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When, on 12 February 1969, it became clear that these
tablets contained too much active cardiac glycoside 38,000
tablets had already been delivered. Of these, 6,000 could be
recovered, so that 32,000 faulty tablets were used. So far as
we know, outside Veenendaal, patients with symptoms of digi-
talis intoxication due to the use of these tablets were dis-
covered only here and there. This could be explained by the
fact that the chemist in Veenendaal was the first in the
country to be fully supplied with these tablets and also by
the fact that this one chemist was responsible for providing
drugs to the whole town (about 30,000 inhabitants) and to the
hospital. It is possible that many cases went undiscovered. In
our material we observed a pattern of complaints different
from what is normally described. In particular, the high per-
centage of extreme fatigue and of visual symptoms (both 95%)
is striking. This can probably be explained by the fact that
a similar intoxication with an excessive maintenance dose of
digitoxin had never before been observed.

We wish to thank Dr. J. Pool, of the department of cardiology,
University Hospital, Leiden, for his help in this investigation.
A preliminary report on this large-scale digitoxin intoxication

has been published elsewhere (Lely et al., 1969).
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Summary: The immediate haemodynamic effects of peru-
voside, a cardiac glycoside obtained from the Indian

plant Thevetia neriifolia Juss, were studied in six patients
with congestive heart failure. The drug was found to
have an immediate and powerful positive inotropic and
negative chronotropic effect, like ouabain, on the failing
human heart. Oral peruvoside was also effective in the
treatment of congestive heart failure when used on a
short-term as well as a long-term basis. It therefore
seems that peruvoside is a useful cardiac glycoside in the
management of congestive heart failure in man as a
quick-acting intravenous preparation. It is equally effec-
tive when used orally.

Introduction

Peruvoside, a cardiac glycoside isolated by Rangaswami and
Rao (1959) from the kernels of the Indian indigenous plant
Thevetia neriifolia Juss, is stated to have a positive inotropic
effect in the cat papillary muscle (De et al., 1963), guinea-pig
heart (Kohli and Vohra, 1960), and the failing heart of mongrel

* Associate Professor of Cardiology.
t Research Fellow.
* Professor of Cardiology.
Department of Cardiology, All India Institute of Medical Sciences, New

Delhi-16.

dogs (Arora et al., 1967). Studies in congestive heart failure in
man are, however, not available. In this communication we out-
line the haemodynamic effects of intracardiac peruvoside in six
patients with heart failure of varying aetiology. We also
report our observations on the clinical response to oral
peruvoside in these six and in an additional 22 patients
treated for 2 to 54 weeks.

Patients and Methods
The six patients (two men and four women) with heart

failure, physiologically studied, were aged 30 to 60 years.
Congestive heart failure was due to coronary heart disease
and primary myocardial disease in two patients each and to
atrial septal defect and rheumatic mitral incompetence in one
patient each. Three patients were in atrial fibrillation at the
time of study. Patients were studied within 48 hours of
admission. The investigative nature of the treatment was
explained to each patient and consent obtained before the
study. Any patient who had received a digitalis preparation in
the preceding seven days was excluded from the study.

Right heart catheterization was carried out in the post-
absorptive resting state in the supine position with standard
techniques. The brachial artery was cannulated for 'continu-
ous monitoring of arterial pressure and. as a site for sampling
blood-dye mixture for recording indicator dilution curves.
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Pressures were recorded through Statham strain gauge pres-
sure transducers of P23 AA series on a multichannel photo-
graphic recorder (Electronics for Medicine Inc.). The baseline
for all pressure measurements was taken as half the chest
thickness at the second costal cartilage with the patient
supine (Roy et al., 1957). Indicator dilution curves were
obtained through a continuously recording densitometer (Gil-
ford Inc.) following injection of indocyanine green dye into the
pulmonary artery. Cardiac output was calculated from these
curves by the technique of Hamilton et al. (1932). The rate
of change of brachial arterial pressure (dp/dt) was recorded
with an R.C. differentiator (Electronics for Medicine Inc.).
After obtaining the control data 0-6 to 0-9 mg. of

peruvoside was injected slowly into the pulmonary artery.
Electrocardiogram and pulmonary arterial and systemic
arterial pressures were continuously monitored and were

recorded at five-minute intervals for 30 minutes. A second set

of cardiac output and pressure measurements was obtained at

the end of 30 minutes.
Calculated data were obtained using the following

formulae:

Stroke index (ml./beat/m'.) -

Vascular resistance (units)

Systolic ejection period =

(sec./min.)

