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ALPHA ~~D BETA RECEPTOR BLOCKING DRUGS 

IN THE TREATMENT OF HYPERTENSION 

Ti1e p:::ima .cy pur!='OSe of ·this presentat ion is to provide informat.'-on £or 
the proper use of recently introduced alpha and beta adrenergic-rece:pt.or 
blocking drugs in t he treatment of hypertension . The term "adrenergic 
neuronal blockinq1ftr~gs " is appropriate fo r drugs such as guc.nethidine, re
serpir,e, methy.:.dopa ana clonidine which act primarily by inhibitins activity 
w.1. c iu.n t he cs n::r c. l or peripheral portions of the sympathetic system . 'Ihey O: c 
not directly affect t he adrenergic receptors. To provide the appropr :..ate 
background, the possible pathogeneti c role of the sympathetic nervous syst:em 
in essential hypertension will be considered first. Then a r eview of cur r ;>:lt 
knN;ledge about the receptors •·1h i ch these new drugs block will be provided. 
Hopeful l y these .,,ill se':: t he stage for better underst and ing of how t r.ese 
drugs work, their advantages _and .. side effects . 

I. Th~pathetic Nervous System and Essential Hypertensi on : 

Though drugs which block the sympathetic nerves are effective in 
lowering high blood pressure, the sympathetic nervous system may not be dire cci .· 
responsible for the hypertension. However, some believe it plays a Fivotal r oie . 

A. The Hemodynamic Alterations of Essential Hypertens i on: 
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The blood pressure is determined 
primarily by the product of the amount 
of blood pumped by the heart (cardiac 
output) and the resistance to the flow of 
this blood by the vascular bed (peripheral 
resistance ). In the fina l analysis, e ither 
cardiac output or peripheral resistance mus e 
be increased if the pressure is elevated. 
In hypertensive people and experimental 
animals, both have been found to be high. 
As diagramed in Fi gure 1, a changing pattern 
of initially high cardiac output giv ing wa y 
to a persis t ently elevated peripheral res .l. 
stance has been observed in a few peopl e 
(Figure 2) a nd many animals with experimental 
hypertension and this is likely the hemod~~amic 
pattern of essential hypertension. 

Figure 1. The hemodynamic pattern of essential 
hype rtension. 
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Figure 2. The changes in cardiac output (CI) and total peripheral resi s tance 
(TPRI) over a 10 year interval in 28 untreated patients with essential hyperte •. -
sion . The initial study is labeled 1, the one 10 years later is 2. The patiec. ~ s 
are divided into 2 groups, one aged 17 to 29, the other aged 30 to 39 at t he t~e 
of the first study. From Lund-Johansen, P. in Hypertens ion: Determinan t s , 
Complications and Intervention, ed. G. Onesti, R. Klint and R.J. Schaefe r. 
Grune and Stratton, New York, 1977. 

Numerous investigators have described hypertensives, mostly young, who 
have definitely high cardiac outputs (Werko & Lagerlof, 19497 Frohlich et al, 
1969). Depending upon the manner in which patients were selected for study , 
such high-output hypertensives comprise from 10 to 70' of the series. Some of 
these patients have a hyperdynamic or hyperkinetic circulation with labile 
blood pressure, fast pulse, awareness of the heartbeat and an increased respon
siveness to beta-adrenergic stimulation. 

A logical assumption has been widely made that this pattern of high 
cardiac output, clearly identifiable in some young hypertensives, is t he usual 
hemodynamic finding in early essential hypertension, g iving way gradually to a 
rising peripheral resistance. In some, the hyperkinetic, high-output state 
persists for as long as 10 to 20 years (Ibrahim et al, 1975). 
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Ir. ~est pati ents wit h e stablished hype~tension, th~ car cla~ 

ou~put. is P.=>rrn:ll and the periphera::!. res i ootance is high. But even in ~tc =- -, ~ -- ~ 

hi gr. :mtpl:t ur.:: ncrmnl :r·esistanc:e , the resistance is, in fac t, i.napp!:opr' <>.7.b.!.: 

l:igh. \".'hen ce.rd ~.ac output-. r:i.s"s , the normal phys iolog i c response, !l'.~ci iat~ c: :- _ 
vurious reflexe3, :! :-: vascdilat.ion and a fal l in per ipheral re sist;~nce. Tt. ~ . r ~- · 
f~r:! a '" nm:nal" peript-.cral resistance in the presence of a high -:ardi.;: c~ .• 
is a~nO.ti'1Cll ly e levated a!'.d thereby remains the primary mecha..-,i srn £u: ~ ........ 
~P\. ~ .,.n ~ (1~c~r. ~r and :'l f::c~ f?r 1 1 977) ~ 

Ga i ng back to Figure l, let us assume that carci.a~ o~:- ;:. · !: i : 
h i sh init. i. all.~· . :r.f s0, ~!h:• ? Two mechanisms have been pr oposed : tl:,; ' '. !-s':.. , ? 

pr.:_mexy in ~ r~l?.. se i.~ r:ardiac function; the second , a primary incr~3.~ J.:· 1 · 1.c. :~ :. 

\;O l :.trne 1 ... Cl,.' c ed ty r~na:_ ret~?.ntion of sodium . The two are net :nutu~l1 :· -- ·::- · 

and hr>th ,-cm.Ld bE> active . 

2. Cardiac Function: 

Buth he:art rate and str oke vo lume are increased i.;1 ... £1?. ~ ~~ i ~ ... -

kir,e·tic..:: ~OJ.d~.! :~r_; hype:rtensi~es studied by Julius and co-workers (Jul:.·.:.:; .-..=.:
Esl"r, 1 975). These, and the ·.other hemodynamic findings in such patients a~· z. 

explained J: y i'J n"' '.::Cgenic mechanism which could be beth an in~rea:;ed :;-.- ·;?<~'::~ -· · . ~. 
and a decreaseC. par<:.sympathetic drive. In t hose with normal card:.ac ;:;;.,tp·:,:: . 
decr~,asod ·nr ,~:!. i:ohi'::ition has been sho'N-n by pharmacol ogical maneuver in:; ~ .7 .. ,_ '-- - ~ 

et al, 19 i 5), \~1- -~n such patients were classified by r enin l evels, those 1·1:. ':::-. 
high renins wer e found to be particularly influenced by increased sympathe::.i~ 
nervous activity (Esler et al, 1975). 

B. s ·t ress and Autonomic Nervous Activity: 

A11 enhanced degree of sympathetic nervous activity has been pc.st·~
lated to be respons i ble for various parts of the pathogenetic cascade of €ss·~r~ ~ al 

hypertension. And a decreased l evel of vagal inhibition has been inv0ked by , _. .: ~ 

to explain the carciac dysfunction (Jul i us et a l, 1975) . Moreove~ , th: li~er"·~~~ 
increasingly incriminates psychogenic factors i n human hypertension whi~~ pre sllinah: ; 
act through the sympathetic nerves. The following summarizes the evidence. 

1. Hypertension and Stress: 

People exposed to repeated psychogenic s tresses may develop 
hypertension more frequently than otherwise similar people not so stressed. 

a. Air traffic controllers, who work under t remendous 
psychological stress, develop hypertension at an annual rate 5 . 6 times gr eater 
than do non-profess ional pilots who wer e initially comparable in physical 
characteristics (Cobb and Rose, 1 973 ). 

b. Men repeatedly str essed by high levels of no i se have 
significantly higher blood pressures and more hypertension (Jonsson and Hansson , 
1977). 
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'-'" · ...L!l d e l. •~ast 22 ins":3.f!ces , popui..at:l.0 .:15 .Ll.V.L13' i :1 :: .:-.all. 
coiw~ive , procecteJ 3v..:: i e ti es have been found to have low blood ;;>re :; s:J.:z_; w;; : .:: :
do not ~· ise "fl i t :1 a ·; i .1g; thoee who abando:> such an environment and :r.::.gr:. :: , · .. -
more '.lr::,a'1i ~~c1, .ncder,1, d i s organized societies have high blood pressures ·.-~.--:ic.~ 

ri.>e ••it~ ag:i :o'?' (CassP.l , 1374). Obviously other environment al .facc:::> rs ;c.a! ~·? 

r ~::;:_Jv:-t:d :Jl ~ . j:. 1t L~ s ~")L1e o f t hese groups the association bet•.vee~·, !"lype :- .: : n s i.. ·.) :
an :1 s.x:~ial ::! i 3 .:.- .t·qani.~ .: tion seems strong. 

Ani~c.ls may also develop hypertension T..vhen repeate-:: l .:' =-~ :-~;=. -:: : 

(H~nry e t al, 1975) . Rats with a genetic predisposition to hypertens i :::>ro, : :1 :? 
Da hl salt-sens itive ani:nal, deve lop mor e hypertension when c hr onic:;. l::." o<:;:oc:<! -:l 
to s tress, 1.Yh2 !:" P. e.s-o; t~e s alt-res istant strain does not (Friedrna!'l a.!":d. ~:- .'. :. • --:..., : 

!lm<:>ng people , various per sonality t raits such as a ':~: :dency 

to suppress emo:: i c''l" (l' ilowsky et al, 1973), free- f l oating and phobic anx~e t.~· 

and depressioa (Bulpitt et al, 1 976), have been found to be more preva.ien <: in 
hypertensives. T:le h i gher prevalence of hypertens i on a."l\ong blacks hns cf< eO'\ 

1:\:.,:: ~c t ilcir i!lc <. eased l evel of discontent (Naditch, 1974) and other ;.>c: ::. · . ::_ 

scr .. sscs \li·lr.:>u~·.; e t a::., 1973) . But the black may not be peculiar in ;::'~ " .:·.':!·" :: 
whites in the lower social class (Syme et al, 1974) and with less forr.v.l •!c .. :- _ n 

(Dyer et al, 1976) ~ lso have more hypertension. 

