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Although considerable effort has been expended in seeking the mechanisms of
human essential hypertension, we still lack knowledge of the cause for the gen-
eralized increase in peripheral vascular resistance which appears to be the funda-
mental abnormality in this condition. Consequently, attempts at therapy with
drugs represent treatment of the symptom rather than the underlying disease,
a situation comparable to treating hyperpyrexia without knowing the cause.
This problem has been discussed in several recent reports in which the place of
drugs in the management of hypertensive disease has been considered (5, 26;
also 4, 44, 79, 83, 120, 163, 230, 287).

However, just as lowering fever intermittently may permit the patient to
tolerate the toxic process more successfully, so reduction of excessive hyper-
tension, even partially, may help the patient withstand the ravages of the disease
provided the blood flow to vital organs remains adequate. Therefore, reduction
of extremely elevated pressures in the vascular system, even if only for relatively
short periods of time, seems rational in an attempt to reduce cardiac work, pre-
vent retinal and cerebral hemorrhages, and possibly to prevent progressive
damage to the arteriolar wall.

This school of thought, advocated mainly by research workers in England and
New Zealand (214, 255), believes that “whatever the underlying disease, the
course of hypertension would be of the malignant type if the arterial pressure
was sufficiently raised and of the benign type if the rise was less (214).” Fibrinoid
arteriolar necrosis and papilledemsa are thought to be due to high intra-arterial
and cerebrospinal fluid pressure, respectively. They feel that a variety of hypo-
tensive procedures can cause regression of these anatomical lesions and improve
prognosis. On the other hand, acute hypotension may precipitate such condi-
tions as cerebral thrombosis, renal failure and coronary thrombosis if regional
circulations cannot adapt to the reduced blood pressure by local vasodilatation.
That such accidents do not occur more often during hypotensive therapy is
probably the result of the intrinsic ability of the regional circulations to adapt
to lowered perfusion pressures. For example, reduction in blood pressure by
lumbodorsal sympathectomy is not followed by concomitant reduction in cerebral
blood flow, and renal blood flow remains relatively constant despite a variety of
procedures lowering the blood pressure (115). Consequently, lowering of blood
pressure can be tolerated in many instances by the hypertensive patient pro-
vided the regional vessels are sufficiently free of sclerosis to be capable of dilata-
tion, and the rate or extent of blood pressure reduction does not exceed their
capacity for adjustment. The difference in the response of younger and older
patients to hypotensive therapy is a further example of this point. Reduction
of pressure in elderly persons often results in cerebral thrombosis, presumably
because their sclerotic cerebral vessels are less capable of dilating when systemic
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blood pressure is reduced; the decrease in rate of blood flow, in the presence of
pathological changes in the vascular walls, leads to thrombus formation.

An ideal anti-hypertensive drug should produce a prolonged reduction of
blood pressure in a large percentage of patients through generalized peripheral
vasodilatation without side effects or development of tolerance during chronic
administration. Such a drug is not available. A drug of limited practical value
for chronic administration should meet the following minimum requirements:

1. Development of tolerance should not be marked.

2. The therapeutic dose should be considerably less than the toxic.

3. The side effects of prolonged administration should not be severe enough
to interfere with the patient’s normal way of living.

4. The diastolic blood pressure should be reduced by 20 mm. Hg or more for
one fourth to one half of each day.

5. Cardiac output and cerebral, renal and coronary blood flow should no
be reduced substantially. ’

Unfortunately most of the articles to be reviewed fail to assess one or more
of the requirements listed above and in this sense are incomplete. To permit
proper evaluation, a report on an anti-hypertensive drug should include the
following information: (1) the extent and the significance of blood pressure reduc-
tion as compared to adequate control observations, including adequate pre-
treatment observations or the demonstration of a rise in blood pressure when the
drug is replaced by a placebo; (2) the length of the observation period, which
should exceed two months because tolerance can often develop after several
weeks of drug administration; (3) the number of patients initially rejected be-
cause they were unable to tolerate the drug in question (e.g., this information is
lacking in certain studies on veratrum derivatives); and (4) the side effects and
interference with normal activities, associated with chronic administration.

In the following pages we will review, along the lines of the preceding discus-
sion, the various drugs claimed to be effective in lowering the blood pressure.
The progress of experimental pharmacology in the last four years can be judged
from the fact that, while reviews on the medical treatment of hypertension in
194849 confined themselves almost wholly to thiocyanate therapy (185), recent
symposia on the same topic (5) include at least five other anti-hypertensive
drugs which for the most part are now under clinical evaluation or accepted as
superior to thiocyanates. The data covered in this review are taken from the
literature published between 1949 and 1952, but no attempt is made at an ex-
haustive coverage. Animal investigations are included only when they provide
helpful information as to drug action. No attempt is made to review the diagnosis
or treatment of pheochromocytoma, or the management of other types of hyper-
tension not ordinarily classified as essential or malignant; nor are surgical,
psychological, dietary or physical measures included in this review. Acute treat-
ment of the hypertensive subject is mentioned only where necessary for coverage
of the subject. The major purpose of this review, then, is to deal with the mode
of action of the anti-hypertensive drugs in the human subject and their applica-
iton in the chronic treatment of hypertensive disease.
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The drugs to be discussed are classified according to their locus of action, as
follows:
1. Drugs which interfere with sympathetic vasomotor activity.

A. Adrenergic blocking agents: f-Haloalkylamines (dibenamine, dibenzyline),
imidazolines (priscoline, regitine), benzodioxanes (benodaine), yohim-
bine, ergot alkaloids.

B. Ganglionic blocking agents: Quaternary ammonium compounds (tetra-
ethylammonium, methonium compounds, piperidinium substitutes), thi-
ophanium derivatives (arfonad).

C. Centrally-acting tnhibitors of sympathetic vasomotor activity: Hydrogenated
ergot alkaloids, pentaquine, 1-hydrazinophthalazine.

D. Agenis activating afferent vascular reflex arcs: Veratrum alkaloids.

I1. Drugs acting directly on vascular smooth muscle: Papaverine, nitrites, adenylic
acid.

III. Drugs exerting unknown or mized effects: 1-Hydrazinophthalazine, thio-
cyanates, sodium nitroprusside, Rauwolfia Serpentina, vitamins, dimer-
captopropanol, pyrogens, bismuth and cobalt salts, elemental iodine,
caffeine.

I-A. ADRENERGIC BLOCKING AGENTS
Mode of Action

An agent which blocks the release or inhibits the effect of the sympathetic
mediator at the neuroeffector junction would seem to be ideal for inhibiting
sympathetic vasoconstriction since “it is only at this point that the sympathetic
nervous system differs sufficiently from other divisions of the autonomic nervous
system to allow a good possibility of block of sympathetic vasoconstrictors
without complicating cross reactions” (26, p. 503). The agents now available
also block circulating epinephrine even more effectively than locally produced
norepinephrine, the probable sympathetic mediator of vasoconstriction. For this
reason, they are particularly useful in the diagnosis and control of pheochromo-
cytoma, but most are ineffective in clinically suitable doses in blocking sympa-
thetic vasoconstrictor activity. The. actions of various agents which compete
with epinephrine at the receptor site have been reviewed by Nickerson (195).
Many of these are ineffective in essential hypertension either because their action
is transient or because they cannot be given clinically in sufficient dosage to
modify significantly sympathetic vasoconstrictor tone. Included in this category
are the imidazolines (priscoline (41, 196, 276, 282) and regitine (67, 171, 250)) and
the benzodioxanes (67). The ergot alkaloids are capable of producing peripheral
adrenergic blockade in laboratory animals; but, when employed in doses that
can be given safely to man, their primary site of action is central; they are
therefore discussed in a subsequent section (I-C).

The beta-haloalkylamines combine irreversibly with the receptors of the
effector cell, and thus have the greatest promise because of their long duration of
action. Their pharmacodynamic effects in animals have been reviewed by Nicker-
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son (195). In dogs no change or a slight increase occurs in renal blood flow, with
a decline in renal resistance and no change in glomerular filtration rate and
T glucose (190). In human studies, oral administration did not change blood
pressure, renal blood flow or Ty pag in the supine position but did increase
glomerular filtration rate (75). In patients tilted head up under influence of the
drug, these indices were depressed proportionately with a 259 fall in mean
blood pressure. Peripheral blood flow is greatly augmented by intravenous
doses (293) and moderately increased by oral therapy (188, 219). No clinical
studies of the effects on cardiac output, splanchnic blood flow or cerebral blood
flow have been published. A marked blockade of pressor responses to cold (111,
188, 294) and of overshoots following the Valsalva maneuver (188) have been
reported.

Human Pharmacodynamic Effects

Numerous studies on the effects of acute intravenous administration of
dibenamine (5 mgm./kgm.) (195, 196, 294) or its less toxic and more potent
congener, dibenzyline (0.5 to 2 mgm./kgm. intravenously) have been reported
(6, 15, 293). In general, the blood pressure of the recumbent hypertensive patient
is reduced, and in some cases of malignant hypertension improvement has been
reported (111, 294). Side effects, however, limit their usefulness. Severe ortho-
static hypotension with distressing reflex tachycardia is prominent. Such symp-
toms also occur, but with less severity, in other forms of therapy, e.g., ganglionic
blocking agents or hydrazinophthalazine, since sympathetic cardio-accelerator
pathways are not blocked by these drugs. Subjective weakness, nasal congestion
and drowsiness are also apparently unavoidable side effects of dibenzyline; further
toxic effects have been reported from dibenamine, including one case in which
auricular fibrillation was apparently induced (113).

Oral treatment with dibenzyline has been tried in the management of hyper-
tension (6, 15, 47, 75, 111, 188, 219); the reported results are not uniform either
as to blood pressure reduction or side effects. In general, from the limited number
of studies reported, it is agreed that the results are not impressive, although there
was considerable variation in the oral dosage employed (20 to 480 mgm. per day)
and some doubt as to the amount of drug absorbed from the gastrointestinal
tract. Furthermore, no systematic effort has yet been made to overcome some of
the distressing side effects by prolonged administration, although accommodation
to these effects is said to occur.

