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SUMMARY

There is increasing reliance on angiotensin converting enxyme
inhibitors and calcium channel blockers in the management of hypertension
because of their general effectiveness, low incidence of adversq reactions
and potential specific benefit in patients with renal disease. [These two
classes of drugs are antihypertensives that are useful in mild td moderate

and severe hypertension resistant to all other drugs.

The wark was carried out in Cardiac Clinic of Ahmadu Bello|University
Teaching Hospital, Zaria where patients’ folders were screened and
questionnaires were used to obtain informations. The use of these drugs
was evaluated and the results were analyzed to reveal the fact that the use
- of antihypertensives is now turning towards these drugs with high frequency

and increasing reliance.
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ABSTRACT

ACEIS and CCBS are anti-hypertensives that are useful in mild to
moderate and severe hypertension resistant to all other drugs.

The actions, uses, side effects and contra indications of hese drugs
were evaluated in this work and compared to that seen in literature.

This work was carried out in Cardiac Clinic of Ahmadu Bello University
Teaching Hospital, Tudun-Wada, Zaria using two groups, one of thirty (31)
patients and the other of forty-nine (49) patients. Informations were
obtained from patients folders and by interviewing the patients and by
administering questionnaires.

The results were analyzed using tables, bar charts and pie charts and

compared with what was seen in the literature.
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CHAPTER ONE

INTRODULCTION

.11  HYPERTENSION

Hypertension or high systemic arterial blood pressure degcribes the

persistent elevation of arterial blood pressure’. Tt is a chronic fisorder of

the cardiovascular system resulting from a variety of disturbances in control
rﬁechanisms which ultimately lead fo elevated blood pressure. Matagement of
patients with these disorders includes diagnostic assessment and [therapeutic
strategy. Initial diagnostic efforts are ordinarily conducted assessment and
1-herapeufic strategy. First hyper?ension..will be related to other jwell-defined
cardiovascular factors such as diabetes, obesity, cigarettfe émoking and

¢

disturbances of lipid metabelism. Second, the stage of the indivyidual patient

with regard to cardiovascular, cerebral and renal complications of
hypertensive disease will be defined. Third, an attempt to chapacterize the

etiology responsible for the elevation in pressure will be corried gut!.

1.1.1: Classification of Hypertension

Hypertension may be divided into two types, secondary hypertension in
which the elevation of blood pressure is a consequence of another disorder or

Jcan be assigned to a clearly identifiable cause, and essential hypertension in



“which the underlying cause is not known. The actual levels of blood pressure

which may be regarded as being in the hypertensive range are [*%/gsmmHg
(21.3/12.7Kpa) in people under 50 years of age and 170Q/100mmMg
(22.7/13.3Kpa) in older people. A blood pressure of 150/90mmMg (20/12 Kpa)
would be generally regarded as in the upper normotensive rang Vallues
between elevated and normal are known as border-line. Persistent elevation
of blood pressure can be ascertained only by repe;:n“ed measurements over a
longer period of observation. A single, casual finding of elevated blood |
pressure does not justify the diagnosis-o% hypertension unless very high values -

are found.’ quod pressure varies during the day and is usually |considerably

lower at night. This applies to both normal and hypertensive subjects but the

later still have higher values at night than normotensive individual’. Secondary

hypertension can be;

i Drug Induced I KASHIN yns s e
- e R LA

This type of hypertension can be caused by drugs like
sympathomimetic amines, menoamine oxidase inhifitors thyroid
hormnes, oral confraceptives, mineralocorticoids, |liguorice and

carbenoxolone and cadmium!.



iil.

* the left ventricle were thicker and suggested that

Phaeochromocytoma

The hypertension occurring in phaeschromocytoma is que to high

levels of circulating catecholamines (mainly adrenaline) fiberated

from tumours of chromaffin tissue. It is an uncommen cause of

hypertension’,

Renal Hypertension

The renol disease glomerulonephritis almost invariably leads to

hypertension. The disease was first described by Bright in the

18203, who noted the asseciation beTweef_‘ albuminuriq and dropsy

(i.e. Qedema) in life and small kidneys at autopsy.  He also

abserved that the heart was larger than usual and [the walls of -

this hypertrophy was due to the extra work done b the heart in

the systemic circulation. It was thought for many years that

e
$

renal disease was the underlying basis for all types of

hypertension. In addition to glome 'Tf;nephriﬂs, other disorders
commonly giving rise to renal h‘j'berfension nclude renal

periarteritis nodosa, diabetic renal disease, amyloid disease,

analgesic nephropathy, occlusion of the renal| arteries by




atheromatous plagues, thromboembolic, occlusion, traumatic renal
damage and congenital defects of the kidneys or renal
Renal hypertension is due to the release of renin| from the
juxtaglomerular cells when renal vascular perfusion i§ impaired,
followed by activation of angiotensin IT and release of
aldesterone. There are increases in circulating fliid volume,
cardiac out put and peripheral resistance which are part of the
homeostatic mechanisms for increasing renal perfusipn, but are
ineffective in the causes of the disorders producing renal
hyperfension, and inappropriate since the hypertension itself
produces other complicaﬁons.. The raised bload pressure
associated with raised renin levels in animal models of renal
hypertension is promptly lowered by injection of iphibitors of
converting enzyme or competitive antagonist of angi¢tensin. The
use of these substances- for the diagnosis of| high reﬁin‘
hypertension in man has been advocaTed.l Despite the association
between elevated plasma levels of renin and angictehsin and high
blood pressure in certain types of renal disease, elevated levels

of these substances occur in other circumstances without an

increase in blood pressure, for example in w



contraceptive preparations in whom hypertension occuns in only a

small minority’.

Mineralocorticoid Hypertension

.Hyper"rension is one component in the syndrome chdracterizing

coushings syndrome, Conn's syndrome and 17d-Hyroxylation

deficiency. In each of these disorders, there i3 excessive
production and release of endogenous steroids with

mineralocorticoid activity'.

ey
P

! -1 T el a
S (T r:;m '

Essential Hypertension

-High blood pressure which is not secondary to anothgr nderlying

disorder is described as essential, primary o¢r idiopatic

hypertension; the adjectives are interchangeable and signify only

that the mechanism originally responsible for the |raised blood
pressure is not known. In most cases eof essential hypertension,
the elevated bloed pressure is due to increased peripherai
resistance. A mild degree of chronic elevation pf the blood
pressure that is not producing other disorders se¢ondarily, and’

which does not appear to be progressively increasing at a faster



L

rate than the increase in blood pressure that occurs jwith age in
_ normotensive individuals, is termed benign nypertension. A

markedly raised bloed pressure that shows signs of rapid

progression and which is producing secondary effects is termed

malignant hypertension',

1.1.2: Complications of Hypertension

Persistently elevated blood pressure imposes an increased| workload an
the heart, resulting eventually in left ventricular hypertrophy. If it is

untreated, chronic marked hypertension may eventually lead to|hypertensive

heart disease which is a severe and potentially fatal condifion invelving
enlargement and failure of the left ventricle. However, the signs of left
ventricular hyperfrbphy may disappear after persistent and ade Juate therapy
of moderate hypertension’, |

The malignant (accelerated) phase is the most seriogs of ali the
complications of hypertension. IT is uncommon, if untreated itis fatal within
a few months. The course of this bhase may be abruptly terminated by a
catastrophic cerebral haemorrhage or by cardiac failure; thi patient who

escapes or survives these events eventually succumbs Yo renal fqilre',



Hypertensive enephalopathy is a rare manifestation of severe

hypertension. The cerebral arteries are forcibly dilated by Theé‘ very high
arterial pressure and hence the brain is over-perfused, rapidly becoming
oedematous. The symptoms are headache, with impairment of consciousness

ranging from drowsiness and confusion to coma. Epileptiform fits oceur in the

later stages, patients rapidly succumb if the Bp is not promptly reduced'.
Stroke (haemorrhage and cerebral infarction) and coronhary heart
|

disease (angina pectoris and myocardial infarction) are by fan the most
|'

common complications of hypertension. Both conditions are the result of a
1

number of influences, but hypertension is one of the prmcipalipathogemc

factors, its role as a risk factor has been assessed quantitatively in
|

prospective epidemiological studies’. |

[
[
|
I

1.1.3: Treatment of Hypertension

Treatment of hypertensive patients can be considered under two
headings; non-pharmacotherapeutic management and pharmacptherapeutic
(anti-hypertensive) management. Non—phar‘rnac;)fhe.r'apeuﬁc 'management
constitutes of diet therapy and behavioural approaches®. Diet Th'Pr'.apy can be

in these ways; change of diet such that is will lead to excess wziqq’l‘r reduction,
|



reduction in salt intake, reduction in excess alcohol consumption and tobacco
smoking?.

Behavioural appreaches include adequate exercise, relaxaﬁor( therapies
for s‘rres; reduction, q-\;oid risk of other diseases e.q. DiabeTefs Meili“rus.
These life style changes may also be promoted in the population asja whole, or

in individuals most likely to develop hypertension, in strategies for the primary

prevention of high blood pressure®.

1.1.4: Anti-Hypertensives

There are about twelve classes of anti-hyperfensives currently in use

world wide:-

i Adrenergic Neurone Blockers
They act by selectively inhibiting transmission in puyst ganglionic
adrenergic nerves. They are believed to act mainly by preventing

the release

of nor-adrenaline at nerve endings. Examples are| bethanidine,

guanabenz,




guanadre!l, guanethidine, guanocior, guanoxan, debrisquine etc,,

The ones used clinically are bethanidine, guanethidine and

debrisoquine.

Alpha - Adrenoceptor Blockers

They mairﬂy inhibit  the interaction of norj.pmephrine,
epinephrine, and other sympathomimetic drugs with|adrenergic
receptors’. This leads to both arteriolar and venous vasodilation

resulting in o fall in blood pressure because of] decreased

peripheral resistance.  Examples are bunazocin, prazosin,

tolazaline, uradipil, indoramin, doxazosin, phentelamin ete. ’.

Almost all of these agen’rls are competitive antagonists in their
interactions
with a-receptors. They have a wide spectrum of pharmacological
specificities and are chemically heterogeneous. Sqme of these
drugs have markedly different affinities for and Xz
receptors. For example prazosin is much more potefit in blocking
xl.‘ than x; receptors and is Ter‘n;ed selective, whereas

yohimbine is x; selective, phentolamine has similar jaffinities for

both of these receptor subtypes. In addition, spme of these




in
drugs e.g. phenoxybenzamine may have ofher actiong that are

unrelated to adrenergic receptor blockage®.

fii, Angiotensin II Receptor Antagonists: -

They act mainly by selective blockade of A Tii receptors thus,
reducing the pressor effects of angiotensin TI. Exomples are

Irbesartan valsartan and losartant.

iv. Beta- Adrenaceptor Blockers:-
These are competitive antagonists at beta adrenergic recepter
si_?es.
Examﬁ!es are; acebutolol alprenclol, atenclol,| bucindolol,

metoprolol, labetolol etc.®. The first of these selective agents

was dichleroisoproterenol. However, this compound is a partial

agonist and this property was thought o preclude itg safe clinical
use. In the 1950s additional agents were develope (pr'onefha!ol__
and prapranolol).  Propranclol is a competitive [B-adrenergic
antagonist that is devoid of agenist activity and it remains the
prototype o which other b-adrenergic antagonists are r.;ompar'ed.

Propranolol has equal affinity for By and Pz receptors, thus it is a



Vi,
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non-selective p-adrenergic antagonist. Agents such as metoprolol
and atenclol have somewhat greater affinity for b1 than the B2
r'éceprors; these are examples of selective By antagohists even

though the selectivity is not absclute’.

Diuretice Agents

These drugs decrease peripheral and pulmonary ogdema, and
decrease also preload by reduction in circulatory volume. They do
this by inhibiting the reabsorption of sodium iohs at yarious sites

of the nephron®.

Direct acting Vascular Smooth Musclé Relaxants: -

They relax vascular smooth muscles through various mechanisms

thereby dilating the vessels e.g. hydralazine, minoxidil, diazoxide,

A Waat Al

- AT ]

nitroprusside’.

Centrally Acting Agents:

Several drugs act directly on the vasomotor centre land/or in the
spinal cord to decrease sympathetic ouf-flow fo the blood

vessels. Most of them also depress the cardip accelerator
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* centre. Less is known about central inhibition of out-flow to the

juxta glomerular apparatus, but the clinically sighifica
this class all decrease plasma renin activity. Examples are

clonidine, methyldopa and methyldopate”.

Ganglionic Blocking Agents:-

These act by competitive antagonism with neurotransmitters (e.g.
acetylcholine) for the nicotinic cholinoceptors at the autonomic

ganglia. Most of these agents are quaternary ammgnium agents,

~although, a few amines also posses ganglionic blocking properties.

Example is mecamylamine hydrochloride and trimetophan (the

most clinically useful agents)®.