2 . Sympathetic Nervous Overactivity : 

Psychogenic stress presumably raises blood pressure by activ,o : . ~ . 

of the sympathetic 'lervous system by one o r more neurogenic pathways . s·: id<·c ,- :.>:· 
such increased activi.ty is particularly prominent in those with borderline hyp£, ·
tension who have high cardiac output, heart r ate and str oke volume, decreased 
plasma volume , and enhanced pressor respons iveness (Julius and Es ler, ::.975) . 7~e 

evidence includes these observations: 

a. Plasma catecholamine levels have been reported to be £1 c-··. : ;c ': 

in some hype rtensives (de Champlain e t al, 1 976 ) and positive correlati.:m bet'•'Ec:1 
plasma norepinephrine and the diastolic blood pressure has been found (Louis et a l, 
1973) . Elevated plasma catecholamines have been noted more commonly in those w:.th 
high plasma renin l evels (De Quattro et a l, 1976 ; Esler et al, 1977); ?res~~~: ~ 

the hyperactive sympathetic system stimulates renin release . However, when ad ~ ~3t

ment for age is made, the plasma norep inephrine l evels have been found to be s~ilar 
1n normotensive and hypertensive s ub j ects (Weidmann et al, 1977) , the hi gher l~,·a l s 
noted in other studies being attributed to t~e o l der age of t he hypertens ive pc:
u lations (Lake et al , 1 977) since plasma norepinephrine l evels increas e with a·;< . 

Another, less direct index of sympathetic ac tivity -- plasma 
levels of dopamine-beta-hydroxylase was c laimed to be higher in patienc s with 
essential hypertension (Stone et al, 1974). Subsequently, t he leve ls of thi s 
enzyme have bf'en sho::wn t o be normal in such hyperte nsives, though hi gh in pat ie:<ts 
with pheochromocyt oma (Kopin et al , 1 976) . 

b . Mendlowitz and co- wor kers (1965) have long a r gued for a r o le 
for decreased tissue storage of nor ep inephr ine, thereby releasing more i:1to t he 
circulation. A possible connection between such a dec r ease in tissue storage 
and increased die tary sodium intake has been demonstrated in rats (de Champlain 
et al, 1968 ) . 
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c. The levels of enzymes involved in tJ-.e bios yr. t~e.: i , of 
norepinephrine were highe:r: in tissue from hypertensive men than from no:m.c·te>r.
sives of similar age IDe Quattro et al, 1975). 

d. Urinary excretion of catecholamines was increased ~fter 
mental stress in a gr.:-up of early hypertensives (Nestel, 1969). 

e. PJ-,armacologic blockage (Drayer e t al , 1977) ·~· r ~ 1r:;ica! 
:;:;:;mo,,a l 0f th~-! s~rrr.pat!lstic nervous system almost a lways l owers blood f re ssure . 
This may, of course , mean nothing more than that sympathetic nervous cone is 
important in t~e maintenance of normal bl ood pressure and does not necsss~r~ ly 
sw ~port ic& r ole 1~ tne ca~sation of hypertension. 

e: Hypertension can be induced in animals Dy variuus rr..::l. 14i -

pulaticn.'l of central. neural mechanisms (Reis and Doba, 1974), par":icu cc.rly 
those i mpairing cent~ al adrenergic function or leading to an imbalance c i U,e 
hypothalamic excitatory and bulbar inhibitory systems (Haeusler, 1975). 

-; . '.'.'he baroreceptor reflex, arising in the carotid s L ;:s. 
normally relaxes the heart and dilates peripheral vessels when the blood 
pressure ri ses. :::a enperimerital animals, the blood pressure rises when t:his 
refle x is interrupted. When the carotid sinus is stimulated in humans Nith 
hypertension, the bloc~ pressure falls. The suggestion has been made that 
resetting or ~ttenuat~on of this baroreceptor mechanism, so that higher pressures 
are tolerated and not counteracted, could be responsible for the maintenance 
of hypertension (Takeshita et al, 1975). 

h . Using a strain of rat which spontaneously becomes 
progressively more hypertensive, Folkow et al (1973) have shown that, even 
before the pressure rises, psychological stimuli evoke an enhanced central 
autonomic discharge which leads to an exaggerated cardiovascular response. 
These investigators propose this sequence: stress ~ a genetically determi :1ed 
autonomic hyperactivity ~ intermittent rise in blood pressure ----) structural 
changes in re s istance vessels ~ permanent hypertension. 

Obviously, sympathetic nervous hyperactivity, even if partially responsible, 
is not the only mechanism for essential hypertension. Looking for a single cause 
is likely fruitless. As stated by an editor of Lancet (Editorial, 1977): 

"Blood pressure is a measurable end-product of an exceedingly 
complex series of factors including those which control 
blood-vessel calibre and responsiveness, those which control 
fluid volume within and outside the vascular bed, and those 
which control cardiac output. None of these factors is 
independent: they interact with each other and respond to 
changes in blood-pressure. It is not easy, therefore, to 
dissect out cause and effect. Few factors which play a 
role in cardiovascular control a r e completely normal in 
hypertension: indeed, normality would require explanation 
since it would suggest a lack of responsiveness to increased 
pressure. 11 
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Figure 3 is an attempt to put all of these fragments into a single hypotheslS. 
Some of the components are unproved; others, more importantly, may be o~itted. 
But at least it fits with much of what is known today. 
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Figure 3. The hemodynamic pattern of established 
Kaplan, N.M., Clinical Hypertension, 2nd edition. 
Baltimore, 1978. 

F;£ ', 1N ANGIOT£ \ S V 

hypertension. From 
Williams & Wilkins, 

Whatever its role in hypertension, the autonomic nervous system obviously 
is important in the control of blood pressure and drugs which ~ork upcn the 
sympathetic portion are mainstay of antihypertensive therapy. Figure 4 
provides an overview of the neurogenic control of blood pressure. 

In order to understand better the workings of the sympathetic system 
and the manner in which antihypertensive drugs affect it, the role of the 
adrenergic receptors must be recognized. 
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(Vagus) 

Ach , , , 

Figure 4. The neurogenic control of blood pressure. ~ = neuronal norepine;~~ine, 
NA = synapt i c norepinephrine, Ach = acetylcholine, PG = prostaglandin, a = alp~a
adrenoceptor, S = beta-adrenoceptor, M = muscarinic receptor, ------ = positive 
effect, = negative effect. From Saxena, PR in Beta-adrenoceptor Blockir.q 
Agents, ed. PR Saxena and RP Forsyth, North Holland Press, Amsterdam, 1976. 

II. Adrenergic Receptors: 

A. Background: 

The effects of an endogenous hormone or an exogenous drug ulti
mately depend upon physiochemical interactions between the hormone or drug and 
functionally important molecules in the organism. In most cases, the interac
tions initially involve the combination of the drug or hormone with macro
molecular components of cells called receptors. Agonists are agents which 
interact with a receptor and elicit a response; antagonists interact with 
receptors and prevent the action of agonists. Often the drug/ hormone-receptor 
interaction provides the initial stimulus for amplification through enzymatic 
or other metabolic changes which in turn produce the final response (Fi gure 5) . 

r 

r-ec~ptor 

!li t e 
(d is c ,. imJn.,t c r ) 

lnp'-' t 1 ~ ! ~~~~~~cc!~~~n --- ---- - --- ---- -- --- ----•~tputl &ig~~ -- --to- -- -- -- ---- - - - -- .s ogna ~-~lodulaor oon ~•!"-<~ 

Figure 5. The general scheme of drug interaction with receptor, acting as the 
initial stimulus, with amplification to produce the physiological effect. 
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As shown by Sutherland and co-workers (1968), in many interactions the 
circulating hormone i s the "first messenger." It interacts with its SFecific 
receptor located on the external s urface of the target cell; the hormone
receptor complex activates the enzyme adenylate cyclase located on the internal 
surface of the plasma membrane of the target cell; the active adenylate cyclase 
accelerates the intracellular formation of cycl i c adenosine monophosphate 
(cyclic AMP or cAMP), the "second messenger," which then stimulates or inhibit s. 
various metabolic processes. 

Hormone + Receptor ~ 
... 

Inactive 
adenylate 
cyclase 

Hormone-Receptor 

l 
ATP 

Active 
adenylate 
cyclase 

! > cAMP 

J 
Physiologic effect 

Until recently, most research on receptor action bypassed the initia l 
binding step and the intermediate steps and examined the accumulation of c&~ 
or the end step, the physiologic effect. However in the past few year s , tech
niques have become available to study the initial binding to the receptor . 
Many of these involve the use of radioactive agonists or antagonists (radio 
ligand) which attach to and label the receptors (Aurbach et al , 1974; Lefkowitz 
et al, 1976) . 

A great deal of information about receptors has been obtained with these 
techniques, which help to explain drug and hormone actions. One of t he 
interesting sidelights: a clone of mouse l ymphoma cells has been isolated 
which has normal beta-adrenergic receptor binding activity but which has no 
adenylate cyclase activity (Insel et al , 1976). This suggests that t he re
ceptor site is a product of a gene different from that coding for the adenylate 
cyclase. 

B. The Functions of Receptors: 

1. Selectivity of Hormone/Drug Reactions: 

By discriminating among various biologically active 
molecules, they determine which will affect target cell function. Only t hose 
molecules which can bind to a receptor will be active. Subtle differences in 
molecular structure determine the distinct specificity of each receptor. 

2 . As previously described, they transmit and amplify a signal 
that results in desired physiological effects. Therefore minute quantities of 
hormones or drugs may induce a response. 
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C. Cl~ ~siiication of Adrenergic Receptors: 

Ahlquist (194 8 ) used the differences in the ability of varL u" 
catecholamines to s timulate a number of physiologic processes to s~pa rate ~~~, 

nergic e f factz iP.t·:) ;:\oo main types, alpha and beta (Table ll. 

