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1-Hydrazinophthalazine has been demonstrated
to cause a fall in peripheral artery pressure, to
possess slight adrenergic blocking properties, to
increase renal plasma flow (1-8), and to cause a
proportional increase in cardiac output (8). It
has been stated that the cardio-stimulating ef-
fects of 1-hydrazinophthalazine are mediated via
the autonomic nervous system, since they can be
blocked by sympathectomy or ganglionic blockade
(9, 10).

These cardiac stimulating qualities of 1-hy-
drazinophthalazine may account for many of the
undesirable side effects reported. Angina (11,
12), electrocardiographic changes (9), and myo-
cardial infarction (13), have been reported dur-
ing clinical therapy of hypertension with this
agent. Though such evidence is at best only cir-
cumstantial, the use of 1-hydrazinophthalazine
alone would seem to be of somewhat questionable
value, particularly in the many patients suffering
from hypertension complicated by coronary artery
disease.

However, if the above side effects could be pre-
vented by the prior administration of a ganglionic
blocking agent, the combined use of 1-hydrazi-
nophthalazine and hexamethonium, first proposed
by Schroeder (14), would represent a satisfactory
combination: the hypotensive qualities of 1-hy-
drazinophthalazine would be enhanced, while the
cardiac stimulating effects would be blocked.

The purpose of the present study was twofold:
(a) to evaluate the cardio-vascular and renal
adjustments to 1-hydrazinophthalazine in a group
of hypertensive patients; (b) to retest these ad-
justments when a ganglionic blocking agent,

1 This study was supported (in part) by a grant from
the National Heart Institute (U.S.P.H.S.), and by the
Ciba Pharmaceutical Products, Inc.

hexamethonium,2 was administered just prior to
the I-hydrazinophthalazine.

MATERIAL AND METHODS

A total of eighteen patients with hypertension was
studied. Three of these were thought to have hyper-
tension secondary to renal disease, as determined by
history and clinical evaluation. The remainder had "es-
sential" hypertension.
A. Experiments utilizing 1-hydrazinophthalazine alone

Ten of the patients underwent a total of fifteen ex-
perimental studies with 1-hydrazinophthalazine alone.
All were given the compound in rapid single intravenous
doses of 0.20 to 0.50 mgnL per Kg. body weight. Re-
peated basal determinations of blood pressure and pulse
were made before the 1-hydrazinophthalazine injection,
and at intervals of 2 to 5 minutes thereafter for one to
two hours.

1. Renal clearance determination. Renal plasma flow
(CPAs), and glomerular filtration rate (CIN), were meas-
ured simultaneously in eight hypertensive patients by
Smith's clearance techniques (15), but the data were not
corrected for extraction values. The recorded data be-
fore administration of the drug represent the average of
at least three successive urine collection periods of 12 to
20 minutes each. Following the administration of the
drug, at least four similar successive urine collections
were made.

2. Hemodynamic studies. Cardiac catheterization was
performed in seven hypertensive patients after 1-hy-
drazinophthalazine. Five of these patients had renal
clearance values determined just prior to the hemody-
namic studies. Cardiac output was measured by the
determination of oxygen consumption and A-V oxygen
difference. Pulmonary and systemic arterial pressures
were recorded by means of capacitance electromanometers
or strain gauges.

B. Experiments utilizing hexamethonium and 1-hydrazi-
nophthalazine
Ten of the patients underwent a total of seventeen ex-

perimental studies involving both these drugs.

2Hexamethonium (Esomid@) supplied by Ciba Phar-
maceutical Products, Inc.
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1. Renal clearance determination. Using the same tech-
niques, renal plasma flow and glomerular filtration rate
were measured in nine patients before and after intra-
venous administration of 10 to 12.5 mgm. of hexametho-
nium ion, and again after the additional intravenous ad-
ministration of 0.21 to 0.40 mgm. per Kg. of 1-hydrazin-
ophthalazine. The latter drug was given within 45 to
60 minutes of the hexamethonium in each case. The
clearance values represent the average of at least three
12 to 20-minute successive urine collections.

In one patient, T. G., the renal clearance determinations
were measured simultaneously with the cardiovascular
hemodynamic responses to the two drugs.

Only two of these nine patients had been studied before
with 1-hydrazinophthalazine alone. Previous studies
from this laboratory (8), however, would tend to indi-
cate a fairly consistent renal response to this drug in
hypertensive patients. In the previous series five of
eight patients had responded with a significant rise in
renal plasma flow following the 1-hydrazinophthalazine
administration. (The other three patients had developed
circulatory collapse.)