Miscellaneous anti-hypertensives include rawol!fia ja;kaloids, e.g.
reserpine, monoamine oxidase inhibitors, e.q., pargyline, serotonin

blocking agents, e.g. ketanserin, et¢.®

Potassium Channel Openers

They are also known as potassium channel activatofs. They have a
direct relaxant effect on smooth muscles. They dct at potassium

chanrels to allow cellular efflux of potassium which hyper



x|

XIl,

polarises the cell membrane and leads to a reduction in
intracellular calcium. The reduction in intracellular calcium

produces relaxation of smoeth muscles. Activation of potassium
channels in blood vessels produces vasodilation. | Potassium
channel openers may also have potential use in other conditions

caused by smooth muscle contraction, for example asthma and

urinary incontinence. Examples are cromakalin, nicorandil and

pinacidil. "

Angiotensin Converting Enzyme Inhi_bifo'rs (ACE-15S)

They act as vasoedilators and reduce peripheral resi;smnce. They
inhibit ACE, the enzyme involved in the conversion of angiotensin
1 to angiotensin II, (the powerful naturally occuring
vasocontrictor substance). Examples are cap’roplri[, enalapril,
lisinopril, movestipril, pivopril, ramipril, spirapril, temocapril,

teprotide, trandolapril etc.®

Calcium Chdnne.t Blockers

These are also known as calcium antagornists, calcium entry

blockers and slow-channel blockers, ‘rhéy inhibit the cellular influx



14

of calcium which is responsible for maintenance of the plateau

a

phase of the action patential. The main action of| the calcium-

channel blockers include dilation of coronary ahd periphefal
arteries and arterioles with little or no effect on yenous tone, a
negative inotropic action, reduction in heart rate, %md slowing of
AV conduction. Examp'fes are nifedipine, amlodipjne, dilﬂazel;n,
| lacidipine, ladoflazine, manidipine, nilvadipinef nimodipine,,
nitredipine, and verapamil®.

115 The Drug Regimen

The basic principle of drug treatment of hypertension used to be

the stepped-care approach:
Step 1: commence with either a thiazide diuretic or a
beta blocker

Step 2: in the absence of adequate response, progress

fo step 2 consisting of a be’r? blocker and a

diuretic in combination.




Step 3: in more resistant patients, add

class of agent normally a vasod

‘5

ition of a third

ilator is helpfui

more recently the availability of calcium-

channel blockers, ACE inhibit

blockers, as well as concern aboLT the possible

Jars, and alpha

metabolic effects of thiazides and beta

blockers has led to a more fle

.Lible approach,

in particular in the choice of first line agent.

The treatment of mild hypertension study (TOM
that the response to, and tolerance of these five main

hypertensives in this study, (chlorthalidone, acebuto

HS) illustrated

types of anti-

enalapril end doxazasin) is similar, although, the chonﬁe of drug will

depend on individual factors such as age and race as wa:
in a similar study comparing hydrochlorothiazide, aten
In another st

captopril, prazosin and clonidine’.

Nifedipine, captopril, metoprolol and Reserpine =+

Dihydroergocristine mesilate (Brinerdin) [out patient

s demonstrated
olol, diltiazem,
udy comparing

Clopamide  +

study for 6

ol, amlodipine,

¥
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weeks therapy], there was no difference in the extent to which the blood

pressure was lowered by all four anti-hypertensive agents, wherd as there was

only an insignificant reduction in blood pressure in response te placebo.

However, there were differences in tolerability and the ierac‘r on the

subjective sense of well being. In this respect captopril and brinerdin came

off best®,

The 1993 National and International guidefines for (Joint national

committee) all continued to rank diuretics (particularly thiazi

des) and beta

blockers as the main first-line drugs since only they had been adequately

tested in long-term mortality/morbidity studies in hyperten

They generally consider calcium channel blockers, ACE-IS and

sive sub‘jecTs.'

alpha blockers

to be alternative first-line drugs, the ultimate choice depending cn the

presence or absence of contra-indications, on adverse effecfts, and on co-

existing disease. In one of the lancet octet papers, swales corlcluded that; in

the absence of ofher data, beta blockers seemed preferable first-line therapy

W

in younger patients and low dose diuretics in elderly pa‘rien1'51

blockers would be first choice in post-myocardial infarction

although beta

patients with no evidence of heart failure. Beta blockers and ACE-I appear to

be less effective in Afro Caribbean blacks, where as ACE in]?ibi'rors moy be

preferable in patients with left ventricular dysfunction and in diabetics’.




Treatment is started at the lowest recommended dosed,

ineffective the dose may be increased (except in the case

diuretics where there is generally no additional benefit, but
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If this is

of thtazide

Lwore adverse

effects) or another first-line drug either added or subsﬂ‘rutd‘d. Two drug

combinations are often necessary, such as; a diuretic plus a betq

ACE inhibitor; an alpha blocker plus a beta blocker. A 3-drug co

sometimes be required, especially in severe hypertension’,
Under controlled conditions beta blockers, calcium channe

ACE inhibitors appear to have similar anti-hypertensive effice

blocker or an

mbination may

blockers, and

1Icy when used

alone, where as diuretics may be slightly less effective, fwhen used in-

combination, all these anti-hypertensive drugs may have less

hypertensive effects’.

than additive

Other classes of anti-hypertensive drugs that have been used include

cettrally acting drugs such as clonidine and methnyldopa anc

drugs like the adrenergic neurone blocker gaunithidine and

direct-acting

the rauwelfia

alkaloid reserpine are rarely recommended now. Newer typzs of anti-

hypertensives, include the angiotension IT receptor antagonigt losartan and

the potassium channel opener pinacidil. Losartan may be cq

alternative to ACE inhibitors when persistent cough associated

is unacceptable’.

nsidered as an

with the latter
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1.1.6: Withdrawal of Drug Treatment

It has been standard teaching that drug freatment for h'per‘Tension is
continued indefinitely, but there have been some reports of successful
wi'rhdr‘awal in selected patients, United Kingdom Guidelines sugggst that, once
hyertension is controlled, a reduction in dosage or even withdrawal of anti-
hypertensive drugs may be possible in patients with mild hypertension provided
that Bp is consistently con’rrolled, there is no evidence of| target organ

damage, and blood pressure continues to be monitored.

1.2:  PURPQSE OF THE STUDY

This research intends to make a comparative analysis gf the place of

calcium channel blockers and ACE-I in terms of their usage and acceptability
in Ahmadu Bello University Teaching Hospital, Zaria, Kaduna State.
This work is intended to give some contribution to the onf going research

on these two classes of drugs, which is being carried out world wide.

13: RELEVANT RESEARCH QUESTIONS

In order to carry out this comparative analysis, certain basic and crucial

questions had to be asked e.g. In what conditions are the calcium channel




blockers and ACE inhibitors used? Are they first-line drugs?

used? Are they easily available? Are they cheap or cost

19

L

How are they

ly? Are they

acceptable to the patients? Are their side effects common in this area? How

"do the patients react to the side effects?

1.4: SIGNIFICANCE OF THE RESEARCH PROBLEM AND T

b

JUSTIFICATION FOR INVESTIGATING IT

There is increasing reliance on ACE inhibitors and cc

blockers in the management of hypertension becouse of
effectiveness, low incidence of adverse reactions and pot

benefit in patients with renal disease. In addition, it is reason

that the reversal of LVH is a desirable therapeutic goal in the

hypertension, therefore the effect of angiotensin conve

inhibition on LVH is of particular interest’™. Also, Nifedipine an
the two agents with the most rapid on-set of acfign (within O
may be used to treat hypertensive e'rner'genciés as well as urge
and man;/ other reasons shows the necessity for more regearc
classes of drugs (calcium channel b!ockér‘s and angiotensin con

inhibitors).

Icium channel

their general
ential specific

Lbie 1o assume

> treatment of
rting  enzyme
d Captopril are

5 - lhour) and

l

hcies'!, These
h on these two.

verting enzyme
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CHAPTER TWO

LITERATURE REVIEW

2.11  HISTORICAL BACKGROUND

Goldblattis’ discovery in 1934 of a means for producing in animals a
form of hypertension that closely resembled the human form triggered a
search for a pressor substance of renal origin that might be responsible for
elevating blood pressure in human hypertension as well as in experimentally
hypertensive animals. Renin was first discovered in kidneys by Tiger Stedt
and Bergman in 1898. It is present in simple extracts of kidney& in very large
amount.  Direct intravenous injection of such crude preparations info
experimental animals produces a very impressive elevation of blood pressure
that may last as long as one hour'.

About 1940, intensive work by (page and Helmer in the United States
and Braun-Mesendez and Coworkers in Argentina) showed that renin itself is
not a direct pressor or vasoconstrictor substance. It was found that renin,
acting on plasma, produced a new, previously unknown, sHor‘r acting,
vasopressor substance. This was the first indication that renin was the initial
activating component of what was eventually to be revealed as a complicated,
potent pressor substance. Page ﬁnd Helmer 1940 named the subs‘ran-ce

angiotonin, while Braun-Menendez 1940 used the term hyertensin. Many years
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later an agreement was reached to adopt the compromise mrmlangiotensmw.
The che-micm' characterization of angiotensin in 1950s, and its synthesis,
introduced the modern era in research on the renin angiotensin system.
However, when me‘rhodélogy for the determination of plasma renin and
angiotensin was developed, new doubts were raised as to the relevance of
these substances to hypertensive diseases, since no correlation could be found
between levels of these hormones and the severity of human hypertension.
Finally, the transient blockade of angiotensin II, either by its competitive
antagonists or by converting enzyme inhibition provided the final proof of
angiotensin's contribution to various forms of hypertension. The development
of angiotensin-converting enzyme inhibitors was originally initiated by Ferreira
(1965) who isolated a mixture of peptides from the venom of the Brazilian
viper Barthrops Jararaca and found that they potentiate the effect of
bradykinin. In 1968 Bakhle reported that this mixture of 'pe;pfides was a
potent inhibitor of angiotensin - converting enzyme. In 1970 Ferreira
characterized a pentapeptide B.P.P. Ba rom among nine isolated bradykinin
potentiating peptides from the venom. Ondetti et, al, (1977) purified six
similar peptides from the same venom. One of them, the .nonapcp'ridc
teprotide was then symthesized and purified. In 1977 Ondetti et, al., deviced

a new series of compounds that con be taken orally and interact with the
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converting enzyme in much the same way as the above peptides. Recently,

another class of compounds was developed (N-Carboxylmethyl-dipeptides),

which are very active in inhibiting converting enzyme de:lpi‘re lack of

sulfhhyhdry! group™.

It was evident as early as 1947 that exci‘ra‘rion—con‘rm‘cﬁon coupling
involved calcium ions. Heilbrum and Wiercumski showed that mjcro injections
of calcium into muscle cells would initiate contraction. The key role of calcium

in excitation-contraction coupling becomes even more evident by virtue of the

fact that many substances produce a positive or negative inotrppic effect by

enhanciﬁg the calcium action on utilization of high energy phqsphates or by
interfering with iT.‘ Example, bivalent cobalt or nickel ions, compete with the
calcium ions in such a way that excitatich-contraction caupling can be
abolished as is the case in complete ca]ciuh deficiency. Inah extensive search
for other substances which might also be capabje of lower|ing contractile
tension of the heart by jnhibi‘ring excitation - contraction couprling', more than
thirty drugs with clear calcium antagonistic side effects were found over

seven years. They include, a number of adrenergic D—reﬁepfor blocking

compounds, antifibrillatory drugs, barbituric acid derivative and some local
anaesthetics, A new group of extremely potent calciym antagonists

(prenylamine, verapamil, compound D60Q, etc.), which are capable of inhibiting

L
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excitation contraction coupling in a highly specific way was discovered later.
The first reports about the pronounced negative-inotropic effects of these
drugs were published by Lindner for penylamine and by Haas et, al., for
verapamil and compound D600™. Currently, there are three groups of calcium
channel blockers; some that are related to papaverine (verapamil),
dihydropyridines (nifedipine) and others that are benzothiazepines, (e.q.
diltiazem). Calcium antagonists were introduced as anti-anginal agents in the
1970s and were approved' as anti-hypertensives in the 1980s, and are included
among the recommended choices for initial monotherapy in rhe- 1980 Joinf
National Committee (J.N.C.) report. More than IOdO clinical report from over
50 countries have been published to date, confirming the beneficial

therapeutic effects of nifedipine'”.

