ANTIHYPERTENSIVE DRUG INTERACTIONS

Medical Grand Rounds

William A. Pettinger, M. D.

Tom and Lula Gooch Auditorium
Univeréity of Texas Health Science Center at Dallas

February 5, 1976



ANTIHYPERTENSIVE DRUG INTERACTIONS

SUMMARY

‘ Complications of hypertension are by far the greatest pie-
ventable public health problem in the United States today.
Pharmacologic interventions which primarily involve drug inter-
actions are the generally available and effective means of pre-
venting or delaying these hypertensive complications.

Mechanisms of beneficial antihypertensive drug interactions
involve simultaneous reduction or control of blood volume
(diuretic agents) and decrease of peripheral resistance. Reduc-
tion of peripheral resistance without producing intolerable side
effects has recently been achieved by a complex drug interaction.
This interaction involves simultaneous vasodilation and inhibition
by beta adrenergic blocking agents of reflex activation of the
renin-angiotensin axis. Clonidine, by effects similar to propra-
nolol, can substitute for propranolol, or add to, the beneficial
effects of this important drug interaction. '

Adverse interactions of antihypertensive drugs most frequently
involve the diuretic agents in combination with digitalis glyco-
sides, and/or hypoglycemic drugs.



Our primary interest in the clinical component of our inves-
tigative program in recent years is the beneficial interaction
between vasodilating and beta-adrenergic receptor blocking drugs.
I would like to first review with you some of the evidence for a
mechanism involving altered renin release in this drug interaction
and how this relates to your clinical use of the drugs involved.
We will then review some of our new information on a potential
role for clonidine (Catapres) in this interaction and then proceed

to the adverse drug interactions.

Vasodilating antihypertensive drugs such as hydralazine are
very potent and have been around for a long time.
and mechanism of action is ideal in that they reverse the hemo-
dynamic abnormality of hypertension, which is increased peripheral

resistance at the afferent arteriolar level.

Their site

Yet, hydralazine has

been relatively ineffective over the years until it was combined
with the beta-adrenergic receptor blocking drug, propranolol.
Propranolol was first combined with the vasodilating drugs, hydral-
azine or minoxidil with the intention of controlling the cardiac
stimulation resulting from the carotid sinus baroreceptor reflex

mechanism (1-3).
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The cardiac stimulation was effectively controlled but in
addition, propranolol either potentiated the hypotensive action
of these two vasodilating drugs or in some way produced an addi-
tive antihypertensive action. We have investigated the mechanism
of this potentiation and have summarized our interpretation in
Figure 1.

Vasodilating antihypertensive drugs induce renin release in
normotensive (7) and in spontaneously hypertensive rats (8)
which can be impaired by prior administration of propranolol (7,
8). This impairment of vasodilatory drug induced renin release
is believed to be the mechanism of propranolol potentiation of
vasodilatory drug hypotensive action in animals (8) and in hyper-
tensive man (4). When propranolol administration is discontinued
in vasodilatory drug (minoxidil) treated subjects, increased
renin release occurs (Figure 2). The resulting increment in cir-
culating angiotensin can then assume a dominant role in mainte-
nance of blood pressure as shown in Figure 3.
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Figure 3. The effect of saralasin infusion on mean arterial
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administhation in minoxidil treated subjects (4).

Blockade of the vascular effects of angiotensin II using
saralasin, a selective angiotensin antagonist (5), resulted in
hypotension in 5 of 7 propranolol-free, minoxidil-treated hyper-
tensive subjects. Restoration of therapy with propranolol im-
paired renin release, lowered blood pressure and diminished or
ablated the previous response to saralasin in all patients.
Thus, propranolol suppression of renin release is associated
with a shift from angiotensin dependent blood pressure mainte-
nance to other mechanisms but at a lower blood pressure level
(Figure 3).