Systolic ejection rate =

(ml./sec./m.2)

Left ventricular work index =

(kg. m./min./m.2)

Left ventricular stroke work =

index (kg. m./beat/m.2)

Stroke power (kg. m./sec./m.2) =

Cardiac index (I./min./m.2)

Heart rate (beats/min.)

Arterial mean pressure (mm. Hg)
-atrial mean pressure (mm. Hg)

Cardiac index (l./min./m.2)

Systolic ejection period (sec./beat)
x heart rate (beats/min.)

Cardiac index (ml./min./m.2)

Systolic ejection period (sec./min.)
Left ventricular systolic mean pressure
(mm. Hg) -left ventricular filling pres-
sure (mm. Hg) X cardiac index

(l./min./m.2) X 1-36

100

Left ventricular work index
(kg. m./min./m.2)

Heart rate (beats/min.)

Left ventricular work index
(kg. m./min./m.2)

Systolic ejection period (sec./min.)

The haemodynamic data were statistically analysed by standard Student's
t test.

Another 22 patients (15 male and 7 female) with congestive
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heart failure were treated with peruvoside by mouth. The
average effective dose was 2.4 mg. (1-8 to 3.2 mg.) followed
by a maintenance dose of 0.6 mg. (0.3 to 0.9 mg.). Eighteen
patients were in sinus rhythm and four had atrial fibrillation.
The average period of trial was 15 weeks (range 2 to 42
weeks). To observe the side-effects, if any, of long-term
administration of peruvoside 10 patients were treated for
more than 12 weeks.

Results

Haemodynamic Studies
Heart Rate, Cardiac Index, and Stroke Index.-As shown in

the Table and Fig. 1 the heart rate slowed in all patients
(average 36%, range 15 to 58%). Cardiac index increased in
all instances though a pronounced increase (32%, 40%, 132%)
was seen in only three patients. A consistent and marked
increase of stroke index, however, was invariable (average
96%, range 50 to 282%). The increased values for cardiac
and stroke indices did not exceed the upper limit of the nor-
mal data for our laboratory (Roy et al., 1963).
Right Atrial Mean Pressures (Table, Fig. 2).-Four of the

six patients had raised right atrial mean pressures, this being
as high as 23 mm. Hg in one patient. Intracardiac peruvoside
effectively decreased the raised pressure in these four
patients.
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FIG. 1.-Effects of intracardiac peruvoside on heart rate (H.R.), cardiac
index (C.I.), and stroke index (S.I.) in six patients with congestive heart
failure. Solid and open figures represent values at rest and 30 minutes after
administration of peruvoside respectively. Slowing of heart rate and increase
of cardiac and stroke indices were recorded in all patients, but changes are

more significant in those with atrial fibrillation.

Haenodynsamc Effects of Peruvosude sn Congattve Heart Failure

Case Ag Clinial Dgnosis B.5.A. Dose H.R. C Prsure(mm.Hg)C.i. S.I. P.V.R. S.V.R. LV.Wi. L.V.S.Wi. S.P. S.E.P. S.E.R. p/dtNo. Sex (m2) (mg-) R.A. P.A.W. S/ED S/D(M) S/D(M)

1 55 Coronary heart disease. Sinus 1 70 0o9o{B 93 5 27 45/10 45/27(36) 102/72(84) 2-5 27 36 32 2-33 25 89 26-0 96 454
M. rhythm A 72 2 16 36/5 36/18(23) 125/78(94) 3-5 49 2 0 26 447 62 203 220 159 823

