 5 rats at each frequency and the mean 

values plotted. Thus a high degree of correlation would be 

required for a significant correlation coefficient.

Yamaguchi and Kopin (1979) measured the release of 

endogenous noradrenaline on stimulation of the complete 

sympathetic outflow of pithed Sprague-Dawley rats for one 

minute, by collecting blood samples from the carotid artery 

during the last 15 seconds of stimulation. They found that 

the increase in blood pressure was proportional to the 

logarithm of the increase in plasma noradrenaline. Plotting 

the logarithm of the mean % change in release of tritiated

noradrenaline with the mean rise in MAP found in my

experiments does not improve the linear correlation between 

the two variables. The main difference between this study 

and that of Yamaguchi and Kopin (1979) is that I used 

desmethylimipramine to prevent the reuptake of the released 

noradrenaline into the nerve endings. This should have 

increased the concentration of tritiated noradrenaline 

reaching the circulation from the synapses (Cousineau et al.
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1984), which may explain the difference in the relationship 

between the change in the plasma level of noradrenaline and 

the rise in MAP seen in the two studies.

Blood was sampled from the carotid artery close to its 

junction with the aortic arch. Thus the changes in 

concentration of tritiated noradrenaline in the general 

circulation were measured rather than the concentration of 

tritiated noradrenaline available at the synapses. Uptakes I 

and II were blocked by I.V. injection of desmethylimipramine 

and normetanephrine respectively, therefore the released 

noradrenaline should have been able to reach the blood stream 

without being subjected to the normal processes for 

conserving and deactivating noradrenaline at synapses. Kopin 

et al (1984) found that neuronal uptake (uptake I) accounted 

for at least 55% of the gradient in noradrenaline 

concentration between the sympathetic neuroeffector junction 

in arteriolar smooth muscle and plasma. Desmethylimipramine 

(0.3 mg/kg) was given I.V. to pithed rats, 10 minutes before 

stimulation of the complete sympathetic outflow and blood 

sampling were carried out. The plasma noradrenaline 

concentration measured during stimulation was increased 2.8 

fold by this dose of desmethylimipramine compared to the 

plasma concentration measured in the same rats before 

desmethylimipramine.

There is probably not a linear relationship between the 

mean rise in MAP and the mean % change in release of 

tritiated noradrenaline on stimulation of the complete spinal 

outflow in either propranolol or timolol treated rats since 

the correlation coefficients are not significant.
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Propranolol and timolol only lowered the efflux of ^H 

noradrenaline at the highest frequencies used. There did not 

appear to be a decrease in efflux at each frequency of 

stimulation. However the accuracy of the ^H noradrenaline 

assay was reduced in the treated rats because the change in 

efflux of tritium was more variable. Small blood samples of 

only 70 vul were withdrawn in order to avoid the need for 

transfusing the rats with donor blood. If it had been 

possible to take larger samples the sensitivity of the assay 

would have been improved.

Cousineau et al (1984) found that the beta adrenergic 

antagonist, alprenolol, significantly reduced the 

noradrenaline overflow during sympathetic stimulation of 

canine myocardium. However the interstitial release of 

noradrenaline was unaltered. Coronary flow was significantly 

decreased by beta blockade, resulting in a delay in the 

exchange of noradrenaline between the interstitial and 

vascular compartments of the heart. Since neuronal uptake 

was active, the noradrenaline was removed from the 

interstitial space by the uptake system, resulting in a 

decreased overflow. In this study, changes in blood flow due 

to the effects of propranolol or timolol were less likely to 

be of importance in altering the overflow of noradrenaline 

into the blood. Neuronal uptake was blocked by 

desmethylimipramine so that a reduction in coronary flow may 

have delayed the appearance of tritiated noradrenaline in the 

blood but the noradrenaline would not be removed by uptake I. 

Propranolol and timolol do not exert uniform effects on blood 

flow to different organs. In Wistar-Kyoto rats treated from
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conception with propranolol or timolol in the drinking water 

(40-60 mg/kg/day propranolol or 60-100 mg/kg/day timolol), 

blood flow to the heart and skeletal muscle was significantly 

reduced, whereas blood flow to the kidneys, liver, adrenals 

and skin was unaltered or increased (Nishiyama et al, 1978). 