Another correlation suggesting the renin related antihyper-
tensive role of propranolol is between angiotensin dependence of
blood pressure and baseline plasma renin activity at all renin
levels in minoxidil treated subjects (Figure 4). The precision
of this correlation (p < .001) indicates that the degree to which
propranolol suppresses plasma renin activity is directly related
to reduction of angiotensin vasoconstriction or antagonism of
vasodilatory drug induced blood pressure lowering. Thus, the
peripheral resistance is reduced by the vasodilatory antihyper-
tensive drug and the body's compensatory mechanism, release of
renin-angiotensin, is blocked by propranolol.
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extremely high plasma concentrations (>1,000 ng/ml) propranolol )
becomes less effective as an inhibitor of hydralazine or minoxidil
induced renin release (8). The usual human doses of propranolol
corresponding to the 40 ng/ml plasma concentration is 40 mg, four
times daily for adults. Larger doses of propranolol given for
blockade of beta-receptor mediated problems are thus superfluous
in most patients and simply add to the cost and toxicity of ther-
apeutic regimens.
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vity 4in seven minoxidil treated subjects in the absence (on the
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tion Zo the blockade of saralasin induced nenin nelease by pro-
pranolol, note the unexplained but nemarkable pernsistence 0f ele-
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effect of saralasin dissipates within 10 minutes aftern discontin-
uing the infusion. Case #2 had the highest plasma propranolol
Level of 700 ug/me at the time of the study (see text).

The small additional increment in blood pressure lowering
resulting from much higher doses of propranolol (12) appears to
be mediated through mechanisms other than known beta-adrenergic
receptors.
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The combination of vasodilatory and beta-blocking drugs has
been remarkably effective even in refractory hypertensive sub-
jects (13-17). An example of this high level of effectiveness
is illustrated by the first patient (J.P.) treated with minoxidil
here at Parkland Hospital (Figure 7). Note that his renal func-
tion follows a pattern from 1968-72 reproduced in so many of the
patient's records in the past. Creatinine increased from normal
levels to 5-6 mg/% and BUN from normal to nearly uremic levels
during the same interval. Conventional antihypertensive drugs
were prescribed in’ nearly optimal doses but high blood pressure
remained uncontrolled. On 4/21/72, he was admitted to Parkland
Hospital for evaluation as a candidate for nephrectomy. On the
second day of hospitalization, he suffered a stroke resulting in
coma and was considered to no longer be a candidate for nephrectomy.
We started R with minoxidil and propranolol which induced reason-
ably good b18od pressure control for two-three months and very
-good thereafter. Initially, renal function appeared to decrease
with reduction of the high blood pressure, but then improved. A
source of concern to us at this time after recently adding on
data for the last year is whether we are seeing a very slow trend
toward deteriorating renal function. Recurrent mild urinary tract
infection may be contributing to part of this apparent, but slow
deterioration of renal function. Nevertheless, the positive slope
of the curve over the past four years is less then the four years
prior to initiation of therapy with minoxidil.



Course of a Minoxidil-treated Hypertensive Patient
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Figure 7. Long fteam nesponse of the finst patient treated at

Parkland with Zthe minoxidil-propranolol-diuretic combination.

Thus far, we have treated 32 of these remarkably severe
hypertensive patients using the minoxidil-propranolol combination
for more than six months. Blood pressure can usually be
trolled at or near normal levels in most of the patients w
relatively few of the disabling symptoms common to other : .t
drugs, such as reserpine, guanethidine, or ganglionic blccking
agents. Nevertheless, there are still problems. They are:
reflex cardiac stimulation, fluid retention, excess hair growth,
incomplete response, and the still lingering possible toxicities
of a right atrial lesion first noted in canine studies and pul-
monary hypertension in man.

Minoxidil is not yet available for your use by prescription,
but approval may occur within a year. Also there are close sim-
ilarities between minoxidil and other vasodilators such as hydralazine
in their interactions with propranolol and/or clonidine as dis-
cussed below.

The problem of reflex cardiac stimulation is well controlled
in most patients but may occasionally and temporarily require
quinidine-type drugs to control ventricular extrasystoles (18).
Fluid retention can be controlled by titration of diuretic agents
against the weight gain. Thiazide-type drugs are used initially



with or without (see discussion of hypokalemia below) potassium
supplements or potassium sparing drugs. Furosemide is needed in
at least half of these patients. ‘'The furosemide dose required
may be as much as 600 mg daily and additive effects are achieved
by including a thiazide diuretic with lower (120 mg) doses of
furosemide. Part of the high diuretic requirement is related to
compulsive fluid drinking (2-3 gallons daily), and possibly ex-
aggerated appetite. This excess fluid intake occurs with blood
pressure reduction induced by the minoxidil-propranolol combina-
tion and is frequently difficult for patients to reduce even to
1/2 gallon daily. Inadvertant omission of diuretic agents for
one week resulted in weight gain of more than 30 'lbs. in two
patients. Minoxidil-treated patients tend to maintain better
blood pressure control with this weight gain than when other hy-
pertensive drugs, such as guanethidine and methyldopa, are used
(16,17,18) .