2.2:  RENIN-ANGIOTENSIN SYSTEM

The main components of the renin-angiotensin system are, -  renin,
its substrate (angiotensinogen), angiotensin I, angiotensin II. Renin is a
proteolytic enzyme secreted mostly by the juxtaglomerular apparatus of the
kidney, a granular cell structure located in the wall of the afferent arteriole,
which is contiguous with the macula densa portion of the same nephrone™. It

acts as an acid protease that catalyses the hydrolytic| release of the
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decapeptide angiotensin I from its a-globulin substrate, angiotensinogen. As it
courses through the circulation the two end amino acids histidyl and leucine
are removed by a converting enzyme present on the plasma membrane of
endothelial cells formmg;he eight amino acid pelypeptide angiotensin II. This
conversion occurs through out the body and the high levels of the converting
enzyme found in the lung convert about 33% ina Si'ngl'e passage. Angiotensin
IT exerts the primary physiologic effects of the system, through smaller
fragments, in particular the heptapeptide angiotensin IIT may also be active
Renin itself probably is without effect other than by its activation of
angiotensin'”, - 477996

Renin axis presides over blood pressure homeostasis. Sinply stated,
blood pressure in the final analysis is the product of two factors, the so called
pressor factor, which is determined by the caliber of the arterioles or the
degree of vasoconstriction of the arterial tree, and the volume factor, which
is determined by the amount of liquid available to fill the arterial tree. The
vasoconstrictor factor is largely determined by the plasma angiotensin II
generated from renin, Cl'i;ld the volume factor is largely determined by the
amount of aldosterone acting on the kidney, where renin is secreted into the

blood-stream. The conversion of angiotensin I 1o the active octapeptide then

occurs, and angiotensin IT provides the two limbs of the system, first by
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quickly vasoconstricting the arterial bed, and second, by more slowly
stimulating the release of aldosterone. The result is an increanse in plasma
volume at the same time that arteriolar caliber has been reduced by the
angiotensin. Both factors together raise pressure to such a point that renin
release is turned off, ‘most probably by the intra- renal baro receptor
mechanisms (see Figure 1.1). It is assumed that derangements in this system
can produce hypertension and also, hypertension of other origin can produce
predictable derangements in the system. The renin-angiotensin system may be
involved in virtually all forms of hypertension, although, it is unlikely to be the
primary mechanism in most'®. It has been found that environmental stress
signifitanﬂy enhance renin release, then could contribute to chronic
hypertension development'®, In 1958, Gross suggested that the renin
angiotensin system was involved in the electrolyte balance and the regulu‘rion.
of aldosterone secretion by the adrenal cortex. Moreover, elevated rates of
renin secretion were noted upon experimental reduction of Na' concentration
in plasma. Thus, the renin-angiotensin system came to be recognized as a
mechanism to stimulate aldosterone synthesis and secretion and, an important
physiclogic mechanism in the homeostatic regulation of blood volume and
pressure and of the electrolyte composition of body fluids!’, Ias shown in

Figure 1.2. In the adrenal tissue, both sodium deprivation and potassium
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loading independently increase the number of specific angiotgnsin receptor
sites which is presumably responsible for the cgncdmh‘an? timulation of
aldosterone S);sthesis. These opposite effects of sodium deprivotion upon the
response ‘rb angiotensin II - a lesser rise in blood pressure, a greater increase
in aldosterone synthesis - are physiologically sensible enabling sodium to be
retained without a rise in blood pressure’.

The ACE inhibifors are somefimes referred to ps brédyi;inin

”

potentiating factors (BPFS) because they were shown to inhibit an enzyme

that catalyses the degradation and inactivotion of bradykinin |(now known as

kininase II). Erdes and associates established that angiotensin converting
|

enzyme and kinase IT are one and the same enzyme; a peptidy- Fipep’riduse {or
dipeptidyl carboxy peptidase). Thus, a single enzyme cotalyses both the

synthesis of angiotensin II, a potent pressor substance, and the destruction

of bradykinin, a potent vasodilator’. . .

The renin-angiotensin system plays an important role |in LVH and in

particular, in the development of cardiac interstitial fibrosis™.
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2.3: EFFECTS OF INHIBITION OF RENIN-ANGIOTENSIN SYSTEM

There are four sites where intervention in the renin-angiotensin system

is now feasible:

i,

Suppression of Renin Release

Since the release of renin from the juxtaglomerular Tppam’rus is

at least partially contrelied by sympathetic nerves, iphibitors of
adrenergic activity will block renin release. In both regsearch and

clinical practice, the p-adrenoceptor blockers have been most

widely used for this purpcse. Adrenergic blockade is only
partially effective and the secretion of renin in reslaonse to the

|
signal of sodium depletion via the macula densa is not blocked™.

I'nhibiﬂon of Renin Action

A number of inhibiters of the action of the enzyme lare available

but they have only been used experimentally. These jnclude: renin
' | N

antibody, pepstatin, various phospholipids, and antlogs of the

renin substrate which compete with the natural subsﬁrafew.




therapeutic use’.
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Blockade of Angiotensin II

Various analogues of angiotensin II have been synthesized to

serve as competitive antagonists at its receptor sit%s. The 1-

.Sar‘cosin, 8-alanine substituted analog (P-113 or SoTa[asin) has

both a strong binding affinity for the receptor, T'i‘res and a

resistance to degradation by aminopeptidase attack.
Though it has some agenist activity, its predominant antagonist
effects make it suitable to be used as an in vivo test of the

angiotensin mediation of hypertension in particular, i+ the search

for renovascular hypertension. Its short half-life, agonist

’ " * - - | . "
effects, and parenteral mode of administration preclude its

9

Inhibition of the Conversion of Angiotensin I to Angiotensin II

The converting enzyme is best referred to ps “peptidyl
dipeptidase" since it breaks peptidyl dipépﬁde bonds in various
subsfra’rgs. Since angiotensin is inactive, agents whi:‘h inhibit the
converting enzyme have the potential Yo paralyse ThL workings of

the renin-angiotensin system. The first inhib}for of this

converting enzyme was derived from snake venonr. Synthetic

CEIS are now available'.
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SQ 20,881 (Teprotide):- This nonapeptide is one of the several
isolated from the venom of the snake Bathraps j«lramca. The

effect of the venom was described as "Brady-Kinin Potentiating

Factor" and subsequently characterized and synﬂ—]esized. This
CEI is only effective parenteraly but a great deal of important
data came from studies with it'?,
SQ 14,225 (Captopril, Capoten] - Based on the Iknow(edge. of

enzyme structure and function a series of compoun’js designed to

inhibit ACE where synthesized. Captopril (D-B-mercapto-2-
methylpropanoyl-L-proline}) was selected 03. the best. It is

effective orally and it is now available for use in ThL treatment of

severe hypertension. Meanwhile, studies of a sl‘rrulbturally similar
but more lipid soluble CET, Y5 980, are being cond cted®®. Other
CEIS - the various side,e;‘fec’rs of captopril may be rela‘re,.d to its
stuff hydryl (SH) group which binds to the zinc iLn on the ACE.

Another orally effective CET without an SH group (MK - 421} is

now under clinical investigation'. Curently, there lare many types
of ACEIS in use clinically world-wide. They inglude Alacepril,

Benazepril, Ceronapril, Enalaprilat, Fosinopril, |Imidapril,
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Bibenzapril, Piropril, Quinapril, Ramipril, spirapril,| Temocaptril,

. Transdolapril, 20-Feriopril and so on'®. There appenrs to be few

significant difference between these drugs. They may be
|

distinguished from each other by the presence or| absence of a
sulfhydryl group, whether they are pro-drugs or jnot and their
affinity for ACE in vascular anhd other-tissues, aithough whether
these characteristics modify pharmacedynamics nd therefore,
clinical efficacy is uncertain. Difference in these gharacteristics
do howe've.r, influence. on-set and duration of action|of ACETS?.

Many ACE Inhibitors have been synthesized. Thesg drugs can be |

cic;ssified in;‘o three broad groups based on chemicdl structure:

(a)  Sulfhydryl containing ACEIS STruc‘rumHQ related to
Captopril, e.g. Fentapril, pivalopriz, zofenopril, alacepril.

(b) Dicarboxyl-containing ACELS Structurally related to
enalapril, e.g. lisinepril, benazépril, qluinapr'il, moexiprif,
ramipril, spirapril, perindopril, idﬁlapril, pen‘rflpril, indalapril;
cilazapril.

" (a) Phosphorus containing ACEIS are esters’ containing

predrugs that are 100-1000 times less pofjn’r ACEIS than
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L]

the active metabolites but which have a mugh better oral

*

bioavailability than the active metabelites®.

Ther'é are many different ACE inhibitors approved for USJ in the United
States (see Figure 2.1). Captopril and lisinopril are active moiecj‘.lle,s. Enalapril,
quinapril, moexibril, benazepril, fosinopril, ramipril, and spirapri| are relatively
in active until converted to their corresponding di-acids, the structures
enclosed within boxes are remaved by esterases and replaced Jiﬂ‘i a hydrog-en
atom To‘form the active molecule in vivo, e.g. enalapril Yo enalapnilat or ramipril

To ramiprilat and so on. The strucfure of moexipril differs siightly from that

of quinapril. The asterisks (*} indicate the dimethoxy substitution (Positions 6

and 7)%.

2.4: PHARMACOLOGICAL EFFECTS OF ACE INHIBITION

"

The essential effect of agents that act via this mechanjsm on the renin
angiotensin system is to inhibit conversion of the reifwefy inactive
angiotensin 1 to angiotensin II. In this way they attenpate or abolish
responses 1o angiotensin I, but net to a;n.gio‘rensin I. They are
antihypertensive agents that act as vosadilators and reduce peripheral
resistance; they have beneficial effects on left ventricular J ysfunction, and

L1

they reduce protein uria associated with kidney disease?.
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The ACE inhibitors are highly specific drugs i.e. they dq not interact

directly with other components of the renin angiotensin systam. Although
they alsc inhibit the degradation of bradykinin and potentiate its hypotensive
action, the principal pharmacclogical and clinical effects of ACE inhibitors

seem to arise from suppression of synthesis of angiotensin TI. |Nevertheless,

it must be remembered that these inhibitors, albeit quite speciﬂic at the level

of the enzyme, act on an enzyme with many substrates. In addition, recent
evidence suggests that,. ACE inhibitors may alse affect ther‘ enzymes,

including those involved in the generation of prosmglar}[d’nsm. The

. |
pharmacological actions of ACE inhibitors are thought to be primarily due to
|

the inhibition of the renin angiotensin-aldosterone system, but Since they also
effectively decrease blood pressure in patients with low renin ¢oncentrations,

other mechanisms are most probably also involved?.

2.4.1: PHARMACOKINETICS OF ACEIS

L7

Most ACELS are given by mouth and they are generally prodrugs {apart
. !

from captopril and lisinopril) and following absorption l/undergo rapid
|
metabolism by ester hydrolysis to the active diacid forrq; for example

enalapril is converted to enalaprilat.  Metabelism occurs maiply in the liver.

Excretion as active drug or active metfabolite is principally in the urine, some
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such as benazeprilat and fosinoprilat are also excreted via the piliary tract.
Elimination of the diacid is polyphasic and there is a prolonged terminal
elimination phase, which is consider'ed to represent binding to the ACE of a
saturable binding site.  This bound fruc.’rion does not contribute to
accumulation of drug following multiple doses. The terminal elintination half-
life does not therefore, predict the kinetics observed with mulfiplé dosing and

effective half-life for accumulation is the value usually quoted® 4.

2.4.2: Cardiovascular System

In healthy, Na' - replete animals and man, a single oral dose of an ACE
inhibitor has little or no effect on supine or erect systemic blogd pressure?!,
Repeated doses over a period of several days, however, cdise a small,
consistent r'.educ’rion, in blood pressure and a.sub‘rlva’7 blunting of compensatory
postural r.efiexes. By contrast, éven a singlé dlo.se .of these inhibitors lower
blood pressure subsfunﬁally in normal subjects when they have Been depleted

of Na". This effect is accompanied by a clear fall in total peripheral

resistance and reflects the activation of the renin-angiotensin system by

restriction of dietary Na'?',
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2.4.3. Effects in Hypertension : ) .
Inhibition of ACE lowers systemic arteriolar resistance and mean,

diastolic, cxnd systolic blood pressures in various hypertensive states. The
effects are readily observed in animal models of renal or genetic hypertension
and in human subjects with hypertension (with the exception lf that due to
primary aldosteronism). ACE inhibitors commonly lower blood pressﬁre. The
initial change in blood pressure tends to be positively correlated with PRA

(Plasma rerin activity} and angictensin IT concentrations prior to treatment.

However, as treatment is continued, a greater number of patients show a

sizeable reduction in blood pressure, and the anﬂhypertensi[ve effect then

correlates poorly or not at all with pretreatment values of PRA®. This result,

I

which is as vyet little un&er'sfood, presents a 'challenf_:;e tc current
understanding of the mechanisms of hypertension. At the same time it
confers on drugs of this class a welcome breadth of clinica uﬂ.lh‘y as anti-
hypertensive agents?,

The fall in systemic biood pressure observed in hypertensive individuals

treated witnh ACE inhibitors results from a reduction of itotal peripheral

resistance in which there seems to be a some what variablel participation by

different vascular beds. The kidney is a notable exception Tf this variability,

L} .

in that there is a relatively, constant finding. This is perhabs not surprising,
| |

since the renal vessels are exceptionally sensitive to ’rh«ez vasoconstrictor
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actions of Emgio*rensin II. Increased renal flow oceurs without an uincreaée in
glomerular filtration rate; infact, the filtration fraction is r'educecj. Both the
afferent and efferent artericles are dilated, and the hydrostatic #r‘essur‘e in
the glomerulus does not change®. Blood flow in cerebral and cor;anary beds,
whére autoregulatory phenomena are prominent, is generally well m%intained?a.

