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might result from operating on irradiated tissue.
The proper timing of operation is important; six
to eight weeks following the course of radiotherapy
is probably the optimum interval. With these pre-
cautions no significant difficulties are encountered.
The follow-up of an irradiated lesion is most

important. The recurrence of a tumour may be
extremely difficult to determine at an early stage
because of the presence of post-irradiation inflam-
mation and edema. Considerable experience is
necessary before a valid opinion can be given in
this regard. Biopsy in these circumstances can he
misleading, and clinical judgment is probably more
important in deciding when operation for a recur-
rent lesion should be undertaken. We believe that

it is most important to excise recurrences at the
earliest possible time before they begin to grow
actively.

CONCLUSION

A general classification and discussion of carcin-
oma of the larynx is presented. Present methods
of treatment have been reviewed in the light of
a recent study of 419 cases of laryngeal carcinoma
treated in the years 1950 to 1960. The importance
and feasibility of early diagnosis are stressed. A
combination of radiotherapy and surgery is ad-
vised for the management of all laryngeal lesions,
with provision for close consultation between sur-
geon and radiotherapist.

Iproveratril: Experimental Data on Coronary Dilatation
and Antiarrhythmic Action

K. I. MELVILLE, M.D., H. E. SHISTER, M.D. and S. HUQ, M.D., Montreal

A NF.W synthetic compound, a-isopropyl-a[( N..
dimethoxyphenylacetonitrile hydrochloride (D365,
Iproveratril or Isoptin), has been reported by Haas
and H.irtfelder,' in Germany, to exert marked
coronary dilator action in both dogs and rabbits.
The chemical structure of this agent, given by these
authors, is as follows:
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From their studies on the isolated rabbit heart
it was concluded that the compound was 100 times
more effective than papaverine; that is, it required
a 100 times higher concentration of papaverine than
of this drug to produce a similar coronary dilator
action. Haas and Hiirtfelder' also found that the
drug increased the oxygen content of the coronary
sinus blood and reduced the coronary arteriovenous
oxygen difference; cardiac oxygen uptake was re-
duced in most cases. Schlepper and Witzleb,2 how-
ever, reported definite increase in myocardial oxy-
gen consumption but concluded that the coronary
dilator action was not due to changes in cardiac
metabolism. Gerlach and Deuticke3 also observed
that, unlike dipyridamole (Persantin), the drug did
not lead to accumulation of adenosine in the myo-
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ABSTRACT

Various cardiovascular effects of a new
synthetic coronary vasodilator, c&-isopropyl-a
[(N-methyl - N - bomoveratryl)-y-amino-pro-
pylj-3, 4-dimethoxyphenylacetonitrile HCl
(D365, Iproveratril or Isoptin) have been
studied. In isolated perfused rabbit hearts
the drug exerts a potent coronary vasodila-
tor action, but can depress myocardial con
fractions and A-V conduction. In anesthe-
tized cats it produces varying degrees of
hypotension with bradycardia, and antago-
nizes ST-T changes induced by ouabain. It
can also protect against chloroform-adrena-
line and ouabain ventricular fibrillation. On
isolated papillary muscle preparations it can
lead to adrenergic blockade. It is concluded
that in addition to its coronary dilator
action, the drug exerts 'quinidine-like' anti-
arrythmic effects, and appears to deserve
further study.

cardium. One clinical report in the German litera-
ture4 also suggests that the drug might be a useful
therapeutic agent for patients with coronary insuffi-
ciency.

In view of the reported marked coronary dilator
potency of the drug and its potential dinical use-
fulness for patients with coronary insufficiency, it
appeared of interest to investigate further its
cardiovascular effects. It was also hoped that these
studies might throw further light upon its mecha-
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Fig. 1.-In this and the succeeding figures (FIgs. 2, 3 and 4) the records are arranged
from above downward as follows: I. Signal line showing time of the Injections. II. TIme-
intervals of 10 seconds. III. Coronary Inflow lIne-s volume of 4.2 mL of perfusing fluid
entered the coronary vessels during the Interval between each successive mark on the line-
calculated coronary flows (C.F. ml./min.) and associated heart rates as recorded on the
electrocardiograms (H.R./min.) are also given. IV. Heart contractions recorded with a lever
attached to the apex of the heart-systole above, diastole below. Upper reoord,s show effects
of 0.1 .g. of Iproveratril (Iprov.); middle a.n4 lower records, effects of 1.0 .&g, as marked.