It is indeed unfortunate that the side effects limit the clinical usefulness of
these adrenergic blocking agents. However, their effectiveness in causing epi-
nephrine reversal is most interesting. It has been shown that epinephrine causes
considerable hypotension after dibenamine blockade in man (197) and Allen
has shown sustained and effective blood pressure reduction in a case of malignant
pheochromocytoma with oral dibenzyline (6). This principle has been utilized
(60) in chronic oral therapy with revertonal, in which yohimbine is combined
with epinephrine as well as phenobarbital and pilocarpine. A reduction in blood
pressure, sometimes striking, is reported in 125 out of 250 cases of hypertension.
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Unfortunately, few details are given and although the author states that he used
an antioxidant with the epinephrine, it is difficult to see how a sufficient dose
could have been absorbed for this agent to be a significant factor in the response.
No observations of the effect of the mixture after exclusion of epinephrine were
reported. The possibility of trying the more effective agents (8-haloalkylamines)
with epinephrine by parenteral administration for the treatment of essential
hypertension or emergencies deserves further study, although tachycardia might
limit its acceptance by the patient. It is perhaps in instances of hypertensive
crises, that the adrenergic blocking agents will show their greatest promise.

’

I-B. GANGLIONIC BLOCKING AGENTS

Since the discovery by Acheson and collaborators (2, 3) of the ganglionic
blocking properties of the tetraethylammonium ion, numerous publications on
this agent have appeared; the drug has been reviewed extensively (183) and will
not be discussed in this report. The search for drugs with the same properties
as the tetraethylammonium ion but with a longer or more selective action has
resulted in the discovery of a number of active compounds which appear to
depend on the presence of the quaternary ammonium ion for their action (211).
Lately, compounds possessing & thiophanium or other grouping have been re-
ported and will be discussed separately.

Mode of Action

Paton and his collaborators (201, 206-210), studying the properties of the
polymethylene-bistrimethylammonium series, found that the hexa- and penta-
methylene derivatives interfere with the transmission of impulses at autonomic
ganglia, rendering the post-ganglionic neurone refractory to pre-ganglionic stimu-
lation. These authors showed that the drugs do not interfere with the release of
acetylcholine in the ganglion and do not possess any initial “nicotinic” excitatory
action. They seem not to affect the post-ganglionic nerve trunks or the vascular
system directly, nor to possess histamine-liberating, muscarinic, or curarigzing
action in the usual dosage. They conclude that these substances act by com-
petition with acetylcholine at the ganglion cell and do not depolarize the post-
ganglionic neurone (208). However, the compounds do have certain excitatory
actions, for example, contraction of the cat’s ileum by hexamethonium (210),
and pressor and adrenal-stimulating effects of tetraethylammonium (2, 62, 183,
203, 261) and hexamethonium (62). It is possible to explain such effects of hexa-
methonium by assuming that it depolarizes certain post-synaptic elements, as
does the decamethonium homolog (209). This possibility deserves further in-
vestigation.

. It is apparent that these agents possess in common the therapeutic disad-
vantage of blocking parasympathetic as well as sympathetic ganglia. They do
not block acetylcholine effects elsewhere than in the ganglia; in fact, the pe-
ripheral effects of acetylcholine are prolonged following ganglionic blockade
(210). The pressor action of epinephrine is also prolonged and enhanced (210),
probably due to the inability of compensatory mechanisms to intervene. This is
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common after ganglionic blockade of any kind and appears also after denervation
of the carotid sinus. _

The observation that ganglionic blockade produces greater reductions in blood
pressure in. hypertensive than in normotensive subjects has led to the inference
of sympathetic over-activity in hypertension. While it is true that tetraethyl-
ammonium causes greater increments in regional blood flow when sympathetic
tone is artificially elevated (142), that excessive decreases in blood pressure occur
in patients with hypertension due to central nervous system disease (126), and
that the totally denervated human subject shows no blood pressure decrease
after tetraethylammonium, it should be remembered that the magnitude of
vasodepressor response to a vasodilating drug is dependent on other factors such
as elasticity of the large arteries and cardiac output. This explains the unusually
marked reduction in blood pressure following injection of any ganglionic blocking
agent in the normotensive elderly subject presumably with normal vasomotor
tone, but with reduced ability for non-neurogenic compensation of the arterial
tree (126). Likewise, the sensitivity to ganglionic blockade is increased in the
subject dehydrated by a low salt diet (255) or by mercurial diuretics. It may be
postulated that venous pooling accomplished by the drug, superimposed on the
hypovolemic state, so interferes with venous return as seriously to impair cardiac
output and thus magnify the hypotensive effects. It can thus be seen that no
reasonable relationship between blood pressure decline and extent of inhibition
of sympathetic activity can be inferred unless these other factors, difficult to
assess in the human subject, are also considered.

Hwuman Pharmacodynamics

The tetra- and penta-methonium compounds have the same type of action as
the hexamethonium derivative with which most studies have been performed
(207). According to Grob and Harvey (104), pentamethonium has approximately
40 times the depressor effect and 3 to 4 times the duration of action of tetra-
ethylammonium when given intravenously in equimolar amounts. According to
Paton and Zaimis (210, 211) hexamethonium appears slightly more active than
the pentamethylene derivative as far as hypotensive action is concerned. The
bis-ethyldimethylammonium substitution product of hexamethonium (used in
England under the name of M. & B. 1863) is twice as active as hexamethonium
in lowering blood pressure in the cat (283) and man (152, 254). A closely related
compound, pendiomide, has similar properties and has been used extensively in
Europe (13, 24, 28, 30, 156, 213). According to Smirk, the relationship between
subcutaneously injected hexamethonium, pendiomide and M. & B. 1863 is
15:17:7.5, for equal hypotensive effects in man (254).

In general, these drugs produce the circulatory effects to be expected from
blocking or inhibiting sympathetic vasomotor tone, plus the modifying action
of concomitant vagal blockade. Compared to the effects of paravertebral block
on blood flow in the foot, 50-100 mgm. of hexamethonium ion intravenously
produces an almost complete sympathetic blockade in man (241). The sympa-
thetic vasopressor reflexes in man are likewise suppressed (8, 28, 71, 104, 156).
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The total peripheral resistance is lowered in hypertensive man with a resulting
reduction in blood pressure. Slight decrease in cardiac output is usually reported
(Table I). Associated with these reductions there is a decrease in venous pressure,
especially in congestive failure (138, 220), and presumably in right atrial pressure;
these reductions are probably the result of inhibition of venous constrictor
tone and consequently of venous return to the heart. Total peripheral resistance
is decreased and there is a shift of blood from pulmonary to peripheral vessels
(280). However, it has been reported (96) that the drug increases cardiopulmo-
nary volume, perhaps by reducing sympathetic tone of the pulmonary vessels.
The matter needs further investigation. Regional resistance is lowered in the

TABLE 1
Pharmacodynamic studies of ganglionic blocking agents in man*
PUNCTION INCREASE NO CHANGE DECREASE
Cardiac output................. — 85(F), 96(F), 104| 28(W, P), 1568(F,
' (F) P), 220(B), 280(F)
Total peripheral resistance. .. . . . — — 28(P), 85,237(G), 280
Renal blood flow............... 140 — 9(G), 31, 85(i), 140,
165(i), 192(i)
Foot blood flow................ 7, 8,24,38,62,71, — —
72, 85, 220, 241
Hepatoportal blood flow........ — 85 —_
Cerebral blood flow. ........... — 52, 192 —
Glomerular filtration rate. . .... — 140 9(G), 85(i), 140, 165,
193(i)
Urine volume. ................. — - 9(G), 31, 85, 193
Vasopressor reflexes............ — — 8,9(G), 28(P), 71,
104, 153(G), 154
(G), 156(P), 287(G)
Heartrate..................... 7, 8,9(G), 38,104, {13(P), 28(P), 153 138
255, 256 (G), 237(G)

* Numbers indicate references; parenthetical letters, footnotes as follows: F = direct
Fick method; B = Ballistocardiographic determination; W = Wezler-Boger method; i =
initially, then return to control values; P = Pendiomide; G = other ganglionic blocking
agents, besides hezamethonium and Pendiomide.

extremital, splanchnic and cerebral vessels, and is initially unchanged in the
kidneys (Table I). The decreases in regional resistance do not necessarily imply
the prior existence of sympathetic tone since the changes may be due to local
vascular autonomy, at least in the renal and cerebral circulations. In man, local
renal vascular accommodation is suggested by the observation that renal blood
flow initially falls when the blood pressure declines, but rises in subsequent
periods, despite the continuance of the hypotension (85, 165). Prolonged oral
treatment, therefore, does not seriously depress renal function in most cases (193).
The glomerular filtration rate, sodium excretion and urine volume are reduced
out of proportion to the change in blood flow in most cases; however, despite
maintained reductions in the blood pressure, a gradual recovery of these func-
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tions to approximately control values is reported (85, 193), except for urine
volume which remains depressed. Ty psg Was not depressed in humans following
acute administration, which indicates that the number of functional nephrons
did not change during hypotension and that the reduction of glomerular filtration
rate results solely from decreased filtration in the active glomeruli (193).

Effects on Blood Pressure
A. Acute

Given parenterally, the ganglionic blocking agents acutely lower the blood
pressure, much more so in hypertensive subjects than in recumbent normoten-
sives. The type of hypertension does not appear to be an important determinant
of the degree of fall; but excessive reductions may be encountered in the arteri-
osclerotic and in the short-term treatment of hypertensives with renal insuffi-
ciency, in the latter perhaps because the drugs are disposed of through the kidney
primarily by glomerular filtration and with minimal tubular excretion (297).
When renal function is impaired in severe hypertension the drug is retained in
the body (180), especially if the adjustment in glomerular filtration rate, men-
tioned above, fails to occur. The parenteral dose required for a definite reduction
in blood pressure is extremely variable. Some patients respond to doses in the
neighborhood of 5 to 10 mgm. of the ion, whereas others are unaffected by as
much as 75 mgm. For this reason, the intravenous dose should be administered
slowly, with the patient sitting and with constant check on the blood pressure.
Gratifying relief of acute hypertensive symptoms such as headache or enceph-
alopathy has been obtained in this manner. Pulmonary edema is also relieved,
because sympathetic blockade produces a rapid shift of blood from the pulmo-
nary to the peripheral circulation and thus reduces cardiac work and improves
cardiac competence (138, 152, 236, 280).