Table 1. Classification of Adrenergic Receptors 

Receptor .., 
alpha 

a 

beta 
s 

Doparr.inergic 

Cateaho~amine Order of Stimu~ation 

Epi 9 Norepi > Phenylephrine > Isoprot 

Isoprot > Epi or Norepi > Phenylephrine 

S-1 Isoprot 5-10 X > Norepi = Epi 

S-2 Isoprot 100-1000 X > Epi > Norepi 

Dopamine >> Epi or Norepi 

The beta-adrenergic responses have subsequently been further su ~

divided into beta1 and beta2 subtypes (Lands et al, 1967). The beta1 responses 
include the cardiac stimulation and lipolytic effects of catecho lamines, t he 
beta2 responses include bronchodilation and vasodilation. The division between 
S1 and S2 receptors, though not physiologically complete, can be taken advantage 
of by the use of agonists or antagonists which are relatively selective for one 
or another subtype. Examples include the betaz-selective agonists orciprenalL•e 
(AlupentR) and terbutaline (BrethineR) which cause significant bronchodilation 
with little cardiac stimulation. Selective Sz-antagonists have also been sought 
to decrease the side effects (bronchospasm, vasospasm) of non-selective ( (3 1 and 
Szl antagonists such as propranolol. A third type of adrenergic response, s tinu
lated most by the norepinephrine precursor dopamine and therefore called dopaminer
gic, has recently been defined (Goldberg , 1975). These receptors are found in 
certain areas of the brain and in renal vessels, where they cause vasodilation. 

The structure of several catecholamines (agonists), the receptor 
to which they primarily bind and a typical antagonist for each is shown in Figure 6 . 

Some of the physiological effects of alpha and beta stimulation 
are listed in Table 2. The S-adrenerg ic effects of catecholamine s are almost a ll 
associated with an activation of the adenylate cyclase- cyclic k~ system . The 
mechanism for alpha-adrenergic responses is not yet known. Some believe it 
involves the activation of another cyclic nucleotide, cyclic guanosine mono
phosphat_e (cyclic GHP) . Others believe it involves movement o f calcium ions. 

Not only has it been easier to identify the physiologic re sponses 
of s timulation of S-adrenergic receptors, but al so radioac tively labeled S-adre
nergic antagonists with high specific activity have been more readily a vailable . 
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I?ECEPTOR TYPE T'fl'ICAL ANTAGOV!STS 

DOPAMINERGIC 

•-o~-Ofre>tr<"2-N% 
HALOI'BUOOl 

Cl 

Q·ADR!NERGIC 

a+,I3-AOREN!RGIC Labetalol 

/3·ADRENERGIC 

Figure 6. The structures of some adrenergic agonists and antagonists. From 
Lefkowitz R.J . , N Engl J Med 295:323, 1976 . 

Table 2. Effects of Stimulation of Adrenergic Receptors 

Heart 

Blood vessels Constrict 
Bronchi 
Stomach Contract sphincter 
Urinary bladder Contract sphincter 
Uterine smooth 

muscle Contract 
Renin release Decrease 7 

B 

Increase heart rate (8J) 

Increase contractility (3 ,) 
Increase conduction velocity <Bil 
Shorten refractory period at AV ~ode (81 ) 

Dilate <Bzl 
Dilate <Bzl 
Decrease motility and tone 
Relax detrusor 

Relax 
Increase 
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:'he 3-o.d.:ene r ·j ic :::e c epto:::-adenylate cyclase complexes of turkey and =:::-:: ·; ~" 
blood cells have served as models since they have similar characteris t i c s t ·.7 
mammalian e-receptor systems in the heart and elsewhere (Lefkowitz, 1977). 
These studies show there are between 1000 and 2000 receptors per cell and th~: 
the 6-recept or is Ukely a lipoprotein (Caron and Lefkowitz, 1976). Recent:-,. 
a highly pot ent .~. lpha -adrenergic antagonist, dihydroergocryptine, label ec'. ·,:i tl-. 
tritium, has been used to identify and · study a -receptors in various tis s ues 
(Williams and Le fkowitz, 1976). 

D. The Regulation of 6-Adrenergic Receptors: 

... 
1. Desensitization: 

Prolonged exposure of a tissue to a hormone (e .g. catechol 
amines) or drug (e . g . opiates) leads to the development of refractoriness or 
·tolerance to the e ffects of that agent. Though such densensitization may pro
tect tissues from the effects of chronically elevated levels of active agents , 
it ma y also l ~~it the therapeutic efficacy of drugs and require the use of 
continually increasing doses. 

Lefkowitz and· co-workers have delineated the basis fo r 
desensitization to catecholamines (Mukherjee et al, 1975). 

a. ·When cells are exposed to beta-adrenergic agonists 
such as isoproterenol for several hours, there is a selective desensitization 
of the membrane-bound adenylate cyclase to the s timulatory effects of catechol
amines by 50 to 70% (Figure 7). 

~ •ISOPIOTfRENOL 

ADENYLAT! CYCLAS! 

SlOW 

DESENSITIZEO CEll 

PHYSIOLOGIC 
RESPONSE 

DESENSITIZED 
PHYSIOLOGIC 

RESPONSE 

Figure 7. The activation and inactivation (desensitization) of 8-adrenergic 
receptors. "Rapid" refers to processes occurring within seconds, "slow" refers 
to processes requiring minutes to hours for completion. From Lefkowitz, R.J., 
N Engl J Med 295:323, 1976. 



- 12 -

b. This desensitization is quite specific, so that other 
hormones such as prostaglandin E, can still stimulate the enzyme normally (~! ickey 

et al, 1976 ). 

c. Desensitization is associated with about a 50% decrease 
in the apparent number of functional b~ta-adrenergic receptor binding s i tes . The 
binding affinity of the remaining receptors is unal t ered . 

d. The ·fall in receptor number is not caused by a change ~· 
the rate of receptor formation or degradation but rather to catecholamL>e-induced 
changes in the conformation of the receptors which render many of them inactive. 
The agonist-inducedt fall in receptor number requires coupling of the r eceptors 
with adenylate cyclase (Mukherjee and Lefkowitz, 197 7 ). PreslliT.ably, t he coupled 
adenylate cyclase induces the conformational changes in the beta receptors which 
render them inactive or desensitized. This implies a function for the adenylate 
cyclase enzyme independent of its role in cAMP generation . Desensitization may 
involve other mechanisms in other tissues with other hormones. 

These conformational changes are reversible, providing 
a rapid, dynamic regulatory mechanism for dampening the cell's response to 
excess catecholamines. The r eversibility of desensitization enables the clinici3n 
to preserve the desired effect of adrenergic agonists by intermittent t herapy. 

e. Beta-adrenergic antagonists (e.g. propranolol ) do not 
induce desensitization or changes in the conformation of the receptors. They do 
block the ability of the agonist catecholamines t o desensitize in a pattern 
identical to their in vivo selectivity. 

2. Supersensitivity: 

The reverse, an increase in receptor number and supersensi
tivity to agonists, may be induced by chronic exposure to antagonists. When 
isolated cells were examined, no increase in r eceptor number or responsiveness 
of the adenylate cyclase was found. However, using t he hearts of rats given 
propranolol for 2 weeks, Glaubiger and Lefkowitz (1978) have found a 100% 
increase in the number of S-adrenergic receptors in membranes, associated with 
an increased responsiveness of adenylate cyclase to isoproterenol stimulation. 

The authors suggest this mechanism for "supersens itivity" 
induced by adrenergic receptor b lockade: in tissues, such as the heart, inner
vated by sympathetic nerve s , endogenous norepinephrine stored in the nerves is 
tonically released, l eading to a certain chronic level of S-receptor occ upru>cy 
and thereby a degree of receptor desensitization. With chronic proprano l ol 
treatment, endogenous agonist would have its access of S-receptor·s blocked. 
Desensitization to endogenous agonist would not occur. What appears to be 
supersensitivity is, then, rather a lack of de sensitization . 

Thi s could explain the "propranolol withdrawal syndrome ," 
wherein worsening of angina or actual myocardial infarction rr~y appear upon 
sudden withdrawal of beta-blocker therapy. During prolonged 3-blocker t herapy, 
receptor occupancy by endogenous catecholamines would be r educed and the number 
of receptors increased. As long as propranolol i s continued, the excess pool 
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of S-receptors would be blocked by occupany by propranolol and would be of no 
physiological significance. However when the S-blocker is suddenly withdrawn, 
an increased pool of receptors would become available for occupancy by catechcl
amines, leading to all of the ill effects of increased beta-adrenergic stimula
tion. 

3. Reduced S-Receptors With Aging: 

The concentration of S-adrenergic receptors in membranes 
of mononuclear cells significantly decrease with age (Schocken and Roth, 1977) 
(Figure 8). 
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Figure 8. The fall in maximal specific 
binding of the S-antagonist, 3H-dihydro
alprenolol, to crude mononuclear cell 
membranes with increasing age of subjects 
from age 24 to 81 . . From Shocken D.D. and 
Roth G.S. Nature ~:856, 1977. 

4. Changes by Hormones: 

Though similar declines with 
age have been found in steroid 
receptor concentration of rats, 
this is the first demonstration 
of age-associated changes of 
surface hormone receptors in 
cells taken directly from man. 

The mechanism is unknown. 
Plasma norepinephrine levels 
increase with age (Lake et al, 
1977) so perhaps desensitization 
from chronic exposure is involved . 
Whatever the mechanism, the decrease 
in receptors could explain the pro
gressive fall in response to a
adrenergic blocker therapy with 
increasing age of the hypertensive 
population (Buhler et al, 1975) . 

a. Experimental hyperthyroidism increases the number of 
beta-adrenergic receptors in the heart (Williams et al, l977a). The increased 
number of receptors would provide an entry for additional catecholamines, inducing 
a hyper-beta-adrenergic s tate. This may explain many of the signs and symptoms of 
thyrotoxicosis: tachycardia, hyperdynamic circulation, tremor, stare, sweating, 
etc. This would provide an explanation for the known effects of propranolol in 
relieving these symptoms, without decreasing the hyperfunction of the thyroid 
gland. 

b. Ectopic tumor secretion may involve the presence of 
ectopic hormone receptors in the malignant cells (Williams et al, l977b). 
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5. Abnormalities in receptor number or function have been 
postulated in asthma (Parker and Smith, 1973) with the idea that bronchospasm 
develops because endogenous catecholamines are thereby rendered incapable of 
maintaining airway patency . 