Excess hair growth continues to be a major limitation of
using minoxidil in women. A generalized increase in body and
facial hair growth occurs as previously described (16,18). It
tends to be fine in texture and patients control facial and other
exposed areas with depilatories or shaving. Substitution of
clonidine for propranolol (see below) has resulted in significant
reduction of excess hair growth in 3 minoxidil-treated women.

Pathologic changes were noted in the right atrium of normal
dogs given high doses of minoxidil chronically (19). These
lesions did not alter hemodynamic nor electrophysiologic proper-
ties of the right atrium and could not be demonstrated in rats or
monkeys. The issue concerning its occurrence in man is unclear
at this time. We have had two cases with right atrial lesions
here of patients dying from other causes. There is some differ-—
ences of interpretation in species comparison of the histologic
changes but we are sufficiently suspicious at this time to re-
strict use of minoxidil to refractory hypertensive subjects.

Pulmonary hypertension has been reported in minoxidil-treated
subjects from several centers (20,21). As a result, we have done
right heart catheterization in 14 consecutive patients treated
with minoxidil for at least six months. One of the 14 patients
had increased pulmonary vascular resistance and thus pulmonary
hypertension, per se. Several other patients had elevated pul-
monary wedge pressures from increased cardiac output or elevated
left atrial pressures from their longstanding hypertensive heart
disease. Dr. Jim Atkins is comparing these results with data from
other treated and untreated hypertensive subjects of similar age
undergoing cardiac catheterization at Parkland Hospital. In es-
sence, the cardiac and pulmonary lesions are unresolved issues at
this time which currently restrict the use of this potent anti-
hypertensive to those patients having a definitive indication for
its use; that is, inadequate response to other available agents.

The vasodilatory beta blocker drug interaction can be concep-
tualized in a slightly different manner as schematically diagrammed
in Figure 8.
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While propranolol is effective in blocking the beta-receptor-
mediated increment in renin release and cardiac function, the
alpha-adrenergic vasoconstrictor receptor goes unopposed. In the
majority of patients using a vasodilatory-beta-blocking combina-
t“ion, the vasodilating effects of hydralazine or minoxidil are
sufficient to counteract the alpha-adrenergic vasoconstriction.
#owever, in 5 of our 29 minoxidil-treated patients six months ago,
this was not the case. Their diastolic blood pressure remained
above 100 mm Hg and in two patients it was much higher. There
are two pharmacologic approaches to this problem. One is the use
of alpha adrenergic blocking drugs such as phentolamine (Regitine)
and phenoxybenzamine (Dibenzyline) or to depress cardiovascular-
renal sympathetic neuronal activity using clonidine, a drug acting
at the central nervous system level, to do this (22). Recent dis-
Covery of a receptor mechanism whereby clonidine inhibits renin
felease was an additional incentive to try clonidine as a substitute
for propranolol in the vasodilatory beta-blocker drug interaction (23).

We have systematically substituted clonidine for propranolol
in 14 minoxidil treated subjects. In ‘the first 3 patients, clonidine
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in 0.4-0.6 mg daily doses was directly substituted for propranolol.
Initial sedation was significant in these 3 patients. Therefore,
clonidine, in small doses (0.2-0.3ug), was added to propranolol-
hydralazine in the other 11 patients. Results from the initial
clinic visit are shown in Figure 9.
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Figure 9. The effect 0§ adding clonidine 0.2-0.4 mg daily to the
minoxLdil-propranolol-diurnetic combination in eleven patients.

On the first clinic visit after addition of 0.2-0.4 mg daily
of clonidine in 11 patients, blood pressure lowering occurred
(p < .05) in both the supine and standing positions. Heart rate
was not changed. The weight decreased by an average of two kilo-
grams by mechanisms unknown at this time. This weight loss cor-
related closely with the fall in blood pressure (Figure 9) and
was inversely related to serum renin activity. The well known
negative sodium and water balance stimulus to renin release appar-
ently dominated any inhibitory effect of this low dose of clonidine.
Additional studies are underway to clarify these interesting endo-
crine-fluid-electrolyte alterations.
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Figune 10. Conrnrelation of weight Loss and bLood pressure Lower-
ing induced by clonidine addition to minoxidil-propranolol. These
arne data from the initial clinic visit.

A more remarkablé effect of clonidine is noted when the 5
minoxidil-propranolol treated subjects who sustained diastolic
blood pressure > 100 mm Hg are considered separately (Figure 11).