During stimulation of the entire sympathetic outflow in 

pithed rats, the increase in plasma noradrenaline level 

appears to be derived almost entirely from the small blood 

vessels which regulate peripheral resistance (Kopin et al, 

1984). Therefore changes in coronary flow in propranolol or 

timolol treated rats would not greatly affect the increase in 

plasma level of noradrenaline.

In my experiments, there was no correlation between the 

mean rise in heart rate and the % change in release of 

noradrenaline on stimulation of the whole spinal outflow in 

either the control or treated rats. This suggests that the 

response of the heart to stimulation is not directly related 

to the blood level of noradrenaline. In fact the mean rise 

in heart rate reached a maximum at 10 Hz in the control or 

timolol treated rats but the efflux of ^H noradrenaline on 

stimulation was greater at 30 Hz than at 10 Hz. In the 

propranolol treated rats, the maximum mean rise in heart rate 

occurred at 3 Hz. A significant efflux of tritiated 

noradrenaline during stimulation as compared to before was 

only seen at 30 Hz in the treated rats. To relate in vivo 

changes in heart rate to changes in efflux of tritiated 

noradrenaline, the concentration of tritiated noradrenaline 

in the coronary sinus and in arterial blood needs to be 

measured as has been shown in the dog (Yamaguchi et al.
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1973).

3.12 Daily Fluid Intake

The daily fluid intake was higher in the control rats 

than had previously been observed in this laboratory. The 

increase in drinking may have resulted from changes in the 

animal house environment since a new ventillation system had 

been installed at the time this study began. Male 

Wistar-Kyoto rats at 12 weeks of age drank about 32 ml of 

water daily. This value was obtained in two separate studies 

conducted at the University of Oklahoma Health Sciences 

Center (Nishiyama et al, 1978 and Pfeffer et al, 1977). The 

Wistar rats used in this study as control animals drank 47.8 

± 1.4 ml daily. Dissolving propranolol or timolol in the 

drinking water significantly reduced the daily fluid intake. 

The greatest reduction was seen with rats given 60 mg/kg/day 

of propranolol, when the water intake was more than halved to 

1 9 . 3 ± 0 . 6  ml daily. Pfeffer et al (1977) and Nishiyama et al 

(1978) also found that propranolol (40-60 mg/kg/day) or 

timolol (60-100 mg/kg/day) in the drinking water of the rats 

from conception to 12 weeks of age, significantly reduced the 

daily fluid intake. Propranolol, in both of these studies, 

produced a greater reduction in drinking than timolol. The 

effect of propranolol on water intake may be dose related as 

a lower dose (12 mg/kg/day) only reduced drinking to 39.8 —  

1.3 ml/day.

The action of propranolol and timolol on drinking may be 

attributed to two factors. First, propranolol and timolol
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impart a bitter taste to the water. However this is not 

likely to have reduced drinking to the extent observed in 

this study. Second, beta adrenoceptor antagonists may exert 

an effect on the centres responsible for drinking in the 

brain. This explanation would help to account for the 

difference in effect between propranolol and timolol. 

Propranolol is concentrated in the brain of rats to a greater 

degree than timolol after oral dosing (Tocco et al, 1980).

If the reduction in drinking was due to an action on beta 

adrenoceptors in the central nervous system, then the effect 

of a beta adrenoceptor antagonist should be dose related. 

There is some evidence for a greater reduction in fluid 

intake with the higher dose of propranolol than with the 

lower.

