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ABSTRACT
Nineteen patients suffering from chronic
respfratory disease were evaluated before,
during and after ethamivan administration
by serial measurement of arterial pH, pCO2,
plasma ethamivan levels and alveolar venti-
lation. Ethamivan was administered intra-
venously as a single injection of 50 mg.
in five patients; as an injection of 25 mg./
kg. in five patients; as an intravenous injec-
tion of (a) 50 mg. over 15 minutes and (b)
150 mg. over 15 minutes in five patients;
and finally as an oral dose of 300 to 500
mg. in five patients.

Plasma levels of ethamivan became un-
measurable within 15 minutes of receiving
the largest dose. Alveolar ventilation in-
creased only in patients receiving the highest
intravenous dose, and no signfficant changes
in blood gases were elicited in any patient.

SOMMAIRE
Chez 19 malades souffrant d'affections res-
piratoires chroniques, on a .tudi6 la fonction
pulmonaire avant, pendant et apr.s admini-
stration d'6thamivan, au moyen de mesures
en s6rie du pH art&iel, du pCO2, des
concentrations plasmatiques d'6thamivan et
de la ventilation alv6olaire. L'Ethamivan a
. donn. par voie intraveineuse, en une
seule injection de 50 mg. chez cinq malades,
en injection de 25 mg./kg. chez cinq
malades, en injection I.V. de (a) 50 mg. sur
un laps de temps de 15 minutes et (b) de
150 mg. en 15 minutes chez cinq malades
et, enfin, par voie orale, aux doses de 300 .t
500 mg. chez cinq malades.

Les concentrations sanguines d'6thamivan
ne purent plus .tre mesur6es 15 minutes
apr.s le d6but des plus fortes doses. La
ventilation alv6olaire n'a augment6 que chez
les malades qui avaient re.u les plus fortes
doses intraveineuses. Le m6dicament n'a pas
modifi6 sensiblement les pressions gazeuses
du sang chez aucun malade.
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TABLE 1.-PULMONARY FUNCTION

Diffusing Forced Functioruil
Arterial Total Maximum capacity** expiratory residual Residual

Patient pCO2 lung breathing (c.c. per mm. volume capacity volume
No. Age Sex (mm.Hg) capacity* capacity* per mm. Hg) 1/sd sec. (1.) (1.) Diagnosis

1 39 M 57 58 59 14.9 75% 2.07 1.39 Respiratory muscle paresis
due to old poliomyelitis

2 47 F 43 108 67 9.7 36% 2.73 1.83 Asthma,bronchitis
3 63 M 49 111 18 7.0 15% 4.08 3.50 Emphysema
4 67 M 51 72 96 11.1 66% 2.42 1.78 Infectious polyneuritis
5 77 M 42 135 40 7.8 23% 5.15 5.04 Chronic bronchitis,

emphysema
6 53 M 64 113 33 6.5 21% 3.97 3.08 Chronic bronchitis,

emphysema
7 59 M 55 100 23 6.9 26% 3.50 3.16 Chronic asthmatic bron-

chitis, emphysema, cor
pulmonale

8 63 M 42 93 54 9.5 32% 3.27 1.76 Chronicasthmaticbron-
chitis, pleural effusion

9 70 M 75 79 14 2.4 14% 3.52 2.42 Anemia, emphysema, cor
pulmonale

10 52 M 48 111 56 14.0 22% 5.05 4.06 Asthmaticbronchitis
11 66 M 50 139 12 6.2 10% 6.94 6.20 Chronic bronchitis,

emphysema
12 41 M 64 121 8 4.7 10% 5.46 4.74 Chronicbronchitis,

emphysema
13 59 M 95 136 19 5.0 12% 7.09 5.92 Emphysema, cor pulmonale,

CO2 narcosis
14 75 M 39 107 25 4.4 23% 3.46 2.71 Chronic asthmatic

bronchitis
15 63 M 52 104 12 2.3 12% 3.47 2.36 Asthma, emphysema, cor

pulmonale
16 56 M 66 136 19 5.0 12% 5.88 5.23 Emphysema, cor pulmonale
17 70 M 54 100 16 6.0 20% 3.98 3.57 Emphysema, cor pulmonale
18 55 M 39 126 105 5.9 49% 5.19 1.84 Pulmonary fibrosis,

emphysema
19 60 M 53 88 37 4.6 25% 3.67 3.13 Severe diffuse bronchiectasis

*% of predicted.**Steady state method (Bates, D. V. et al.: J. Physiol.,
***Expre.ed as % of forced vital capacity.