2. Hemodynamic studies. Using the techniques men-
tioned above, cardiac output and vascular pressures were
obtained in patients before and after the administration
of both hexamethonium and 1-hydrazinophthalazine. At
least three determinations of cardiac output were made
before and after the administration of each drug and
were done at 10 to 15-minute intervals after stabiliza-
tion of blood pressure readings. The 1-hydrazinoph-

thalazine was given within 30 to 45 minutes after the
hexamethonium in each case.

It should be emphasized that the effects of the two
hypotensive agents were additive and alarming degrees
of hypotension were encountered even in the recumbent
position when 0.5 mgm. per Kg. of 1-hydrazinophthalazine
was administered following the hexamethonium. In
fact, five of the ten patients studied with the two drugs
developed circulatory collapse and shock (E. C., 0. W.,
A. L. P., V. G., I. B.). Each received only a moderate
dose of 1-hydrazinophthalazine. It was, therefore, not
prudent to insist on a full dose of 1-hydrazinophthalazine.
It was thought, however, that definite increase in renal
blood flow and in cardiac output had been satisfactorily
demonstrated even with suboptimal doses of 1-hydrazin-
ophthalazie (8), and for these reasons, the results of the
present study were considered to be interpretable.

RESULTS

A. Experiments using 1-hydrazinophthalazine
alone

1. Renal clearances. Average values for renal
plasma flow, glomerular filtration rate, and filtra-
tion fraction in eight patients before and after the
1-hydrazinophthalazine administration are re-
corded in Table I together with the maximal
changes in pulse rate and blood pressure.
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Four patients (G. S., C. E., S. W., P. W.) had
normal or near normal resting values for renal
plasma flow and glomerular filtration rate. Of
these, three (G. S., C. E., S. W.) experienced an
appreciable increase in renal plasma flow follow-
ing intravenous injection of 1-hydrazinophthala-
zine. In the patient, P. W., renal plasma flow was
observed to fall slightly after the drug had been
administered. Either no change, or slight decline
in glomerular filtration rate was noted in these
four patients. In consequence, a decrease in the
filtration fraction occurred in the three subjects
who manifested a rise in renal plasma flow. In
the other four patients (E. K., E. C., G. K., F. B.)
control values for renal plasma flow and glomeru-
lar filtration rate were well below normal and
none responded with an increase in renal plasma
flow following the administration of the drug.
Two of these patients (E. K., G. K.) had such
extreme impairment of renal function that without
correction for changes in extraction, the renal

clearance values are recognizably inaccurate.
However, these patients were purposely studied
to determine whether or not 1-hydrazinophthala-
zine might have the reported effect in the pres-
ence of severe renal impairment. One might ex-
pect such patients to be the ones most likely to
benefit from an increased renal blood flow. One
patient, E. C., had moderate reduction of renal
plasma flow before administration of the drug,
but an acute hypotensive episode followed the
injection of the 1-hydrazinophthalazine. In this
subject values for renal plasma flow suggested
virtual cessation of flow during this period.

2. Hemodynamic studies. Table II presents
the hemodynamic changes observed on seven hy-
pertensive patients. The average of three resting
levels of cardiac output is compared with the max-
imal response within two hours after the 1-hydra-
zinophthalazine.

Five of the seven hypertensive patients (S. W.,
G. S., E. K., G. K., A. B.) experienced an obvious
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rise in cardiac output following the drug injection.
None of these patients had ever revealed clinical
evidence of heart failure. All responded with a
moderate decrease in arterial pressure with a con-
comitant rise in pulse rate. Only in one patient,
G. K., was the mean pulmonary artery pressure
elevated at rest and this level was not influenced
by l-hydrazinophthalazine.

The other two patients (M. C., E. C.) did not
demonstrate as striking a rise in cardiac output,
although optimal doses of the agent were given.
Both had recently exhibited evidence of heart

failure. Another probable reason for the differ-
ent responses in these two patients is that both
of them developed hypotension with symptoms
of shock. In E. C., who developed this shock-
like state following the injection of .5 mgm. per
Kg. of 1-hydrazinophthalazine, a marked rise in
mean pulmonary artery pressure occurred, sug-
gesting either an episode of acute left ventricu-
lar failure or pulmonary venous spasm, or both.
She recovered promptly and without treatment
except oxygen inhalation. This same subject de-
veloped an identical state of collapse when given a
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TABIS IV
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slightly smaller dose of the drug during evaluation
of her renal function.