Unfortunately, side effects of clonidine (sedation and nausea
and vomiting) precluded continued use in 2 of these patients. 1In
the other 3, withdrawal of propranolol resulted in loss of blood
pressure control. However, the use of clonidine and propranolol
simultaneously resulted in marked improvement in the quality of
blood pressure control in the 3 patients.

Clonidine adequately substituted for propranolol during
chronic therapy in 8 of the 15 patients (Figure 12). Differences
between propranolol and clonidine occurred in standing blood pres-
sure (lower on clonidine - p < .05) higher (p < .05) standing
pulse rate, higher serum renin activity in both supine (p < .05)
and standing (p < .01l) positions with a tendency to weight loss.
This weight loss from clonidine contributed in a major way to
management of edema in 3 of the patients.



13

180

160

140}

120

B.P. (mmHg)

SRA
(ngAI/mI/hr)

STANDING SUPINE

Figure 11. The effect of clonidine addition to minoxidil-
propranolol in the 5 uncontrolled hypertensive patients. Data
are grom the Anitial clinic visit aftern stanting clondidine.



14

160~
140
G,
x
E -
E120
-
@ j00}-
80
% 80
<
2 70 """&
T 79} n=8
= *%=p<0.0f
x 77
% e *=p<0.05
= 754 MEAN + SEM
- 3 #
§ & < d’—"’ . -
& € 3 n=7 . 6
p— = n=
w <H -
o o L
= Propranolol Clonidine Propranolol Clonidine
STANDING SUPINE

Figune 12. Comparison of clonidine versus propranolol in minoxidil
trheated subjects. "Propranolol" hemodynamic values are the mean

04 fourn consecutive visits prior to clonidine and the "clondidine"
values are the finsit four consecutive visits on this drug at a
constant dosage. One value for exercdise serum renin activity was
obtained prion to clonidine and the on clonidine value was obtained
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. Substitution of clonidine resulted in significant reduction in
the minoxidil induced hair growth in 3 women. This problem is not
prevented by clonidine but the frequency of using depilatories or
shaving was reduced to one-third of that required during use of
propranolol.

Propranolol was generally better accepted than clonidine be-
cause of the tendency for clonidine to induce sedation and a dry
sensation of the oral mucosa. By administering at least half of
the clonidine dose at bedtime, the daytime sedation was consider-
ably reduced. However, propranolol may be contraindicated in some
patients because of allergy, bronchial asthma, symptomatic brady-
cardia and a few hypertensives because of worsening of heart
failure by this drug. Clonidine should be a suitable substitute in
these patients. It also produces effects additive to propranolol
in small doses (0.2-0.4 mg) which produce few or no side effects.
The reader is referred elsewhere for additional details concerning
use of clonidine (24).



15

There is an additional site of beneficial drug interaction
depicted in Figure 8. Peripherally acting alpha adrenergic
blocking agents can prevent the unopposed vasoconstriction oc-
curring in these vasodilatory beta-blocker drug treated patients.
Phenoxybenzamine has been tried in 3 of the minoxidil-propranoclol
treated subjects, 2 men and 1 woman, who sustained diastolic
pressure above 100 mm Hg. It was effective in all 3 but was dis-
continued in favor of clonidine because it interfered with sexual
function in the male, as does guanethidine.

Interactions involving the guanadinium (guanethidine) anti-
hypertensive drugs and tricyclic antidepressant agents were re-
cently reviewed along with monoamine oxidase (MAO) inhibitors (18).
Use of the guanidinium drugs is declining because of the effects
of peripheral sympathetic neuron blockade and MAO inhibitors are
rarely used because of interactions with vasoactive amines (18).

Interactions involving the diuretic agents are of the first
order of importance. Non-diuretic agents are dependent on an
interaction with diuretics for their efficacy. Blood pressure
lowering by all interventions triggers activation of compensatory
mechanisms. These are activation of the sympathetic nervous sys-
tem with norepinephrine release, renin release - angiotensin -
aldosterone + sodium water retention and possibly even antidiuretic
hormone release. We find the latter mechanism (hypothesis) attrac-
tive in our very severely hypertensives because of the compulsive
water drinking behavior and tendency to massive fluid retention
in these patients when blood pressure is reduced using minoxodil-
propranolol. An argument against ADH as the dominant mediator of
this compulsive drinking behavior and fluid retention is the
maintenance of serum sodium near normal levels.