Fig. 2.-Effects of doses of 10 j&g. of Iproveratril (Iprov.) on coronary flow and heart
contractions in two experiments (see legend of FIg. 1).
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Fig. 5.-Effects of Iproveratril on the contractions (systoles above, diastoles below) of

the perfused frog heart. The heart rates per nun. (H.R.) as shown were calculated from the
electrocardiograms. The letter "D" followed by a broken line to "Cl" indicates the duration
of perfusion with Iproveratril. The concentrations used are marked at the left of the records,
that Is, 0.1 .tg., 1.0 .&g., and 10 ,sg. per ml. in each case. The time scale Is 10 sec.

Fig. 5.-Electroeardlograms (lead II) and blood pressure changes recorded before and
after intravenous Injection of doses of 0.5 mg.fkg. (A) and 1.0 mg./kg. (B) of Iproveratril in
a chloralosed cat. An Interval of 30 mInutes elapsed between the upper and lower records
(see "Methods").
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Fig. 7.-Electrocardiograms (lead II) and blood pressure changes recorded before and after
intravenous injection of doses of 5 mg./kg. (A-Exp. 14E) and 10 mg/kg. (B-Exp. iSE) of
Iproveratril in chioralosed cats (see "Methods").

on the myocardium and conducting system in this
preparation.

EFFECTS ON BLOOD PRESSURE AND
ELECTROCARDIOGRAM

When increasing doses were injected intraven-
ously in cats under chioralose anesthesia, it was
observed that amounts up to 0.1 mg./kg. produced
no significant change in blood pressure or electro-
cardiogram (three experiments). Doses of 0.5 mg.
and 1 mg./kg., however, invariably (seven experi-
ments) led to prompt fall in blood pressure associ-
ated with sinus bradycardia and minimal EGG
changes (diphasic or inverted T waves). Some ex-
amples of these responses are shown in Fig. 6.
With these doses, recovery also ensued within 15
to 30 minutes.
With higher doses (5 and 10 mg./kg.), both the

depressor response and cardiac depression were
more marked (five experiments). Some examples
of these changes are shown in Fig. 7.
As can be seen, there was again a prompt and

marked depressor response associated with early
sinus bradycardia followed by marked EGG
changes (P-R prolongation, sagging of the P-R,
A-V block, and nodal rhythm). However, with
doses of 5 mg./kg. recovery ensued within 50 to
60 minutes. On the other hand, with the higher
doses (.10 mg./kg.) associated with the more intense
depressor response, the EGG also showed idio-
ventricular rhythm with sharply inverted T waves
and very tall R waves. Recovery was also still more
delayed in such experiments and irreversible cardiac
arrest ensued in some. There was no evidence of
ventricular extrasystoles or fibrillation in any of
these experiments.

EFFECTS ON CHLOROFORM-ADRENALINE
ARRHYTHMIAS

In view of the potent coronary dilator and i.iyo-
cardial depressant actions of Iproveratril, it was of

interest to investigate its possible antiarrhythmic
actions. In these experiments doses of 0.5 to 1
mg./kg. of the drug were injected two minutes
after chloroform inhalation was started, and three
minutes later a challenging dose of adrenaline bi-
tartrate (100 j.g./kg) was given intravenously. The
chloroform was discontinued one to two minutes
later.

In control experiments it was observed that
under these conditions adrenaline induced a prompt
rise in blood pressure with early outbursts of multi-
focal ventricular extrasystoles followed by ventricu-
lar tachycardia, and in some experiments ventricu-
lar fibrillation. After injection of a dose of 0.5 mg./
kg. of Iproveratril during chloroform inhalation,
there was also a prompt fall in blood pressure and
distinct inversion of the T waves. Following sub-
sequent (three minutes later) injection of adrena-
line, there was a marked rise in blood pressure
associated with sinus tachycardia and persisting
T negativity, but no ventricular arrhythmias or
fibrillation. Fig. 8 shows a typical example of an
experiment of this type. Similar results have been
obtained in three experiments.
When similar chloroform-adrenaline administra-

tion was repeated 30 minutes later in such experi-
ments, there was again a marked pressor response
associated with tachycardia, multifocal ectopic
beats and short runs of ventricular tachycardia.
Subsequent repetitions of chloroform-adrenaline at
30-minute intervals led to rapid emergence of
multifocal ectopic beats with bizarre QRS-com-
plexes indicating aberrant ventricular conduction,
and followed by ventricular tachycardia and ventri-
cular fibrillation (Fig. 8).
When a dose of 1 mg./kg. of Iproveratril was

injected during chloroform administration (three
experiments) as above, there was a marked fall in
blood pressure associated with the usual T-wave
changes. Following subsequent (three minutes
later) injections of adrenaline, there was the usual
rise in blood pressure associated with a slight sinus
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Fig. 8.-Electrocardiographic and blood pressure changes recorded before (Co) and after
intravenous injection of Iproveratril (IP-0.5 mg./kg.), followed by adrenaline (AD 1-100.g./kg.) during chloroform administration (upper records-broken line with arrows). Similar
chloroform-adrenaline administration was repeated at 30-minute intervals. The lower records
show the results observed during the fifth such repetition (see "Methods").