The hypotension is accentuated markedly by an upright posture or by mechani-
cal devices which increase venous pooling (220, 238). This effect occurs before
the reduction in the supine blood pressure and outlasts the latter. It is accom-
panied by a marked tachycardia in the upright posture, which suggests that
chemical ganglionic denervation of the heart is incomplete with these doses. The
orthostatic hypotension seems to be due to venous pooling and decreased venous
return to the heart, because cardiac output and right atrial pressure fall sharply
(104). The venous return and blood pressure can be restored to normal by im-
mersing the lower extremities in a water bath (220). However a reduction in
cardiac output occurs normally in the erect position, and Gilmore et al. (96) claim
that it is not accentuated by hexamethonium. It is probably true, however, that
a sharp decline in blood pressure in severely hypertensive patients in the erect
position is associated with a more than usual reduction in flow in cerebral, renal
and other vascular beds (192). The resulting cerebral ischemia is the basis of the
frequently observed dizziness in the upright posture.

B. Chronic

No other drug currently provides as certain relief of hypertension for so long
a period as the methonium compounds. Both subcutaneous and oral treatment
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programs have been devised. By the oral route, it is stated that only 5 to 10%
of hexamethomium is absorbed (the usual starting dose is 250 mgm. once or twice
a day); if variations in gastrointestinal absorption or motility occur, an innocuous
dose may suddenly be transformed into a fatal overdose (103). Because of this,
many investigators prefer parenteral administration, even though the patient
must be instructed in self-injection of the drug. Some, however, have reported
good results with oral therapy (Table II). Kilpatrick and Smirk (139) report
that only about 1 in 4 patients can be managed satisfactorily on the oral program
alone, owing to variable absorption and unpleasant side effects. Furthermore,
when large doses of the drug are administered as the bromide salt, the reduction
in pressure may be in part attributable to a bromide effect, and cases of bromid-
ism have been reported (39, 94, 139, 151). Consequently, the drug is usually
administered orally as the chloride. Moyer et al. have had experience with 120
patients treated for 3 to 18 months with an average dose of 750 mgm. 4 times
daily. They report that, after 6 months of therapy, 79 % of those patients com-
plaining of headache and 71 % of those with precordial pain were improved, and

TABLE 11
Therapy with ganglionic blocking agents®
RESULTS POOR MODERATELY GOOD IMPRESSIVE
Short-term parenteral.......... 28(P) — 139, 252, 255, 256
Prolonged oral. ................ 23, 31, 94, 151,/29,39, 40, 103, 169, {39, 192, [245], [246)
152(G), 162, 273 | 239
Mixed. ............ccovinnnn — 139, 256 —
Parenteral................... 28(P), 31, 158(P) l82, [130], (147], 216'251, 264(G), 255

* Numbers indicate references.
[} = combined therapy with 1-hydrazinophthalazine. P = Pendiomide treatment; G =
~ ganglionic blocking agents other than pendiomide or hexamethonium.

the ocular fundi were improved in 40 % of all patients. However, 45% of male
patients developed impotence; 38 % of patients experienced weakness and dizzi-
ness, 22 % constipation and 19% anorexia. Patients with combined renal and
cardiac involvement were the most difficult to control and, in those with markedly
impaired renal function, frank excretory failure occurred even with minimal de-
pression of glomerular filtration rate. Representative of their observations were
49 patients with an average blood pressure of 210/129 mm. Hg, who showed a
reduction to 172/107 (recumbent) and 140/91 (standing), after 100 days of treat-
ment (192). They also state that the fall in blood pressure during prolonged
hexamethonium therapy in ambulatory cases is more pronounced than the de-
pression of renal function in patients without severely damaged kidneys (76).
Most attempts at therapy have been by means of parenteral injections given
2 to 3 times daily. There is little question that the blood pressure of the hyper-
tensive patient can be effectively reduced by ganglionic blocking agents for short
periods of time (Table II). The effects of prolonged treatment (i.e., more than
one month) on the blood pressure are a matter of controversy. Smirk, who has
had the greatest experience with this form of treatment, reports persisting effects
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for 2 to 14 months (255). If one seeks only reduction of the standing blood pres-
sure, the effect can be secured with relatively small daily doses. Smirk, who advo-
cates this technic, recommends it as a means of interrupting the vicious circle
whereby hypertension per se accelerates vascular disease (251, 255). It is reported,
furthermore, that the patient rapidly accommodates to orthostatic hypotension
after prolonged treatment, so that it is not a serious problem in the management
of the disease (82, 255). A low salt diet potentiates the hypotensive effect of
hexamethonium, so that patients on such a diet need smaller amounts of drug.

The greatest obstacles to prolonged treatment are the limitations imposed by
the unavoidable side effects of ganglionic blockade and the development of
tolerance. Postural hypotension is sufficiently severe at the beginning of treat-
ment to confine the patient to bed for one to two hours after each injection, and
since these must be given at least two to three times a day, he is partially in-
capacitated. If excessive reductions in blood pressure occur, complications such
as cerebral or coronary thrombosis may ensue (103, 151). Paralytic ileus (99) may
occur if intestinal motility is not stimulated by regular catharsis and/or ure-
choline therapy (82, 296). Minor annoyances are atony of the bladder and mild
disturbances of accommodation. Tolerance may develop, especially during the
first 1 to 2 months of treatment, so that the dose must be constantly increased
up to a certain point which differs with the individual case (192, 255). It has
been reported (254) that cross tolerance occurs between the three commonly
used drugs (hexamethonium, M. & B. 1863 and pendiomide). It is probable that
significant reductions in blood pressure in the erect posture can ultimately be
achieved in most patients; Smirk reports significant reductions over treatment
periods of 2 to 23 months, and discusses the problems of such management
(251, 256). A summary of results of short-term and prolonged therapy with
ganglionic blocking agents is presented in Table II.

It must be recalled that if hexamethonium is given in doses only sufficient to
provide a tolerated orthostatic hypotension (the only practical method for long-
term management), then during periods of recumbency the blood pressure will
not be appreciably lowered. Furthermore, with a practical two dose per day
regimen, orthostatic hypotension from the first injection tends to disappear
before the next. For this reason Freis and collaborators (77, 130) and Yonkman
et al. (296) recommend the interval administration of 1-hydrazinophthalazine to
reduce the peaks of hypertension. Schroeder (245, 246), observing that sym-
pathectomy enhances the effectiveness of hydrazinophthalazine, has used hexa-
methonium in combination with the latter drug. Regardless of whether this com-
bination is synergistic, it is perhaps logical to give a drug which produces an
increase in renal blood flow along with hexamethonium which may cause renal
ischemia. .

Attempts to prolong the effects of parenterally injected hexamethonium in-
clude a continuous infusion technic (252), and suspension of the drug in polyvinyl
pyrrolidone (168, 253) or dextran (253); results with these technics seem en-
couraging at least in short-term therapeutic trials.
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Despite its many disadvantages, it is certain that treatment with methonium
compounds is beneficial in some cases of malignant hypertension. The rapid im-
provement in retinopathy, encephalopathy and cardiac status fully justify its
short-term use in such hypertensive emergencies. However, care must be exercised
when this acute therapy is proposed for patients with impending cerebral or
coronary thrombosis or who are in renal failure with azotemia. It must be re-
membered that with the exception of the circulation to the hands and feet, the
drug produces no significant hyperemia, and the declines in regional resistance
compensate exactly, through local vascular adjustments, to the decline in pres-
sure. Thus, if the hypotension is too severe, or if the vessels in some vascular beds
are too sclerotic to dilate, regional ischemia may result from therapy with
ganglionic blocking agents. This effect is accentuated when the patient assumes
the erect posture because reduction of cardiac output is then superimposed. -

Other Ganglionic Blocking Agents

In addition to the above drugs, several compounds have been found to possess
ganglionic blocking activity; but they have not, received extensive clinical trial.
As mentioned previously, pendiomide, a ganglionic blocking agent closely related
to pentamethonium, has been studied in Europe, mostly by acute adminis-
tration. Its pharmacological effects are similar to those of pentamethonium
(24, 28, 30), and it has approximately the same potency (207). Following par-
enteral administration of 0.5-1.5 mgm./kgm. in man, a moderate drop in supine
blood pressure occurs together with a rise in digital skin temperatures, an in-
hibition of vasomotor reflexes (cold pressor, carotid sinus) and a marked ortho-
static hypotension (13, 28, 156). It has been used with success in the treatment of
cerebrovascular emergencies (28, 213, 216). Attempts, however, at chronic
parenteral treatment of hypertensives led to rapid tolerance to the drug within a
few days (28, 158), despite dosage increases from 5 to 30 mgm./kgm. daily.
Tolerance to pendiomide seems to develop faster than that to hexamethonium
and M. & B. 1863 (254). :

The thiophanium derivative RO 2-2222 (arfonad) (121, 161, 181, 218, 237) can
be given only parenterally and has been used to combat cardiac hypertensive
emergencies (237). It has the advantage of rapid onset and short duration of
action when given by intravenous drip. Its hemodynamic properties in humans
have been studied by Assali ef al. (9) who conclude that its action is closely similar
to that of tetraethylammonium. In addition to demonstrable ganglionic blockade,
part of its effect may be due to histamine liberation (121, 181). It also possesses
a marked direct vasodilator non-histaminic action as measured by McCubbin
and Page (161) in the perfused denervated hind-leg of the dog. Interest in this
substance is justified by its properties, 1.¢., short-lasting action, direct vasodilata-
tion and ganglionic blockade not dependent upon a quaternary ammonium
group; but it is not suitable for chronic antihypertensive treatment.

Another compound 2,6-dimethyl, diethyl-piperidinium bromide has been studied
in animals and man by Longino et al. (153, 154), but no extensive clinical investi-
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gations have been reported. It appears to have a ganglionic blocking activity
similar to that of tetraethylammonium.

I-C. CENTRALLY ACTING INHIBITORS OF SYMPATHETIC VASOMOTOR ACTIVITY
- Dihydrogenated Ergot Alkaloids

The hydrogenated ergot alkaloids were first synthesized by Stoll and Hoffman
(260) in 1943 and their pharmacological action in animals has been described by
Rothlin (233). They include the dihydrogenated derivatives of alkaloids of the
ergotoxine group (ergocryptine, ergocristine and ergocornine). The dihydro-
genated product of ergotamine has not had extensive trial in the therapy of
hypertension. A mixture containing 0.3 mgm./ml. of each of these three alkaloids
has been marketed under the name of hydergine and is sometimes referred to in
the literature as “CCK-179.” The most widely used single alkaloid of the mixture
is dihydroergocornine (“DHO 180”), the effects of which do not differ signifi-
cantly from those of the mixed alkaloids. Their pharmacological circulatory
effects in animal studies are the following: (1) central depression of vasomotor
centers, (2) central vagal stimulation, (3) reduction or reversal of pressor effects
of sympathomimetic amines without affecting their cardiac or vasodilator
properties (adrenergic blocking action), and (4) very weak peripheral constrictor
action (134, 232, 233). This latter property is in sharp contrast to the strong
vasoconstrictor action of the naturally occurring alkaloids of ergot.