Whatever the mechanism for fluid retention, diuretic agents
are the mainstay of controlling this effect. In general, the
diuretic dosage needed is directly related to the potency of anti-
hypertensive agents used for reduction of the blood pressure.
Inadequate diuresis with expansion of extracellular and possibly
intracellular volumes severely limits antihypertensive action of
guanethidine, methyldopa, reserpine, clonidine, and propranolol
and, to a lesser extent, minoxidil.

One of the most frequent and potentially fatal diuretic drug
interactions are mediated through hypokalemia. These interactions
involve digitalis-type drugs and hypoglycemic agents. They can
be best explained by the unique properties of cardiac pacemaker
cells, particularly the property of spontaneous diastolic depolari-
zation (Figure 13). The heart rate is controlled and altered by
a host of factors which can change the slope of phase 4 in Figure
13, the polarity of the cell and the threshold potential for onset
of the rapid phase of depolarization. Under normal conditions,
the rate of diastolic depolarization of pacemaker cells in the
sinus node occurs more rapidly than in other conductive (pacemaker)
cells throughout the heart. However, under pathologic conditions
such as hypoxia either general or localized, tissue injury, excess
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Figure 13. Schematic differences between pacemaker and non-
pacemaker cells in the heant (above) and electrical mechanisms
04 altening rate of pacemakern fining (below).

catecholamine levels, etc. diastolic depolarization can occur

more rapidly leading to atrial or ventricular extrasystoles,
tachycardias, or fibrillation. Digitalis in low doses tends to
decrease the rate of spontaneous diastolic depolarization and can
reverse arrhythmias of heart failure. In higher doses, digitalis
can increase diastolic depolarization, an effect which is aug-
mented by hypokalemia. This augmentation occurs even with modest
reductions of serum potassium (i.e. to 3.0 meg/L). Catecholamines
also increase the slope of diastolic depolarization in pacemaker
cells and many events increase circulating local catecholamines.
Particularly potent events include hypoxia, hypoglycemia, hypo-
tension, myocardial injury or infarction and stroke. Insulin-{or
other hypoglycemic agents) induced hypoglycemia in the digitalis
treated hypokalemic patients combines many of the potent factors
predisposing to fatal ventricular fibrillation through altered
diastolic depolarization. Additionally, the setting of the dia-
betic hypertensive with heart disease occurs relatively frequently.
The tendency to development of hypokalemia is directly related to:
1) dose of diuretic (thiazide or furosemide; 2) sodium intake which
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influences the quantity of sodium presented to the distal tubular
mechanism exchanging sodium for potassium; 3) dietary potassium
(inversely related). Excretion of potassium can be impaired
pharmacologically by simultaneous use of aldosterone antagonists
(spironolactone) or by triampterine. Administration of potassium
chloride as an elixir or as slow release tablets can also be

used to counter the potassium losing state.

For the additional reason that diuretic agents tend to inten-
sify the glucose intolerance of diabetic agents, the lowest effec-
tive dose of thiazide (50 mg of HCT or its equivalent) or furo-
semide (40 mg) is used in moderate and intermediate hypertensive
patients. Greater emphasis is placed on dietary salt restriction
. (i.e. 30-65 meq daily) and on the non-diuretic component of the

regimen in proportion to the factors predisposing to cardiac com-
plications.

If hypoglycemic agents are given, methyldopa and/or clonidine
is/are preferred over vasodilator-beta blocking drugs for the
additional reason that propranolol can potentiate the action of
hypoglycemic agents and hide the symptoms of impending hypoglycemic
coma. Congestive heart failure can be effectively treated in part
of the severely hypertensive patients by normalizing blood pres-
sure, thus eliminating the need for digitalis. If digitalis is
needed, either spironolactone or triampterine should be included
as necessary to control serum potassium in the 3.5-4.8 meq/L range.
Some potassium supplementation (20-40 meq/D) may be required along
with restriction of dietary sodium (no salt added and exclude
heavily salted foods).

In conclusion, skillful use of beneficial interactions of
antihypertensive drugs is the determinant of success in achieving
our goal of asymptomatic normalization of high blood pressure.
The more severe the hypertension, the greater the skill required.
The need for hypoglycemic agents and/or digitalis glycosides com-
plicates to a considerable degree the potentially hazardous drug
interactions of cardiac arrhythmias and/or hypoglycemic coma.
Because of the potential for benefit to your individual patient
and to society at large ($$), a level of excellence should be ex-
pected in the management of hypertensive patients(to prevent
renal failure or heart attacks)commensurate with that expected in
dialysis and coronary care centers.
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