6. Decreased sensitivity of a-adrenergic receptors in the 
heart and blood vessels of animals with hypertension has been described. Arner 
(1977) has formulated this hypothesis: 

a. Early in the development of hypertension , during per io~s 
of stress, increased sympathetic activity ~ increased norepinephrine . ... 

b. The increased NE levels ~ decreased a-adrenergic 
receptor sensitivity . 

c. This allows a - adrenergic activity to predominate + 
vasoconstriction ~ increased vascular resistance. 

d. The decreased responsiveness of the vasculature (perha~s 

eventually involving structural changes) would apply not only to a-adrenergic 
agonists but also to other hormonal vascular smooth muscle relaxants (Prostagla~.d in, 
histamine, adenosine, serotonin), which result in vasodilation through activaticn 
of adenylate cyclase . (In Lefkowitz ' s studies, the loss of responsiveness to 
catecholamines was not shared by prostaglandin E. Amer disregards these data an~ 
invokes a decreased-;esponsiveness at the level of the coupling of receptor-
bound agonist to adenylate cyclase) . 

E. Alpha-Adrenergic Receptors: 

Less is known about the properties and functions of alpha
adrenergic receptors but the availability of a radioactive a - receptor antagonise, 
dihydroergocryptine, should lead to more knowledge. Williams and Lefkowitz (1977) 
have reported a decrease in uterine alpha-adrenergic receptors by treatment of 
rabbits with progesterone. There is strong evidence that alpha receptors exist 
both on the sympathetic nerve ending (presynaptic) as well as on the effector 
cells (postsynaptic) ( Langer, 1974). The postsynaptic a-receptors have been 
called "a ,, " the presynaptic "az" (Berthelsen and Pettinger , 1977 ) . Moreover, 
there is functional evidence that a-receptors also exist on the neuronal surface 
(Yamaguchi et al, 1977 ). As elsewhere, sti mulation blockade of the alpha and beca 
receptors appear to induce · opposite effects (Figure 9). The az-receptor serves 
as a negative feedback mechanism regulating norepinephrine release during nerve 
stimulation (Langer et al, 1977) . 

The existence and function of these presynaptic alpha and 
beta receptors may explain part of the action of various antihypertensive 
drugs , in this manner : 

az receptor Drug 

agonist ~ + NE release Clonidine 
antagonist + t NE release Phenoxybenzamine 

a receptor 

agonist -+t NE release Isoproterenol 
antagonist -+ + NE release Propranolol 
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Figure 9. A schematic representation of presynaptic a and B recep tors. Stimu
lation of the a-receptor inhibits norepinephrine release, stimulation of the 8-
receptor increases norepinephrine release. 
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Clonidine chronically lowers the 
blood pressure by its primary action as an 
alpha-agonist in the central nervous sys
tem, thereby reduc ing sympathetic outflow. 
However, with large doses I.V., an init ial 
pressor response reflects its periphera l 
a-agonist action. But clonidine acts pr e 
dominately on the presynaptic a-receptors, 
thereby inhibiting the release of norepine
phrine and reducing c irculating levels. 
This may contribute to its antihypertensive 
action but may a lso be respons ible for t he 
rapid r ebound of the blood pre ssure which 
may develop when the drug is abruptly 
stopped (Reid et al, 1977) (Figure 10) . 

Figure 10. The changes in blood pres sure, _ 
plasma and urinary norepinephrine (NA) in 
a patient after abrupt withdrawal of 
clonidine. From Reid J.L., Dargie H.J., 
Davie s, D.S., et al. Lancet l:ll7l, 1977. 
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Propranolol reduces the release of norepinephrine from adrenerg i c 
nerve endings (Saelens et al, 1977), which may be yet another mechanism for its 
action. 

Prazosin (Minipress ® ) was originally considered to act by direct 
relaxation of arteriolar smooth muscle. However, more recent evidence clearly 
shows it to be an alpha-receptor antagonist, (Graham et al, 1977) acting preferen
tially at the postsynaptic (a 1 ) site (Cambridge et al, 1977). Since it does not 
block the presynaptic Ca2l receptor, the negative feedback mechanism by which 
norepinephrine regulates its own release remains intact. The absence of increased 
norepinephrine release may explain the marked hypotensive effect sometimes seen 
with the first dose, and the lack of tachycardia and renin release. 

~ 

III. Alpha-adrenergic Receptor Blockers in the Treatment of Hypertension: 

A. Earlier Attempts to Use a-Blockers: 

Other than in patients with pheochromocytoma, neither phentolamine 
(Regitine ®) nor phenoxybenzamine (Dibenzyline® ) alone can be used to treat 
hypertension, mainly because of the side effects (postural hypotension, tachycardia, 
nasal stuffiness, dryness of .the mouth, miosis, inhibition of ejaculation) expected 
from diffuse alpha-adrenergic receptor blockade. Moreover, supine blood pressure 
is little affected. 

Alpha-blockers have been tried in combination with 8-blockers. 
Some still observed too many serious side effects (Beilin and Juel-Jensen, 197 2) , 
but others find the combination plus a diuretic to be successful (Majid et al, 
1974; Vlachakis and Mendlowitz, 1976). 

B. Labetalol (AH 5158) : 

This drug has both alpha- and beta-adrenergic receptor blocking 
effects in a ratio of 1 alpha to 3 beta. It has been found to be effective by 
numerous English investigators when given chronically by mouth (Prichard et al, 
1975; Pugsley et al, 1976) and acutely I.V. for the treatment of hypertensive 
emergencies (Rosei et al, 1977). In a recent letter in Lancet, members of the 
MRC Blood Pressure Unit state that "labetalol, given slowly by graded intravenous 
infusion, with continuous monitoring of arterial pressure, is our current treat
ment of choice in hypertensive emergencies" (Brown et al, 1977). When given by 
mouth, relatively little postural hypotens ion or other side effects have been 
noted. The drug is currently being studied in the US. 

C. Prazosin (Minipress ®): 

An excellent review of this drug has recently been published 
(Brogden et al, 1977). 

1. Chemistry: 

A quinazoline derivative, prazosin is chemically different 
than other antihypertensive drugs (Figure 11). It is rapidly absorbed, reaching 
maximal blood levels at 2 hours and has a plasma half-life of 2-3 hours. The 
drug is highly bound to p lasma prote ins but, in dogs, is rapidly taken into 
vascular smooth muscle cells. It is metabolized and excreted largely via bile 
and feces. 
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Structural formula of prazosin. 

Figure 11. The structure of prazosin . 

2. Actions : 

Prazosin, though ori
ginally considered to be a vasodilator, 
acts as an alpha-adrenergic· blocker . The 
hemodynamic effects in man are a fall in 
peripheral resistance, no change in cardiac 
output, renal plasma flow or glomerular 
filtration rate or plasma renin levels 
and an increase in plasma volume (Koshy 
et al, 1977). Renin levels tend to fall 
with prolonged therapy (Hayes et al, 
1976). In animals, impressive data 
support the primary action of prazosin 
as an alpha-adrenoreceptor blocker 
(Scivoletto et al, 1976; Oates et al 1 

1976; Graham et al, 1977). It differs 
from the alpha-blocker phenoxybenzamine 
which has an affinity for both pre- and 
post-synaptic receptors. Prazosin's 
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Figure 12. The percentage of pa~ients 
with mild, moderate or severe h}7€rten
sion whose supine diastolic blood p res
sure was reduced to 90 mm Hg or bel ow 
during treatment with prazosin. <rom 
Brogden R. N. , Hee l R.C., Spreig:-::o, T .~l. , 

et a l . Drugs l!:l63, 1977. 

specificity for post-synaptic alpha-adrenoreceptors (Cambridge et al , 1977) may ex?lair: 
the lack of tachycardia, tolerance and renin release as noted with other alpha-~lockers , 

since the pre-synaptic a 2 -receptor remains active to inhibit norepinephr ine re:ease. 
Moreover , it seems to affect the visceral vascular bed more than the periphera: 
vascular bed; the subsequent pooling of blood in the viscera along with the absence 
of increased norepinephrine release may explain the propensity to first-dose hypo
tension (Noulds and Jauernig, 1977). 

Regardless of how it works, prazosin is modestly effective :n 
lowering the blood pressure of hypertensive people (Figure 12 ) . In various tr:al s, 
the drug seems equivalent to methyldopa, both in antihypertensive potency and side 
effects (Mroczek et al , 1974; Stokes and Weber, 1974 ) . One mg of prazosin is e~~ipo
tent to 30 mg of hydralazine (Rasmussen and Jensen, 1976). New Zealanders and 
Australians, in particular, seem to prefer prazosin ·(Kincaid-Smith et al, 1976 ; 
Stokes et al, 1977; Turner et al, 1977). 
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Prazosin can be effectively combined with beta-blockers (Stokes 
and Weber, 1974; Marshall et al, 1977). In combination, the reduction in blood 
pressure is caused by a combination of a fall in peripheral resistance and in 
cardiac output (Lund-Johansen, 1977) . Prazosin can be useful in more severe 
hypertensives (Hayes et al, 1976) and in those with chronic renal failure (Curtis 
and Bateman, 1975). 

Praz.osin will likely be used mainly as a third drug for patients 
whose hypertension does not respond satisfactorily to a diuretic and a 8-blocker . 
It may also have a special use in treating patients with chronic refractory heart 
failure (Miller et al, 1977). 

3 . Dosage: 

To prevent profound hypotension and collapse, the first dose 
should be no more than 1 mg, preferably 0.25 to 0 . 5 mg given at bedtime. With 2 
mg as a first dose, 16% of 74 patients had a severe reaction; with 0.5 mg , only 
5% had mild dizziness (Rosendorff, 1976). 

The manufacLurer recommends that no more than 20 mg a day be 
given divided into 3 doses a day. 

4 . Complications: 

Beyond the first-dose response, with collapse in 30 to 90 
minutes, marked hypotension with dizziness and faintness may persist (Bendall 
et al, 1975). But even massive overdoses may not do much if the patient stays 
supine (McClean, 1976). 

Other side effects observed in 934 patients who took prazosin 
for a mean duration of 4.7 months were (Pitts, 1975): edema in 5%, anticholinergic 
effects in 16%, lassitude in 14%, other CNS symptoms in 26% . 

D. Indoramin : 

This is another a-blocker with moderate cardio-inhibitory effects 
which is currently being investigated (Klahr et al, 1976 ). 