2 48 Cardiomyopathy. Sinus 1.38 0.60fB 80 4 16 45/8 45/20(32) 132/80(98) 2-8 35 57 34 4-15 52 243 17-1 164 717
F. rhythm LA 63 2 12 38/5 38/14(24) 164/88(115) 311 49 3-9 36 5-40 86 344 15-7 197 1195

3 60 Coronary heart diaease. Sinus 1-70 0 9o(B 104 10 35 80/18 75/35(48) 142/80(98) 31 29 42 28 3 58 34 147 243 126 920
M. rhythm 1A 76 6 20 58/10 58/20(34) 160/65(104) 38 50 37 26 568 75 305 18 6 204 1610

4 30 Rheumatic heart dis. Mitral B 132 11 28 76/15 75/42(60) 125/74(84) 22 17 14 5 33 221 17 88 25-0 88 1000
F. regurgitation. Atrial 1-28 0.60

fibrillation | A 73 3 18 54/5 55/32(40) 125/72(84) 51 65 43 16 596 76 380 15-7 325 1540

5 52 Atrial septal defect. B 144 15 19 53/15 50/19(33) 108/75(88) 32 22 44 23 3-31 23 144 23-0 139 699
F. Tricuspidregurgitation. 1-22 0860Atrial fibrillation ,. A 60 12 15 45/12 45/15(28) 138/80(100) 3 4 57 3-8 26 485 81 270 18-0 189 1198

6 49 Cardiomyopathy. Atrial 1 0.60fB 92 23 - 45/23 35/22(26) 114/76(88) 29 32 - 22 - - - 21-0 138 760
F. fibrillation A38 A 66 17 - 35/17 27/18(20) 140/85(108) 32 48 - 28 - 16 0 200 1107

Mean. 144 070 107 5 11 3 25 0 S5783 (39 2) (90 0) 2-78 27 0 65 28-7 3-12 30 2 142-2 22-7 1252 758-3f ~~~~~~ED148
S.D. .. .. .. .. .. .. B ±25-1 ±750 ±7 6 S ±164 ±12 5 ±65 ±038 ±66 ±4-6 ±5i2 ±0-83 ±136 ±63-2 ±3-3 ±28-6 ±1910
S.E. of mean 10 3 2-9 3-4 S6 7 51 2-9 016 2-7 2-0 2-1 037 6-1 28-2 1-3 11-7 78-0

ED2-2

Mean.69 2 7-0 16-2 S44-3 (28-2) (100-8) 3-68 53-0 3-5 26 3 5-27 76-0 300 4 17-7 2123 1245-5
ED9 0

S.D. A..... .. .. .. .. .. ^ +±73 S62 ±370E 9 ±7-6 ±109 ±074 ±6-7 ±09 ±6-4 ±0-61 ±9-0 ±6893 ±25 ±575 ±290-6
S.E. of mean.. 3*0 2 5 14 S420 31 4.4 030 27 0 4 2 6 0-27 4-0 30.5 1.0 275 118-6

<0-01 S<001 <001 <005 <001 >005 >005 <005Pvalue.<0.02 <001 <001 ED<00101 >005-0
ED<0 01

B.S.A.= Surface area. B= Before peruvoside and A = 30 minutes after peruvoside. R.A. - Rightatrial. P.A.W. - Pulmonary arterial wedge. R.V. - Right ventricular. P.A. -
Pulmonary artery. B.A. = Brachial anery. S/D(M) - Systolic, diastolic (mean). ED - End-diastoLic. C.I. - Cardiac index (1./mn//m.'). S.I. - Stroke index (ml./bet/m.A). P.V.R. -
Pulmonary vascular resiatance (units). S.V.R.-Systemic vascular resistance (units). L.V.Wi. - Left ventricular work index (kg. m.in/mn/M.2). L.V.S.Wi. - Left ventricublr
stroke work index (g.m./beat/M.2). S.P. - Stroke power (Sg m./sec./m.5). S.E.P. - Systolic ejection period (sec./min.). S.E.R. - Systoliceiecion rate (ml./.ln./m.').
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4

3. A6

P V.R.units S.V.R.units
*o N.S.R.
A, A.F.