B. Experiments using 1-hydrazinophthalazine and
hexamethonium in combination

Approximately 10 to 12.5 mgm. of hexa-
methonium were required in each case to produce
autonomic blockade with a moderate reduction
of the supine blood pressure. With this fall in
blood pressure, little or no reflex rise in pulse

rate was observed. The rise in pulse rate usually
associated with 1-hydrazinophthalazine effect was

absent when the hexamethonium had been admin-
istered first. This, we assumed, indicated at

least some degree of blockade of sympathetic
ganglia.

1. Renal clearances. Table III presents the
changes in glomerular filtration rate and renal
plasma flow (average of at least three samples),
before hexamethonium, within 45 to 60 minutes
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after hexamethonium and then within 60 to 75
minutes after 1-hydrazinophthalazine. Most of
these nine patients experienced a slight fall in re-
nal plasma flow and glomerular filtration rate fol-
lowing hexamethonium administration. These
changes occurred simultaneously with a fall in
blood pressure and have been reported previously
(16-18). Following the 1-hydrazinophthalazine
injection, only three of the patients (G. S., A. P.,
C. R.), experienced a significant rise in renal
plasma flow. In these patients the control renal
plasma flow levels were normal or nearly normal.
In one patient (0. W.) the resting renal plasma
flow was normal. However, on administration of
the 1-hydrazinophthalazine, this patient became
severely hypotensive and, like E. C., developed a
shock like picture with further reduction of renal
clearance values. No tachycardia was noted dur-
ing the hypotensive period in any of these patients.

The remainder of the patients (M. C., E. C.,
A. P., T. G., I. B.) had reduced renal plasma flow
prior to the drug injections. In one of these pa-
tients (E. C.) renal plasma flow fell slightly after
the 1-hydrazinophthalazine and it did not change
significantly in the remaining subjects.

o ;.
0
0
x

4
11)4

Z 3

2

It would seem, therefore, that patients capable
of increasing renal plasma flow may do so and
that this effect following 1-hydrazinophthalazine
may not be blocked by hexamethonium in the
range of dosage given. The blood pressure
changes in the patients studied after the one drug
and in those studied after the two drugs were
comparable.

2. Hemodynamic studies. Table IV represents
the cardiovascular adjustments observed in eight
experiments on six hypertensive patients who
were given both hexamethonium and 1-hydrazin-
ophthalazine.

All patients experienced a fall in arterial pres-
sure with little change in pulse rate. Two of the
patients (A. L. P., V. G.) developed alarming
hypotension lasting 3 to 4 hours after the 1-hydra-
zinophthalazine was given within 30 to 45 min-
utes of the hexamethonium. The expected rise in
cardiac output following administration of 0.2 to
0.5 mgm. per Kg. of 1-hydrazinophthalazine was
blocked, although incompletely in two patients
(G. S. and T. G.) who received maximal doses
of this drug. No changes in pulmonary artery
pressure occurred. Two patients (G. S. and

CONTROL

T AFTER HEXA-
METHONIUM
12.5 MGMI.V.

e AFTER L-HYDRAZINO-
IPHTHLAZINE

FIGURE 1
This 48-year-old male (G. S.) received a .5 mgm. per Kg. of 1-hydrazinoph-

thalazine, i.v., which resulted in a striking increase in cardiac output. This
effect could be partially blocked by hexamethonium. No increase in cardiac
output was noted when the dose of 1-hydrazinophthalazine was slightly re-
duced after hexamethonium had been given. Injections of as little as 020
mgm. per Kg. of 1-hydrazinophthalazine always resulted in an appreciable ele-
vation of cardiac output, (8), when not preceded by the administration of an
autonomic blocking agent.
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A. P.), were studied twice with different doses of
the 1-hydrazinophthalazine each time. This was
to demonstrate that within the dose range used the
cardio-stimulating properties of 1-hydrazinoph-
thalazine are blocked nearly completely by the
hexamethonium.

Figure 1 records these changes in one hyper-
tensive patient (G. S.) studied on three different
occasions, first with 1-hydrazinophthalazine alone,
then when hexamethonium was given prior to .5
mgm. per Kg. of 1-hydrazinophthalazine, and on
a subsequent occasion when .35 mgm. per Kg. of
1-hydrazinophthalazine was administered after
the hexamethonium.