Besideslcausing systemic arteriolar dilation, ACE inhibitors increase the

compliance of large arteries, which contributes to a reductior. of systolic
lr‘rension ig

pressure. Cardiac function in pa’riénfs with uncomﬁ[iéd’red .hypl
generally little ;:hanged, alThough stroke volume alnd cardiac putput may
incréusé slightly with susf.a[ned TreaTmenT.. Baro—reﬁepfor function and
| cardicvascular reflexes ar-e hot compromised, and responses -S‘ro postural
changes and exercise are little impaired. Yet surprisingly, even when a
substantial lowering 0;‘- blood pressure is achieved, heart rate and
concentrations of catecholamines in plasma generally reflects an qlteration of
baroceptor function with increased arterial compl‘;ance and the loss of the
normal tenic influence of angiotensin II on the sympathetic ﬁérvou system®,
Inhibition of converting enzyme réduce, buf not seriousl)‘f impair the
secretion of aldosterone in the general population of hyperfensiv% individuals.
The sfimulafion that results from postural changes in which angio[irensin plays

|
a prominent role, is attenuated. However, aldosterone output is naintained at
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|
adequate levels by other stimuli of steroidogenesis, such as

adrenocorticotropic hormone (ACTH) and K.  The uctivijty. of these
‘secretagogues on the zona glomerulesa of the ucirenal cortex requires, at
most, only very small trophic or permissive amounts of angiotepsin IT, which
are a]wclys present because inhibition of converting enzyme | encountered'

only in patients taking supplemental X' or a K~ sparing diuretic®.

2.4.4: Effects in Chroni¢’ Congestive Heart Failure .

Inhibtion of convering enzyme commonly reduces uffcrqj!oc;d, and both
cardiac ou;ﬂpu’r and cordiac index incresse, as do incides of s(mke work and
stroke volume. Heart rate generaily is reduced. Systemic blood pressure
falls, sometimes steeply at the out-set, but tends fo returp toward initial
fevels. P\anov;ascuiar resistance falls sharply, and renal bloodl_} flow increases.
Natriuresis occurs as a reult of the improved rendl hemodJnamics and the
reduced stimulus to secretion of a!dosferone by angiotensin g[I. . The excess
volume of bedy fluids contracts, which reduce§ venous r‘eTJr'n to the right
he.ar-‘r. A further reduction result from venodilatation a;d. an increased
capdcihf of venous bed. Venodilation is another somewhat u expéc’red effect

of inhibition of converting enzyme, for angiotensin II has little acute

venoconstrictor activity. Nevertheless, long term infusion ¢f angiotensin IT
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has been reported to increase venous tone in vivo, perhaps by some central or
peripheral interaction with the sympathetic nervous system. The response to
the converting enzyme inhibifor also involves reduction of pu!m%nary arterial
preslsureJ pulmonary cc:;:\iilary wedge pressure, and left arTFcy and left

ventricular filling pressure (pre-load). The better hemodynamic peformance

results in increased tolerance of exercise. Cerebral and coronary blood flows
usually are well maintained, even when systemic blood pressure is very
substantially reduced?.

In addition ACE inhibitors decrease the mass and wall thickness of the

lef __E-venfric.'e in patients with hypertension such changes, which can be
. . 3 . _ i

detected after therapy with ACE inhibitors for as such a pe!éri(,)d as three

months, resemble those that are seen with inhibitors of TPTe sympathetic
nefvﬁﬁs system, p-adrenergic antagonists, and calcium{hc’mnel blockers.
Resting cardiac performance is improved following regression of left
ventricular hypertrophy, even if bleod pressure is allowed to| return to the
hypertensive range®’. In rats, ACE inhibiTor's.lafso :pr‘oTIeJ‘r against the

congestive heart failure that follows myocardial infarction?',

3"

In both experimental and human studies, ACE inhibitors appear to

m

perform betfter than other anti-hypertensive agents in rerzrsing cardiac

structural changes®®. A recent meta analysis showed ACE irhibiTors to be



42

more efficacious than other first-line antihypertensives in’ .educin'g left

ventricular mass®. A controlled long-term study of previously uLTrea‘red men
|,.
showed that enalapril reversed LVH significantly better than did

hydrochl'drofhiazide and that the regression of LVH was indepenclienﬂy related

!
to blockade of the renin-angiotensin system. Indeed, there hav7 been studies

showing that ACE inhibitors can affect LVH without lowering bjood pressure.

Morecover, ACE inhibitors are effective in reserving LVH as well as interstitial

fibrosis?®. The prognostic implications of this rem;m to be seen. So far*l, the
experience with spirapril on LVH is limited, but the accumulated data are
proﬁisingz4. This is consistent with The hypothesis that Lngiomnsin IT
is invofvedl in growth thickening of Ti';e arterial wall. It was jrepor'fed that
angio;rensm IT may be responsible for the abnormal vascular Tmoo’rh muscle
cell growth seen in hypertension, either indirectly as a cpniequence of
elevating blood pressure or directly as a result of receptor-mediated effects
on vascular smooth muscle cell growth. Angiotensin II is able to initiate a
component of early genetic program associmed.wifh growth. There Iwas
induction of C—fos by angiotensin II which was independent $f intraceliular

alkalinization but was dependent on mobilization of calcium and activation of

protein kinase C. These results provide insight into the early si{gnals activated
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by angiotensin IT that could be important in the proliferative or

hyperTrc;phic responses->,

Most studies agree that ACE inhibitors have little direct acute

effects on smooth muscle in large arteries. At concentrations higher

than required to inhibit conver‘rihg enzyme, ACE inhibi‘ror‘rs depress the
consfrictor response to sympathetic nerve stimulation or alpha-

I [
adrenoceptor stimulation. At lower doses they inhibit anqio‘rensin I, but

not angiotensin II - induced vasoconstriction. By |inhibiting the

breakdown of bradykinin, ACE inhibitors potentiate ﬂie endothelium

dependent vasodilator effects of this kinin®.

ADVERSE EFFECTS OF ACEIS

Angiotensin - converting enzyme (ACE) inhibitors all ap’!:)e.ar‘ to have a
|

similar spectrum of adverse effecfs‘aifhough, at one time smnj, such as taste

disturbances and skin reaction, were attributed to the presence of a

sulfhydryl group as in captopril.

disturbances, taste disturbances, persistent dry cough and oth

They include hypotension, dizziness, fatigue, headache,Ia’rro-m‘resﬁnal

r upper
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respiratory tract symptoms. Skin rashes (including erythema muitiforme and
toxic epidermal necrosis), angioedema, hypersensitivity reTcTions, renal
impairment, hyperkalaemia, and hyponatraemia. Other adverse e?‘fecfs such as

chest pain, palpitations, tachycardia, stomatitis, abdominal painL, nancreatitis,

tropenia and

|

r

hepato-cellular injury or cholestaric, joundice, glopecia, ne
agrarulocytosis (especially in patients with renal failure and 'in those with
collagen vascular disorders such as systemic lupus er'y'rhizmm‘osus and
scleroderma), thrombocytopenia, anaemias, muscle cramps, .(par‘aesfhesias,

mood and sleep disturbances, and impotence have been reported ?

2.4.6: Precautions

Pronounced hypertension may occur, for exﬁmple, following the first
dose of an ACET in potients with severe hyper’rensidn who have been treated
with mul‘ri-drug. regimens that include diuretics, particularly in patients with
heart failure and in sodium or volume - depleted patients. Tr"%sa‘rmenf should
be initiated with very small doses and the initial dose should be given at bed-
time preferably at an interval after wi“rhdmwcl of the diuretic.| The latter can
be given again subsequently, if necessary?’. In pafjenfs with ischaemic heu‘r’r
disease or cerebro-vascular disease, a severe fall in blood pressure could

result in myocardial infarction or cerebrovascular accident. After over dose
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with an ACET it may be necessary to reverse hypotention by volume expansion’
with an intravenous infusion of sodium chloride 0.9%.

Proteinuria has occurred mainly in patients with existing renal disease
and some of these patients develop the nephritic syndrome. Ewidence of
deterioration in renal function, including increasing blood concentrations of
urea and creatinine, and reversible acute renal faiiure have been reported in
patients with existing renal or renovascular dysfunction and may be
aggravated by hypovolemia®’.

ACE inhibitors can also induce renal insufficiency in patients with
bilateral renal artery stenosis or with stenosis of the artery to a single
remaining kidney. This effect is apparently caused by reduction of the
concentration of angiotensin II, which is needf;d in such conditions to
constrict the efferent glomerular arterioles and maintain adequate
filtration®®. They should not generally be used in patients with impaired renal
function, also if renovascular disease is present or suspected ACE inhibitors
are occasionally necessary for severe renal hypertension in such patients when
they can only be given with great caution and under specialist supe*vision. Also,
ACE inhibitors may reduce glomerular filtration in-patients with severe

congestive heart failure or in heart failure patients who have been over

treated with diuretics®®,
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Patients with peripheral vasculor diseases or  generalized
atherosclerosis may be at high risk because they may have silen'{ renovascular
disease renal function should be assessed in all patients prior to administration

of ACE inhibitors®®.

Patients with pre-existing renal disease or taking high dgses should be

observed regularly for proteinuria®,

Regular white blood cell count may be nécessary in patients with
peripheral vascular disorders, such as systemic Iuﬁus erythematosus and
scleroderma,‘or in patients receiving immuno suppressive therapy, especially as
they also have impaired renal function®, o

ACE inhibitors have been reported to produce harmful ejfec’rs in animat
foetuses following large maternal doses and shouid not be wused during
pregnancy. Although ACE inhibitors are not ’rer';a’rogenic dqir‘ing the early
period of organogenesis (first Tri?nes‘rer*), continued adminislmﬂon of ACE
inhibitors during second and third trimester can cause oligohydrammos, feta!
calcorial hypeplasia, fetal pulmonary hypoplasia, fetal growth ra;“arda’rfon, fetal
death, neonatal anuria, and neonatal death®®,

Despite some reduction in the concentration of aldostercne, significant

retention of potassium ion is rarely encountered in patients with normal renal

function who are not taking other drugs that cause po‘rassiuln ion rétention.
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However, ACE inhibitors may cause hyperkalemia in patients taking K* - sparing

diureties, K' - supplements, p-adrenoceptor blockers, or NSAIDSJ”.

An exceedingly rare and reversible side effect of ACE inhibitors is
spilage of glucoée into the urine in the absence of hyper‘gly%emia‘??. This

mechanism is unknown.

Also exceedingly rare and reversible is hepatfofoxicity, psually of the

cholestatic variety”’. The mechanism is also unknown.

2.4.7. Drug Interactions .

AnTacids may reduce the béo~availabili’ry of ACE inhibftors, capsaicin
may worSeﬁ AC‘EEI induced cough, NSAIDS may reduce the (Innfihyper'fe.sive
r:esponse To ACE inhibitors and X' - sparing diuretics and K'- sdpplemenfs may
exacerbafé ACE inhibitors - induced hyper‘kalémia. ACE ‘inhibitors may
increase plasma flevels of‘ldigoxin and lithium and may increase hypersensitivity

reactions to allopurinol.

2.4.8: Actions_of ACE Inhibitors
The actions of ACE inhibitors are thought to be primarily due to the
inhibition of renin-angiotensin aldosterone system in the circt{laﬁon, it is now

recognized that this mechanism alone cannot readily exrplain why ACE

inhibitors are effective in patients with normal or low plasma rrnin activity and
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even in enephric subjects, why the anti-hypertensive response las"rs‘ much
longer than the duration of serum - ACE inh.ibiﬁo.n and thy the best
pharmacokinetic models incorporate a parameter for binding to nJ:bcir’cula‘ring
ACE®®. Tt has been known that endogenous renin-angiotensin sys,lTems exist in
many tissues, with diverse effects on ﬁssﬁe function, and pharmacokinetic
studies indicate that response to ACE inhibitors®®. The clinical irnplicarions of
tissue ACE inhibition can be illustrated by the functional a}'hd structural
qdapmfibns associated with long-term ACE inhibitor Ther'?:py, including

increased arteriaf wall compliance, improved left ventricular function in heart

59 regression of vascular and left ventricular hypertrophyt and delayed

progrégsion of diabetic nephropathy®®.
It has been suggested that ACE. inhibi’ror:s may exercise their anti-
r
hypertensive effects, at least in part by inhibiting caicium-mobilization in
vascular tissue. Whether this represents direct calcium cﬁanne! biocking.

nroperties or is mediated via tissue renin-angiotensin systems warrants

investigation™,
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2.4.9: Therapeutic Uses of ACEIS

In Hypertension

A significant reduction in blood pressure may be achieved in many
hypertensive patients with relatively few adverse reactions, this
is especially true when an ACE inhibitor is used concurrently with
a diuretic. When used alone, ACE, inhibitors are roughly
comparable in their activity to a thiazide diuretic or a p-
adrenergic antagonist, and they lower blood pressure significantly
in about haif of patients with moderate essential hypertension.
When used wiThL thiazide diuretic, this fraction rises to more
than 80%. The concurrent administration of a p-adrenergic
blocking agent also enhances the response, but to a lesser extent,
This is perhaps because the p-adrenergic blockers owe their

efficacy, in part to inhibition of renin release™.