Room air was breathed through a Rudolph two-way
breathing valve with a Bennett seal mouthpiece,
and expired air was collected in Douglas bags.
Four groups of five patients received the drug

by different dosages and routes as follows: (a)
orally, in a dose of 300 to 500 mg., (b) by a single
intravenous injection of 50 mg. over a period of
one minute, (c) by a single intravenous injection
of 2.5 mg./kg. over a period of one minute, and
(d) by an intravenous infusion of 50 mg. and
150 mg. either by a continuously observed intra-
venous drip or by a Harvard infusion pump
(Model 600-900). This infusion was given over
two periods, each of 15 minutes' duration. Control
injections and infusions of normal saline were given
in identical fashion to a number of patients receiv-
ing the drug intravenously.

Samples of arterial and venous blood were with-
drawn at intervals before and after any type of
administration for analysis of blood gas content
and ethamivan concentration. Carbon dioxide and
oxygen tensions were determined with an Epsco
Blood Parameter Analyser Model 101, and pH
on the Astrup apparatus. Expired air was analyzed
for oxygen with a Beckman Model E-2 Oxygen
Analyzer, and for carbon dioxide with a Godart
Capnograph. Whole blood buffer base was esti-
mated from the Singer-Hastings nomogram'3 and
alveolar ventilation and physiological dead space
were calculated from conventional equations. After

129: 237, 1955).

centrifugation and separation of red cells, plasma
was mixed with 1.5 volumes of chloroform and the
ethamivan concentration, which gives a character-
istic peak at 280 mg., was measured in the chloro-
form extract using a Beckman D.U. spectrophoto-
meter. Its presence in the extract was confirmed
by ascending paper chromatography using Folin-
Ciocalteau reagent and 10% sodium carbonate for
colour development.
The control measurements represent means of

three replicates taken prior to the injection of
ethamivan. A standard two-way analysis of variance
was carried out to obtain the laboratory variation
in these measurements and is represented in the
tables as 95% confidence limits. Mean values
following the injection of ethamivan which lie out-
side the 95% confidence limits of the control values
were then analyzed by a paired t-test comparing
the individual values at various times with the
control values obtained from the same patient.
Values differing significantly are indicated in the
appropriate tables.

RE5ULTS

An example of the data chart obtained from a
single study is shown in Table II. Control measure-
ments prior to injection were regularly made from
two samples of blood and three samples of expired
air.
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TABLE II..Ethamivan Case Report No. 17 (b)

Name.Hosp. No.

49%

000000
.Sex.

Hematocrit.Ethamivan

Chronic bronchitis, emphysema

2.5 mg./kg. = 136 mg.

Age.Weight.Date.
699 mm. Hg

Diagnosis.

. Barometric Pressure.

Room Temperature..
25 C.

The effects of 300-500 mg. of ethamivan taken
orally by five patients are shown in Table III. The
control figures represent the mean values of all
determinations carried out in the five patients
before drug administration.

alveolar ventilation may be related to a concomit-
ant increased production of carbon dioxide. The
level of ethamivan in the plasma which was less
than half the original concentration at the end of
three minutes is shown graphically in Fig. 1.

TABLE III..The Effect of Oral Ethamivan in Five Patients

Dose Control
5

minutes
10

minutes
15

minutes
80

minutes
60

minutes minutes
180

minutes

Oral
300-500 mg.

p02 (mm. Hg) 60.5 db 5.4
pC02 (mm. Hg) 53.5 ± 4.7

pH 7.37 ± .035
C02 production (l./min.) .167 ± .055
02 uptake (l./min.) .202 ± .035
Respiratory rate/min. 16 =fc 3.3
Alveolar vent. (l./min.) 2.99 ± 1.18
Plasma ethamivan

conc. (/xg./100 ml.) 0

=t = 95% confidence limits for the whole series.

