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Abstract 

Beta adrenoceptor blockers are widely used in 
the treatment of angina and hypertension. It is 
suggested that beta blockers relieve angina by 
reducing the myocardial oxygen demand. Many 
groups of investigators have demonstrated that beta 
blockers are likely to cause a generalised 
vasoconstriction at least in the short term and even 
a cardioselective beta blocker can reduce the 
coronary blood flow (CBF). It was shown in many 
animal models and also in humans, both healthy and 
those suffering from ischaemic heart disease, at rest 
and during exercise that beta blockers reduced the 
basal CBF and blunted the coronary active 
hyperaemia. It has been observed that all beta 
blockers exert their beneficial effects on the heart 
by their negative chromotropic and inotropic 
effects. Therefore, with beta blockers therapy, the 
endogenous adenosine production by the heart is 
likely to be reduced, resulting in the attenuation of 
the increase in CBF during exercise. The likely 
beneficial effects of beta blocker therapy could be 
the net result of the difference between decrease 
in oxygen demand by the heart induced by beta 
blockade and the reduction in CBF. 

Introduction 
Beta adrenoceptor blocking drugs (beta 

blockers) block the beta adrenoceptors in the heart 
and peripheral vasculature, bronchi, liver etc1. They 
are used in the treatment of hypertension and angina 
as well as in many other disorders. Many beta 
blockers are now available and they differ by their 
cardioselective properties and the duration of action. 
All beta blockers slow the heart rate thereby reducing 
the metabolic demands of the heart and also lower 
the blood pressure1. 

Beta blockers such as propranalol and atenalol 
have been used for over a quarter of a century in 
the treatment of angina and hypertension. It has 
been observed that all beta blockers exert their 
beneficial effects on the heart by their negative 
chronotropic and inotropic effects2. When under 
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treatment with beta blockers, the endogenous ADO 
production is likely to be reduced, and is therefore 
likely to result in a reduction in CBF. 

Background 
It is well established that coronary blood flow 

(CBF) is regulated by many factors such as 
myogenic, neural, humoral and metabolic factors. 
While neural and myogenic factors may be more 
important in the regulation of CBF under basal 
conditions3,4, metabolic factors seem to be more 
important in the mediation of vasodilation under more 
demanding conditions such as exercise5. It appears 
that under normal conditions, there is a constant 
competition between metabolic vasodilation and 
alpha receptor mediated vasoconstriction6. During 
increased activity, metabolic vasodilation over
comes sympathetic mediated vasoconstriction6. 

Berne in 19637 proposed in his adenosine 
hypothesis that adenosine (ADO) is one such 
metabolic vasodilator, which was important in the 
regulation of coronary blood flow. It has been 
demonstrated that ADO plays a more important role 
in the mediation of active hyperaemia in the heart 
than in the skeletal muscle 8 , 9 , 1 0. The rate of ADO 
production at least in the short term appears to be 
related to the intensity of myocardial activity and is 
inversely related to the oxygen supply to the 
myocardium11. 

Beta adrenoceptors and cardioselectivity 

The anti angina effects of beta 1 blocking agents 
are based on intrinsic negative inotropic and 
chronotropic properties. Some beta blockers such 
as propranalol are non selective, and have both beta 
1 and beta 2 effects. Beta 1 receptor blockade leads 
to vasoconstriction. In addition, some cardio
selective beta blockers such as metaprolol and 
epanalol have partial beta 1 agonistic activity, which 
may counteract beneficial effects of beta 1 receptor 
blockade12. It has also been found that there is a 
resting alpha adrenoceptor mediated vasocons
triction tone in the coronary circulation and that daily 
exercise or stellate gangliotectomy increased the 
CBF in adult mongrel dogs by reducing the alpha 
receptor mediated vasoconstriction13. 
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Mechanisms of action tone at rest, but other mechanisms may also be 
involved during exercise. Other workers also 
observed similar results on the effect of beta 
adrenoceptor blockade on the CBF in anaesthetized 
dogs23. 

The effect of bet blockers on the coronary 
vasculature at rest and during exercise was also 
investigated in humans. The effect of propranalol on 
CBF at rest and during exercise in patients with 
ischaemic heart disease was examined using 
biplane quantitative coronary angiography21. It has 
been oberved that patients with exercise induced 
angina had significantly more vasoconstriction than 
patients without angina and intravenous adminis
tration of propranalol was accompained by a 
significant decrease in coronary luminal area of both 
normal and stenotic vessel segments at rest, 
which is overridden by dymanic exercise, further 
supporting the coronary vasoconstrictor effect 
of beta blockers and the metabolic mediated 
vasodilation, which opposes it. 

In healthy humans with angiographically normal 
coronary arteries and cardiac transplanted patients 
at rest, the beta blockade with propranalol decreased 
the CBF and increased the coronary vascular 
resistance24. However, the coronary vascular 
resistance did not increase in healthy human hearts 
or transplanted hearts after selective beta 1 blockade 
with metaprolol, suggesting that the increase in 
vascular resistance after non selective beta 
blockade is the result of direct beta 2 vascular effects. 