IV . Beta-adrenergic Receptor Blockers in the Treatment of Hypertension: 

A. Differences Between 8-Blockers: 

A number of beta-blockers are available though , as of early 1978, 
only propranolol has been approved for use in the United States. These drugs 
can be broadly divided into the "first generation" which block both beta1-receptors 
in the heart and betaz-receptors in the bronchi and peripheral blood vesse ls and 
the "second generation" which spec ifically block beta 1-receptors and can be 
characterized as cardioselective (Table 3) . Their cardioselectivity is not 
absolute but their a f f inity for blocking beta 1-receptors is at l east 50 times 
greater than their effect on betaz-receptors . Clinically, this means they may 



·--

- 19 -

Table 3: A Classification of Beta-Blockers 

Non-cardioselective Cardioselective 

(-) 

Propranolol 
Sotalol 
Timolol 
Bupranolol 
Bunolol 
Labetalol 

Intrinsic 
sympathetic 
activity. 

(+) 

Oxprenolol 
Alprenolol 
Pindolol 
Toliprolol 
Nifenalol 

~in sic /s~;:thetic 
(-) 

Metoprolol 
Atenolol 
Tolarnolol 

activity 
(+) 

Practolol 
Para-oxprenolol 
Acebutolol 

be antihypertensive without precipitating as much bronchospasm or peripheral vaso
spasm. Insulin-taking diabetics may also bene fit by not having their adrenergic 
responses to a falling blood sugar blunted. In England, Australia and Scandinavia 
where all of these are available, the "second generation" drugs are finding in
creasing acceptance. But their antihypertensive potency, in equivalent doses, 
is almost identical (Davidson et al, 1976) . 

In addition to their different cardioselectivities, these drugs 
have varying degrees of intrinsic sympathomimetic agonist, membrane-stabilizing and 
renin-suppressive actions (Hansson and Werko, 1977) (Table 4). Practically, these 
seem to be largely irrelevant to their antihypertensive efficacy . The intrinsic 
sympathomimetic agonist action is invariably weak in relation to the a ntagonist 
effect but those with agonist action might cause a lesser r eduction of heart rate 
and myocardial performance. Those without intrinsic sympathomimetic activity 
continue to produce additional beta-blockade at progressively higher doses; those 
with such activity have less response at higher doses, presumably because of 
increasing prominence of the agonist activity (McDevitt et al , 1977). The 
membrane-stabilizing effect is of no clinical import since its expression requires 
a dosage approximately 100 times that used in the treatment of hypertension . 

Beyond those shown in Table 4, the other two important practical 
differences between beta-blockers are their side effects and their duration of 
action. 

1. Side Effects: 

Most of their side effects are predictable from their mode of 
action including bradycardia, heart failure, bronchospasm and cold extremities. 
Patients with cardiac, pulmonary, metabolic or other diseases which make them 
dependent on adrenergic support are particularly susceptible to serious troubles. 
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As shown in Table 5, fewer side effects are seen with more cardioselective drugs 
but those related to s2-blockade still occur. 

Table 4. Pharmacological Properties of the Beta-Blockers 

Sympatho-
Beta-blocking mimetic Membrane 

Other potency ratio Cardio- agonist Stabilizing 

"" (J2ropranolol=l) Selectivity activity Activity Drug Name 

Acebutolol Sectral 0.3 + + + 
Alprenolol Apt in 0.3 0 ++ + 
Atenolol Tenormin 1 + 0 0 
Bunolol 0.1 0 0 ± 
Metoprolol Lopressor 1 + 0 ± 
Oxprenolol Trasicor 0.5 1.0 0 ++ + 
Penbutolol 4 0 0 + 
Pindolol Vis ken 6 0 +++ + 
Propranolol Inderal 1 0 0 ++ 
Sotalol Sotacor 0.3 0 0 0 
Timolol Blocadren 6 0 0 0 
Tolamolol 0.8 + 0 0 

from Kaplan NM: Clinical Hypertension. 2nd ed. Williams and Wilkins, Baltimore, 1978. 

Table 5. Adverse Effects With Propranolol (390 patients, 10 years ) and Atenolol 
(543 patients, 4 years) • 

Cardiac: Heart failure 
Peripheral vascular: Cold extremeties 

Worsening claudication 
Bronchial: Bronchospasm 
Central nervous: Vivid dreams, hallucinations 

Dizziness, ataxia 

Fatigue 
' Impotence 

Depression 

Total adverse effects 

Pro12ranolol 

0.8% 
2.5% 
2.8% 
5.1% 
2.5% 
0.4% 
0.8% 
3.9% 
0.2% 

24.1% 

from Zacharias et al: Postgrad. Med . J. 2l• Suppl. 3:102, 1977. 

Atenolol 

0.4% 
2.8% 
1. 3% 
3.3% 
0.9% 
1.1% 
0.7% 
3.9% 
0.2% 

16.9% 
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One of the most serious side effects was unexpected--a pro 
gressive oculomucocutaneous syndrome seen with practolol . This syndrome , 
characterized by rash, eye lesions, sclerosing peritonitis and pericard itis, 
was recognized only after the cumulative experience with the drug had tota lled 
one million patient years (British Medical Journal, 1977) at a -time when it 
had become the most popular beta-blocker in England. 

The ·reaction, which may be life-threatening (Marshall et al , 
1977a), may be peculiar to practolol--which of all the beta-blockers is the only 
one to possess an acetanilide structure--and to certain peopl e made suscep~ible 
by altered immune responses (Behan et al, 197 6) . The syndrome has not been seen 
with propranolol after 12 years of use nor with other beta-blockers. ~onetheless, 
the caution being shown by the FDA in approving other beta-blockers seams 
warranted. 

2. Duration of Action: 

As to the duration of action, the various beta-blockers have 
varying pharmacokinetic characteristics (Taylor, 1976) but t hese seem not to ma~ter 
since their physiological effects substantially outlast the survival of unchan~ed 
drug in the circulation. Most can be used in twice daily dosage; some such as 
atenolol may be used once daily; long-acting, slow-release forms of oxprenolol ~re 
also available (O'Brien and Stephens, 1976). But even with propranolol, which has 
a short plasma half-life of 3.5 to 6 hours, two (Berglund et al, 1973) or even one 
(Wilson et al, 1976) dose a day will work. ~!oreover, neither t he dose nor the 
plasma concentration of propranolol is closely correlated to its antihypertensive 
effect (Lehtonen et al, 1977). 

We are left with a basket-full of drugs with varying actions 
and doses, but with very little to choose from as to what counts--the blood 
pressure lowering effect and the propensity toward side effects (Davidson et al, 
1976). For now, propranolol does quite well. For the future, a cardioselective 
beta-blocker or a combined alpha and beta blocker may be more acceptable. 

Little further consideration will be given other beta-blockers 
than propranolol. Reviews of all of them are available (Hansson and lierko, 1917; 
Waal-Manning, 1976) . Most of what' s important about beta-blocker therapy of 
hypertension can be gained from knowing about the drug which has been around 
longest, propranolol. 

B. Propranolol (Inderal®): 

1. Chemistry: 

Propranolol has a close structural similarity to the beta 
receptor stimulant isoproterenol. The identical side chain apparently allows 
propranolol to interact with the beta receptors and thereby block the e ffects 
of adrenergic stimulation mediated through them. 

2. Actions (Figure 13, page 23): 

a. 
trop ic and inotropic, 
tractility with about 

blockade of the cardiac beta receptors, both the chror.o
resulting in a decrease in heart rate a nd myocardial con-
an 18% decrease in cardiac output (Tarazi and Dustan, 1972 ). 
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This e ffect may be an important part of the antihypertensive action of propranolol 
but a fall in cardiac output is seen even when the blood pressure doesn 't fall. In 
rabbits, c hronic 8-blockade induces structural changes in the myocar dium which 
produce a relative increase in capillaries and a shorter d i ffusion pathway for 
oxygen (Vaughan Williams et al, 1977) . Moreover , both the dry weight of the 
ventricle and the rate of g r owth of the heart in young rabbits were reduced . 
The possible rel evance of these findings t o the effects of 8- blockers in treatment 
of hypertension, angina and hypertrophic obstructive cardiomyopathy is unknown but 
intriguing. 

b. blockade of peripheral vascular beta receptors preventing 
the vasodilatory effects of circulating beta agonist s (epinephrine) , leaving alpha 
receptor-mediated vasoconstriction unopposed and thereby increasing peripheral 
vascular r es istance. This i nit i ally causes peripher al resistance to rise; with 
time, resistancefa llsback to normal o r bel ow (Figure 13) and this may be the 
crucial e ffect of chronic beta-blocker therapy (Ablad et al, 1976). Va sodepressor 
prostaglandins might be involved ; the anti-hypertensive effect of propranol ol was 
prevented by simultaneous intake of the p r ostaglandin inhibitor indomethacin 
(Durao et al, 1977). Caution should be take n in giving aspirin , indome t hac i n or 
other PG-inhibitors to patients on 8-blockers. 

c. blockade of central beta- adrenergic receptors, probabl y 
in t he fl oor of the fourth ventricle (Srivastava e t al, 1973) , thereby producing 
bradycardia and vasodepression. This is likely the prime action of high do ses . 

d. blockade of renaZ bet a receptors , inhibit ing the release 
of r enin in response to various s t imul i (Winer et al , 1969). Renin supr ess ion 
occurs despite renal vasoconstriction (Sullivan et al, 1976 ) and may be the 
prime action of low doses. 

e . Lewis (1976 ) has proposed that the essential action is to 
blunt cardiac impulses to the brain, thereby reducing sympathetic nerve output . 

f. Amer (1977) has proposed an a ttractive hypothesis which 
explains many of the properties of 8-blocker action . He begins with the evi dence 
that, in early hypert ens ion, excess sympathetic tone r educes vascular 8-receptor 
sensitivity so that S-stimulated vasodilation is impaired. Since the mode of 
8- receptor action, invol v ing t he adenylate cyclase complex, is shared by the 
other vasodilatory systems, e.g. prostaglandins, histamine , etc ., vasoconstriction 
is unopposed and the blood pressures rises. S-blockers protect the vascular 
8-receptors from the catechol amine -induced loss of sensi tivity. Thereby the 
vasodilatory mechanism s lowly regai ns its r esponsiveness and the b l ood pr essur e 
falls · As noted on page 14, the hypothesis s uffe r s from a basic defect. 