3.13 Heart Weight

Chronic administration of 60 mg/kg/day propranolol for 4 

weeks significantly reduced the mean heart weight to body 

weight ratio. This was the result of a reduction in mean 

heart weight as the mean body weight was not different from 

control. The other groups of treated rats (12 mg/kg/day 

propranolol or 5 mg/kg/day timolol) showed no significant 

alteration of the heart weight to body weight ratio. Several 

workers have found that chronic administration of propranolol 

or timolol does not affect heart weight (Sen and Tarazi,

1983, Chatelain et al, 1981, Botting and Crook, 1981, 

Mazurkiewicz-Kwilecki and Romagnoli, 1970, Pfeffer et al,

1977 and Nishiyama et al, 1978). However there was a
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significant reduction in the heart weight to body weight 

ratio of Wistar-Kyoto rats treated with propranolol 3.0 

mg/kg/day s.c. by osmotic minipump for 3 weeks. Wistar-Kyoto 

rats treated with a lower dose of propranolol (0.75 

mg/kg/day) did not have a decreased heart weight to body 

weight ratio and neither did spontaneously hypertensive rats 

treated with 3 or 0.75 mg/kg/day propranolol in the same 

study (Greenberg and Wilborn, 1982a).

Vaughan-Williams et al (1975) found that the wet weight 

of the ventricles of rabbits was significantly reduced after 

treatment with 2 mg/kg propranolol I.P. twice daily for at 

least 4 weeks. The same dose regimen of propranolol was 

administered to rabbits in the study of Evemy et al (1981) 

but the ventricular weights of the rabbits were not found to 

be significantly altered. This difference in results between 

the two studies was attributed by Evemy et al to very young 

rabbits being used by Vaughan-Williams et al. Timolol 0.2 

mg/kg I.P twice daily, administered to rabbits did not 

significantly change the ventricular weights (Evemy et al, 

1981).

The decrease in heart weight of rats given 60 mg/kg/day 

propranolol is unlikely to have been due to a decrease in the 

water content of the heart, despite the reduced drinking in 

these rats, since the mean % loss in weight on drying of the 

hearts was not significantly different from the controls.

The hearts of rats treated with 12 mg/kg/day propranolol 

contained significantly more water than the hearts of the 

controls since the % loss in weight on drying was 

significantly greater in these treated rats.
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Vaughan-Williams et al (1975) found that the water content of 

the hearts from treated rabbits was actually greater than 

those of the controls, however the water content of cardiac 

muscle was unchanged in the study of Evemy et al (1981). 

Greenberg and Wilborn (1982a) demonstrated that the water 

content of the heart was reduced by 3 mg/kg/day of 

propranolol. They also found that propranolol decreased the 

diameter of the myocardial cells. Thus the action of 

propranolol in reducing heart weight after chronic 

administration does not appear to be a universal phenomenon. 

Perhaps it is an action related to higher dosage. The 

mechanism by which propranolol lowers the heart mass has not 

been clearly defined. It may be related to changes in the 

water content of the heart, although that would appear 

unlikely from this study, or propranolol may reduce the 

myocardial protein content (Greenberg and Wilborn, 1982a).

3.14 Growth Rate

Chronic administration of propranolol or timolol 

decreased the rate of growth of Wistar rats, since for each 

group of treated rats the gradient of the line relating the 

mean weight of the rats to the day of treatment was 

significantly less than the control gradient. The control 

rats were kept under the same environmental conditions as the 

treated rats and the experiments were carried out at the same 

time. Perhaps the growth rate was reduced because the 

treated rats drank less water than the controls. Chronic 

propranolol treatment has been shown to reduce the growth
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rate of rabbits (Vaughan-Williams et al, 1975 and Evemy et 

al, 1981). However the growth of Wistar-Kyoto or 

spontaneously hypertensive rats was unaltered by propranolol 

treatment in several studies (Pfeffer et al, 1977, Chatelain 

et al, 1981, and Burkan and Leach, 1981). The weight 

increase of rabbits was significantly decreased only after 

intraperitoneal injection of propranolol (twice daily for 8 

weeks) and not after subcutaneous injection. Timolol 

injected I.P. twice daily for 8 weeks did not significantly 

alter the growth rate of rabbits. The animals given 

propranolol I.P. ate significantly less than the controls but 

the food intake of the rabbits given timolol I.P. or 

propranolol s.c. was not significantly different (Evemy et al 

1981). It may be that propranolol exerted an action on the 

gastrointestinal tract of the rabbit, which was more 

pronounced after I.P injection because a high local 

concentration would have been achieved or it may have been 

that propranolol or one of its metabolites reduced appetite 

due to a central effect.