Interaction of beta blockade and adenosine 
mediated vasodilation 

The increase in the metabolic activity of the 
heart produces more vasodilator metabolites 
including adenosine (ADO) which produces 
coronary active hyperaemia during exercise9-'0. The 
Beta blockers through their negative inotropic effects 
reduce the work of the heart, thereby reducing the 
ADO production. Therefore, it can be expected that 
beta blockers may attenuate the exercise induced 
coronary active hyperaemia, leading to at least a 
restriction of the coronary active hyperaemia25,26 

Adenosine is produced in significant quantities 
during hypoxia, which leads to coronary 
vasodialation. Beta blockade with propranalol 
blunted the release of ADO and attenuated the 
hypoxia induced coronary vasodilation in 
anaesthetized dogs 2 5 2 6 . Even in concious dogs, 
similar reduction in the coronary active hyperaemia 
during treadmill exercise was observed in the 
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There seems to be multiple mechanisms 
involved in the action of beta adrenoceptor blockade 
on the coronary circulation and the outcome is the 
net result of the interactions of these mechanisms. 
It has been found that autoregulation in the coronary 
vascular bed is partly responsible for the favourable 
changes produced by propranalol in the ischaemic 
myocardium in anaesthetized dogs14. Bund et al 
observed that the effect of beta blockers on the 
coronary vessels would differ according to the 
branching order or the caliber of the vessels in 
porcine coronary arteries, which suggests evidence 
for regional heterogenecity of vascular responses 
in the porcine coronary vasculature to vasocons
trictor and vasodilator agents15. 

Catecholamines play a major role during 
initiation and propagation of myocardial ischaemia 
=»nd beta blockers such as propranalol and pindalol 
were found to restrict the extent of the myocardial 
damage in isolated rabbit hearts subjected to 
ischemia16. The growth of the myocardial infarction 
might be caused by oxygen free radicals generated 
from noradrenaline by autoxidation. However, it has 
not been demonstrated that beta blockers such as 
pindalol or propranalol exert their cardioprotective 
effects through a free radical scavenging action in 
isolated rabbit hearts under similar ischaemic 
conditions17. 

It has also been shown that beta adrenergic 
blockade with timolol helped uniform contraction of 
the heart in anaesthetized cats leading to improved 
contraction efficacy18. Another possible cardiopro
tective effect of beta blockers could be their 
membrane stabilizing action, thus preventing 
electrolyte depletion from ischaemic myocardial 
cells19. 

Effect of beta blockers on coronary arteries 
Several groups of investigators have found that 

beta blockers such as propranalol reduce the CBF 
in both experimental animals and humans under 
varying conditions 2 0 , 2 1 , 2 2. Sekiguchi et al observed 
that beta blockade with propranalol completely 
abolished the vasodilator effect of phentolamine and 
also constricted the coronary arteries in all vessel 
groups under their study in the beating hearts 
of anaesthetized dogs20. During treadmill exercise 
in conscious chronically instrumented dogs, 
propranalol administration (1 mg/kg) significantly 
attenuated the CBF at rest and also attenuated the 
coronary active hyperaemia22. This could be partly 
due to the unmasking effect of alpha adrennergic 



Possible mechanisms of action of beta blockers on the coronary circulation 79 

presence of beta blockade . Even the coronary 
reactive hyperaemic flow response was found to be 
significantly attenuated in the presence of beta 
blockers in some animal studies27, which is evidence 
in support for the attenuation of the increase in CBF 
in both animal and humans under varying conditions 
in the presence of beta blocker therapy. Any 
beneficial effect of the use of beta blockers in the 
treatment of angina would therefore be the result 
of the beta blocker mediated reduction in oxygen 
demand of the myocardium and the reduction in the 
CBF, which may occur with beta blocker therapy. 

References 

1. Prasad AB. (Ed). In British National Formulary (BNF), British 
medical Association and Royal Pharmaceutical Society of 
great Britain (Joint Publ). 1995; 30 (2.4): 73-77. 

2. Crea F, Puptia G et al. Effects of theophylline, atenalol and 
their combination on myocardial ischaemia in stable angina 
pectoris. American Journal of Cardiology 1990; 66 (17): 
1157-1162. 

3. Johnson PC. The myogenic response and the 
microcirculation. Microvascular Research 1997; 13:1-18. 

4. Kroll K, Feigl EO. Adenosine is unimportant in controlling 
coronary blood flbw in unstressed dog hearts. American 
Journal ol Physiology 1989; 249: H1176-1187. 

5. Honig CR. Contributions of nerves and metabolites to 
exercise vasodilation: a unifying hypothesis. American 
Journal of Physiology 1979; 236 (5): H 705-719. 

6. Hon' M, Kitakaza M et al. Alpha -2 adrenoceptor activity exerts 
dual control of coronary blood flow in canine coronary artery. 
American Journal of Physiology 1988; 255: H250-260. 