tachycardia but the form of the electrocardiogram
was essentially normal. A typical example of this
type of experiment is shown in Fig. 9.
Subsequent repetitions of chloroform-adrenaline

at 30-minute intervals again showed the progressive
development of increasing degrees of arrhythmias
(extrasystoles, ventricular tachycardia) and finally
ventricular fibrillation ensued. Similar results were
obtained in three experiments.

It is therefore concluded that Iproveratril in
do.ses of 0.5 and 1 mg./kg. can protect chloralosed
cats against the ventricular arrhythmias induced
by adrenaline during chloroform administration.

In the course of the above experiments, several
unsuccessful attempts were made to reverse estab-
lished ventricular fibrillation by either intracardiac
or intravenous injections of the drug with associ-
ated cardiac massage and intravenous saline in-
fusions. It would therefore appear that the drug
cannot reverse established ventricular fibrillation.

It was also observed in two experiments that
when excessive quantities of chloroform were ad-
ministered, so that a definite fall (25 to 45 mm.
Hg) in the blood pressure ensued, the myocardial
depression and depressor responses to Iproveratril
(0.5 and 1 mg./kg.) were greatly potentiated. In-

Fig. 9.-Electrocardiographic and blood .reseure cbanwes recorded before (Co) and after
intravenous injection of iproveratril (IP-1. 0 mg./kg.) followed by adrenaline (AD 1-100
/sg./kg.) during chloroform administration (broken line with arrows-upper and first section
of middle records). The effects of the second (AD2) and fourth (AD IV) Injections of similar
doses of adrenaline during similar reoetitions of chloroform at 30-minute intervals are also
shown.
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Fig. 10.-Electrocardiographic and blood pressure changes before (00) and during a con-
tinuous Infusion of ouabain (5 jsg./kg. 1mm.) throughout ( 0 start). Sections of the records
obtained at 9,15 and 25 minutes are shown.

deed, in both such experiments, injection of adrena-
line did not induce the usual pressor response, and
death rapidly ensued (within two to three minutes)
from cardiac arrest. The cardiac effects of Iprovera-
tril therefore appear to be potentiated by deep
chloroform depression when the responses to adren-
aline are also antagonized.

EFFECTS ON OUABAIN A1IRHYTHMIAS

It was observed that with continuous intravenous
infusions of ouabain in a dose of 0.005 m'g./kg./min.
in cats under pentobarbital anesthesia, there was
a progressive increase in blood pressure associated
within nine to 10 minutes with T-wave depression
and marked arrhythmias (ventricular ectopic beats).
With continued ouabain administration, these latter
were intensffied and progressively multifocal ec-
topic rhythms, ventricular tachycardia and ven-
tricular fibrillation developed. A typical illustration
of this type of response is shown in Fig. 10.

In three similar control experiments ventricular
fibrillation developed in 24, 28 and 25 minutes,
respectively. In contrast, in three other experiments
in which Iproveratril in a dose of 0.5 mg./kg. was
injected repeatedly at intervals of five minutes
during similar continuous ouabain infusions, it was
observed (a) that there was a striking delay in
the onset of T-wave changes, which, during the

initial 15 minutes of infusion, were either com-
pletely absent or slight; (b) that occasional ven-
tricular ectopic beats were recorded but the more
frequent manitestations were nodal rhythm-A-V
block; (c) that although transient ventricular fibril-
lation ensued in two experiments, despite continued
ouabain infusions for as long as 50 to 60 minutes,
the fibrillation spontaneously reverted and was re-
placed by idioventricular rhythms with ventricular
tachycardia; and (d) that irreversible ventricular
fibrillation only ensued after 54, 55 and 68 minutes,
respectively, in this group. Some examples of these
experiments are shown in Figs. 11 and 12.
When a similar dose (0.5 mg./kg.) of Iproveratril

alone was injected at five-minute intervals into
four animals it was observed that death ensued in
55, 55, 89 and 95 minutes, respectively. However,
in each instance this was associated with a progres-
sive fall in blood pressure, bradycardia, A-V dis-
sociation and nodal rhythm with final cardiac arrest.
These changes were similar to those already de-
scribed when single large doses (10 mg./kg.) of
the drug were used.