Food intake was not measured in this study but it may 

well have been reduced by chronic propranolol or timolol 

treatment since the growth rate was decreased. The general 

health of the treated animals was not adversely affected by 

the beta adrenoceptor blocking drugs despite the decreases in 

water intake and growth rate after chronic treatment. No 

animal died during administration of propranolol or timolol. 

However if treatment had been continued for a longer period 

than 4 weeks, adverse effects due to the decrease in drinking 

might have appeared.
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3.15 Relevance of the Results to the Administration of Propranolol 

or Timolol to Man

Higher doses of propranolol or timolol were used in this 

study than are normally administered to patients for the 

treatment of hypertension or angina pectoris. The usual 

daily dose of propranolol given to patients is 160 to 320 mg 

(British National Formulary, 1984). Assuming an average 

weight of 60 kg, this dose is between 2.67 and 5.33 

mg/kg/day, which is lower than the doses of 12 or 60 

mg/kg/day propranolol given to the rats. Similarly, the 

range of timolol doses given to the rats (1.2 to 25 

mg/kg/day) was higher than the doses received by patients 

(0.25 to 0.75 mg/kg/day, equivalent to 15 to 45 mg daily). 

Despite the administration of high doses of propranolol to 

the rats, the plasma concentration was low at the time 

experiments were carried out. The plasma concentration of 

timolol could not be measured but the available evidence 

suggested that the plasma level was too low for effective 

beta blockade. It therefore appears that although high peak 

levels of drug were achieved in the plasma soon after 

drinking commenced at night, the plasma concentration would 

then have declined rapidly so that in effect the drug was 

being withdrawn for part of each day.

Administration of propranolol or timolol to man in the 

doses normally given to patients results in adequate plasma 

concentrations of the drugs and the plasma level is usually 

maintained above the minimum concentration for beta blockade
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for between 12 to 24 hours (Leaman et al, 1976, Tocco et al, 

1975, Evans and Shand, 1973 and Davies, 1980). Thus there is

a different time-course for the plasma concentration of

propranolol or timolol in man and rats. The half-life of

propranolol in rats is about 63 to 83 minutes (Schneck et al,

1977 and Terao and Shen, 1983), whereas in man the half-life 

is longer (192 minutes, Leaman et al, 1976 and 274 minutes, 

Evans and Shand, 1973). The half-life of timolol is also 

longer in man than in rats. Values of between 2 to 6 hours 

have been reported in man (Davies, 1980). Tocco et al (1975) 

found that in rats the half-life for timolol was about 2 

hours but the half-life in man was about 4.5 hours. The 

short half-lives of propranolol and timolol in rats imply a 

more rapid decline of the plasma concentration compared to 

that of man.

Due to the low plasma levels of the beta adrenoceptor 

blocking drugs, little or no antagonism of the postsynaptic 

responses to beta adrenoceptor stimulation was observed after 

chronic treatment. However the chronotropic response of the 

heart to electrical stimulation of the whole spinal outflow 

was significantly decreased by 12 mg/kg/day propranolol for 4 

weeks. The plasma concentration of propranolol could not be 

measured in these rats. A similar disparity between the 

reduction in heart rate and the serum propranolol 

concentration was observed after stopping treatment of 

healthy volunteers with 50 mg propranolol every 6 hours for 

at least 7 days. 12 hours after discontinuing the 

administration of propranolol, the serum concentration had 

returned to 90% of its base line value, whereas at the same
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time heart rate was only 19.4± 7 . 8 %  of its base line value.

It took up to 60 hours after discontinuation of propranolol 

therapy for the two parameters to be no longer significantly 

different (Leaman et al, 1976). This maintenance of beta 

blockade after the plasma level has fallen to a value 

supposedly too low may be due to the uptake of propanolol 

into the nerve endings or tissues. When treatment with beta 

adrenoceptor blocking drugs is abruptly discontinued a 

withdrawal syndrome has been observed (Prichard et al, 1983). 