There were no statistically significant changes in
any of the measurements either of blood gases or

expired air. The suggestive increase in alveolar
ventilation may have been balanced by the in¬
creased oxygen consumption and C02 production,
explaining the lack of change in arterial blood
gases. No ethamivan was detected by spectrophoto-
metric analysis of plasma in three hours following
ingestion; however, paper chromatography did
demonstrate levels of less than 1 /xg./ml. in the
15- and 30-minute samples.

In Table IV the effect of a single intravenous
injection of 50 mg. of ethamivan in five patients
is summarized. Once again there are no alterations
in the mean values for either blood gases or ex¬

pired air, and minor non-significant increases in

As shown in Table IV, a single intravenous in¬
jection of ethamivan in a dosage of 2.5 mg./kg.
was followed by a significant (p < 0.05) increase
in respiratory rate and by a suggestive but not
statistically significant rise in alveolar ventilation.
In 10 minutes alveolar ventilation had returned to
control levels. Correspondingly, the oxygen tension
rose suggestively at the end of five minutes but by
10 minutes was not significantly elevated and had
returned to the control levels in 30 minutes. The
pH did not change, but carbon-dioxide production
and oxygen consumption apparently did increase
because of the greater muscular respiratory effort.
This dose of ethamivan therefore did produce a

significant increase in respiratory rate, and oxygen
uptake along with oxygen tension rose; however,
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TABLE IV.-THE EFFECTS OF ETHAMIVAN ON RESPIRATION AND BLOOD GASES WHEN GIVEN AS A SINGLE INJECTION TO FIVE

PATIENTS

After injection

1 2 3 5 10 15 30
Control minute minutes minutes minutes minutes minutes minutesDose

50 mg. PO2 (Inm. Hg)
pCO2 (mm. Hg)
pH
CO2 production

(1./mm.)
02 uptake (1./mm.)
Respiratory rate/mm.
AlVeolar vent. (1./mm.)
Plasma ethamivan

conc. (pg./ml.)
2.5 mg./kg. PO2 (mm. Hg)

POOl (mm. Hg)
pH
002 production

(1./mm.)
02 uptake (1./mm.)
Respiratory rate/mm.
AlVeolar Vent. (1./mm.)
Plasma ethamivan

conc. (1.1g./mi.)

60.54* 62 61 60 60 60 59 59
52.4.7 50 50 51 53 53 54 54

7.405±.035 7.43 7.42 7.42 7.42 7.44 7.42 7.41

.197 ± .055

.229 .035
19 3.3

3.34 ± 1.18
Mean
S.D.

50.0 ± 5.4
63.5 ± 4.7
7.40 ± .035

.201 ± .055

.222 ± .035
22 1 3.3

3.01 I 1.18
Mean
S.D.

.233

26 220
4.08
3.3
2.0
54
61
7.43

2.3
1.2

55
62
7.43

203

25.222
3.49
2.0
1.3

55
64
7.41

308
.315

27**
6.26

13.9 6.7 4.5
9.0 3.3 2.0

.199

26.224
3.22
1.3
.8

57
64
7.39

1.3
1.1

54
67
7.40

.212

22.247
2.93

3.4 3.2
2.6 2.1

1.2
1.1

53
66
7.40

1.3
1.1

51
67
7.41

2.5 1.3
1.1 1.1

*Indicates 95% confidence limits.
**. <0.02.

the concomitant increase in carbon-dioxide produc-
tion was such that there was a negligible change
in pCO2.
The mean levels of plasma ethamivan following

this dose are shown in Fig. 1. The peak mean value
of 11.3 .g./ml. is present in the one-minute sample
and thereafter falls rapidly to 4 ,.g./ml. at three
minutes, at which time an effect is still observed
on blood gases and respiratory rate. After 10
minutes the mean plasma level was 2.6 ,.tg./ml.

10.0'

E

1.0
4
I
w
U-
0
z
0
4
I-

-25mg/kg-
-----'5Omg.

and blood gas and expired-air measurements were
unaltered from those obtained prior to injection.