Acute experiments in the human subject confirm some of these findings in
animals. A general description of the actions of these alkaloids and a comparison
with the veratrum alkaloids has been given by Wilkins et al. (288). While proof
of the central site of action in the human subject cannot be directly obtained,
evidence supports the theory that the major action of these drugs on the blood
vessels requires an intact sympathetic innervation. Thus most of the vasodilata-
tion, as will be discussed below, is abolished in sympathectomized extremities
(16, 32, 34) and blood pressure is reduced to a lesser extent in patients who have
had lumbodorsal sympathectomy (33, 91) or spinal cord transections at D-4 (33).
Bradycardia following dihydroergocornine is probably the result of central vago-
tonic effects and removal of sympathetic cardioaccelerator tone since it is par-
tially blocked by atropine (33, 34, 90, 91). Pressor responses attributed to reflex
stimulation of sympathetic activity (cold pressor, Valsalva, postural reflexes and
reflex digital vasoconstriction) are usually inhibited (59, 64, 90, 91, 134, 200, 288,
292). Central vagal stimulation is inferred from the observed emesis, bradycardia
and yawning when the drug is administered to man. The adrenolytic property
can be demonstrated only with difficulty in the human subject because the doses
which can be tolerated are considerably smaller than those employed in animals.
Crucial experiments have demonstrated failure to block the pressor effects of
intravenous epinephrine or norepinephrine (16, 90) or to inhibit epinephrine
vasoconstriction in the human extremity (16, 123), although Kappert claims that
parenteral administration of these ergot alkaloids can prevent the constrictor
effects of epinephrine on the digital circulation (134). Blockade of vasoconstrictor
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responses to epinephrine can be demonstrated when sufficiently large intraarterial
oinjections of dihydroergocornine precede intraarterial injection of epinephrine
(123, 134).

Human Pharmacodynamics

Reports are at variance on the effects on cardiac output of acute administration
of the drug to hypertensive subjects (Table III). Working with the direct Fick
method, one group of investigators has shown no change or slight increase in
cardiac output, while another group has shown a slight decrease in 5 hypertensive
subjects. Total peripheral resistance is generally agreed to fall slightly. With the
use of indirect methods for determining cardiac output, the tendency has been
to show a decrease in cardiac output and total peripheral resistance (Table III).
The regional changes in resistance which may contribute to this reduction in
total vascular resistance have been measured only infrequently in the human
subject. Cerebral blood flow by the nitrous oxide method is unchanged following
dihydroergocornine despite a decrease in blood pressure. Thus there is a decrease
in cerebral vascular resistance par: passu with the blood pressure drop (109).
This may be either a direct action of the drug on the cerebral vessels or an ad-
justment of regional flow to a reduced pressure. The sympathetic blocking prop-
erty of the drug can hardly be responsible for such cerebral vasodilatation, since
stellate block does not materially alter cerebral flow when measured by the same
method (114). '

It is generally agreed that, in acute experiments, renal blood flow is reduced
initially, but later returns to previous levels despite continued blood pressure
reduction (90, 221, 223). Renal vascular resistance is thus usually unchanged or
increased, but may later decrease. This is probably the result of an intrinsic renal
adjustment, since the same pattern is seen with a variety of other depressor
drugs and procedures. After prolonged administration of hydergine, Reubi has
found an increase in renal blood flow and a decrease in renal vascular resistance
(226). T pam 80d Ti gucose are unchanged after single intravenous injections
(225). It therefore appears that prolonged treatment with these drugs will have
no harmful effects on the kidney.

According to one group of investigators the splanchnic blood flow shows a
marked decrease, proportionally greater than the decline in blood pressure, thus
suggesting a slight vasoconstriction in this region (90). Peripheral blood flow is
definitely but moderately increased (Table III).

The basal metabolic rate is reported to be reduced by these ergot alkaloids
even when the blood pressure is not lowered (118, 128). The effect of these drugs
on the electrocardiogram has been reported by a number of authors (32, 33, 134
135, 149, 200, 272). The venous pressure is increased slightly (Table III), perhaps
indicative of some residual constrictor properties.

In summary, it appears that these ergot alkaloids produce a moderate decline
in total peripheral resistance, particularly evident where sympathetic activity is
maximal (hands and especially feet) and least in the regions under minimal
autonomic control, such as the cerebral circulation. The vasoconstriction in the
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splanchnic area probably indicates the existence of some remaining vasocon-

strictor property of the alkaloids. .
TABLE III
Pharmacodynamic studies of dihydrogenated ergot alkaloids in man*
FUNCTION INCREASE NO CHANGE DECREASE
Cardiac output..................... 90(F), 118(W), 288(F) 59(W), 118(W),
134(W) 277(W), 281(F)
Total peripheral resistance......... 59, 277, 281 281 90, 118, 134
Peripheral blood flow (foot or fore-| -
BIIN) oot 16, 33, 34, 90, 134, 277 —
288, 292
Renal blood flow................... — 226 49, 90(i), 221(),
223(i), 288(i)
Hepatoportal blood flow........... —_ - 90, 288
Cerebral blood flow................ —_— 109 —_
Venous pressure................... 90, 112, 281, 292 59 —
Vasopressor reflexes. ............... — — 59, 90, 91, 134, 200,
288, 292

* Numbers indicate references; parenthetical letters, footnotes as follows: F = direct
Fick method; W = Wezler-Boger method; i = initially, then return to control values.

TABLE IV
Therapy with hydrogenated ergot alkaloids
RESULTS POOR MODERATELY GOOD IMPRESSIVE
Acute
Oral/parenteral.............. — 27, 33,90, 91, 109, 63,118, 119
134, 135, 148, 200,
265, 266, 272
Chronic
Oral........cooiiiiiiiat, 27, 33,63,117,133, 95,118,131,132,134, 93
217, 265, 266 148
Mixed. ...........oooiii.. 133 20, 33, 95, 117, 148,! 64, 93, 134, 135
176, 199, 200
Effect on Blood Pressure
A. Acute

According to most investigators, the dihydrogenated ergot alkaloids usually
reduce moderately the blood pressure in hypertensives and have much less effect
in normotensives, when given intramuscularly or intravenously in doses of
0.1 to 0.5 mgm. in acute experiments (Table IV). A moderate bradycardia and
orthostatic hypotension (not accompanied by increased heart rate) are observed.
The degree of hypotension is variable; after 0.3-0.5 mgm. of intravenous di-
hydroergocornine, the mean blood pressure falls by 10-20% and the effect lasts
between two and three hours; side effects are sometimes present, in the form of
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nausea and headaches; also nasal stuffiness is observed by most patients. Oral
administration leads to the same results, although the dose required for an equal
drop in pressure is said to be about 20 times the intravenous dose (27, 132).

B. Chronic

The reports on the effects of chronic oral administration are conflicting. Thus
Kappert (134) reports that 57 % of 65 patients treated for a mean period of 75
days had & mean blood pressure reduction of —36/—16 mm. Hg in response to
oral CCK-179, while the single alkaloids were less effective. The dosage program
was as follows: 6-8 drops of the solution of mixed alkaloids (20 drops contain 1.0
mgm.) were given three times daily, with a gradual increase to 80 drops or more
daily if tolerated. The author did not control his treatment with placebo ad-
ministration, although cases pretreated with phenobarbital or bromide exhibited
a further drop of —24/—14 mm. Hg on addition of ergot alkaloids to the seda-
tive regimen. Inspection of his graphic records indicates that the blood pressure,
initially high, frequently fell on treatment, but often did not rise on discon-
tinuation of medication. Thus an average drop of —36/—16 mm. Hg with CCK-
179 was still —28/—13 mm. Hg below the initial blood pressures three months
after the drug was stopped. This is interpreted by the author as suggesting a
therapeutic effect of the drug outlasting the period of treatment. It has been sug-
gested that it may be the result of accumulation and slow excretion of the drug
(33), although pharmacological studies show its rapid inactivation in the body
(234). It might be differently explained as due to the concomitant psychological
effect of repeated clinic visits. The interpretation of the results is therefore un-
certain, but the prolonged blood pressure reduction can certainly benefit the pa-
tient. However, it should be noted that this is often inconsequential, 1.e., over
40 % of patients subjected to this management had no significant reduction,
while approximately one half of the remainder must have had less than 16
mm. Hg decline in diastolic blood pressure, a reduction not likely to be of signifi-
cant long-term benefit to the patient (134). Side effects were not severe, but nasal
obstruction and moderate orthostatic hypotension were frequently encountered,
while headache and nausea were occasionally observed.

On the other hand, a study by Kaiser and Martini (133) revealed no effect of
oral therapy over one to two months’ observation, with comparable doses in 8
patients previously controlled by a low sodium diet and in 3 patients without
dietary restrictions. Dupuy et al. (63) also found no reduction in blood pressure
in 23 of 25 patients treated with oral DHO-180 or CCK-179 for periods of 3
weeks to 3 months. Gast et al. (93), however, with an average of two months’
treatment reduced the blood pressure in 28 out of 50 patients who received daily
average oral doses of 1.1 cc. The mean reduction in these patients was —64/—32
mm. Hg. Although periods of placebo medication were interposed in an unstated
number of patients, with an attending rise in blood pressure, six months after
cessation of all treatment in the 28 patients the pressure had risen only 10/10
mm,. Hg.

On the assumption that these alkaloids are not well absorbed (27), most
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authors prefer combined oral and parenteral treatment in patients refractory to
oral treatment alone. This program consists in the additional administration of
one to two doses of 0.3 mgm. of the alkaloids intramuscularly daily for two to
three months. Kappert reports reductions of blood pressure on this regimen in
74% of 50 patients, the mean reduction in the successfully treated being —38/
—19 mm. Hg (134). On the other hand, the results of Baumgartner (20) in 30
patients treated for two months with combined oral and parenteral therapy are
not impressive; the mean blood pressure was 213/115 mm. Hg before treatment
and 198/108 after treatment. In most of the studies listed in Table IV, no specific
mention is made of the relation of the level of blood pressure during treatment to
the time of administration of the drug. It would be presumed, in a drug with a
brief period of action, that there would be fluctuations in the blood pressure
throughout the day. It is assumed, but not established, that the reduction in blood
pressure recorded in the studies is more or less unrelated to the time of adminis-
tration of the drug.