A rebound increase in heart rate was found to occur about 2 

days after propranolol treatment was replaced by placebo 

(Ross et al, 1981). The delay in the occurrence of the 

withdrawal phenomenon may be related to the fact that the 

heart rate is still reduced even when no propranolol may be 

detected in plasma.

Propranolol and timolol may reduce drinking in man as 

well as in rats but little research has been published on 

this topic. Beta adrenoceptor blocking drugs are usually 

administered orally in the form of tablets or capsules and 

therefore the taste of the drugs is not likely to affect 

compliance in patients. Water intake could be reduced by a 

central effect of propranolol or timolol. In my experiments, 

growth rate was decreased significantly by both beta 

adrenoceptor antagonists. This could be of importance in the 

long term treatment of children with beta adrenoceptor 

blocking drugs. However, effects on growth are unlikely to 

impair the health of adults. The highest dose of propranolol 

reduced the mean heart weight of treated rats. This may be a 

useful factor in the treatment of patients with cardiac
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hypertrophy secondary to hypertension, where a reduction in 

heart mass after the control of the high blood pressure is 

beneficial. Adverse effects of propranolol or timolol in 

patients with cardiac failure have been observed (Van Zwieten 

and Timmermans, 1983). A reduction in heart mass may 

contribute to the precipitation of cardiac failure. However, 

heart weight was only decreased by treatment with a high dose 

of propranolol.

3.16 Suggestions for Future Work

Ideas for further research may be divided into short and 

long term objectives. In the short term, more research needs 

to be carried out into the reduced release of noradrenaline 

on sympathetic nerve stimulation found in this study after 

chronic administration of propranolol or timolol. The aim of 

this research would be to elucidate which mechanism is 

affected by the beta adrenoceptor antagonists in order to 

bring about changes in neurotransmission. The long term 

objective of future research should be to determine whether 

the decrease in sympathetic nervous activity produced by beta 

adrenoceptor blocking drugs contributes to their 

antihypertensive action.

3.16.1 Short term Objectives First, it is important to find a

method of achieving adequate plasma concentrations of the 

beta adrenoceptor blocking drugs at the time the experiments 

are carried out. Increasing the doses of propranolol or 

timolol even further would not be very constructive, since
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very high peak levels would occur, which may lead to adverse 

effects. The plasma concentration could be increased by 

giving the drugs via another route. Osmotic minipumps have 

been used to administer propranolol to rats for chronic 

studies (Smits et al, 1980a and Greenberg and Wilborn,

1982b). The advantage of osmotic minipumps is that they 

provide adequate blood levels without daily fluctuations, 

however minor surgery is required to attach the osmotic 

minipump to the rat. Osmotic minipumps are also expensive 

and can only provide continuous treatment for up to 4 weeks 

before the unit needs replacing. It might be preferable to 

use the same doses and dose regimen of propranolol or timolol 

used here but by reversing the light-dark cycle of the rats, 

the experiments could be carried out during the middle of the 

dark period. Rats drink mostly at night (during the dark) so 

the highest plasma concentrations should be obtained at that 

time. The plasma levels would still vary over the day, which 

mimics the situation in man after a drug is taken orally.

Whichever method is used to administer the beta 

adrenoceptor blocking drugs, it would be essential to measure 

the plasma concentration of the drug to ensure that the 

concentration is adequate for beta blockade. The HPLC method 

for determining timolol would need to be made more sensitive 

to measure low concentrations. Besides measuring the plasma 

concentration, log dose-response curves to I.V. isoprenaline 

should be determined in the treated rats to show that 

postsynaptic beta blockade is present.

When adequate plasma concentrations of propranolol and 

timolol had been achieved, the experiments to determine the
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efflux of tritiated noradrenaline on stimulation of the 

spinal outflow could be carried out in control and treated 

rats, in order to determine whether the same reduction in 

efflux of tritiated noradrenaline is obtained when the beta 

adrenoceptors are blocked. The rise in blood pressure and 

increase in heart rate would be measured at the same time.