g . Beta-blockers inte r act with b rain receptors for 5- hydroxy
tryptamine (5-HT), one of the central nervous system neur otransmitters (Middlemis s 
etal , 1977) . Long-term therapy with vari ous beta-blockers produces a s low-onset 
' r eduction in the activity of the enzymes , tyrosine hydroxylase and dopamine beta -
hydroxylase, in sympathetic ganglia (Raine and Chubb, 1977). Whe t her thi s i s 
clinically important i s questionable: after 3 months of therapy with the cardia
selective beta-blocker, metoprolol, basal and stimulated plasma catecholamine 

J l eve ls were normal (Hansson et a l, 1977a,b) . The suppr essive effect on sympathetic 
activity might involve blockade of the presynapti c 8-receptors which, if unblocked, 
stimulate the release of nor epinephrine v i a a positive feedback mechani sm . A re
duction in sympathet i c and other nervous system activity may play an important 
role in the action of beta-blockers . 
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Figure 13a . Hemodynamic changes during 
beta-adrenergic blockade as observed by 
1) Birkenhager et al, 1976; 2) Frohlich 
et al, 1968; 3) Hansson , 1973; 4) Julius 
et al, 1971 and 5) Lund-Johansen, 1974. 
From Birkenhager W.H., Wester A., Kho 
T.L. et al. in Beta-adrenoceptor 
Blocking Agents, ed. P.R. Saxena and 
R.P. Forsyth, North-Holland Press, 
Amsterdam, 1976. 

3. Clinical Effects: 

Figure 13b. A sch~"e of t he various 
changes, with time, induced ~y p ro
pranolol therapy. :-~e dotted line , 
for central vasomotor activity, 
represents a variable which cannot 
be measured in patients . From 
Birkenhager ~~.H. , DeLeeuw P . :; . , 
Wester A. et al, in rldvances in 
Internal Hedicine a nd Pediatrics, 
Vol. 39, ed . P. Fris~, G.A. von 
Harnack, G.A. Martini, et al. 
Springer-Verlag, Berlin, 1977 . 

Though considerable doubt remains about the mechanism, litt l e 
doubt remains about the ability of propranolol to lower the blood pressure. I ts 
hypertensive effect was first reported by Prichard and Gillam (1964). Of numerous 
subsequent reports, those of Zacharias et al (1972, l977a) are representative and 
especially useful in that 480 patients were followed for up to 10 years. The 
average systolic and diastolic pressure in a group of 221 patients fe ll from 
192/113 to 143/88 after an average of 510 mg of propranolol daily for 6 2 mont~s. 
The doses of propranolol were often large: 50% responded to doses less t han 520 mg 
per day ; 30% needed 500 to 1000 mg, 10% 1000 to 1500 mg and the final 10 % 15 0 
to 2000 mg. In England, 160 mg tablets are available. 

J Of these 221 patients given propranolol plus a diuretic, 66% 
had a diastolic blood pressure below 100 mm Hg . Another 103 patients needed 
additional drugs; 79%. of them were also well controlled. The followi ng conclusions, 
made by these authors after 5 years, were reiterated after 10 years of use: 
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"Provided that i t i s not used in the p r esence of obstructive airwa ys disease or 
cardiac failure, and provided one starts with small doses , propranolol is a sa=e 
drug, well tolerated by patients over long periods . Significant tolerance has 
not emerged." 

Side effects were so bad as t o cause the drug to be withdra~~ 
in 9.7% of these patients and l imited the dosage in 14 .4%. The prohibit ive 
adverse reac t ions were most commonly b ronc hospasm and worsening claudication . 
The most common dose-limiting side effects were fatigue, bronchospasm, col d 
extremities, indige stion and insommia. Only 3 of 390 patients noted a decrease 
in sexual activity . Despite the fall i n card i ac output , patients rar ely go in~o 

congestive heart f~lure because left ventricular work is simultaneous l y decreased 
by the fall in systemic blood pressure (Table 5, page 20) . 

Another advantage of propranolol i s its smooth antihypertensive 
effect (Figure 1 4) . Unlike adrenergic neuronal b l ockers , p r opranolo l lowers t he 
blood p ressure when patie nts are supine a nd does not cause postural hypotension 
when they stand up , exerc i se or become warm . It i s particularly useful i n 
patients who, because of occupation , age or ischemi c vascular disease , are 
e ndangered by postura l fa ll s in b lood p r essur e . 
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Figure 14. 
and down 18 
13 patients . 

The average b l ood pressures , s u p ine, erect and after exerc ise (up 
stairs) in patie nts t r eated with one of 4 d rugs. Each group included 

From Prichard, B. N.C . and Gillam P . M. S . Br. Med. J. !: 7 , 1969 . 
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The enthusiasm shown by Zacharias et al is generally shared 
(Holland and Kaplan, 1976). As in the Zacharias study, all find the drug to be 
more effective with concomitant diuretic therapy. Of all the antihypertensive 
drugs, beta-blockers give less tendency to fluid retention perhaps because they 
lower renin and induce less secondary aldosteronism. Therefore, the rare 
patients for whom diuretics are contraindicated can probably best be treated 
with propranolol alone. But fluid retension may appear with beta-blockers 
alone (Sederberg-Olson and Ibsen, 1972), endangering the patient and blunting 
their antihypertensive efficacy. 

Some advocate beta-blockers alone to simplify therapy and 
prevent the real 9Pd imagined side effects of diuretic drugs. However, only 
half of hypertensives given up to 480 mg daily of propranolol alone ac hieved 
adequate control (VA Cooperative Study, 1977) (Table 6) and the majority of 
hypertensives over age 40 given a similar dose failed to bring their diastolics 
below 95 mm Hg (Buhler et al, 1975) (Figure 15). The lesser responses in the 
older hypertensives were related to their higher frequency of the low renin 
state, wherein the effects of beta-blockers are blunted. However, it may 
reflect an age-related decrease in the number of beta-receptors (Shocken and 
Roth , 1977). 

Table 6. The Effect of Various Antihypertensive Regimens on Hypertensive Men, 
Age 18-59, With Diastolic Blood Pressure of 90 to 114 mm Hg. 

At 6 Months 

Reserpine, 0.3 mg + HCT, lOS mg 
Propranolol, 120 to 480 mg 

+ HCT 
+ Hydralazine, lOS mg 

+ HCT 

Percent 
Reaching 
OOP< 90 

88\ 
52% 
81% 
72% 
92% 

data from VA Cooperative Study, J~ffi ~:2303, 1977. 

4. Special Uses for Propranolol : 

a . Patients With Coronary Artery Disease: 

Mean 
Fall In 

DBP(mmHg) 

16.7 
9.0 

14.5 
12.7 
18.3 

Not only may the drug be useful in treating angina 
pectoris, it may also protect against initial (Stewart, 1976) and recurrent 
myocardial infarction. This protection has been shown for other beta-blockers 
(Ross, 1976; Multicentre Study, 1977) but likely holds for propranolol as well. 
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22 29 49 25 12 

20-29 30-39 40-49 50-59 6.0-69 
AGE IN YEARS 

137 
to tal 

Figure 15. The percent of 
137 hypertensive pati ents in 
various age groups whose 
d iastolic blood pr essure was 
reduced to 95 mm Hg or less 
by therapy with beta- blockers. 
Fr om Buhler, P.R., Burkarc F ., 
Lutold B.E . et al. Am. J. Cardiel . 
36:653 , 1975 . 

Propranolol may also be useful in r educing the s igns of 
myocardial ischemic injury in patients having just had a myocardial infarct (~lue l ler 
and Ayres; 1977). On t he other hand , pati ents on chronic propranolol therapy at the 
time of myocardial infarction may be more vulnerable to the development of heart 
failure (Bloch et a l, 1976). 

Abrupt withdrawal of propranolol f rom patients with coronary 
disease may prec i pitate a n acute myocardial infarction (Alderman et a l, 1974) per
haps because of the sudden opening of a relative ly l arge number of 8-recept ors to 
circulating catecholamines . Ther efor e, if it is to be stopped, it should be slowly 
withdrawn over 2 days or l onger; fo r most emergencies such as surgery , it should be 
cont inued and the anesthes i o l og i st advised. 



- 27 -

b. Patients on Vasodilators: 

This has proved to be one of the best uses for ~roorano:ol . 

When used alone, vasodilators set off reflex sympathetic stimulation o= the heart. 
The simultaneous use ofbeta-blockersprevents this undesired increase ~n card ia~ 
output which not only bothers the patient but also dw~pens the antihy;ertensive 
effect of the vasodilator . 

c. Patients With Hyperkinetic Hypertension: 

Some hypertensives have increased cardiac cutp~~ early 
(Ibrahim et al, 1974) and a few maintain this hemodynamic patcern (Ibrahim et al, 
1975). Propranolo1 should be particularly effective in such patients •ith hig~ 
cardiac output but a reduction in exercise capacity may restrict its use L> yo~~g 
athletes. No such reduction in exercise capacity was observed with oX?renolol 
(Franciosa et al, 1977) . 

d . Patients on Tricyclic .~tidepressants and Anti~sychotic 
Agents: 

The effects of guanethidine, clonidine and other adrenergic 
neuronal blocking drugs may be blunted by these agents. Propranolol sjould noc be 
affected. Moreover, it may counteract the tachycardia and arrythmias sometimes 
seen with tricyclics. 

e. Patients in Whom Diuretics Are Contraindicated: 

Diabetics and gouty subjects may have their diseases 
worsened by diuretics. Though these problems can be managed, the use of propr3nol ol 
without a diuretic is rational and will likely be effective. When most ocher ~'ci 

hypertensives are used without a diuretic, fluid retention frequently appears ~•d 
antagonizes the blood pressure lowering effect. Less fluid retention ccurs ,,.~th 

propranolol, probably because of its greater inhibition of renin release and tjereby 
a lesser degree of secondary aldosteronism. 

f. Patients With Harked Anxiety: 

The somatic manifestations of anxiety--- trec.or, sweat ~ng , 

tachycardia --- can be helped. In a controlled study, the performance of 24 
musicians was found to improve when they took 40 mg of oxprenolol before the 
concert (James et a l, 1977). The undesirable effects of methods co~~only used 
to control anxiet"y, alcohol and tranquilizers, were not observed . 