In Hypertensive Crises

The ACE inhibitor, captropril have been suggested as alternative
in the management of hypertensive crises, however, it has not
generally been recommended for initial use since: pressure may
fall too abruptly, in addition patients with accelerated

hypertension have quite a high prevalence of renovascular
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disease, ACE inhibitors may cause severé deterioration of renal

functioh in such patients®,

In Diabetic Patients

ACE inhibiters and calcium channel blockers are generally
preferred in diabetic patients with hyper"re;'tsio-h because of
potential adverse effects of diuretics and ﬂ—b}oc.ke.r’s. ACE
inhibitors are reported to reduce insulin resismncgf :“hey may be
particularly effective in patients wittf nephr‘opath(y, as there is
!
evidence of benefit in preserving renal function, they have been
r-eﬁor‘red to decrease protein uria and pr'eSerlrve glomerular
filtration rate in diabetic patients independently of changes in

systemic blood pressure®,

In Hypertension and Renal Disease

ACE inhibitors are used in patients with hypertension and renal
diseases ah‘hough' there are concerns about progression of
stenosis and possible harmful effects of blood pressure reduction

on the function of the affected kidney™.
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In Myocardial Infarction

In both the 6I55 1 - 3 study and the ISIS - 4 study favourable
results were achieved with the ACE inhibitors lisinopril and
captopril, respectively, given by mouth and started within 24
hours of the onset of symptoms and intfhe Chinese Cardiac Study
(€SS - 1) benefit was seen with captopril given by mouth within
36 hours of the on-set of symptoms. The authors of 1SIS - 4
recommended that early treatment with an ACE inhibitor should
be considered in all patients except those with cardiogenic shock
or persistent severe hypotension, and the treatmert should be
reviewed after a few weeks and continued in those with left
ventricular dysfunction. Others considered that, until further
studies define which patients benefit from early treatment with
an ACE inhibitor, their routine use in unselected patients was not
warranted™.

In long term management of myocardial infarction, ACE inhibitors
reduce left ventricular remodelling, a process whic}"l sometimes
follows myocardial infarction and is a recognised precursor of
symptomatic heart failure. Myocardial infarction patients with

left ventricular dysfunction benefit from long term oral
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administration of ACE irhibitors such as captopril, ramipril or

trandolapril started about 3 days or more after infalcﬁon”.

In prevention of myocardal infarction; studies (LVD (SOLVD)
trials have indicated that the ACE inhibitor en[:l!april, mighf"

protect agafnst MI, unstable angina, and cardiac death in patients

L]

with sysmptomatic or asymptomatic heart failure®,

- In Chronic Congestive Heart Failure

ACE inhibitors are very useful in the management of chronic CHF
because they induce systemic arteriolar dilatation, and thereby

reduce after load, and also cause vernodilatation, lessen fluid

" retention, and thus, reduce preload. These and Thqr bereficial

effects described above lead to increased cardiac out-put,

|

amelioration of signs and symptoms of congestion, increased

exercise tolerance, improved clinical status, and prolongation of

_lifefor | . ’ _

patients in end-stage CHF. Although, initially indicated for

patients inadequately controlled by digitals and fdiureﬂcs. CEIS

are now being used at earlier stages of cardiac decomposition.



Some less common hypertensive conditions in which converting
enzyme inhibitors appear to be particularly useful include
malignant hypertension, renovascular hypertension, hypertensive
crises of scleroderma, and dialysis - resistant hypertension in
end-stage renal fcilure“._

Captopril is an effective agent for the treatment of hyper’rensi?e

: . - .35 3638
emergenciesas well as urgencies™, ™.

2.5 CALCIUM AND THE HEART ’

Tonic calcium is required to sustain the beating of the heart in vitro.
This indicate that cardiac cell membrane is calcium-sensitive. Heilbrum ad
Wiercumski showed that micro-injections of calcium into muscle cells would
initiate contraction. This shows that there is an unhusual dependence of heart
muscle upon external caic;ium. Thus, it was evident that excitation contraction
coupling involved calcium ions’,

Regulation of the intracellular free calcium ion concentration plays a
central role in the contraction-relaxation cycle of the mammalian heart. Rapid
switches in the intracellular free calcium tons concentration to high levels

(about 2 x 10° MOI/L), induce contraction during systole, and back to fow

levels (about 2 x 10" MOI/L) produce relaxation during diastole. This process
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required an apparatus of several Ca®* binding and transport proteins, most of

them located on or in the sarcoplasmic reticulum (SR).

Upon depolarization of the sarcolemma extracellular Ca®* enters the cell
through voltage-gated Co® channels (dihydropyridine receptors), located on
| .
the trangerse tubules (T-tubules) formed by the sarcolemmal merr7bmne. The
Ca* release channel is also termed as the ryanodine receptor (RyR). In the
heart this Ca®" induced Cﬁz‘ release from the SR is the main source for the
systolic increase of Ca®*  concentration. The ‘carc’iiac SR is ‘an entirely
| infruceliﬁlar membrane network that rep;resenfs the main structure of Ca®' of -
_ : i
storage in the cardiomyocyte. It is composed of fhrj‘ee main compo_[nenfs“.

(a)  The functional region with the terminal cisternae cantaining the

RyR in dose contact with the sarcolemmal T-tubules;

(b) The corbuiar region which represents Tgrminai cisternge not
opposed to the T-tubules, and;

{c)  The logitudinal region contains the sarco.(ende) plasmic reticulum
Ca®- ATPase (SR Ca® - ATPase, SERCA) and its regulatory
protein pf\ospholamban. The Cuz* by the SR binds T(o troponin C,

'_whiéh initiates con‘rmc‘rion.by activating cross Ibifdge cycling

between actin and myosin, Ca®* binding Yo troponin ¢ causes a

conformational change of the troponin-tropomyosin complex and
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atlows the binding of myosin and actin which is sterically inhibited

by tropomyosin during diasfole. o /
Myocardial relaxafion is induced by a rapid decrease in cyfosolic free
Ca®" concentration léading to a dissociation of Ce® fiom fropo'riin C, thus,
res’rori.ng the inhibition of actin-myosin binding by fﬁe Troponinlmpomyosin
complex. In.. part Ca™* is extruded out of the cell by Tﬁe saréoierﬁmal Na* - Ca™
éxchanger. The main mechanism for reduction of cytosolic Cé* against a
concentration gradient into the lumen of the SR where it is bound by storage
proteins, mainly caisequesfrm The activity of the SR Ca® - IPase can be
enhanced by phosphorylanon of the inhibitory regulatory protein PLN, the |
mechanism by which catecholamines enhance the rate of myocardial relaxation.
The €a® reuptake by the SR Ca® - ATPase confri.th)ufes to aboit 70-80% of
the Ca® flux during diastole. This protein is therefore, regarded as a key
player in' cﬁrdiac relaxation. Moreover, the filling state of‘ the SR also
.defer'rnines the force of cpntmcﬂon generated dur*ingl sysTolJ since cardiac

cortaction is triggered mainly by Ca® release from SR %,

Although, calcium has a direct effect on blood vessels, increasing
peripheral vascular resistance, it role in clinical hypertension may be a

consequence of its ability fo increase the release of catecholamines at nerve

terminals or from the adrenal medulla®. : 5— - 4 7799 5' \}



Increase in intracellular sodium leads to increase in intracellular calcium
which increase vascuiar smooth muscie contmcfi!i‘ry and 'rhemfaby raises
peripheral resistance. The presence of increased intracellular sodium will
raise the con;erifrafion.fzf free calcium within the vascular smooth muscle
cells®.

Depolarization in otfrial tissue was mediatedvl:':y \Two inwardly directed
ionic currents. When the transmembrare potential of a cardiac cell reaches

threshold, the membrane permeability (conductance) for Na', incrLases rapidly

and markedly. | | | ( |

The so called fast channel is responsible for this influx of JNG” cand it is
blocked by tetrodoxin. The time required for the second inwalrd ‘current is
determined in large part by the movement of Ca® or info the cell through o
membrane pore Thqf is thus, termed the slow channel and is " inhibited by
an but not by tetrodotoxin and it contributes to the main.{‘enahce of the
plafe::u phﬁse of the cardiac action potential. - |

.A derivative of verapamil, D-600 (galiopamil), was subsequently shown to
block the movement of Ca® through the slow chdnlriel and fhireby alter the
plateau phase of the cardiac action potential®, / . 'I

From the rather complex process of Ca+ cyling in the Tyocardium it is

evident that close regulation of intracellular Ca?+ homeostasis is essential 10

|



maintain normal myocardial contraction and relaxation, and that alterations in
either quantity or function of the proteins involved might significantly affect
cardiac performance. Indeed, several studies on experimental animal models
with cardiac hepertrophy or failure as well as on myocardium from patients
with hypertrophy or end-stage heart failure have shown abnormal intracellular
Calll handling under these conditions. The common key observation was a
prolonged diastolic Ca®ll transient with a diminished capacity to restore low
resting Ca®[) level 41.

Human congestive heart failure is characterized by a combination of
reduced contractility during systole and impaired relaxation during diastole
more or less independently of the type of the underlying cardiac disease. In
particular, diastolic dys;;‘uncfion, clinically characterized by elevated left
ventricular end-diastolic pressure and volume, is regarded as an important
clinical and prognostic parameter since it is highly correlated with the clinical
performance of the patients. Functional studies on isolated failing human
myocardium led to the hypothesis that abnormalities in intracellular Ca®
cycling may in part account for contractile and relaxational dysfunction.
Measuring intracellular Ca® transients with Juminescent indicators such as
aequorin or fura 2 shows a peak Ca® transient, a reduced systolic, markedly

prolonged diastolic Ca’ decline with an elevated diastolic resting Ca®
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concentration and a reduce SR Ca® content as estimated from caffeine
induced release. Furthermore, the force-frequency relation has been shown
to be altered in failing myocardium. The poTenTiuTion of contractile force at
higher stimulation frequencies seen in non-failing myocardium is a!:)scn’r or even
inverted in failing hearts. Given a prolonged SR Ca® re-uptake, this was
interpreted as a consequence of partial SR Ca** depletion, which is more
pronounced at high frequencies. Tension-independent head development was
also found to be diminished in failing human heart, reflecting a'decrease in
the amount of Ca® released and in the rate of diastolic Ca® removal. In
summary, these results point to a defect in SR Ca®* re-uptake a_nd/or release
in human heart failure®’.

The cellular mechanisms of cardiac hypertrophy remain despite
tantalizing clues glared from a variety of experimental approaches. There a
hypothesis that an increase in cytosolic free ca®* concentration ([Ca®']i)
triggers the expression of proto oncogens, which in turn | direct the
characteristic increase in protein synthesis. New results from per‘fused
ferret hearts are presented demonstrating that [Ca®*'] increases, that [Ca®'],
constitutes as a direct consequence of an elevation in perfusion pressure. It
therefore seems plausible that there is crucial link between the initial

stimulus for hypertensive hypertrophy {elevated perfusion pressure) and the
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secondary alterations in gene expression. Nevertheless, further investigation

will be required to establish wheff;er changes in [Ca®’], are necessary or
sufficier;’r to stimulate myocardial cell growth®!,

Acu’ré and chronic hyper-calcemia, perse, couse hyperl ension and
correction of the hyper-calcemia is often foflowed by return of blcl}od pressure
to normal levels. Chronic hypercalcemia may lead to progressive | enal failure
which in turn, can cause hyperfension. Patients with chronic rengl failure are
more sensitive to the hypertensive effect of - hypercalcemia.  Acute

hypocalcemia, perse, is associated with hypotension in man and in dags*.