DISCUSSION

1-Hydrazinophthalazine (Apresoline@) ha s
been shown by several observers to increase renal
plasma flow and cardiac output while reducing
systemic arterial pressure (1-7). It has been
suggested that these effects may also occur with
oral administration of the drug (9).

The mechanism whereby these changes are
produced is not clearly understood. It was
thought that the increased renal plasma flow rep-
resented but another manifestation of the in-
creased cardiac output (8). However, when the
rise in cardiac output is partially or completely
prevented by prior administration of a ganglionic
blocking agent, the renal plasma flow may still in-
crease in response to the 1-hydrazinophthalazine.
This then may indicate that 1-hydrazinophthala-
zine has a selective effect on renal vessels which
is independent of the level of cardiac output.

There is some evidence suggesting that only
patients with relatively normal renal function are
capable of responding to 1-hydrazinophthalazine
by an increase in renal plasma flow. The patients
with moderate or severe decrease in renal func-
tion did not experience a rise in estimated renal
plasma flow following this drug. One might sur-
mise that these subjects were incapable of respond-
ing to the drug by an increase in renal plasma flow
because of irreversible vascular pathology.

While an increased renal plasma flow was as-
sociated in each case with a blood pressure decline,
patients who developed severe hypotension in-
variably had a very marked fall in renal plasma
flow regardless of the resting clearance level.

The lack of renal response to 1-hydrazinoph-
thalazine given intravenously to a patient who had
been receiving the drug orally for a long time
(P. W., Table I) has been noted previously by
Moyer (9). Here one might postulate that the
oral medication had already resulted in a maxi-
mal renal-vascular response or that the patient had
become insensitive to the drug.

In the patients receiving hexamethonium first,
then 1-hydrazinophthalazine, the same theoretical
mechanisms would seem to operate. Though the
number of patients studied is too small to draw
definite conclusions it is suggestive that only those
patients with normal, or nearly normal, resting
renal plasma flow were able to significantly in-
crease their flow rates. 1-Hydrazinophthalazine,
when administered parenterally, increases cardiac
work by increasing cardiac output, even in the
face of a decline in blood pressure. This, it ap-
pears, is true for normal subjects as well as for
patients with systemic arterial hypertension. It
has been noted with doses as low as 0.20 mgm.
per Kg. Wehave observed that these properties
of 1-hydrazinophthalazine can be blocked by prior
administration of a small amount of hexametho-
nium given intravenously. The combination of
the two drugs necessitated small doses of hexa-
methonium and in some instances doses of 1-hy-
drazinophthalazine which were smaller than those
given to other subjects who had not been primed
with hexamethonium. In all instances, however,
dosages were given that remained within the ef-
fective level or which had produced effects in the
same patient previously. The partial or com-
plete blocking of the rise in cardiac output by a
ganglionic blocking agent would indicate that
these actions of 1-hydrazinophthalazine are medi-
ated over the sympathetic nervous pathways.

This study may then offer a rational basis for
such a therapeutic combination of drugs as has
been proposed (11, 12, 14, 19, 20). The hypo-
tensive effects are greater, the increase in renal
plasma flow (when possible) still occurs, but the
increase in cardiac output and cardiac work is
partially or completely blocked. No information
is available which would explain the observed in-
crease in cardiac output following 1-hydrazin-
ophthalazine and the blocking of this effect by
hexamethonium. Following 1-hydrazinophthala-
zine widespread vasodilation of the arteriolar bed
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seems to take place resulting in a decrease of total
peripheral resistance in the face of increased total
flow. Whatever mechanisms come into play, cen-
tral, venomotor, or cardiac, they may perhaps be
considered compensatory. Their interference by
hexamethonium suggests that they are linked to
the autonomic nervous system.

SUMMARYANDCONCLUSIONS

Eighteen hypertensive patients were studied in
order to evaluate the renal and cardiovascular ad-
justments to 1-hydrazinophtalmine when given
alone and after the administration of hexametho-
nium. The following observations were made:

1. 1-Hydrazinophthalazine seems to increase
renal plasma flow only in patients with normal or
nearly normal- resting renal plasma flow.

2. The prior administration, parenterally, of a
moderately hypotensive dose of hexamethonium,
did not alter the ability of 1-hydrazinophthalazine
to increase renal plasma flow in some patients.

3. 1-Hydrazinophthalazine caused an increase
in cardiac output in all patients to whom it was
given.

4. The prior administration of hexamethonium
was capable of blocking the rise in cardiac output
following the 1-hydrazinophthalazine.