If the reduced efflux of  ̂H noradrenaline after chronic 

administration of propranolol or timolol is due to the 

blockade of presynaptic beta adrenoceptors, then by 

administering (+) propranolol instead of the racemate, no 

effect on the efflux of ^H noradrenaline should be seen. 

However, if the reduced efflux is due to another property of 

the beta adrenoceptor antagonists such as adrenergic neurone 

blockade, the efflux of tritiated noradrenaline should still 

be reduced. Assuming the reduction in efflux was due to the 

blockade of presynaptic beta adrenoceptors, then the 

experiments could be repeated after chronic administration of 

a beta-1 or beta-2 selective antagonist to determine the 

nature of the presynaptic beta adrenoceptor.

The uptake of tritiated noradrenaline into the heart was 

reduced by chronic treatment with timolol but not with 

propranolol. The experiments to determine the heart content 

of tritium should be repeated at a time when the beta 

adrenoceptors are blocked to see if propranolol would now 

alter the uptake of ^H noradrenaline. Acute administration 

of timolol in a variety of doses by I.V. injection could be 

performed to see if this would influence the heart content of 

tritium. Desmethylimipramine also lowered the uptake of ^H 

noradrenaline by interfering with neuronal uptake. To
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determine if timolol and desmethylimipramine were acting via 

the same mechanism, neuronal uptake should be inhibited by 

either ouabain (an uptake I blocking agent) or by procaine (a 

local anaesthetic) and the effect of timolol or 

desmethylimipramine then determined.

3.16.2 Long term Objectives Despite the decreased release of

tritiated noradrenaline on stimulation of the whole spinal 

outflow in pithed rats after chronic treatment with 

propranolol or timolol, no reduction in blood pressure in 

either conscious or pithed animals has been found. This may 

have been due to insufficient plasma concentrations of 

propranolol and timolol for beta blockade. After the 

suggested short term research has been completed, it should 

be known whether the same effect on sympathetic 

neurotransmission occurs when the plasma concentration of 

drug is adequate for beta blockade. It would then be 

important to determine whether the antihypertensive action 

of beta adrenoceptor blocking drugs is related to changes in 

sympathetic nervous activity .

Clinical studies to measure sympathetic nervous 

activity following beta adrenoceptor blockade are difficult 

to carry out in man. The clearance of noradrenaline from 

the plasma is reduced by beta adrenoceptor antagonists due 

to changes in hepatic blood flow (Man in't Veld and 

Schalekamp, 1983). Thus it is essential to measure changes 

in the release of noradrenaline directly by measuring the 

arterial-venous difference across the organ under study. 

However spontaneously hypertensive or New Zealand



176

hypertensive rats could provide suitable animal models to 

investigate the mechanisms by which this action is brought 

about. Experiments should be performed in the whole animal 

to study the integrated response of the cardiovascular 

system to sympathetic stimulation. Anaesthetised rats could 

be compared to pithed rats to investigate whether central 

actions of beta adrenoceptor blocking drugs contribute to 

the antihypertensive effect.

Evidence of supersensitivity to isoprenaline has been 

found in this study after chronic administration of timolol. 

Further experiments on the effects of withdrawing beta 

adrenoceptor blocking drugs need to be carried out in man 

and rats. The time at which the withdrawal phenomenon is 

seen needs to be more clearly defined so that the 

time-course for changes in beta adrenoceptor number or in 

adenylate cyclase activity may be related to the timing of 

the withdrawal syndrome. From my experiments it would 

appear that the decreased release of noradrenaline persists 

after the drug concentration has fallen below that required 

for beta blockade. It would be interesting to determine 

whether the effects of withdrawal are delayed until the 

release of noradrenaline by sympathetic nerve stimulation is 

no longer decreased.