In three of the above experimepts there was no
evidence of the occurrence of ventricular fibrilla-
tion, although in the animal which survived for 95
minutes, terminal ventricular fibrillation ensued. It
is difficult to determine whether this effect was due
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Fig. 11. - Electrocardiographic and blood pressure changes induced by superimposed
repeated injections of Iproveratril (IP-0.5 mg./kg. at 5-mm. intervals) before (Qo) and
during continuous infusions of ouabain (5 jig. /kg./min.) throughout (10 start). Sections of
the records obtained at 4, 5, 10, 16, 21, 28, 31, 44 and 68 minutes are shown. '-.

to the Iproveratril or was only secondary to the
prolonged myocardial hypoxia resulting from the
sustained low blood pressure and depression of the
heart which persisted in this experiment. It is
nevertheless apparent that with these high doses of
Iproveratril, the antagonism to ouabain toxicity
might have been complicated by the intense cardiac
action of the drug.

It was therefore of interest to test the effect of
smaller doses upon the responses to ouabain. Thus,
in five experiments in which doses of 0.25 mg./kg.
of Iproveratril were injected at five-minute inter-
vals during similar continuous ouabain infusions,

it was observed that ventricular fibrillation ensued
in 40, 41, 42, 51 and 52 minutes, respectively, i.e.
in an average of 45.3 minutes, as compared with an
average of 25.6 minutes (three experiments) when
ouabain alone was infused (see above). It is there-
fore evident that this dose of Iproveratril protected
against the development of ouabain ventricular
fibrillation, and hence delayed the onset of ouabain
toxicity. However, as in the case of chloroform-
adrenaline ventricular fibrillation, subsequent in-
jections of the drug alone could not be shown to
reverse established ouabain ventricular fibrillation
in this group of experiments.

Fig. 12.- Electrocardiographic and blood pressure changes induced by superimposed
repeated injections of Iproveratril (IP-500 .&g./kg. at 5-mm. intervals) before (Go) and during
continuous infusions of ouabain (5 .&g./kg./min.) throughout (10 start). Sections of the
records obtained at 4, 5, 10, 15, 27, 35, 40, 45 and 55 minutes are shown. I-+
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DIscussIoN
The above findings show clearly that Iproveratril

is a potent coronary vasodilator agent in the iso-
lated rabbit heart, but that it also leads to associ-
ated depression of the myocardium and the con-
ducting system. In anesthetized cats the drug pro-
duces a fall in blood pressure associated with
bradycardia, ST-T changes and depression in A-V
conduction. It has, however, not been established
to what extent the drug affects peripheral vaso-
dilatation, and the question arises whether or not
the observed depressor response is due only to its
intense myocardial depressant action. Iproveratril
can also protect to some extent against ventricular
arrhythmias induced both by injections of adren-
aline during light chloroform anesthesia and by
ouabain infusions. However, the mechanism of
these actions is still unknown.
It was .earlier suggested by Haas'0 in Germany

that Iproveratril might exert its favourable action
in angina pectoris by blocking p-adrenergic re-
ceptor mechanisms. In this connection, as has al-
ready been pointed out, during deep chloroform
depression of the cardiovascular system, the cardiac
depressant actions of Iproveratril are potentiated
and the cardiac responses to adrenaline also antag-
onized. In addition, it has been observed, in other
experiments on the isolated perfused rabbit heart,
that prior injection of a small dose (10 Mg.) of
Iproveratril decreases significantly both the ampli-
tude of the heart contractions and the tachycardia
following injections of high doses (100 Mg.) of both
adrenaline and noradrenaljne. Finally, using the
isolated papillary muscle preparation and recording
the contractions during constant rate electrical
stimulation, as described by Benfey and Varma,"
it has been observed that in the presence of a low
concentration (1 Mg./ml.) of Iproveratril, the posi-
tive inotropic action of noradrenaline can be
blocked without reducing the responsiveness of the
preparation to calcium.'2 It would therefore appear
that Iproveratril may exert its effect on the 'heart
by blocking s-receptor adrenergic (sympathetic)
mechanisms. This aspect of the problem is being
further studied.
The electrocardiographic findings leave little

doubt that Iproveratril exerts a striking antagonism
to the early T-wave changes induced by ouabain,
and on that basis appears to influence repolariza-
tion. However, the basic mechanism for the anti-
arrhythmic actions of the drug is unknown. Indeed,
the electrocardiographic changes following large
doses of the drug would also suggest that it might
exert a "quinidine-like" action. The drug therefore
appears deserving of further study.