Certain miscellaneous observations are of interest. (1) All authors agree that
the ergot alkaloids are least effective in the more severe cases of hypertension.
(2) There is wide variation in the responsiveness of the individual. Some authors
prefer a therapeutic trial of chronic therapy, while others (119, 148) believe that
the response to a single parenteral dose may serve to predict whether the patient

* will respond to prolonged treatment. (3) In acute experiments, doses exceeding a
certain level, usually 0.5 mgm. intramuscularly, produce no further blood pres-
sure reduction (91) or may even produce an elevation of blood pressure (33).
Although no data on chronic administration of high doses are available, it seems
possible to overtreat hypertensive patients with the dihydrogenated alkaloids.
(4) Oral administration appears less effective than parenteral; the intramuscular
dose is approximately ten times as effective as the oral dose, so far as magnitude
of vasodepressor action is concerned (119). To avoid the inconvenience of daily
injections, some authors advocate sublingual therapy (119) which isapproximately
one fifth as effective as intramuscular. (5) There is general agreement that, as in
many forms of treatment for hypertension, symptomatic relief is often seen in
cases where blood pressure reduction is not marked. (6) There is disagreement
concerning the development of tolerance to the drug. Two groups of authors (132,
184) claim to have observed it while another author (20) has seen no difference in
the depressor effect of a parenteral dose before and after chronic therapy in 30
patients. (7) Although inhibition of pressor reflexes can be demonstrated after
acute parenteral administration, oral treatment is not similarly effective, ac-
cording to our own experience and that of others (292).

In summary, the dihydrogenated ergot alkaloids are presumed to act centrally
to inhibit sympathetic vasomotor tone; their effect is to produce a slight decrease
in vascular resistance in several areas, particularly in the extremities. In acute
experiments the drug usually lowers blood pressure and decreases the vascular
lability of the hypertensive patient, while the prolonged oral or combined oral
and parenteral therapy usually results in mild and variable reductions in blood
pressure, with considerable differences in individual responses. Whereas patients
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with severe fixed hypertension may not experience reductions in blood pressure,
the drug may be worthwhile in milder cases and has the advantage of being
relatively free of distressing side effects.

f’entaquine has been reported by Freis and Wilkins (92) to lower the mean
blood pressure of patients by 1040 % after 2-7 days of oral treatment with 120-
240 mgm. per day. Their study suggests that it probably acts by central impair-
ment of sympathetic reflexes; orthostatic hypotension, without tachycardia,
however, was marked and side effects (abdominal, back and chest pains, nausea,
vomiting, weight loss, fever) preceding any blood pressure changes exclude its
use in the treatment of hypertension.

1-Hydrazinophthalazine is supposed to act centrally, at least in part; but, since
the evidence for this locus of action is weak, the compound is discussed with those
drugs which exert mixed effects.

I-D. AGENTS ACTIVATING AFFERENT VASCULAR REFLEX ARCS
(VERATRUM COMPOUNDS)

A large number of derivatives of Veratrum viride and album have been used in
the treatment of hypertension. Most of the studies have been done with crude
mixtures of the alkaloids of Veratrum viride (veratrone, vertavis), but some
studies have been made with more purified mixtures (veriloid, anatensol and
vergitryl); there have also been a few observations with single alkaloids (germi-
trine, neogermitrine and protoveratrine). Much of the animal work is confused
by the use of various crude mixtures of the alkaloids. We agree with Krayer
and Acheson who state, “Only the study of the pure veratrum alkaloids will
permit a correct evaluation of their practical usefulness” (144).

Mode of Action

The subject isreviewed extensively by Krayer and Acheson (144) who describe
the hypotensive action of the veratrum compounds as due to a cardio-decelera-
tion together with peripheral vasodilatation. In higher doses, probably not at-
tained clinically, these compounds have a pressor and cardio-accelerator effect.
Other effects include a positive inotropic action on the heart (145). These drugs
act chiefly by increasing the frequency of discharges normally carried by afferent
fibres of the vagus from the left ventricle, the so-called von Bezold effect (58,
239A), from the lungs (12, 229) and also from the carotid sinus region (12, 107).
A direct action on the central nervous system has also been reported (146). It
has recently been reported in cats that emetic, and in minor degree hypotensive
effects, have their origin in the stimulation of cells in the nodose ganglion (36,
68), since vagotomy above the ganglion abolishes the emetic and occasionally
also the hypotensive (35) effects, while section below this point does not interfere
with the typical emetic action of the drug. As the authors of these findings state,
the latter observations may explain the fact that administration into the head
circulation in cross-perfusion experiments may lower the blood pressure in the
body of the animal, in which only aortic-vagal nerve connections with the head
exist (228). The anesthetic and the species of experimental animal influence the
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results, as it has been shown that dogs do not display these reflexes under pento-
barbital anesthesia (58).

The efferent pathway for the veratrum effect includes both components of the
autonomic nervous system. Thus vagal stimulation produces bradycardia and
vomiting. Atropine or vagotomy abolishes the bradycardia; the vomiting is not
relieved because somatic motor nerves to the diaphragm and abdominal muscles
are not interrupted. The cardiodecelerating action is especially prominent among
the members of the secondary amine group of alkaloids (veratramine and others)
which are supposed to act directly on the sinoauricular node (“antiaccelerator”
action as a form of negative chronotropic action) and are not antagonized by
atropine (143), in contrast to the commonly used tertiary amines. The hypo-
tensive effect of the tertiary amines is not dependent entirely on the vagus nerve,
since it is only partially abolished by atropine or vagotomy.

It has been postulated that inhibition of efferent sympathetic activity is chiefly
responsible for the vasodepressor action since veratridine-induced hypotension
does not occur after tetraethylammonium blockade (182). However, this view
has been questioned by the results of studies with doses of TEA as high as 20
mgm./kgm. (136, 263) and of those with bilateral removal of the paravertebral
sympathetic chain (160), although in the latter case the veratramine response is
reduced. In man, spinal anesthesia up to the level of C-4 with 0.2-1.0 % procaine
did not eliminate the vasodepressor or cardiodecelerator action of veratrone (11).
Therefore the question of the efferent vaso-depressor pathway deserves further
investigation; it seems, however, that in blocking experiments the positive are
more convincing than the negative results, and that by excluding ganglionic
pathways no satisfactory alternative mechanism can be proposed. A direct
vasodilating action is also possible, as shown for veratrone in perfused rabbit
organs (291), although this possibility is not generally accepted (144).

Pharmacodynamic Effects in Man

There seem to be no qualitative differences between the actions of the different
veratrum alkaloids in human and animal experiments (Table V). Studies of the
afferent arc cannot be made in man for obvious reasons. Reflex regulation of the
circulation is not interfered with, significant orthostatic hypotension does not
occur, and the Valsalva overshoot is preserved after administration of relatively
large doses of the veratrum alkaloids in man (88, 173). The effect on the cold
pressor response is uncertain, some authors claiming partial inhibition (173) and
others no effect (88). These results are in contrast to animal studies, where de-
pression of the carotid sinus pressor reflex has been reported, this being due prob-
ably to the higher doses of alkaloids injected in the animal experiments (107, 227,
228). This unique property of veratrum alkaloids, namely, lowering of the blood
pressure without interfering with vasomotor reflexes, is in sharp contrast to the
effect of central depressants or peripheral autonomic blocking agents, and is
their greatest advantage in that treatment with them does not affect the postural
reflexes required for normal living.

In agreement with animal studies, it has been shown by several authors that

.
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atropine will abolish veratrum-induced cardiodeceleration in man but will not
affect appreciably the vomiting or depressor action.

Cardiac output is variably affected by veratrum alkaloids (see Table V), but
generally not increased. However, two out of three cases of congestive heart
failure reported by Freis et al. (88) showed an increase in cardiac output of 20—
24 9%, following 0.4-1.0 cc. of veratrone intramuscularly. Abolition of brady-
cardia with atropine sometimes raises blood pressure from minimum values,
perhaps by increasing cardiac output although this mechanism has not been
proven. In other cases, atropine has little effect. Venous tone (136, 264) is reported
to be increased. A positive inotropic effect may be exerted, as has been shown
in the heart-lung preparation of the dog (145). It is obvious, therefore, that the
action of the veratrum alkaloids on these factors which indirectly affect cardiac
output can result in quite variable results from patient to patient, and it is not

TABLE V
Pharmacodynamic studies of veratrum alkaloids in man*

FUNCTION INCREASE NO CHANGE DECREASE

Cardiac output................. 50(B), 88(F) |[87(F), 88(F), 53(F), 155(W), 122(F)

Total peripheral resistance..... — 155 88, 89, 124

Renal blood flow............... 155 124 53(i), 87(i), 88(i),
89(i), 172(i), 172a(i)

Muscle blood flowt............. 89, 124 — 87(i), 88(i)

Hepatoportal blood flow........ 88, 89 — —

Cerebrovascular resistance. . ... — — 50, 51, 179

Urine volume.................. — — 10(i), 70(i), 87, 88,
124, 172, 172a

Vasopressor reflexes. ........... —_ 87, 88, 89, 285 173, 249

* Numbers indicate references; parenthetical letters, footnotes as follows: B = Bal-
listocardiographic determination; F = direct Fick method; W = Wezler-Béger method;
i = initially, then return to control values.

t Forearm or calf blood flow, by plethysmography.

surprising that considerable variation in its effects are reported. Despite this fact,
most authors agree that the drug produces a decline in total peripheral resistance
and in cardiac work (87, 88, 89, 124). It is our clinical impression, well supported
by the observations cited above, that veratrum alkaloids are particularly effec-
tive in hypertensive heart disease with decompensation.