This long term research would provide valuable 

information on the antihypertensive action of beta 

adrenoceptor blocking drugs. The ultimate aim is to provide 

a definitive answer to the question of whether after beta 

adrenoceptor blockade, a reduction in sympathetic nervous 

activity plays an important role in lowering high blood
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pressure
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P R O L O N G E D  A D M I N I S T R A T I O N  O F / 3 - A D R E N O C E P T O R  B L O C K I N G  D R U G S  R A I S E S  
THE T H R E S H O L D  FOR E F F L U X  OF T R I T I A T E D  N O R A D R E N A L I N E  F ROM 
S Y M P A T H E T I C  N E R V E S

A.J. Draper, Helen E. Kendall, P.M. Redfern, Pharmacology Group, School of 
Pharmacy and Pharmacology, University of Bath, Claverton Down, Bath, BA2 7AY, UK,
Prolonged administration of the so-called 6-blockers may induce changes in sym
pathetic function quite distinct from their obvious ability to compete with 
noradrenaline (NA) for occupancy of 6-adrenoceptors. In the long term these 
changes in sympathetic function may play a significant role in determining the 
degree of hypotension produced by this group of drugs. Results from in vitro 
experiments showed that release of NA from presynaptic nerve terminals was 
influenced by chronic administration (Carr et al., 1983) and we recently 
presented evidence suggesting that similar changes may occur in vivo (Avkiran 
et al., 1983). We now present results of experiments in the pithed rat which 
demonstrate that the release of tritiated NA( H-NA) from sympathetic nerves is 
suppressed by prolonged treatment with 6-blocking drugs.
Male Wistar rats were treated for 4 weeks with either propranolol MCI or timolol 
maleate, administered in the drinking watej in concentrations sufficient to pro
vide a daily dose of 60mg.kg“  ̂ and Smg.kg respectively. After 4 weeks rats 
were pithed under ether, the right carotid and the left femoral vein were can- 
nulated, and 0.5mg d .tubocurarine, followed by 3mg.kg~^ normetanephrine was 
injected into the latter vessel. After 5 min 2.5 Cip^H-7-dl NA was also injec
ted i.v.
Control experiments showed that plasma levels of tritium fell rapidly over the 
first 20 min after injection of H-NA, but had reached a reasonably stable 
plateau by 30 min. In subsequent experiments, 2.Smg.kg dcsmethylimipramine 
was injected i.v. 30 min after the bolus of ^H-NA, and electrical stimulation of 
the entire sympathetic outflow,by means of the pithing rod, began after 5 min. 
Immediately before each stimulus (a 60s train of impulses of 1ms duration and 
30V) a 70pl sample of blood was removed from the aortic arch (SI). A second 
sample (S2) was taken during the last 15s of the stimulus train and the dif
ference in tritium level was taken as an indication of the stimulus-evoked 
^H-NA outflow from sympathetic nerves. In control animals a consistent 
'stimulus-response* curve was obtained over the rangle 1-lOHz. In contrast, in 
animals treated with propranolol or timolol, the efflux of tritium was suppressed 
such that no significant increase in plasma tritium was detected below 30Hz. 
(Table 1).
Table 1. Tritium efflux (S2-S1) following spinal stimulation (dpm)
Treatment Frequency (Hz) O 1 3 10 30
Control 80162 -153191 108198 428169** 6961163**
Timolol 5mg.kg“ -1201423 75186 185197 2301278 1035*1635
Propranolol 60mg.kg" 96185 401142 -22199 501416 584*1208
means 1 sem. difference from efflux at O Hz: *p<0.05; **p<0.01 (n=3-ll).
A decrease in the amount of transmitter released from presynaptic terminals would 
be expected to augment the hypotensive action of post-synaptic 6-adrenoceptor 
blockade. However, measurement of blood pressure showed no differences in the 
rise in mean arterial pressure in control or drug treated animals, and indeed 
the stimulus-evoked increases in heart rate were greater in the drug treated 
animals, although these differences did not reach statistical significance at 
all frequencies. Thus prolonged treatment with 6-blocking drugs induces changes 
in the function of presynaptic nerves; at the same time, the physiological res
ponse to these changes may be offset by corresponding changes in post-synaptic 
react i vity.
Avkiran, M. et al., (1983) J. Pharm. Pharmac. 35 88P.
Carr, S.S. et al., (1983) J. Autcn. Pharmac. 3 7-12.