FIG. 2.-At the end of 30 minutes intracardiac
peruvoside had significant effect on right atrial
(R.A.), pulmonary artery wedge (P.A.W.), and
pulmonary arterial (P.A.) mearr pressures. The
effects on mean brachial artery pressure (B.A.)
and systemic vascular resistance (S.V.R.) were
variable. Pulmonary vascular resistance (P.V.R.)
fell steeply in Case 4 (atrial fibrillation) but the
other four patients did not show significant

changes.

Pulmonary Artery and Pulmonary Artery Wedge Pressure
and Pulmonary Vascular Resistance (Table, Fig. 2).-Pul-
monary arterial mean pressure was raised in all patients
(average 39 mm. Hg, range 26 to 60 mmu. Hg) and peruvoside
reduced it when measured 30 minutes after administration. In
no instance, however, did the pulmonary arterial mean pres-
sure become normal. High pulmonary artery wedge pressures
in five patients (average 25 mm. Hg, range 16 to 35 mm. Hg)
were also reduced at the end of 30 minutes by 9 mm. Hg. In
only one patient, however, did the pressure become normal,
while in others it was still slightly raised. Pulmonary vascular
arteriolar resistance was lowered in five patients; in the sixth,
where pulmonary arterial wedge pressure could not be
obtained, the total pulmonary vascular resistance decreased
from 9 to 6.2 units. Except in one instance (Case 1), the cal-
culated resistance was still higher than normal.
Peripheral Arterial Pressure and Vascular Resistance (Table,

Fig. 2).-Systolic, diastolic, and mean peripheral arterial pres-
sure increased in five of the six patients at 30 minutes after
injection of peruvoside. Calculated peripheral vascular resis-
tance was variably altered. It decreased in three patients, and
in two of these (Cases 1 and 4) the change was quite marked.
In both patients the cardiac indices had increased consider-
ably following peruvoside therapy. In the other three patients
vascular resistance increased, but a significant rise was
observed in only one (Case 6).

Calculated Values of Cardiac Contractility (Table, Fig. 3).
-All measures of cardiac contractility calculated from the
recorded data showed significant improvement. Thus the left
ventricular systolic work, left ventricular stroke work, left
ventricular stroke power, systolic ejection rate, and brachial

4

3

5i
2

5

4

L.V.Wi.
kq.Ml min./m2

L.V.S.Wi. S E.P S E.R. B.A.ldAt
q./beat/m2 gM/sec/rn2 sec./ min. MI./SeC./M2 mm

*o N.S.R.
hA A. F.

artery dp/dt increased by 52-5%, 120%, 110%, 69.5%, and
6450°,' respectively, while the systolic ejection period
decreased by 44%. A plot of mean puhnonary artery wedge
pressure and left ventricular external stroke work index (Fig.
4) also showed a significant improvement in myocardial con-
tractility, with a leftward shift of the curve on which the left
ventricle functioned.

Statistical Analysis
As shown in the Table, all the haemodynamic values when

subjected to statistical analysis, except brachial artery mean
pressure and the pulmonary and systemic vascular resis-
tances, showed highly significant P values.

Clinical Response to Peruvoside

Heart rate decreased in 20 of the 28 patients and remained
virtually unchanged in six patients (less than 15%) who were
in normal sinus rhythm. Heart rate reduction was greater in
patients with atrial fibrillation (40.9%,') than in those in nor-
mal sinus rhythm (20-5%). In two patients with atrial fibrilla-
tion of recent onset the cardiac rhythm became normal sinus
while the patients were still being treated with peruvoside,
and in one patient with intermittent left bundle-branch block
the electrocardiogram remained normal during the course of
the therapy. Noticeable clinical improvement was recorded in
18 patients with reduction of dyspnoea and other evidence of
congestive heart failure. Of the other _10 patients one died

74
1,500

5,2 FIG. 3.-Immediate effect of intracardiac peruvo-
O3 // t side on calculated values of ventricular contractility.