5. Dosage: 

Propranolol i s almost completely absorbed from t he gut, with 
the peak p lasma concentration reached in about 90 minutes. However, 50 to 7C* 
of the dose is extracted and metabolized on the first pass through t~e liver so 
that the plasma concentration of active drug after repeated oral doses is quite 
variable (Nies and Shand , 1975). The drug and its metabolites remain active 
in blocking the response to the beta agonist, isoproterenol, for over 24 hours 
with excretion continuing beyond that interval. The prolonged effect of chro~ 1c 

therapy i s explained by saturation of both hepatic binding and systemic clearance 
(Nies and Shand, 1975). 
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Patients should be asked to take their medication in a set 
manner, preferably with breakfast and dinner since food enhances the bioavaila
bility of propranolol and metoprolol (Melander et al, 1977). Other drugs should 
be avoided, if possible. Aluminum hydroxide reduces the absorption of propranolol 
(Dobbs et al, 1977); pentobarbital increases the hepatic elim~nation of alprenolol 
(Alvan et al, 1977); prostaglandin-inhibitors decrease the effectiveness of 
propranolol (Durao et al, 1977). 

For mild and moderate hypertension the initial dosage is 40 mg 
twice a day, increased every 2 or 3 weeks. For more severe disease the dose can 
be raised more rapidly. The maximum daily dose reported is over 2 , 000 mg, t hough 
most patients respond to 160 to 480 mg. Though some may need more frequent doses, 
two doses a day w~e as effective as four (Hansson et al, 197 1) and one as effective 
as two (Wil son et al, 1976). 

The metabolism of the drug is altered little in patients with 
renal insufficiency (Lowenthal, 1977) and the drug can be given with good effect 
to such patients (Briggs et al, 1976). Its safety in pregnancy is unknown; 
isolated examples of fetal trouble have been reported (Gladstone et al, 1975). 
The drug enters breat milk (L~vitan and Manion, 1973) so lactating mothers should 
not take propranolol. 

6. Complications (Table 5, page 20): 

Most of the complications are related to the known effects of 
beta blockade: decreased cardiac function, bradycardia, and bronchospasm . The 
drug therefore should be used with caution in patients with congestive heart 
failure, atrio-ventricular conduction blocks, or bronchial asthma. Hypoglycemia 
may be more serious ~n diabetics on insulin presumably by interference with the 
normal compensatory responses to a rapidly falling blood glucose . Fatigue may 
be a nonspecific response to lowering of the blood pressure caused by a fall 
in cerebral blood flow. Nonspecific and rare side effects include bad dreams 
and fitful sleep, gastrointestinal distress, diarrhea, and purpura . 

Rarely skin rashes have appeared (Aerenlund-Jensen et al, 
1976) and one patient developed an ocular reaction (Cubey and Taylor, 1975). 
But the great rarity of oculomucocutaneous reactions after so long and extensive 
usage makes it very unlikely that propranolol will be accompanied by the problems 
seen with practolol. 

Cold extremities, intermittent claudication and Raynaud ' s 
phenomenon may be the most common symptomatic but not immediately serious side 
effect. The reported frequency varies from 3 to 8% (Marsden and Bayliss, 1976) 
but when specifically sought the symptom was found in 50% of 102 patients 
(Marshall et al, 1 976) . The decrease in blood flow to the extremities likely 
reflects unopposed alpha-adrenergic vasoconstriction but the symptoms may also 
appear when cardioselective beta-blockers are used. Therefore, the desired fall 
in blood press~re may also be responsible. Whatever the mechanism, the problem 
is more common with beta-blockers and , among them, with the non-cardioselective 
ones such as propranolol. 
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The first 8-blocker studied, pronethalol, was withdr awn fro;;-. 
the market because it caused tumors in mice. Though no reports have ap?eared 
concerning tumors with any other 8-blocker, propranolol has been found ~o incre~se 
the incidence of liver tumors in rats given a known carcinogen (Boyd and Martin , 
1977). 

C. The Probable Use of Other 8-blockers: 

It is likely that one or more of the multitude of other S-blo ckers 
will soon be introduced in the US, probably from the cardioselective gr oup 
(atenolol, acebutolol, metoprolol). A recent series of papers on atenolol atte st 
to its effectiveness and acceptability to patients (Postgrad. :·ted . J. 53, Suppl . 3: 
52- 175, 1977). Zacharias, (1977b) concludes, on the basis of 4 years of exper ience 
in 543 patients, t~at "atenolol is at least as effective as propranolol --- and 
for some patients marginally better. In patients with airways obstruction or 
reduced respiratory reserve it is consid~rably m~re useful than propranolol .... 
There is clear evidence of a difference in the antihypertensive dos e response 
curve of atenolol --- resulting in a smaller range of effective dosage and possibl y 
greater economy of use." Other papers in this suppl ement document the e ffective~ess 
of a single 100 mg atenolol tablet a day for most patients with mild to moderate 
hypertension . 

v. The Relevance of Renin: 

A. The Laragh Concept: 

I n 1972, Buhler et al reported a c l ose correlation between L~e 
antihypertensive effectiveness of propranolol and renin levels, both t he pre
existing level and the degree of suppression post-therapy (Figure 16) . 
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Figure 16a. The change in diastolic 
blood pressure after propranolo l therapy 
among hypertensive s with low, normal or 
high renin state, determined prior to 
therapy. From Buhler, F.R., Laragh J.H., 
Baer, L. et al . N. Engl. J. Med . 287 :1209, 
1972. 

CtUoN GE IN 
DIAS TOliC BLOOO P•tH UR( 
'"'"'Hf 

· 4F---- ~~--- ~'. -- ~~ --~- -i..~~ -t--.:..~r..__:,.<?_ 

l -o 1 

~ 
3 
~ - · J ! 

~Q .. .. - ~ , 

Figure 16b. The changes i n diastolic 
blood pressure in relation to cha~ge s 

in plasma renin activity in patie~~s 
with initially low (triangles) , normal 
(circles) and high renin (squares ) . 
From Buhler F.R., Laragh J .H., Ba er L. 
et al. N. Engl . J . Med . 237:1209, 1972 . 
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Subsequently John Laragh has popularized the concept that knowledge of r enin s~atus 

is critical to proper use of Beta-blocker therapy and has offered the c harm a nd 
simplicity of "~onotherapy" based upon renin profiling (Laragh, 1976; Laragh, 1977 ) 
(Figure 17). Despite the attractive ness of the s cheme, I do not b e lieve it i s 
valid ejther on experimental or clinical grounds. 

• Plus oollents w•lhout ren1n prof•lu 
Plus elderly patients, osthmot•c, heart failure 

~
(Neods bo lh 
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Figure 17. A flow diagram depicting John Laragh's proposal for initial monotherapy 
of hypertension based upon renin profiles. From Laragh J. H., Am. J. ~led. 61 :7 97, 
1976. 

B. Evidence Against the Relevance of Renin Suppression in the Anti
hypertensive Action of Beta-blockers: 

1. Hemodynamic Measurements: 

a. Laragh's concept is based on the premise that whe n renin 
is high, vasoconstriction is the predominant mechanism for the hyperte nsion a nd 
when renin is low, volume is the predominant mechanism. But when vasocons tr ic 
tion (i.e. peripheral resistance) and volume have been measured along with r en in 
levels, the reverse has been found : 
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1) Patients with l ow renin l evels have the same (or lo~er) 
p lasma volume a nd total bod y exchangeabl e sodium than do patients wit h ~ornal re
nin l evels (F i gure 18). 
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Figure 18. Exchangeabl e sodium (~;aE) 

in patients with p r imary hyperald~
steronism, untreated , on spironola~
tone or after surgery, 2) isolati!i 
DOC excess with low-renin ~yperten
sion , 3) low-reni n hypertension 
without any known mineralocorticoid 
excess, 4) essential hypercension 
with normal r e nin and 5) r.~rmocens ~ve 

controls. Note the normal (or sli~htly 

l ow NaE) in low- renin hy~ertensives , 

not the increased NaE postula~ed ~Y 
the vasoconstriction-volune conce?C 
.of La r agh . From Lebel ~1 . , Brown :: . J. , 
Kremer D. e t al, Lancet ~:308 , 1 9- 4 . 

2 ) Pa tie nt s with lower r enin levels have highe• perip"r:i!ral 
re s i stance (Figure 1 9) . Neither of these stud i es used Laragh ' s t echnique to ?rofile 
t he patients' renin status and might the r efore not refute his p r emise. However, 
in another study by London et al (1977), the renin status was done in a manner 
similar to Laragh ' s and here again, the reverse was found: the h i qher t he r e:1in , 
the lower the peripheral resistance. 

b. If renin suppressi o n is critical to the action o f Beta
blockers, the hemodynamic consequence would be a fall in per i pheral resistance. 
But as shown by ever yone who ' s looked, peripheral r esistance initiall y rises ···l.th 
Beta-blocker therapy (Figure 1 3 ) . 

2 . Time and Dose Relatio n s: 

The e f fect o f propranolol upon renin is fast and dramatic, 
with maximal s uppression seen within an hour by use of small doses . 3ut the 
antihypertensive action of propranolol requires much larger doses and a longer 
time (Figure 20). 
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Figure 19a . Systemic hemodynamics in low
renin hypertensives (LRH) apd· .normal-renin 
hypertensives (NRH) , the men shown as dots, 
the women by circles . Renin status was 
done by the Skinner technique (PRC ) on 
blood obtained from patients on a 50 mEq 
sodium diet after a l hour tilt. Note the 
lower cardiac output and higher peripheral 
resistance in the low-renin group, opposite 
from the reduced peripheral resistance postu
lated by the vasoconstriction-volume concept 
of Laragh. From Schalekamp M.A.D.H., 
Birkenhager I'I.H. , Zaal G. A. et al , Clin. Sci. 
g:405, 1977 . 
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3. Some beta-blockers, particu l arly pindolol, may lower the blcod 
pressure but not lower plasma renin levels (Stokes et al, 1 974). 