SUMMARY

It has been shown that the new synthetic compound,
a-isopropyl-z [(N-methyl-N-homoveratryl) -v-amino-pro-

- dimethoxyphenylacetonitrile hydrochloride
(D365, Iproveratril or Isoptin), is a potent coronary

dilator agent in the isolated perfused rabbit heart;
doses of 0.1 and 1 .g. increase coronary flow without
significant changes in heart contraction or rate, but with
higher doses (10 and 100 pg.) cardiac depression,
bradycardia and A-V dissociation ensue.

In the perfused frog heart, concentrations ranging
from 0.1 to 10 .g./mL induce increasing degrees of
myocardial depression and slowing.

In chloralosed cats, doses of 0.5 and 1 mg./kg.
intravenously produce a fall in blood pressure with
only slight bradycardia and can protect against chloro-
form-adrenaline ventricular arrhythmias; higher doses
(5 and 10 mg./kg.) lead to more marked depressor
effects with more marked bradycardia, ST-T changes,
A-V dissociation and nodal rhythms; with doses of 10
mg./kg., ultimate cardiac standstill ensued in some
cases.

In pentobarbitalized cats, doses of 0.25 and 0.5
mg./kg. injected intravenously at five-minute intervals
reverse the early ST-T changes induced by ouabain
and significantly delay the onset of ouabain ventricular
fibrillation.

In addition to its coronary dilator action Iproveratril
therefore appears (a) to block /.-adrenergic receptor
mechanisms in the heart, (b) to influence repolariza-
tion of the myocardium, and (c) to exert a quinidine-
like action. This drug appears, therefore, to warrant
further study.

We are grateful to Messrs. Leo Cullen and Bruno
Klingner for their technical assistance with these experi-
racuts.

REFERENCES

1. HAAS H. AND HXRTFELDER, G.: Arzneimittelforschwng, 12:
54., 1962.

2. SCHLEPPER M AND WITELEB, E.: Ibid., 12: 559, 1962.
3. GEELACH, I.. AND DEUTICKE, B.: Ibid, 13: 177, 1963.
4. HEIDLAND, A., KLOT5CH, K. AND Onmc, A.: Mi&nchen. Med..

Wschr., 104: 1636. 1962.
5. Lu, F. C. AND MELVILLE, K. I.: .T. Pharmacol. Rep. Ther.,

99: 277. 1950.
6. MELVILLE, K. I. AND MAZURKIEWICZ, I.: Ibid.., 118: 249,

1956.
7. McEwm., L. M.: .1. Phystol. (London), 131: 678, 1956.
8. MELVILLE, K. I. AND KOROL, B.: Amer. J. (Jardiol., 2: 81,

1958.
9. MELVILLE, K. I.: J. Pharmacol. Rep. Ther., 87: 350, 1946.

10. HAAs, H.: Personal communication.
11. BENFEY, B. G. AND VARMA, D. R.: Brit. J. Pharmacol.,

21: 174, 1963.
12. MELVILLE, K. I. AND BENFEY, B. G.: Unpublished data.

PAGES OUT OF THE PAST: FROM

THE JOURNAL OF FIFTY YEARS AGO

WHAT WILL BE THE END?
In his report for the year 1913, Dr. J. V. Anglin, the

superintendent of the Provincial Hospital, Saint John, New
Brunswick, comments on the increasing numbers of mentally
afflicted or defective persons who seek admission to the
hospital. The provision of suitable accommodation and
the maintenance of such persons is becoming a heavy tax
upon the province. What will be the end? Are the asylums
tu be enlarged year by year as the number of patients in-
creases? The results of treatment offer little encouragement
and, in the majority of cases, the most that can be expected
is a more or less permanent restoration. However, although
the subject is somewhat shrouded in gloom, a more hope-
ful attitude of mind comes with the reflection that increased
knowledge may teach us more of the nature, causes, and
possible means of prevention. Dr. Anglin refers also to the
necessity for a trained pathologist in every asylum, "whose
sole duty it should be to study insanity In all its aspects
and communicate the results of all his investigations to the
people at large."-Editorial comment, Canad. Med. Ass.
J., 4: 317, 1914.