SX26 // /AS6 The left ventricular work index (L.V.Wi.), left
5iaoo 4 ventricular stroke work index (L.V.S.Wi.), stroke
1 . 3 power (S.P.), systolic ejection rate (S.E.R.), and/9 / 1 brachial artery dp/dt showed significant increase

6 in their respective values, while the systolic
2 ejection period (S.E.P.) decreased considerably.
5X / The response of these calculated values of ven-

tricular contractility had highly significant P values.
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90 2
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300 N.S.R.
~~~ ~AA A.F.

70 -

E ,

E

>; 30 -3
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10 15 20 25 30 35
PA.W. (mean) mm.Hq

FIG. 4.-Pulmonary artery wedge pressures (P.A.W.) decreased after
peruvoside administration with an increase of external left ventricular stroke
work index (L.V.S.Wi.) indirectly indicating an improvement of left ven-

tricular functions.

from acute myocardial infarction and another from severe
aortic incompetence, four were lost to follow-up, and in four
peruvoside gave no benefit.

Side-effects consisted of anorexia, nausea, vomiting, and
diarrhoea in 10 patients and cardiac arrhythmias in nine
(premature contractions in seven, significant first degree heart
block in one, and intermittent short-term complete heart
block in one). These were reversible on reducing the dose or
stopping the drug.

Discussion
Previous experimental studies in animals by Kohli and

Vohra (1960), De et al. (1963), and Arora et al. (1967) showed
that peruvoside exerted a marked positive inotropic effect in
the normal and failing heart and that the drug was quick-act-
ing and as potent as ouabainL Similar data in congestive heart
failure in man are not available. This may in part be due to
non-availability of the pure glycoside. The present
haemodynamic studies support the observations made in
experimental animals, and show that peruvoside possesses a
marked positive inotropic and negative chronotropic activity
in congestive heart failure of varying aetiology in man. It
reduced heart rate and increased cardiac and stroke indices,

left ventricular work index and left ventricular stroke work
index, stroke power, brachial artery dp/dt, and systolic ejec-
tion rate, while reducing pulmonary arterial, and reflected left
and right atrial pressures, and systolic ejection period. Peruvo-
side treatment thus resulted in improved myocardial function at
lowered left atrial mean pressure, a leftward shift of the vent-
ricular function curve at which the heart operated, an action
similar to that of other digitalis preparations (Braunwaid et
al., 1965).
The immediate haemodynamic responses to intravenous

peruvoside were observed only in six subjects, but when the
data were subjected to statistical analysis it was found that
the changes in these values were statistically highly signifi-
cant. No data on changes in ventricular volume which effect
ventricular function were obtained in this study. Nor are such
data available even in experimental animals. The role of
peruvoside in producing such a change and thereby changing
cardiac function is a possibility and remains to be studied.

Clinical trials by us (Arora et al., 1967) in a small number
of patients and by others (Dalal et al., 1970) showed the use-
fulness of peruvoside in effective management of most
patients with congestive heart failure. Trials in the present
group of 28 patients likewise showed beneficial effects with
this therapy, without significant short-term or long-term side-
effects, except those reversible effects expected with digitalis
therapy. Probably the great advantage of peruvoside is its
quick ouabain-like action when given intravenously and its
oral effectiveness when used on a short-term or long-term
basis.

This study was supported by a grant from the Indian Council
of Medical Research, New Delhi, for which we are thankful to its
Director-General. Dr. S. P. Gupta's help in conducting the clinical
trials is gratefully acknowledged. We also wish to thank Dr. A. D.
Tashkar and his staff for the statistical analysis and Mr. 0. P.
Khatter for preparing the manuscript.
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