Since the total peripheral resistance is reduced, the vascular beds involved in
this vasodilatation have to be defined. It seems that, with the possible exception
of the extremities and muscles, vasodilatation is only sufficient to retain normal
flow at reduced pressure, rather than to permit an active hyperemia, as is the
case with hydrazinophthalazine. All major vascular beds appear to dilate equally,
to a mild extent. As far as the extremities are concerned, veratrum apparently
acts only when sympathetic innervation is intact (88, 122). However, it is un-
likely that the uniform vasodilatation seen after veratrum administration is
entirely due to decreased sympathetic tone because sympathetic vasomotor
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tone is probably not equally distributed throughout the body. Consequently,
autonomous readjustments of regional circulations must be an additional factor
in the final analysis of the effect of veratrum on local vascular beds.

The effect of veratrum on the kidney deserves further comment. Renal blood
flow and glomerular filtration fall concomitantly with the blood pressure but
recover despite continued hypotension (88, 124, 172a); during recovery the renal
blood flow sometimes exceeds the original level, even while the blood pressure is
still low. Urine flow is sharply decreased, out of proportion to the fall in filtration
rate. This implies an increase in renal reabsorption of water. Meilman has further
shown that tubular reabsorption of sodium and chloride is increased (172).
Whether water or electrolyte reabsorption following veratrum is the primary
phenomenon is uncertain, although Meilman believes that this is not an anti-
diuretic-hormone effect. The kidney function does not appear to be seriously
affected when the drug is administered over long periods. The nonprotein nitrogen
does not usually increase (125), and oliguria is usually overcome when the drug
is continuously administered to hypertensives (88) and in cases of toxemia. A
rebound polyuria may follow the initial oliguria (10, 70).

The effects on the heart rhythm also deserve comment. Sinus bradycardia has
been reported; this is followed by shift of the pacemaker to the AV node or
complete dissociation with idioventricular rhythm which is often faster than the
auricular rate (50, 66, 157, 173, 264). These effects are accentuated by digitaliza-
tion (173) and reversed by atropine sulfate (0.5-1.0 mgm. intravenously). The
T-waves in the electrocardiogram may become inverted (66, 157); but, if initially
inverted, they may become positive in association with a substantial reduction
in blood pressure (69, 173). The veratrum compounds have been reported to be
of benefit in patients with cardiac decompensation (86, 125, 284).

Effects on Blood Pressure
A. Acute

Given intravenously and in sufficient doses, the veratrum alkaloids and their
mixtures produce a sharp decrease in the systolic and diastolic blood pressure and
in the pulke rate; but they are clinically ineffective until a certain dose, character-
istic for each individual, is exceeded. Presumably this is the threshold necessary to
initiate a repetitive discharge in the afferent nerves concerned in the depressor
reflex arc. The effects occur after a certain unexplained period of delay and the
dose-response relationship in the human is fairly constant when the minimal
effective dose is exceeded, as is well described by Meilman and Krayer (173).
Duration of action is approximately 1 to 3 hours following a single intravenous
dose. Normotensive patients and hypertensive individuals, regardless of the
etiology of their hypertension, show a fall of blood pressure following intravenous
injection of these alkaloids, provided the critical dose is exceeded. The brady-
cardia is variable in degree, occurs at the time of minimum blood pressure, and
may be abolished by intravenous atropine with ‘only partial or no restoration of
initial blood pressure levels (124).

The side effects of the intravenous injection of veratrum alkaloids include the
rapid appearance of paresthesias of lips and tongue, a sense of warmth over
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face and chest and, with a decline in blood pressure, relaxation and drowsinese.
Substernal choking sensations followed by nausea and vomiting occur rarely
after intravenous injections of the crude or more purified derivatives. Vomiting
cannot be alleviated by any drug, but is said to be prevented by barbiturates.

Injections may be repeated in 3 to 4 hours, and under these conditions tachy-
phylaxis to the hypotension does not occur (173, 249). Attempts to prolong the
action of these alkaloids by intravenous drip has resulted in sustained blood
pressure reductions, complicated more or less frequently by nausea and vomiting
(14, 70, 73, 259, 286). The critical dosage and the delay in maximal hypotensive
effect leads to difficulty in controlling the level of the blood pressure by this
method. Meilman and Krayer (174), who have particular experience with
protoveratrine, describe excellently the technical precautions necessary. Sub-
cutaneous and intramuscular injections have been tried by some investigators,
but here also nausea and vomiting attend continued hypotension. The alkaloids
are local irritants and must be mixed with procaine before injection. The follow-
ing is a partial list of veratrum preparations which have been given parenterally
to hypertensive patients, together with references to the literature.

Veratrone (10, 11, 66, 88, 248, 249)

Verenteral (14)

Veraflex (14)

Anatensol (286)

Veriloid (129, 136, 179, 259, 286)

Vergitryl (70, 73)

Protoveratrine (50, 51, 53, 124, 155, 157, 172, 173, 174)
Prolonged Treatment

Although some parenteral preparations have been advocated for prolonged
treatment by self-administration, no clinical studies have been reported with
this technic. The discussion will therefore deal with oral administration of the
veratrum preparations. A considerable number of preparations have been made
available for this purpose. The following is a partial list of available hypotensive
products with the average daily dose necessary to produce a significant depres-
sion of the blood pressure. They are listed according to their degree of purification.

NAME OF DRUG e DESCRIPTION REFERENCES
Vertavis........... 30-80 Craw |Mixed alkaloids from Ve-|45, 69, 86, 88, 164, 170, 256,
units* ratrum viride 284

Veriloid............ 8-16 mgm. (Purified mixture from Ve-|78, 105, 129, 137, 178, 179,
ratrum viride 259, 264, 284, 286, 289

Anatensol.......... 2-10 mgm. (Highly purified mixture{19, 78, 129, 179, 256, 286
from Veratrum viride

Protoveratrine. . . .. 1-1.5 mgm. |Protoveratrine A and B|53, 125, 174, 256
from V. album .

* A “Craw unit’’ is the amount of alkaloids necessary to stop the contractions of the
heart of Daphnia magna under standard conditions.
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The process of the purification of these alkaloids is expensive and complicated,
and it is not certain that the emetic side-effects are reduced since, as noted previ-
ously, pharmacological investigation tends to indicate that reflex emetic and
reflex hypotensive actions are parallel effects from activation of the same afferent
pathways. However, certain observations tend to suggest some differentiation of
emetic and hypotensive effects. (1) The presence of the nodose ganglion is neces-
sary for the occurrence of the emetic action but is questionably necessary for the
hypotensive action (35). (2) Veratridine has a prominent emetic effect without
vasodepressor activity (173). Consequently, crude mixtures may contain alka-
loids which increase toxic side effects without contributing to reduction in blood
pressure. This agrees with the clinical observation that, for the same reduction
of blood pressure, frequency of side effects is greatest with vertavis, less with
veriloid and least with protoveratrine (122). Therefore, apart from the theo-
retical but highly questionable possibility that purified derivatives will differ in

TABLE VI
Therapy with veratrum alkaloids
RESULTS POOR MODERATELY GOOD IMPRESSIVE

Acute

Oral.............coooiuini, 264 86, 286 -

Parenteral................... — 136, 157, 173, 179,51, 124, 131, 174,

256 248, 249, 259, 264,
286

Short-term

(077 R — 105, 174 78, 86, 129

Parenteral................... — 259 10, 14, 73, 249
Prolonged )

Oral............coiviinnnnt. 19, 45,105, 129, 164,'69, 78, 86, 137, 170, 125, 284, 286

179 | 178, 250, 256, 289

their ratio of hypotensive to emetic effect, purification would seem to be justified
on the basis of clinical observation, probably because of the removal of emetically
active substances.

Veriloid and anatensol have been given orally, with a moderately satisfactory
ratio of hypotensive to emetic effect (see Table VI). Thus Wilkins estimates that
he obtained a 20 mm. Hg reduction in diastolic blood pressure in 70 % of patients
on short-term therapy, but acknowledges that hypotensive effects became less
prominent as treatment was prolonged (284). The number of patients refusing to
continue treatment and the control periods prior to treatment are not adequately
described. He states, however, that there is a striking feeling of increased
strength and endurance associated with a decrease of heart size (286). Gropper
et al. (105) gave increasing doses of veriloid sufficient to lower the blood pressure
by 25/15 mm. of Hg or to cause the appearance of toxic effects. On this pro-
gram, no patients were significantly benefited when compared to the results from
placebo administration on observation periods up to two months. McNair and
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Griffith (164) approached the problem somewhat differently by treating 22
patients for from 2 to 5 months with the maximum dose of vertavis which they
could tolerate without side effects (mean dose, 82 Craw units daily). They
observed a mean blood pressure reduction of 7/6 mm. Hg, comparable to the
reduction achieved with placebos.

No purified derivatives have been studied by chronic oral administration with
the exception of protoverairine. This substance is highly potent, and appeared on
single oral doses to be better tolerated than the semi-purified mixture, veriloid
(125). However, repeated administration of hypotensive doses 2 to 3 times daily
led to emetic effects (53, 125). The emetic action seems to require more prolonged
exposure to the alkaloid than does the hypotensive effect. Thus, subcutaneous
administration of doses which produce a depressor effect equal to that of an
intravenous dose is associated more often with nausea. Similarly, oral doses are
still more prone to induce emesis for an equal drop in blood pressure. If the drug
is given in equal doses 3 to 4 times daily, this undesirable side effect becomes more
prominent, eventually necessitating discontinuation of drug administration. This
line of reasoning led Hoobler et al. (125) to propose single large daily doses with
the limited objective of producing short periods of hypotension not exceeding
- 6 to 8 hours in each day. Clinically, this dosage program is infrequently associated
with emesis and does appear to have therapeutic value despite its intermittency,
in that heart size has been shown to decrease and retinopathy and encephalopathy
have been ameliorated. An interesting observation was that on this regimen no
tolerance could be observed even after many months of treatment.

The number of patients who can accept this intermittent type of therapy also
is somewhat restricted since, as in the other reports, those who show intolerance
to initial doses are invariably excluded from consideration. However, it has been
observed that if a patient responds satisfactorily and without severe side effects
to initial attempts at management with this regimen, then persistence in treat-

‘ment is often rewarded by clinical improvement without serious side effects as &
necessary accompaniment of therapeutic success. Furthermore, it is comforting
to know that no deaths directly attributable to veratrum have been reported,
despite accidental administration of large overdoses (53), although acute myo-
cardial insufficiency is said to have occurred during veratrum-induced hypo-
tension (141).

II. DRUGS ACTING DIRECTLY ON VASCULAR SMOOTH MUSCLE

Few such agents are known which are clinically effective. Among reports
published during the period 1950-52, the following may be mentioned.