7. Berne RM. Cardiac nucleotides in hypoxia: possible role in 
regulation of coronary blood flow. American Journal of 
Physiology 1963; 204 (2): 317-322. 

8. Goonewardene IP, Karim F. Attenuation of exercise 
Vasodilation by adenosine deaminase in anaesthetized dogs. 
Journal of Physiology (London) 1991; 442:65-79. 

9. Karim F, Goonewardene IP. The effect of adenosine 
deaminase on pacing induced coronary functional 
hyperaemia In denervated hearts of anaesthetized dogs. 
Journal of Physiology (London) 1991; 438:134P. 

10. Karim F. Goonewardene IP. Adenosine and coronary 
functional hyperaemia. Journal]otPhysiology (London) 1996; 
490 (3): 793-803. 

11. Knabb RM. Ely SW. Bacchus AN, Rubio R, Berne RM. 
Consistent parallel relationships among myocardial oxygen 
consumption, coronary blood flow and pericardial infusate 
adenosine concentration with various interventions and beta 
blockade in the dog. Circulation Research 1983; 53:33-41. 

12. Venneker EH, Remme WJ et al. Acute systemic and 
antischemic effects of epanolol in patients with coronary 
artery disease. Cardiovascular Drugs in Therapeutics 1994; 
8 (2): 211-219. 

13. DiCarto SE, Blair RW, Bishop VS, Stone HL. Role of beta 
2 adrenergic receptors on coronary resistance during 
exercise. Journal of Applied Physiology 1988; 64 (6): 
2287-2293. 

14. Gross GJ, Buck JD, Warltier DC, Hardman HF. Role of 
autoregulation in the beneficial action of propranalol on 
ischemic blood flow distribution and stenosis severity in the 
canine myocarduim. Journal of Pharmacology and 
Experimental Therapeutics 1982; 222 (3): 635-640. 

15. Bund SJ, Oldham AA, Heagerty AM. Influence of arterial 
diameter on vasomotor responses in the coronary 
vasculature. CardiovascularResearch 1994; 28 (5): 695-699. 

16. Rump RF, Picke D, Rosen R, Klaus W. Effects of propranalol, 
pindolol and cartelol and acute regional myocardial 
ischaemia in isolated rabbit hearts. Arzneimittellorshung 
1993 (English translation of abstract); 43 (6): 641-645. 

17. Rump RF, Rosen R, Klaus W. Free radical scavenging 
properties of beta adrenoceptor blockers are not relevant for 
cardioprotection in isolated rabbit hearts. Archives of 
Pharmacology 1993; 348 (4): 431-434. 

18. Sedagal J, Lekven J, Hexeberg E. Beta adrenergic blockade 
improves uniformity of local contraction in the anterior wall 
of feline left ventricles. Clinical Physiology 1993; 13 (2): 
171-184. 

19. Hoque AN, Nass Y, Abiko Y. Cardioprotective effect of 
d-propranalol in ischemic-reperfused isolated rat hearts. 
Europian Journal of Pharmacology 1993; 236 (2): 269-277. 

20. Sekiguchi N, Kanatsuka H et al. Effects of alpha and beta 
adrenergic blockade on coronary arterial microvessels in the 
beating canine heart. Cardiovascular Research\992; 26 (4): 
415-412. 

21. Bortone AS, Hess OM et al. Effect of intravenous propranalol 
on coronary vasomotion at rest and during dynamic exercise 
in patients with coronary artery disease. Circulation 1990; 
81 (4): 1225-1235. 

22. Berdeaux A, Drieu La Rochelle C, Richard V, Giudicelli JF. 
Opposed responses of large and small coronary arteries to 
propranalol during exercise in dogs. American Journal ot 
Physiology 1991; 261 (2 Pt 2): H 265-270. 

23. Karim F. Effects of beta adrenoceptor blockade on coronary 
and renal blood flow. Journal of Vascular Medicine and 
Biology 1989; 1:179P. 

24. Hodgson JM, Cohen MD, Szentpetery S, ThamesMOEffects 
of regional alpha and beta blockade on resting and hyperemic 
coronary blood flow in concious unstressed humans. 
Circulation 1989; 79 (4): 797-809. 

25. Herrmann SC, Feigl EO. Adrenergic blockade blunts 
adenosine concentration and coronary vasodilation during 
hypoxia. Circulation Research 1992; 70 (6): 1203-1216. 

26. Wangler RD, Peterson WP, Sparks HV. d-Propranalol 
prevents adenosine formation associated with myocardial 
hypoperfusion. American Journal of Physiology 1989; 256 
(3 Pt 2): H 772-778. 

27. Thomas M, Gabe I, Mills C. Interpretation of the effects of 
propranalol on coronary reactive hyperaemia. Europian 
Heart Joumal\9B3\ 4 (9): 662-667. 

Vol. 29, No. 2, 1996 