Hass and Hart Felder reported in 1962 that verapamil, a putative

coronary vasodilator, possessed negative inotropic and chronotraphic effects

that were not seen with other v&sodila‘rory agents such as nitroglycerin. In
1967, Fleckenstein suggested that the negative inotropic effect resulted from
inhibition of excitation-contraction coupling and that the mecha‘ ism involved
reduction of the movement of Ca’ into cardiac myocy‘res.. A derivative of
verapami’ gallopami' and other compounds,.such as nifedipine also were

subsequently shown to block the movement of Ca®* through the slow channel and

thereby alter the plateau phase of the cardiac action potential®,

i



2.6: CALCIUM CHANNEL BLOCKERS

The development of the calcium channel antagonists represents one of
the major advances in cardiovascular pharmacotherapeutics of the latter half of
the twentieth century. In contrast to other cardio active agents such as
antihypertensive, anti-arrhythmias, antiischemic, and positive ionotropic agents,
calcium antagonists are unique in Tlhcit they play an important role in the
treatment of a wide variety of cardiovascular disorders®™.

At present there are many calcium channel blockers in use some are
hereby named verapamil (a phenyfalkylamine), diltiazem (a benzothiazepine),
nicardipine, nifedipine, amlodipine, felodipine, and nimodipine (dihydropyridines):;
and bepridil (a diarylamino propyl amine ether) are approved for use in the
United States. These agents have diverse chemical structures (see Figure 2.3).

2.6.1: Pharmacological Properties of Calcium Channel Blockers

Calcium antagonists or calcium entry blockers are pharmacologic agerits
which inhibit the entry of calcium into cardiac and smooth muscle cells through
calcium-permeable channels in the cell plasma-membrane. The currently
available calcium antagonists differ in their molecular structures, their sites
and mades of action upen the slow channel, and their effects on various vascular

functions. There are, therefore, differences in chnical actions and
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marked variations in side effects between the three classes of calcium

antagonists now available™,

Actions in Vascular Tissue

Although, there is some involvement of sodium ion (Na? currents,
depolarization of vascular smooth muscle cells is| primarily

dependent on the influx of Ca® via at least three distinct

mechanisms that may be responsible for contractior lf vascular
smooth muscle celis*®, first, voltage sensitive calcium-channels
upon in response to depclarization of the membrane, and

extracellular Ca®* moves down its electrochemical gradient into
J
the cell. After closure of calcium-channels, a 1“ini’rejJ period of

time is required before the channels can open again in nesponse to

a stimulus.  Second, agonist-induced contractions that occur
without deplorization of the membrane result

from the hydrolysis of membrane phz;spha’ridylinosifol with the

formaton of inositol triphosphate, which acts as; a second -

- messenger to release intracellular calcium from the sTlr'copIasmic

reticulum.  This receptor mediated release of iptracellular

- N . | .
calcium may trigger further influx of extracellular calcium,

[ S
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Third, receptor-operated calcium channel allow the entry of

extracellular calcium in response to receptor occupancy®,

Actions in Cardiac Cells

-Calcium channel blockers produce a hegative inotropic effect,

Although, this is true of all classes of calcium.cha ne! blockers, -
Thé. greater the degree

of  peripheral vasodi_laﬁon seen with the dihydrrpyridines is
accompanied by sufficient baroreflex - mediated increasé in
sympm‘he‘ric' tone to overcome the negative inotpepic effect.

|
Diltiazem also may inhibit mitochondrial Na®* - Ca®" dxchanger™.

@

Hemodynamic Effects

All of the calcium - channel blockers that have beer] approved for
clinical use decrease coronary vascular _resis*ténce and increase
coronary blood flow. The dihydropyridines are|mere potent
vasodilaters in vive and in vitro than is verapamil, W:lich is more
potent than diltiazen, fhe hemodynamic effects of leach of these

agents vary, depending on the route of administration and the

extent of left ventricular dysfunction®.




2.6.2: Mechanisms of Ac‘ﬁon

increased concentrations of‘ cytosolic calcium cause increased
contraction of cardiac and vascular smooth mus'cle cells. The entry of
extracellular calcium is more important in initiating the contraction of
myocardial cells, while the release of calcium from intracellular storage sites
also participates in contraction of vascular smoath muscle, particularly in some

vascular beds. In addition, the entry of extraceliular calcium can trigger the

release of additional calcium from intracellular stores™.

2.6.3: Absorption, Fate and Excretion of Calcium-Channel Blockers

Although, the absorption of these drugs is nearly complete after oral
administration, their bio-availability is reduced, in some cases markedly
because of first pass hepatic metabolism. The effects of these drugs are
evident within 30-60 minutes of an oral dose, with the excepfic.m of the more
slowly absorbed and larger-acting agents amlodipine, isradipine, and felodipine.
For comparison, peak effects of verapamil occur'wifhin 15 minutes of its
intravenous administration. These agents all are bound to plasma proteins fo a

significant extent (70-98%), their elimination half-lives, during repeated oral

administration, bio-availability and half-life may increase because of
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saturation of hepatic metabolism. A major metabolite oLdH‘riazem s

desacetyl diltiazem with diltiazem's potency as a vasoedilator.  N-

f

Demethylation of verapamil results in production of nor—veméamil, which is
biologically active but mt.J.ch Iess‘pofen*r than the parent compom?nq. The half-
life of nor-verapamil is about 10 hours.  The meTabcl?liTes of the
dihydropyridines are in active or weakly active :n pa‘rien’rT with hepatic
cirrhosis, the bio-availabilities and half-lives of the calcium-channel blockeré

may be increased and dosage should be decreased accordingly.) The half-lives

of these agents may also be long in older patients®,

At . . _ .
LKASHIE bt
The most common side effects caused by the calcium channel blockers,

2.6.4: Adverse Effects .'

particularly the dihydropyridines, are due to excessive vaso?ilaﬂon. These
effects may be expressed as dizziness, hypotension, headuchel, flusing, digital
dysesthesia, and nausea. Other effects that may be exper'ie/nced by patient

include constipation and peripheral edema™.

i
“

Nimodipine may produce muscular cramps when given in|the farge doses

required for a beneficial effect in patients with sub-arachroid hemorrhage®.

o

e
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o

Less common side effects include rashes, somnolence, and occasional

minor elevations of liver function tests. These side effects usug

and may abate with time or with adjustment of the dose™.

illy are benign

. |
Although, bradycardia, transient asystole, and exacerbq’rion of heart

failure have been reported with verapamil, these responses usu
reported with verapamil these responses usually have oc
intravenous administration of verapamil, iﬁ patients with diseg
node or AV nodg_i conduction disturbances, or in the presence of

blockage®.

2.6.5: f’r_ecqu'rions

Aggravation of myocardial ischaemia has beer repor
dihydropyridines. Ver'apﬁ'l-mii and diltiazem are less likely at the
fo aggravate myocardial ischemia, becguse of their Iower; capa
excessive peripheral arteriolar dilatation and :héir ability

]

excessive tachycardia. Thus, calcium channel blockers should

caution in this condition®>.

rapeutic dos

[
ally have been

curred after
s of the SA

p-adrenergic

ted with the

es

y

city to induce

to restrain

be used with




2.6.6: Contra Indication

60

The use of intravenous verapamil with a p-adrenengic receptor

antagonist is contra-indicated because of increased propensity for atrio-

ventricular block and/or severe depression of ventricular function

Patients with ventricular dysfunction, SA or AV noddltl

43

conduction

distrubances, and systolic blood pressures below 90mm Hg spould not be

treated with verapamil or diltiazem, particularly intravenously™.

2.6.7: Therapeutic Uses

All calcium-channe! blockers are equally effective when used aione for

the treatment of mild to moderate hypertension; and in comparative trials,

Ca®* channel blockers are as effective in lowering blood pressure as p-adnergic

¥

receptor antagonists or diurectics™.

Calcium-channe! blockers are versatile drugs with proven qlfficacy inall
I

types of hypertensive patients*. They seems to be especially elfficacious in _

low-renin hypertension compared with other classes of anti-hypertensives,

there is greater frequency of achieving blood pressure control 4

channel blockers as monotherapy in elderly subjects and in African

population groups in which the low renin status is more prevalent®®

ith calcium-

-Americans, .

The efficacy of calcium-channel blockers is enhanced by the

concomitant use of an angiotensin converting enzyme inhibitor, methyldopa, or
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p-adrenergic receptor antagonists the preferred calcium-channel blocker
would be one from the group that is relatively vasoselective, e.g..amiodipine,
isradipine, hicardipine. Diuretics alse may enhance the efficacyof calcium

channel blockers but the data have not been consistent.

Calcium-channe! blockers do reduce left ventricular mass blhT they are

less effective than ACE inhibitors and methyldopa®.
Nifedipine and captopril are the two agents with the most ‘rlrapid on-set

|
of acticn and are therefore, useful in the treatment of hypertensive

emergencies as well as ﬁrgencies“.
Calcium-channel blockers may be useful for pro‘rec’r\ﬁ'ug myocardium and |
improving cardiac function. Since it ht*;xs been suggested TH;:;T calcium over load
may be one of the major causes of myocardiﬁl injury®. |
The calci.um-channel blockers reduce cytosslic ;a]cium ﬁoncen’rm‘rioh and
are parflicuiarly effective in pa;rienfs with v}]ume dependent forms of

hypertension®,

Calcium-channel blockers and ACE inhibitors are generally ’Jr'efe.r*r'ed in
diabeﬂc.paﬂems with hypertension be,éause of peiential adversé effects of.
" diuretics and p-blockers®. |
In hypertension and renal disease, ACEL and cal_éium-cha nel blockers

are particularly used®™. Calcium-channel blockers appears to have a positive



effect on renal function®®. The use of calcium-channel blockers inf pregnancy is

still being studied®.

In pulmonary hypertension, of all the vasodilators studied the most

promising agents appear to be calcium-channel blockers and the prostaglandin

efioprotenol. Improved survival over a 5-year period has been doted in some

'pufienfs treated with high dose calcium-channel blockers. However, not all
|

patients respond and because of concern about previously repq'rTed adverse
effects in patients with primary pulmonary hypertension given these drugs it
has been advised that an acute response test should be performed before
44,

embarking on fong ferm freatmen

In stroke, calcium-channe! blockers such as nimodipine cap be used. In

addticn to increased cerebral blood flow calcium-channel blockers may prevent

brain cell necrosis by limiting transcellular calcium influx, but| results have

- been conflicting®,

Other conditions which calcium-channel blockers aré useful are

supraventricular tachyarrythmias and ischaemic heart diseases™{">44,
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2.6.8: Significant Drug - Drug Iteractions

Verapamil can increase plasma concentrations of digoxin. When used
with quinidine, calcium-channel blockers may cause excessive aypotension,
particularly in patients with idiopathic hypertrophic sub aortic stenosis™.

In a study with nifedipine, captopril, metoprolel and reserpine +
clopamide + dihydroergocristine mesilate (brinerdin). It was shown that
captopril and reserpine + clopamide + dihydroergocristine mesilate (brinerdin)
were the best tolerated, while side effects were reported most frequently by
patients on the calcium antagonists.

Over half of the patients in this group complained of one or more side

effects, the most prominent being headache, congestion in the head, flushing

and swollen ankles™®.

2.7 AIM OF THE STUDY

The use of calcium channel blockers and ACE inhibitors is‘ increasing
everyday the world-over. It therefore becomes necessary that more research
be carried out on these two classes of drugs. This research in particular
intends to assess the place of these two classes of drugs in Ahmadu Bello
University Teaching Hospital, Zaria (a tertiary health institution). That is to

find out how often they are being used, which of the different does of the
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drugs is most used and most acceptable to patients and also side effects most
encountered and the frequency of side effects and so on.

The frequency at-which the calcium channel blockers and . CEIS are
| pr*escr*ibec.l*i relative to other anti-hypertensives will be es‘ragh’shed, the
different dose.s.used will be found and compared, patients accepTabfliTy will be
determined by compliance. Types of side effects and .‘rheir fr?quency of

occurrence will be deduced.

2.8 METHODOLOGY | .

2.8.1. Health Policy

»

Two complementary approaches have been proposed [ta contral
hypertension. - In the public health or population approach the goal is to
increase population awareness that elevated blood pressure is a 70 jor health
problem even though it may not be appﬁren’r. To. achieve this goal, the

approach relies exclusively on educating the public, health professionals and

! o

patients with elevated blood pressure.

In research, information can be obtained either from retords or by

field work.




2.8.2: Deducing Information from Records

13

In this method all available records are contacted and studied carefully

to deduce the required information. The records could be in forfn

of files or

folders carrying patients records in hospital or some documents written and

filed in libraries or record sections of hospitals.

2.8.3: Field Work

Field work entails going out to where one can getr th

e required

information by studying the specimens. It could be in a hospital, where one

4

goes to hospital to see the patients, interview them or

.
o

questionnaires to them from which the required information can t

administer

ve deduced.

The limitation here is that some patients may object to some questions

- especially questions on their personal life or family history.
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CHAPTER THREE

METHOD

3.1: NEED FOR RESEARCH | .