Hexaminomesoinositol has been reported to lower blood pressure for 2 to 3
hours after oral ingestion of 10 to 20 mgm., presumably by slow release of nitrate.
No chronic studies have been reported (61, 262). A parenteral tissue extract
(embran) containing adenylic acid has been reported to be beneficial in essential
hypertension. It is said to be a good cerebral and coronary vasodilator. Moderate
acute reductions in blood pressure (up to a —30/—20 mm. Hg) have been
reported (43). Intravenous infusions of papaverine (0.12 gram per hour for 3
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hours) in toxemia of pregnancy and in essential hypertension complicating
pregnancy are said to control satisfactorily the acute hypertensive state (159).
The average blood pressure dropped from 192/125 to 139/90 mm. Hg on this
regimen, although a secondary rise occurred within a few hours after stopping
the infusion. No side effects were noted.

III. DRUGS WITH UNCERTAIN OR MIXED EFFECTS
1-Hydrazinophthalazine
A new group of substances containing a phthalazine ring with the structure

NH—NH.

in which R has been varied have been initially studied by Gross, Druey and
Meier (106) and found on animal testing to possess hypotensive activity with a
mode of action “not common to other blood pressure depressing substances”
The following discussion concerns the hydrochloride of 1-hydrazinophthalazine
(apresoline) in which an H atom is substituted for R in the formula. The blood
pressure drop in animals following intravenous administration of 0.1-2.5 mgm./
kgm. occurs slowly after a 10-minute latent period, is not profound and is ac-
companied by a marked tachycardia; it is associated with increased cardiac out-
put (191) and increased femoral (106), renal (106, 189, 191) and coronary (18,
25, 106) blood flow. It has further been shown that the drug partially antagonizes
the pressor action of epinephrine (37, 48, 102, 106, 191, 279) more than that of
" nor-epinephrine (37, 106, 279) and some reports suggest it may reverse the pres-
sor effect of epinephrine (37, 191). In normotensive animals, the total peripheral
resistance is therefore decreased; blood pressure reduction also occurs in neuro-
genic (101, 102) and renal hypertensive animals (202), although the drug is less
effective in the latter. Several modes of action have been postulated, but the
evidence appears to be inconclusive to us. It has been claimed that it acts by
central inhibition of vasomotor reflexes. However, the pressor effect of carotid
clamping is variously reported, as being reduced or blocked by Grimson et al.
(102), and not blocked or unaffected by Walker et al. (278, 279) and Britton et al.
(37). The pressor reflex to anoxia is not inhibited (37, 102). The rise in blood
pressure following central vagal stimulation is said to be inhibited by Taylor
et al. (269), but it is unaffected according to other investigators (37, 102). The
drug does not further lower the pressure of the hypotensive spinal cat; but, when
the blood pressure is raised to normal by ephedrine or ergotamine, the drug
reduces it more markedly than in the anesthetized normal animal (106). It would
appear that this latter observation supports a peripheral rather than a central
action of 1-hydrazinophthalazine in animals.
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It has been claimed that the drug acts by blocking or reversing certain physio-
logically occurring pressor substances such as epinephrine, serotonin, or
angiotonin (269). The drug, however, possesses only weak adrenolytic potency;
furthermore, the role of these pressor substances in maintaining the blood pres-
sure of the normal or hypertensive animal is disputed. There is no evidence of
peripheral ganglionic blockade in animals; no studies on pre- and post-ganglionic
stimulation have been reported and the failure of the drug to enhance the pressor
~ effects of norepinephrine argues against a ganglionolytic mode of action. The
possibility of direct action on the blood vessels cannot be excluded; intra-arterial
injections in man in a few instances have produced a rise in temperature of the
skin of the corresponding area (290). No studies of changes in blood flow in the
denervated extremity have been reported. These aspects need further
investigation.

TABLE VII
Pharmacodynamic studies of 1-Hydrazinophthalazine in man*
FUNCTION INCREASE NO CHANGE DECREASE
Cardiac output................. 80(F), 240(W), — —_
290(F)
Total peripheral resistance. . ... — — 240, 290
Renal blood flow............... 65, 222, 223, 224, 240, — -
275, 290
Foot blood flow................ 240, 275 — —
Muscle blood flow.............. — 80 —
Hepatoportal blood flow........ 80 — -
Cerebral blood flow. ........... — 110 —
Glomerular filtration rate. .. ... 224 222, 223, 275, 290 —
Urine volume.................. 222, 223,224,290 275, 290 -
Vasopressor reflexes............ — — 81, 84, 102

* Numbers indicate references; parenthetical letters, footnotes as follows: W = Wezler-
Boger method; F = direct Fick method.

Clinical studies on the mode of action are even less definite. The following
observations are cited as evidence for central sympathetic inhibition: (1) incom-
plete inhibition of cold pressor, Valsalva (81, 102) and tiltback overshoots (81);
(2) slight postural hypotension (81, 244); and (3) inhibition of the bradycardia
in response to norepinephrine despite persistence of its pressor action (81, 84).
That this interference is not the result of peripheral sympathetic or ganglionic
blockade is inferred by the lack of other evidence of autonomic paralysis, such as
pupillary changes, nasal congestion and alteration of pressor effects of norepineph-
rine (81). In man as in animals the possibility of a direct vascular action has not
been excluded; in fact, it seems a likely possibility in view of the generalized
vasodilatation and cardioexcitatory effects which resemble more the actions of
imidazolines such as priscoline than those of the central nervous system de-
pressants such as the dihydrogenated ergot alkaloids.
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Regional Blood Flows

Table VII presents the few clinical studies on the regional circulations. Study
of cardiac output and peripheral flow in the human suggests an increase, as in
the animal studies cited above. A recent abstract by Hecht and coworkers (290,
also 80) confirms that an increase in cardiac output of approximately 100 %
occurs. It seems possible that such cardiac stimulation exceeds any potential
coronary dilatation, since it has been reported that anginal attacks were induced
by the drug (268). The T waves are reported to be flattened or inverted (81, 223).
The renal effects of the drug are of special interest since the increase in renal
blood flow exceeds that reported with any other agent, except pyrogens (Table
VII). The drug decreases the renal extraction of para-aminohippurate in animals
(191).

The glomerular filtration rate is not changed despite increases in renal blood
flow. Thus it is not likely that the drug will improve excretion of metabolites in
hypertensives with uremia or lower the non-protein nitrogen, since these func-
tions depend particularly on glomerular filtration rate and tubular reabsorption.
Tubular function as measured by Twm gucese i8 not affected in dogs (189, 191),
and has not been studied in man. Insufficient studies of other regional circulations
in man have been reported, but those which have been completed are presented
in Table VII. Cerebral blood flow is maintained as with dihydrogenated alkaloids
or protoveratrine, despite the pressure decrement (110), but there is no true
cerebral hyperemia as might be expected from the development of headache or
from the concomitant renal hyperemia. Splanchnic blood flow appears to be
increased to almost twice control levels (80). It would thus appear that this
drug is a potent vasodilator which stimulates cardiac output and increases
splanchnic and renal blood flow very considerably. The extent of the reduction
in blood pressure will be the result of the summation of the effects of the drue on
these various circulations and on the cardiac output.

Effects on the Blood Pressure
A. Acute

The intravenous or intramuscular administration of 10-30 mgm. of 1-hy-
drazinophthalazine in man is usually accompanied by moderate to marked
reduction in blood pressure, particularly diastolic, after a lag of about 10 minutes
(81, 102, 110, 223, 290) (Table VIII). The reduction lasts about 1 to 2 hours;
but tachycardia, severe generalized headache, and nausea often accompany
the reduction, and this method of administration is therefore not particularly
useful in treating the hypertensive patient.

B. Chronic

The extent to which chronic oral administration of the drug lowers the blood
pressure is a matter of uncertainty from published observations. The report by
Johnson and collaborators (130) is the least encouraging. Thus, in 16 patients,
single oral doses of 50 to 150 mgm. reduced supine blood pressure an average of
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10% systolic and 16 % diastolic, and the reduction lasted one to three hours.
Prolonged treatment of 17 patients for 2 weeks to 314 months did not result in
lowering the initial daily pre-treatment blood pressure. Eight patients showed no
blood pressure reduction at dosage levels free of side effects, 6 failed to respond
after a period of time, and only 3 who took the drug daily had “significant”
blood pressure reduction.

In contrast, a recent report by Taylor et al. (268), based on a study of 97
patients treated for 3 to 12 months with a “usual” dose of 200 mgm. four times
daily, records a reduction of diastolic pressure to normal levels in one third of the
cases and to less than 110 mm. Hg in another one third. Unpleasant side effects
occurred in two thirds of the patients but receded on continued treatment in
most instances. Improvement was most apparent in the cerebrovascular cases,
and least in the cardiac cases presumably on account of the increase in heart
rate. Progression of nephrosclerosis was said to have been checked, but the resi-
dues persisted. .

TABLE VIII
Therapy with 1-Hydrazinophthalazine®
RESULTS POOR MODERATELY GOOD IMPRESSIVE

Acute

Oral............cooiinit — 102, 244 —

Intravenously................ — 81 102

Intramuscularly or subcuta-

neously.................... —_ 223 110

Chronic

Oral. ..o 102, 130, 275 (130], 147, 244 202, [245), [246), 268

* Numbers indicate references.
[} = combined therapy with hexamethonium.

The experience of the authors with this drug has led to the conclusion that
with carefully-regulated dosage certain patients have definite improvement of
retinopathy with repeated transient lowering of blood pressure. We have not
seen the development of marked tolerance to the drug, nor have we observed
changes in resting blood pressure during the course of treatment such as to sug-
gest a long-standing reversal of the underlying disorder.

Schroeder (242, 243, 244) and Freis (77) have studied this drug alone and in
combination with hexamethonium (245). The former author reported a reduction
of 20 mm. Hg or more in the diastolic pressure in 35 out of 50 cases treated with
hydrazinophthalazine for 1 to 40 weeks in and out of the hospital (control con-
sisted of 1 week of observation of the patients in the hospital prior to starting
treatment). Despite these apparently good results, the author states: “This drug
does not provide any therapeutic answer to the pressing problem of hyper-
tension.” The drug was most effective in malignant hypertension, with or without
uremisa, and after low salt diet or sympathectomy. The latter observation sug-
gested the use of ganglionic blockade with hexamethonium to augment the
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depressor action of apresoline (245, 246); it would seem rational also to try to
relieve the apresoline-induced tachycardia by means of ganglionic blockade.