4. In four patients found to respond acute ly to pr opranolol, no 
response to the a ngiotensin inhibitor sara l asin occurred (Figure 21) . Thus , t~e 

antihypertensive e ffect of r en in like l y reflected other actions than r en in-angio 
t ensin suppression. 

5. The majority of studies with propranolol and other beta- b l oc:<ers 
fail to find a correlation between blood pressure response and renin status, e~~her 

the init ial PRA or the r esponse of PRAto therapy (Figure 22). Al l t l":e data fond 
in a careful s earch of t he literature are shown in Table 7. 
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Figure 21. The a r terial pressure responses (RR) to intravenous propranolol or 
saralasin in 4 hypertensive patient s. From Stumpe K. O., Ko l loch R. , ette r H. 
e t al. Am. J. Med. 60:853 , 1976 . 
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Figure 22 . The chanq es i n 
blood pressure (BP) as re 
lated to changes in p lasma 
renin ·activity (PRA) in 
patients treated with ~ro
pranolol (circles) or p in
dolol (dots) . The correla
tion is not significant . 
From Horgan T.O., Robert:s 
R. , Carney S . L . et al . 
Br. J . Clin . Pharmaca l. 2: 
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Table 7: Correlations Between the Antihypertensive Effect of Beta-Blockers and Re nin 
Status, Either Initial or Post - therapy (Number of Patients in Parentheses). 

PRESENT ABSENT 

PROPRANOLOL 

*Buhler: Am . J . Cardiel. ~:511, 1973 (74) 
*Buhler: Am. J. Cardiel. 36:653, 1975 (137) 
*Drayer: Am . J. Med . 60:897, 1976 (187) 
*Hollifield: N. Engl. J. Med. ~: 68, 1976 

(40) 
Karlberg: Brit. Med . J . !:251, 1976 (32) 
Stumpe : Am. J. Med. 60:853, 1976 (46) 
Weidmann: Klin. · Wschr. ~:765, 1976 (33) 

*Stokes: Brit. Med . J. ! :60 , 1974 (::7) 

Hansson: Acta Med . Scand . 195:397, 1974 (1~ 

tGeyskes : Circ. Res. 36-37 ~pple. 1) :248, 
1975 (28) 

Leonetti: Clin. Sci. 48 :4 91, 1975 ( 20) 
tBravo: N. Engl. J. ge~ 292:66 , 1 9 75 (2 0 ) 
*Morgan: Br. J. Clin. Pha~col. ~:159, 1975 

(3 9) 
Gordon : Drugs 11 (Suppl . 1) :156, 1976 (15 ) 

*Woods: N. Engl~J . Ned. 294 :1137, 19 76 (4S 
Lijnen: Beta-adrenoreceptor Blockino Aqents, 

ed. Saxena, Amsterdam , 1976 (1 7) 
Witzgall: Klin. l~schr. 55:351, 1977 (1 7) 
Mookherj ee: Arch . Int . Med. 137:290 , 1977 ( : 
Matsunaga: Jap . Hear t J. 18 :~ 1977 ( 23 ) 

*Zweifler: Am. J. Cardiol . ~0:105, 1977 (2 ~ ) 
Nielsen: Acta Med. Scand. Supple. 60 2: 97, 

1977 (19) 
*Espiner: New Zealand Med . J . 86:216 , 1977 (1 . 
Birkenhager: Adv . Int . Med. 39 , Springer, 

Berlin, 197 7 (37) 
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PRESENT 

Menard: Am. J. Med. 60:88 6 , 1 976 (44) 

Castenfors: Acta Med. Scand. 193:18 9, 
1 973 (17) 
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ABSENT 

ACEBUTOLOL 

Fournier: Clin. Sci. ~:477 s , 1976 ;: s) 

ALPRENOLOL 

*Collste : Europ. J. Clin . Pharm. lO: S9 , 
1976 (16) -

Pedersen: Europ . J. Clin . Phar m. 1 : : 
93, 1 977 (27) 

ATENOLOL 

Zech: Postgard. Med . J. 2l (Suppl. 3): 
134, 1977 (32) 

Amery: Am. Heart J . 91 : 634 , 1976 (3 3 ) 
Byers: Clin. Pharm. Ther . 19 :502 , 1 976 (1 6 ) 
Wilcox: Brit. Med. J. ~:547; 19?7 ( :5) Philipp: Dtsch. Med. Wschr. 102:569, 

1977 (16) 

von Bahr: Clin . Pharm. Ther . ~:130 , 
1976 (16) 

BUNOLOL 

*Gavras: J. Clin. Pharm . !I: 350 , 1977 ( l l) 

METOPROLOL 

Hansson: Europ. J. Clin . Pharm. !l=c 39 , 
1 977 (9) 

OXPRENOLOL 

· Kaplan: Sy stemic Effects of Antihy?e r t:ens :·: ;; 
Agent s , ed. Sambhi, Stratton , ~i aw :or~, 

1976 (15) 
*Salvetti: Europ . J. Clin. I nvest. ~:33 1, 

1977 (8 4) 
Thomas: Aust. N. z. J. Me d. 6 ( Su~?l· 3) : 

44, 1976 (51) 
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ABSENT 

PINDOLOL 

Anavekar: Clin. Exp. Pharm. 2:203 , 
*~!organ: Br. J. Clin . Pharrn. 2:159, 
Tenyi: Europ. J. Clin. Invest. 7:32 

(22) -

975 (15 ' 
975 (37 1 
' 1 977 

Fyhrquist: Acta Med . Scand. ~:55, 1977 (3i 

PRACTOLOL 

Esler: Clin. Pharrn. Ther. ~:484, 1974 (l ll 

SOTOLOL 

Verniory : Clin. Sci. ~:9, 1976 (2 3) 

TIMOLOL 

Aronow: Circulation 2i:47 , 1976 (11 } 

TOLAMOLOL 

*Vl achakis: Clin. Pharrn . Ther. ~:9 , 1977 ( E ·' 

* Use Method of Buhler et al to assess renin status 
t Concomitant diuretic therapy 

c. A Dual Mechanism : 

A study by · Hollifield et al (1976) may help explain the conflict i ng 
data (Table 8) . In patients with initially h i gh renin, small (160 mg a day) doses 
of propranolol lowered blood pressure significantly. In patients with l ow ren in, 
much higher doses (640-960 mg) were needed . Thus, the small number of h}~er
tensives with high renin levels (including those with renovascular h~ertension ) 

may respond briskly to relatively small dos es of propranolol, presumably acting at 
l east in part by suppression of renin. In the majority of hypertensives , p ropr anolol 
works by other mechanisms, though an element of renin suppression may be involved in 
many. 
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Table 8: Differing Responses to Varying Doses of Propranolol 

High-renin Low-renin 

Mean Blood Pressure 

Placebo 128 131 

160 mg 117 131 

32 0.,mg 114 123 

640 mg 107 117 

960 mg 104 114 

data from Hollifield et al, N. Eng. J . Med . 295:68, 1976. 

In those with low renin, the blood pressure may paradoxically rise 
with propranolol monotherapy (Drayer et al, 1976). This likely reflects their 
retention of fluid, reflected in an average 2.7 kg weight gain. In patients 
with initially normal renin levels , the suppression of renin by propranolol, 
even if not important in lowering the blood pressure, likely prevents t he 
tendency toward fluid retention that accompanies a lowering of blood pressure 
by all other adrenergic blocking drugs and vasodilators. If the renin starts 
low and can ' t be suppressed further, aldosterone levels likely do not fal l as 
much (Weber et al, 1977) and sodium is retained . 
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Though this paradoxical rise in pressure could be used to argue 
for renin profiling before use of propranolol, the more logical conclusion is 
not to use propranolol without concomitant diuretic therapy. ~Vith a diuretic , 
propranolol will work better and no concern need be held about paradoxical r i ses 
in pressure . There remains no valid argument to obtain a renin profile before 
institution of antihypertensive therapy. The situation concerning the use of 
renin or other poss ible predictors of antihyperte n sive response to propranol ol 
has perhaps best been shown by Birkenhager et a l (1977), wherein no r elati on 
was noted between the response of the blood pressure after propranolol wit h any 
of the possible "predictive" features (Figure 23 ) . 

... 
After 14 years of use, propranolol h as been found to be effective , generally 

safe and capable of l ong time control of mild to moderate hypertension . Mono
therapy beginning with propranolol has great charm but I bel ieve that it remaL~ s 
prudent to initiate therapy wit~ a diuretic and modest salt reduct ion . Over 50 % 
of hypertensives will be controlled by these a lone . If the blood p ressure remains 
too high, a beta-blocker is a logical second drug, along with other available 
adrenergic blockers. Table 9 is a set of guidelines for the use of propranolol 
in the treatment of hypertel!sives ~ 

Table 9. Propranolol in Mild to Moderate Hypertension 

1. Starting dose 40 to 80 mg twice a day. 
2. Antihypertensive effect in hours, maximal in ~eeks. 
3. Control achievable in > 80% and well maintained. 
4. Total daily dose required = 10 to 4000 mg. 
5. Concomitant diuretic enhances effect. 
6 . Side effects in 25% even with p rior selection. 
7. Side effects not increased with higher doses. 
8. No alte r ation in pressure by posture, heat or exercise . 
9 . Sympathetic response to stress suppressed . 

Beta-blockers are particularly indicated in hype rtensives who have certain 
co-existing problems, including: 

coronary artery disease 
arrhythmias 
gout or marked hype ruricemia 
a potential for postural hypotention 
hype rkinetic circulation 

--- s evere anxiety or psychiatric illness 
The clinician must balance their effectiveness and r e l a tive f reedom from mino r buc 
bothersome side effect s (e.g., sedation, postural hypotention a nd impotence ) whic h 
freque ntly occur with other adrenergic blocker s against their cost, if l arge ru~ounts 

' are needed , and their potential for p roducing serious s i de effect s in susceptible 
patients. 
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