Research s needed in order fo develop and impiement controi

programmes appropriate.to each level of health care and rele\fanf to each
!

community’s health need. National programmes aimed at con’rrcllij"g high blood
pressure are recommended in the countries where. hyper’rensiov][ has clready
been identified as a major health problem or where mean levels of blood
pressure in the population are rising in correlation with life style I:hanges. Key

elements of such a programme should include:-
' r

- Raising awareness of the problem among the community as a

whole, health professionals, individuals with high blbod pressure,
individuals at risk and policy makers. |

.-' Advising/educating the community a;d individuals on how to
promote and adopt healthy life styles, and the people with

hypertension to adhere strictly to long-term therapeutic’
i

RTINS
4

regimens.
- Ensuring active participation of all sectors of the' community in

b

the programme.
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Creating environmental conditions that support the adoption of

healthy dietary and behavioural patterns.
Each country should identify specific targets for prevention and

treatment and specify the time period for their achievement'.

3.2: DATA COLLECTION

For a successful research, a method that will yield a reliab;a result has
o be desighed. Data can be collected from r-ecqrds“or from fielq;e(ork. In this
work both methods of data collection were used, including ‘ information
obtained from patients’ felders in the Cardiac Clinic of Ahmadu Bello
University Teaching Hospital, Zaria, Nigeria, while other infor‘mcm|ion obtained
by iﬁferﬂewiné patients and by administering ques‘ridnnaires to ’rhle patients in
the Cardiac Clinic. | }
' The investigation was essentially carried out on two groups of patients.

L

The first group of thirty one (31) patients was named as group one (G1). Here
information was deduced from the patients folders. The second gr'ioup of forty
nne (49) patients was named as group two (62). MHere information was

obtained from patients folders as well as interviewing them and administering

on appropriately designed questionnaire, as in Appe.'ndix A, (a stmpIe of the

questionnaire administered to patients in (62). First part of the questionnaire

: |



‘16
related to personal data such as name, sex, age, height, m;e!igh’r and the

diagnosis. These are relevant since they all have bearing on hypertension as a
disorder and can help m its diagnosi$ and management. Thejd“iagnosis will
. reveal if there is a co-existing iliness which has to be taken into account in the
tr'ea’rrﬁenf of hypertension. The first question seek:s to know ﬂ?r how long the
patient has been a hypertensive and this gives an idea of fhe dumﬁon/long
standing nature of the hypertension and thus helps in choosing ’rfwc approprlafe
drug or drug combination to be used. The second and third, questions will
reveal the type of drugs used and which are ACE inhibitors or CCBS. Question
- four and five gives an idea of availability and cost of the ACETS and CCBS
preécribed, while question six and seven will reveal the paTigJ\Ts compliance.
Questions eligh‘r to seventeen together aim at evaluating patients response to
the treatment Tha.T is whether the drug/drugs are r'eall}'l/ vitiating the
- r

elevated systemic blood pressure or not and whether ]‘he pafient is

experiencing any side effects or not, The rest of questions will also reveal the

hon-drug measures such as dietary restrictions {e.g. low sglt diet) in the

L1]

aetiology and management of hypertension as a disorder,

3.3 ANALYSIS DATA | | T J477995"

The data obtained was transformed into a spread-sheet from the bulky

information compiled from the records of patients and the quqisfionnaire. Two

|



. - .
different spread-sheets were prepared for each group of patients that is one

for group one labelled group one and the other for on two labeiled as Group

|

Two. .Tables were formed from these spread-sheets using frequency count,

seven tables were formed. The first one, table GI. 1 containg the result of

4+

“analysis of group one that is comparing calcium channel blockers and
angiotensin converting enzyme inhibitors with other anTi—hyperTensives in

terms of frequency of prescribing, tables 62.1.1, 62.1.2, G2.1.3. G2.2.1,62.2.2
|

and 52.2.3, contains the result analysed from group fwo patients with 62.1.1,

62.1.2, and G2.1.3, on calcium channel blockers while 62.2.1, GZT.Z and 62.2.3

are on angiotensin converting enzyme inhibitors. Three pie charts were

constructed on tables G2.1, 62.1.1 and G2.2.1, and six bar charls from tables

v

62.1.2,62.1.3,62.1.4,62.2.1,62.2.2and 62.2.3.

3.4: LIMITATIONS OF THE QUESTIONNAIR SURVEY

Since a particular period was specifically used for the 'isurvey that is
November 1997 to November 1598, it means new patients werT.noT included.
Also only old cases who attended the cIinjc for the peried were included. This
was necessary because, time Iimi"f is an important factor that determines the

L)

relevance of information obtained in an investigation,
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Some patients especially females shy away from question on their life
sTyl.es and family history even though the purpose. of the que.sﬁo.n was to
establish if they are hypertensives, there is r'elaﬂo.n.ship between Iif‘e styles
and family history and high blood pressure. A knowledge of iheir‘ style and
fa.m.ily is Therefﬁrc important to the overall successful management of their
condifion. An extra effort was therefore made fo explain ‘rhi:T fact to these

patients and this resulted in the obliging answers to.the relevant questions. .




APPENDIX A

QUESTIONNAIRE

NAME:

SEX: AGE (YEARS):

HEIGHT: DIAGNOSIS: WEIGHT:

1. Since when have you been diaghosed as a h)jrper‘fenswe
patient?

2. Anti-hypertensives prescribed? JJ

3. How mény of them are calcium channel blockers or ACE inhibitors?

i

4.  Are they easily available? Yes || No L]
8.  Are they cheap/costly? Cheap [ | Costly ]

6. Areyouregular withdrugs?  Yes [ No ]

7. Why? ;

8.  Which of your drugs do you like most?

10.  Have your drugs ever been changed? (] ves No []

11, If yes, how many times?




12.

13.

14,

19,

16.

1T,

18.

%,

If no, would you like them to be changed? Yes | |  No | |

Why?

Which do you prefer, the present or previous treatment?

Why?

Would you like the present treatment to be changed again? -

Why?

Are you on any diet restriction? Yes ] No ]

Are you on any exercise? Yes [] No [7]
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CHAPTER FOUR

RESULTS

Table GI.1 shows the frequency of preséribing of calcium channel
blockeré, ACE inhibitors and other anﬁahyper'fensi"yes from grLup one which
was a group containing ’rhir'fy one patients. Eleven out of thirty one (or
35.5%)of paﬂ;cnfs in this group were on calcium channe! blockers, while only
six patients {19.4%) were on ACE inhibitors, and only two (?.5%) patients

|
received a combination of the two drugs, while twelve that is'38.71% of the

'+ patients were on other anti-hypertensives.

Tables G2.1.1 shows the distribution of patients on calcium channel
. , | |

‘blockers. It was deduced form the data on group two, which was a group of

fourty nine patients with 35 on CCBS, thirty one (31) outf of the thirty five

(35) patients on CCBS that is 88.577% were all on Nifedipine retard, while only

three (3) were on lacidipine and only one (1) was on amlodipine. J

Table G2.1.2 shows the distribution of patients on the jifferen’r doses
of calcium channel blockers it was also deduced from group two data. It shows
that four (4) patients (11.43%) were on Nifedipine® 20mg daily, twenty six

(26) patients that is 74.28% were on Nifedipine 20mg bd, only'one (1) patient

that is 2.86% was on Nifedipine 20mg tid, while three (3) patients that is 8.5%
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were on ‘lacidipine 4mg daily and only one (1) patient (2.86%) was on amlodipine
10mg daily.

Tables 62.1.3 shows the patients response fo different doses of calcium
channel blockers. Tt can be seen that out of the four patients on Nifedipine
20mg one daily only one (1) that is 25% showed positive response, and from
twenty six.(26) patients on Nifedipine 20mg twice daily, seventeen that is
65.38% showed positive respond while the only patient on Nifedipine® 20mg
three times daily did not response and only one out of the three patients on
lacidipine 4mg once daily responded and the only patient on amlodipine 10mg
once daily showed a posi‘r‘i-ve response.

Table 62.1.4 shows the frequency of appearance of side effects due to
calcium channel blockers. None out of the four pa?;ents on Nifedipine® 20mg
once daily showed a side effect. Aiso, no patient showed side -effec‘r due to
Nifedipine® 20mg three time daily, lacidipine and amlodipine. And, only one (1)
patient out of the twenty six (26) patients on Nifedipine showed side effect

(persistent severe headache).

Table 62.2.1 shows the distribution of patients on ACE inaibitors. It
was also deduced from group two data out of which.eighteen patients were on
ACE inhibitors. Seventeen out of eighteen patients were on captotril while

only one was on lisinopril.
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Table 62.2.2 shows the distribution of patients on different aoses of
ACE inhibitors. Two patients out of eighteen that is 11.11% were on captopril
6.25mg once daily, five (27.77%) were on cap‘roprii. 6.25mg ?w‘ice daily, fiye
also (27..7?%) were on Captopril 6.25mg three times daily, two (L.Il“f‘o) were .on
Captopril 12.5mg twice dailf whilé one. each on Co.p.fopr'il 12.5mg three times

daily, Captopril 25mg twice daily, captopril 25mg three times daily and

lisinopril 2.5mg once daily.

Table 62.2.3 shows patients response to different cffoses of ACE
inhibitors. All the two patients of Captopril 6.25mg once daily f:i'lowed positive
response, two out of the five patients on captopril 6.25mg twice daily showed
 positive response, while four out of the five patients on captopril 6.25mg
‘rhr‘ee times daily shov..;d positive response and all the two patients on
captopril 12.5mg fwiﬁe ;:fai{y showed positive respense, also the dinly patients on
captopril 12.5mg three Tilme,s daily, captopril 25mg; twice daily, and lisinopril

2.5mg once daily all responded positively, while the only patient on captopril

25mg three times dadily did not respond.

Table 62.2.4 shows frequency of appearance of side effects due to ACE

inhibitors. One one patient each showed side effects out of twe, five, two and

one patients on captopril 6.25.mg once daily, captopril 6.25mg twice daily,

captopril 12.5mg twice daily and captopril 12.5mg three times daily

I
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respectively, and two patients showed side effect out of the five patients on
captopril 6.25mg three times daily, while all the one, one patients on captopril
25mg twice daily, captopril 25mg three times daily and fisinopril 2.5mg once

daily did not show any side effect.

Also from the sﬁr-ead sheet on group two data, it can be seen that only
four paTienf§ on captopril showed bad compliance and only six patients ouf..c.f
'~ the fhim‘.y one (31) patients on Nifedipin‘ef@ were not regular with }drugs while
two out of .the three patients on lacidipine wer.e not regulﬁr‘ with drugs. Also
out of all the paﬁenfs in group two only two were on diet resTr?chon (low salt

diet), one of which was on Nifedipine and the other on combinalion of both

Nifedipine and captopril.



TABLE-GL.1:
ACE

TABLE-G2.2.1:

TABLE-G2.1.2:

e5

Distribution of patients on Calcium Channel Blockers,

Inhibitors and Other Classes of Anti-hypertensives

[An‘rlhypertenswe ; o Frequency [ Frequency % |
[CalciumChannel Blockers | I 35 |
I ACE Inhibitors 1 6 ' 19.3 |
' Both 2 65 |
JCJ‘rher*s S ‘ 12 | 387 ‘
| TOTAL " m | 100 |

Distribution of Patients on Caclium Channel Blockers

‘ Calcium Channel Blockers F}*equency Fr'equenc_y % | |

}
 Nifedipine® .r ' 88.57 |
' Lacidipine | 3 | 857 |
 Amlodipine | o g 286 |
| TOTAL 1 | 10000 |

Distribution of Patients on Different doses of
Calcium Channel Blockers

' Calcium Channel lDose (mg) | Frequency | Frequency |
| Blockers S D B ’
Nifedipine® 20mgod | 4 | 1143 |
'leedlpme@) 20mg bd [ 26 | 7428 |
'Nifedipine® 20mg tid 1| 228 |
Lacidipine 4mg od . 3 ; 857 |
(ﬁrﬂied'Pme | tomged | 1 | 286 |

s | 10000
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TABLE-G2.1.3:  Patients Response to Different Doses of C.C.B.S
Calcium Chamnel | ___"l _ | Ppositive J _
| Blockers | Dose (mg) | Frequency |Response | Frequency%
Nifedipine® 20mg od 4 | 1 25
Nifedipine® | 20mg bd . 26 | 17 65.38
Nifedipine® 20mg tid 1 0 0
Lacidipine 4mg od . 3 . 1 33.33
Amlodipine | 10mged | 1 | 1 100
TABLE -62.14  Frequency of Appearance of Side Effects Due to
CCBS
| Calcium Channel | o _[_ | Frequency of T
Blockers l Dose(mg) i Frequency | Side Effect | Frequency |
| | | %
Nifedipine® | 20mgod | 4 | 0 o
' Nifedipine® 20mgbd | 26 B | 384 |
| Nifedipine® 20mgtid | 1 ‘ 0 0
Lacidipine 4mgod | 3 0 0 |'
|Amlodipine [ 10mgbd | 1 ' 0 B I
TABLE-G2.2.1 Distribution of Patients on ACE Inhibitors

| ACE Inhibitor
Captopril
_Lisinopril

| Frequency | Frequency®%
17 ' 94.44
1 5.56

{
A S— |
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TABLE- 62.2.2 Distribution of Patients on Different Doses of ACE