REFERENCES

1. Reubi, F. C., Renal hyperemia induced in man by a
new Phthalazine derivative. Proc. Soc. Exper.
Biol. & Med., 1950, 73, 102.

2. Grimson, K. S., Chittum, J. R., and Metcalf, B. H.,
Actions of 1-hydrazinophthalazine (C-5968), on
vasomotor reflexes and hypertension in dogs and
man. Federation Proc., 1950, 9, 279.

3. Walker, H. A., Wilson, S., Atkins, E. C., Garrett,
H. E., and Richardson, A. P., The effect of 1-hy-
drazinophthalazine (C-5968) and related com-
pounds on the cardiovascular system of dogs. J.
Pharmacol. & Exper. Therap., 1951, 101, 368.

4. Moyer, J. H., Handley, C. A., and Huggins, R. A.,
Some pharmacodynamic effects of 1-hydrazinoph-
thalazine (C-5968) with particular reference to
renal function and cardiovascular response. J.
Pharmacol. & Exper. Therap., 1951, 103, 368.

5. Craver, B. N., and Yonkman, F. F., Some pharma-
cological properties of 1-hydrazinophthalazine, a
hypotensive agent. Federation Proc., 1950, 9, 265.

6. Walker, H. A., Wilson, S., and Richardson, A. P.,
Effect of 1-hydrazinophthalazine (C-5968) an the
cardiovascular system of unanesthetized dogs.
Federation Proc., 1950, 9, 323.

7. Freis, E. D., and Finnerty, F. A., Jr., Supression
of vasomotor reflexes in man following 1-hydra-
zinophthalazine (C-5968). Proc. Soc. Exper.
Biol. & Med., 1950, 75, 23.

8. Wilkinson, E. L., Backman, H., and Hecht, H. H.,
Cardiovascular and renal adjustments to a hypo-
tensive agent. J. Clin. Invest., 1952, 31, 872.

9. Moyer, J. H., Hydrallazine (1-Hydrazinophthala-
zine: CIBA BA-5968: Apresoline) hydrochloride,
pharmacological observations and clinical results
in the therapy of hypertension. Arch. Int. Med.,
1953, 91, 419.

10. Moyer, J. H., and Huggins, R. A., The effect of
ganglionic blockage with hexamethonium on some
of the pharmacodynamics of 1-hydrazinophthala-
zine. J. Pharmacol. & Exper. Therap., 1952, 106,
407.

11. Schroeder, H. A., The effect of 1-hydrazinophthala-
zine in hypertension Circulation. 1952, 5, 28.

12. Morrow, J. D., Schroeder, H. A., and Perry, H. M.,
Jr., Studies on the control of hypertension by hy-
phex. II. Toxic reactions and side effects. Cir-
culation, 1953, 8, 829.

13. Grimson, K. S., Orgain, E. S., Rowe, C. R., and
Sieber, H. A., Caution with regard to use of
hexamethonium and "apresoline." J. A. M. A.,
1952, 149, 215.

14. Schroeder, H. A., Control of hypertension by hexa-
methoniumn and 1-hydrazinophthalazine, prelimi-
nary observations. Arch. Int. Med., 1952, 89, 523.

15. Goldring, W., and Chasis, H., Hypertension and
Hypertensive Disease. New York, The Common-
wealth Fund, 1944, Appendix D.

16. Moyer, J. H., Huggins, R. A., Handley, C. A., and
Mills, L. C., Effect of hexamethonium chloride on
cardiovascular and renal hemodynamics and on
electrolyte excretion. J. Pharmacol. & Exper.
Therap., 1952, 106, 157.

17. Mills, L. C., and Moyer, J. H., The acute effects of
hexamethonium on renal hemodynamics in normo-
tensive and hypertensive human subjects. Am. J.
M. Sc., 1953, 226, 1.

18. Moyer, J. H., and Mills, L. C., Hexamethonium-its
effect on glomerular filtration rate, maximal tu-
bular function, and renal excretion of electrolytes.
J. Clin. Invest., 1953, 32, 172.

19. Johnson, R. L., Freis, E. D., and Schnaper, H. W.,
Clinical evaluation of 1-hydrazinophthalazine
(C-5968) in hypertension. Circulation, 1952, 5,
833.

20. Schroeder, H. A., Morrow, J. D., and Perry, H. M.,
Jr., Studies on the control of hypertension by hy-
phex. I. Effect on blood pressure. Circulation,
1953, 8, 672.

874