Although no proof for their synergistic action exists, the vasodilator effect of
the drug on the renal circulation may counteract the reduction in renal blood
flow which accompanies orthostatic hypotension produced by ganglionic block-
ade. Furthermore, pressor overshoot in the wake of hexamethonium injections
may be counteracted by interval oral administration of hydrazinophthalazine
(130, 147). This also avoids many of the side effects of hydrazinophthalazine
since only one or two doses per day are given.

Blood pressure reduction would probably be more frequent. if development of
side effects did not limit the dosage. These side effects, which come on abruptly
at a different dosage level for each patient, consist of headache, nausea, nervous-
ness and palpitation. While nothing is known of their origin, it has been presumed
that the headaches represent the effect of cerebral vasodilatation since they can
be relieved by vasoconstrictors such as ergotamine (295, 296). The palpitation
and nervousness are the effects of increase in cardiac output and central nervous
system stimulation. The development of edema in some cases is unexplained,
but may represent a type of ‘high-output failure.” Nausea and urticaria also
occur. The similarity of many of these symptoms to the effects of histamine
suggests that in some way the drug has a histamine-like action or results in
histamine release (244). Moderate but not usually disabling orthostatic hypo-
tension accompanies the maximum action of the drug. The hydrazine grouping
might suggest the possibility of a toxic effect on bone marrow, but no anemia in
animals or man has been demonstrated, despite careful observations.

Because of side effects, the drug should be given orally only in very gradually
increasing dosage, starting with 10 to 25 mgm. three to five times daily, and
increasing by very small amounts until a maximum tolerated dose is reached.
Even with doses up to 450 mgm. daily, our experience indicates that many pa-
tients do not respond. Consequently, therapeutic usefulness of the drug is
limited to those patients who obtain a reduction in pressure from dosages which
they can tolerate.

In summary, the pharmacological effects of 1-hydrazinophthalazine are not
well understood, but appear to be related to direct vascular and histamine-like
effects and perhaps also to changes in central vasomotor regulation. The drug
stimulates cardiac output and, uniquely among hypotensive drugs, it appears to
increase markedly renal blood flow in the human subject. It is effective in tran-
siently lowering the blood pressure when given in adequate dosage, but there are
many patients who prove resistant or who cannot tolerate effective levels because
of side effects. There is no evidence that the drug will permanently alter the status
of the hypertensive patient, but it clearly deserves further clinical trial in indi-
viduals with severe hypertension.

Thiocyanates

Since the popularization of thiocyanate treatment in the United States by
Barker (17), several critical reviews comparing its effectiveness with that of
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nitrite, barbiturate, bromide and iodides have been published (235, 258). The
major addition to our knowledge of thiocyanate consists in the observations of
Davis and collaborators who have shown a reversible depletion of the lipid
granules ‘in all three layers of the adrenal cortex in rats, dogs and man after
intravenous administration of thiocyanate (57). Clinical tests, however, on
patients treated for long periods of time with large doses (1520 mgm. % blood
levels) do not show any measurable depression of adrenal function (150). It is
interesting that acute intravenous administration is well tolerated and that high
blood levels and greater effect on blood pressure and headache can be achieved
than by the prolonged use of the oral route (150). Davis et al. suggest that, by
conversion of small amounts of thiocyanate into cyanide which may render the
adrenal cortex anoxic, this ion acts to lower the blood pressure (56). The in-
creased efficacy of the drug after sympathectomy (common to other agents) is
recognized by others (212) and is reported by Davis et al. (57) to be due to prior
adrenal denervation by the sympathectomy. It should be pointed out, however,
that the evidence of sympathetic inactivation by this method is entirely morpho-
logic, not functional, and that even total adrenalectomy often does not ap-
preciably lower the blood pressure (271). Pineset al. (215), on the other hand, have
shown that the SCN ion enhances excretion of sodium in hypertensives and they
believe that its action may be explained on this basis. It has been shown by
Gubner (108) that thiocyanate inhibits carbonic anhydrase and thus interferes
with sodium reabsorption in the distal tubule. This drug has been advocated for
plethoric hypertensives because it is said to lower the hematocrit in such indi-
viduals (55). A few recent reports evaluating this agent in chronic treatment
have also appeared; but, with some exceptions (231, 235, 258), the data published
are insufficient to permit comparative evaluation (1, 46, 205, 212, 270). In reason-
ably well controlled studies, the effect of thiocyanate was only slightly superior
to placebo administration (1, 175, 231, 235, 258). In addition to the well recog-
niged toxic effects (weakness, dyspnea, rash, joint pain, hypothyroidism), the
drug may produce hypophosphatemia and hypercalcemia associated with renal
loss of electrolytes (108). Nickerson et al. (198) have shown that chloride ion will
hasten excretion of thiocyanate when intoxication occurs. Therapy with this
drug requires periodic estimation of blood levels which should be between 8 to 12
mgm. % to affect the blood pressure. Some authors reserve this agent for sympto-
matic treatment of headache only, for which purpose smaller daily doses and
lower blood levels may be successful.

Other Agents

Sodium nitroprusside is reported by Page (202) to possess some of the properties
of thiocyanate; it is stated that the nitroprusside ion per se is required for the
hypotensive effect, that it does not produce tachyphylaxis or refractoriness in
acute or chronic animal experiments, and that its hypotensive activity is associ-
ated with renal vasodilatation. Administration is oral (30 mgm. four times daily)
and, as with the SCN ion, the nitroprusside blood levels have to be checked
frequently. (They should not exceed 12-20 mgm./100 cc. serum.)
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Rauwolfia serpentina, a drug from India, has been used empirically in that
country for many centuries. A recent report indicates moderate hypotensive
properties (274). It appears to have few toxic side effects, but slows the pulse,
and allays anxiety and tension, features which may be useful in treatment of
certain forms of hypertension. It seems to require several days of administration
before appearante of effects. Mueller et al. (193a) have recently reported the
isolation of the active alkaloid, which has a strong central sedative action. Ac-
tive interest in this agent in the United States has arisen recently (287,288a);
Wilkins reports good results with R. serpentina (serpina) in combination with
small doses of either hydrazinophthalazine or veratrum alkaloids or both. It is
stated that the small doses of each of these drygs produce a greater hypotensive
action with fewer side effects than does either drug alone. He believes this com-
bination is superior to the more dangerous hexamethonium-hydrazinophthal-
azine treatment (287).

Vitamins continue to be reported on for the treatment of hypertension, al-
though only modest therapeutic claims are made. Fat-soluble vitamins have been
investigated, mostly with unfavorable or uncritical reports (vitamin A: 98, 100,
267; vitamin K: 177, 194; vitamin E: 97). The parenteral use of these compounds
has sometimes lowered the blood pressure of experimental animals, perhaps, as
suggested by Gounelle et al. (100), in proportion to the extent of the local re-
action at the site of injection, as a non-specific pyrogenic effect.

Dimercaptopropanol (BAL) has been found by Schroeder (242) to be an anti-
hypertensive of theoretical importance because it contains active SH-radicals
which can inactivate CO-groups in the alleged pressor substance extracted from
human plasma, pherentasin. Unfortunately for this theory, the observations
could not be confirmed (21).

Pyrogen therapy has been tried mainly by Page et al. (202, 204) in cases of
malignant hypertension without severely impaired kidney function. The mode of
action of intravenously injected bacterial protein is not well understood; but,
associated with a substantial elevation of body temperature (101°-103°F.),
there appears to occur a generalized drop in total peripheral resistance with
an especially prominent increase in renal blood flow. The cardiac output is in-
creased; however, the blood pressure drops because the reduction in peripheral
resistance exceeds and outlasts increases in cardiac output. The injections have
to be repeated almost every day for several weeks before definite improve-
ment occurs in the form of prolonged blood pressure reduction, regression of
retinopathy and improvement in renal function. Admittedly, the treatment is
unpleasant, to say the least, and expensive. Malignant hypertension is, however,
more than unpleasant; it is a rapidly fatal disease.

Among other agents which have been advocated to lower blood pressure, but
concerning which insufficient data are available, are bismuth and cobalt salts
(42, 127), elemental iodine (116) and, surprisingly, caffeine (0.05 to 0.1 gm.
orally) which, according to Sebok (247), lowered the systolic pressure in 32
patients by an average of 45 mm. Hg. If coffee is not a good therapeutic agent,
at least it does not appear that an occasional cupful is harmful to a hypertensive!



DRUG TREATMENT OF HYPERTENSION 165

SUMMARY AND CONCLUSIONS

Attempts to lower the blood pressure in hypertension are not necessarily
harmful, since hypertension can be shown to be the cause of many complications
of the disease and its reduction by a number of recently available drugs can
be demonstrated to be fraught with few serious consequences except for occasional
coronary or cerebral thrombosis or renal failure. Of the recent effective agents,
the veratrum alkaloids and hexamethonium are the most potent, but their
use is attended by many undesirable side effects closely associated with thera-
peutic efficacy, whereas hydrazinophthalazine and dihydrogenated ergot al-
kaloids are less effective, but cause fewer side effects. There is no question that
these drugs often have very satisfactory effects when administered in acute
hypertensive emergencies. On the other hand, none is able to maintain a per-
sistently normal blood pressure over many months, and all suffer the
disadvantage of requiring continuous administration, probably throughout the
life of the patient. This represents in itself a very major problem. Until more is
known of the varied etiology of hypertension, these therapeutic agents are far
from ideal, although they represent a remarkable advance from the therapeutic
nihilism present only a few years ago. The reviewers would like to recall that
older methods of management by psychotherapy, diet and sympathectomy,
while not always effective, are still to be preferred, the first two in the less severe
cases, and the last when other methods have proven unsuccessful. The report of
Smithwick (257) on the greatly improved survival rates of sympathectomized as
compared to medically treated patients, in spite of the fact that the reduction
in blood pressure is often not permanent, makes us recall the saying of
Hippocrates: “What drugs cannot cure, surgery can.” However, we have now
reached a stage, with the aid of experimental pharmacology, where we can choose
from among several ways to combat hypertensive disease. We may conclude
with Professor J. McMichael (163) that, “The desire to find benefit for our
patients and enthusiasm for the ‘latest’ must be tempered with critical insight.
The present mood, however, is one of quiet optimism.”
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