Inhibitor

ACE Inhibitor | Dose (mg) | Frequency | Frequency %
Captopril 6.25mg od ' 2 11.11
Captopril 6.25mg bd 5 | 27.77
Captopril 6.25mg tid 5 2r.I7
Captopril 12.5mg bd 2 1.1
Captopril 12.5mg tid 1 5.55
Captopril - 25mg bd 1 5.55
Captopril ' 25mg tid 1 1 5.53
Lisinopril | 25mgod —— 118___ | 58

TABLE-G2.2.3: Patients Response to Different Doses of ACE

Inhibitor
| ACET | Dose |Frequency |TVCResponse | Frequency %
Captopril | 6.25mg od 2 2 11.11
Captopril | 6.25mg bd 5 2 11.11
Captopril | 6.25mg tid 5 4 22.22
Captopril | 12.5mg bd 2 2 11.11
Captopril | 12.5mq tid ! 1 5.55
Captopril 25mg bd | 1 1 285
| Captopril 2bmg tid 1 0 | 0 |
| Lisinopril J 2.5mg od 1 1 ’__il___ 555
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TABLE G2.2.4:  Frequency of Appearance of Side Effect Due to

ACEL
|1 j‘ | Frequency . Frequency % |
_ACET | Dose |Frequency ‘ of SES | 'of SES l’
Captopril 6.25mgod | 2 q 1 50 f
Captopril | 6.25mg bd 5 ! 20 |
Captopril 6.25ng tid 5 ; 2 40 :
Captopril 12.5mg bd 2 B 50
Captopri | 12.5mg tid 1 |' 1 100
Captopril | 25mg bd 1 | Q 9] f
Captopril | 25mg tid 1 | 0 1 0 '
| Zestl | 25mgod | 1 | .0 | 0 |
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Table G. 1.1.1: Derived From Table G.1.1

ANTIHYPERTENSIVE | FREQUENCY | FREQUENCY % | ANGLE ON THE CHART

Calcium Channel Blockers 11 35.5 13555 x360 =127.8°
100
A. C. E. Inhibitors 6 19.3 ‘
| 19.3 x 360 = 69.5°
Both 2 6.5 100
Others 12 38.7 6.5 x 360 = 23.4°
| 100
38.7 x 360 = 139.3"
e o — ~ — o —_— — - B 4 100 R S — - 4
Tora. 31 100 | 360

\ 1278

69.5

O calcium Chennel Blockers BA. C. E. Inhibitors Oboth Dothers

Fig. 4.1: A Pie Chart on the Distribution of Patients on Calcium Channel Blockers,
ACEIS and other classes of antihypertensives.




Table G2. 1.1.1: Derived From Table G2.1.1

90

CALCIUM CHANNEL | FREQUENCY | FREQUENCY % | ANGLE ON THE CHART
_ BLOCKERS
Nifedipine 31 88.57 88.57 x 360 = 318.9"
100
Lacidipine 3 8.57
5.56 x 360 = 30.8°
Amlodiphine 1 2.86 100
2.86 x 360 = 10.3°
_ o . 100 -
TOTAL 35 100 360

10.3

318.9

O Nifedipine B Lacidipine O Amlodiphine

Fig. 4.2: A Pie Chart on the Distribution of Patients on Calcium Channel Blockers.




Table G2 2.1.1: Derived From Table G2.2.1

91

339.98

O Captopril @ Lisinopril

Fig. 4.3: A Pie Chart on the Distribution of Patients on ACE Inhibitors.

ACEI FREQUENCY | FREQUENCY % | ANGLE ON THE CHART
Captopril 17 94.44 94.44 x 360 = 339.98"
100
Lisinopril |
5.56 5.56 x 360 = 20.02°

_ 100 .
TOTAL 18 100 360

20.02
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Fig. 4.4: Graph of Distribution of Patients on Different Doses of CCBS
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Fig. 4.5: Graph Patients Response to Different Doses of CCBS.
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Fig. 4.6: Graph of Frequency of Appearance of Side Effects Due to

CCBS
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Frequency stands for number of patients placed on the different doses of CCBS
Side effects here the number of patients that presented with side effects is

indicated
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Fig. 4.7: Graph of Distribution of Patients on Different Doses of

ACEIS
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Fig. 4.8:
ACEIS
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Fig. 4.9: Graph of Patients Response to Different Doses of ACEIS
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CHAPTER FIVE

DISCUSSION AND CONCLUSION

5.1. DISCUSSION

The 1993. naTio.naI and international gquidelines from joint national
committee®’ genémlly considered calcium channe!l blockers, ACE inil};ibi‘rors and
alpha blockers to be alﬁm;ernaﬁve first line drugs to diuretics f_par'ri.cular*ly
thiazides) and beta blockers, the ultimate choice depending on Theﬁl presence or

|

absence of contra indications, on adverse effects, and co-existing disease.
There is increasing reliance on ACE inhibitors and calcium chun'}na bfo;:kers
because of their general effectiveness in lowering blood pressure, low
incidence of adverse effects and potential specific benefit in patients with
renal disease®. In this research, it was discovered that calcium channel
blockers and ACE inhibitors are more %requen’rly prescribed thar, other anti-
hypertensives with calcium channel blockers as the most fr‘eque.nf.iy prescribed
followed by ACE inhibitors and lastly the combmaﬂoﬁ of calcium chanrnel
blocker with ACE inhibitors. This can be easily seen on ;‘he pie char'r in figure
4.1. which was consTrucTed using the table &1.1.1 iT: can be seen JIrhcn‘ even the
calcium channel blockers anﬁe cceupies ulmos:% the same size of the

circumstance as that of other anti-hypertensives altogether. And the

combination of the twe classes drugs is the least commonly prescribed. The
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fact that calcium channel blockers are prescribed almost as high as all the

|

other anti-hypertensives could be because as it was seen from literature that
calcium antagonists play an important role in the treatment of a wide variety
of cardiovascular disorders®’. Also, calcium channel blockers are versatile

drugs with proven efficiency in all types of patients™. ACE inhibitors are less
I

prescribed than calcium channel blockers because, as it was seen in the

literature there are many precautions to be taken while or even before using
' f

them compared to calcium channel blockers e.g. they should no’r”gener'aliy be
|

used in patients with impaired rena! function, also if renovqsculc"';_r disease is

|
present or suspected, ACE inhibitors are occasionally recessary for severe

renal hypertension in such patients when they can only be given with great
caution and under specialist supervision®®. Also, ACE inhibitors may reduce

glomerular filtration in patients with severe congestive heart failure or in

|

heart failure patients who have been over treated with diuretics, patients
| :

with pre-existing renal disease or taking high does should be chserved

L

regularly for proteinuria and many others. It was seen in the literature that

the efficacy of calcium channel blockers is enhanced by the concomitant use
. -, |

of an angiotensin converting enzyme inhibitor, methyldopa, or ‘B-adrenergic

*

receptor antagonists®®. In this analysis, it was observed that CCBs are not

frequently co-prescribed with ACE-Is, this is because both of them are highly
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effective in that their combination will resuft in over reducing'of the high

|

blood pressure that is why as it can be seen from the spread sheet prepared

' |
with group two data only two incidences were seen, one of the drugs was

stopped in the subsequent part of the treatment in four patients, and in

three of the cases, it was the ACE inhibitor that was stopped, it was only in

the last patient that CCB was stopped.

It was also discovered that Nifedipine and Captopril are the most
f

frequently prescribed members of each of the groups, as it can be seen on the
' .

pie charts in figure 4.2 and 4.3, Nifedipine occupies (88.57%) of the
. | .

circumference while captopril occupies (94.44% ) of the chart. This was also
seen in the literature that, Nifedipine anci cap’ropr.i!. are the ‘rio,rnrnonest in
fact captopril is referred to as the prototype in its group in some books®.
Other drugs .pr-escr'*ibed are lacidipine and Amlodipine are less gommon.
Isrﬁdipine was prescribed only once but the patient was unable to procure the

|
drug due fo non-availability in Zaria. Lisinopril is the next (in terms of

|
frequency of prescribing) to captopril but it is very much less commen
(prescribed only once).
The dose of Nifedipine that is most frequently prescribed is 20mg

twice daily followed by 20mg ance daily and lastly 20mg three times daily.

This proves the high effectiveness of the CCBS seen in literature, Lacidipine

{.
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4mg once daily is even more frequently prescribed than nifedipine 20mg three
times daily. This is because, as was seen in the lifar‘a'rure during repeated oral
administration of calcium channel blockers, bio-availability and half life may
increase because of saturation of hep'c‘ric metabolism, also the haif lives of.
this agen'rs‘ may be long in older patients®. Also, it can be seen from the
records that there was the greatest response by patients to the nifedipine
20mg three times daily and all the other doses including latidipine and
Amlodipine 20mg three times daily did not respond atf all. And, there was very
low incidence of side effects due to calcium channel blockers, only one patient
showed a side effect among all the patients placed on all the calcium channel
blockers in this work. This also complies with what was seen in the literature.
The doses of captopril that are most frequently prescribed are 6.25mg
twice daily and 6.25mg"’rhree times daily with five, five patients out of
eighteen each. This proves the high effectiveness of ACELs seen in literature.
But there was greater response and more incidence of side effects due to
captopril 6.25mg three ftimes daily than 6.25mg twice daily. The percentage
frequency of prescribing for captropril 6.25mg once daily is about half
(11.11%) of that of 6.25mg twice daily and thrice daily (27.77%) , the same
thing with that for captopril 12.5mg twice daily for captopril 12.5mg thrice

daily, captopril 25mg twice daily and lisinopril 2.5mg once daily' was all the
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same with one one patient each out of eighteen, that is 555%. And the
l
response for captopril 6.25mg once daily and captopril 12.5mg twice daily is
- :

the same with that of captopril 6.25mg twice daily that is fwo patients each
out of eighteen (11.11%) and is half of that for captopril 6.25mg thrice daily
and lisinopril 2.5mg once daily r'.esponded positively while the one on captopril
2omg twice dafly did not respond. Also, there was a low incidence of side

. f
effects with ACE inhibitors that due to calcium channel blockers this also

complies with what was seen in literature.

All this can easily be seen on the bar charts in figure 4.4, 45, 4.6, 4.7,

- |
4.8 and 4.9. Generally, there was good patient complionce of ‘medication 1o

both the calcium chanrnel blockers and the ACE inhibitors but it was better

with the ACE inhibitars.

5.2: CONCLUSION

It can be concluded that in cardiac clinic of Ahmadu Belle University
| |

Teaching Ho;‘.pi’rui Zaria, calcium channel blockers are .m;or'e fr'ecjuenﬂy
prescribed (35.5%) than ACE inhib.}”rors with Tﬁ;e:"'mfe of pr'Jes.cribing CCBs
(35.5%) almost equal to that of other anﬁhyper?e;ﬁsives &H Tga[gefher (38.7%)}
and ’rha’r_ of ACE inhibimrs (19.3%) abduf half that of CCBs.  The most

frequently prescribed CCB is Nifedipine retard 20mg daily (88.57%) while the

|
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most frequently prescribed ACEL is captopril 6.25mg twice daily and thrice
daily (94.44%). Other CCBs prescribed are iacidipine and amlodipine while the

only other ACET prescribed is lisinopril.
The was generally good therapeutic response to both CCBs and ACEIs
with response to CCBs being more than that for ACEILs and also good

. f

compliance to the two classes of antihypertensives but the compliance was

better for ACETs than for CCBs.

There was also generally low incidence of side effects due to both
;

calcium channel blockers and ACE inhibitors with calcium charnel blockers

: |
having the lowest incidence of side effect than the angiotension converting

enzyme inhibitors. The side effect due to CCBS {nifedipine in parl;Ticular‘) was

L

persistent severe headache and it was observed in only one patient. While |

those due to ACEIs {captopril in particular) were hypotension and dizziness

and were observed in six patients.

There were four incidences of bad compliance to captopril while there
|

was six incidences of bad compliance to nifedipine and two incidences of non-

compliance to lacidipine.

L0

About half (22 out of 46) of the patients on calcium channel blockers

»

and ACETs have a co-existing disease along with hypertension 11 out of the 22

have CHF, 8 have HY, 3 have stroke, 2 have renal failure, one have diabetes
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meliitus, I have post partum hypertension. It has been seen in the literature
' |
that calcium channel blockers and ACE inhibitors are. good choices for all the
conditions mentioned above.
Lastly, T would like to suggest that a further work be carried out on

this particular topic because of the importance of these two classes of drugs

{CCBs and ACEIs) in the Treatment of hypertensive patients.
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