Studies conducted on the effects of ethamivan
continuously infused at two different rates for 15
minutes are tabulated in Table V. Each patient
was given the infusion of 3.3 mg./min. for 15
minutes as well as the 10 mg./min. dose over an
additional 15-minute period. The lower dose was
always given first, followed by a 30-minute interval
before the second infusion.
The dose of 3.33 mg./min. had no measurable

effect. The infusion of ethamivan at 10 mg./min.
did, however, result in a more rapid rate of breath-
ing associated with increased metabolism and a
suggestive augmentation of alveolar ventilation.
These changes were evanescent, and determinations
made one-half hour following the infusion corre-
sponded to the base-line measurements.
Ethamivan plasma levels achieved during con-

tinuous infusion are graphically depicted in Fig. 1,
where it can be seen that at both rates the concen-
tration continues to rise during the period of in-
fusion. Upon discontinuation the plasma level drops
very rapidly, with a half-life which varies directly
with the concentration of drug.

Respiratory effects are apparent at concentrations
of greater than 4 .g./ml., a level at which the half-
life of the drug is approximately three minutes.
Sustained respiratory stimulation, therefore, can
apparently only be achieved by continuous infusion.
The side effects noted by these patients are listed

in Table VI. The most frequent complaints were
elicited from the five patients receiving the large
dose by single intravenous injection, and there is
a distinct correlation between plasma ethamivan
level and the frequency of these complaints. Four
of these patients complained of nausea, and in one
of them vomiting occurred. Four out of the five
had muscle twitching; in one this was generalized

C.)

4

4
-J2.
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TABLE V.-THE EFFECTS OF ETHAMIVAN ON RESPIRATION AND BLOOD GASES WHEN GIVEN AS INTRAVENOUS INFUSION OVER

15 MINUTES IN FIVE PATIENTS

After cessation of infusion

10 15 20 30 45
Dose Control minutes minutes minutes minutes minutes

10 mg. per mm.

3.33 mg. per mm.

PO2 (mm. Hg)
PCO2 (mm. Hg)
pH
CO2 production (1./mm.)
02 uptake (1./mm.)
Respiratory rate/mm.
Alveolar Vent. (1./mm.)
Plasma ethamivan

cone. (pg./ml.)
POI (mm. Hg)
pCO2 (mm. Hg)
pH
002 production (1./mm.)
02 uptake (1./mm.)
Respiratory rate/mm.
Alveolar vent. (1./mm.)
Plasma ethamivan

conc. (Mg./ml.)

51.5 1 54*
54 :1: 4.7

7.42 ± .035
.203 . .055
.254 1: .035
20 . 3.3

3.58 1.18
Mean
S.D.

51.5 5.4
54 ± 4.7

7.40 .035
.222 .055
.268 :1 .035
20 . 3.3

4.05 1.18
Mean
S.D.

52
53
7.43
.217

23.269
3.91
2.3
1.4

52
53
7.43
.217

21.226
3.96
0.6
.18

53
53
7.44
.235
290

25**
4.17
3.0
2.0

51
53
7.42
.224

21.264
3.84
1.4
1.1

53 52
53 54
7.44 7.42

.207

22.226
3.47

1.3 1.1
1.2 1.6

51 51
53 53
7.42 7.42

.201

.247
20
3.50

0.8 0.6
.17 .12

and persisted for almost five minutes. No side effects
were noted following oral administration of the
drug, and the side effects associated with continuous
infusion were minimal.

TABLE VI.-Smz EFnc'rs RESULTING FNOM ETHAIUVAS ADMINISTRATION

Intrasenouss injection Intravenous infusion Oral
2.5 m../kg. 50 mg. 50 mg/iS mm. 150 mg/iS mm. S.Ki-50O mg.

54
53
7.44

.98
1.0

52
53
7.43

0.1
.02
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The plasma ethamivan levels attained by con-
tinuous infusion at 10 mg. per minute were those
previously demonstrated to occur with a higher
single intravenous injection which was in turn as-
sociated with a very high incidence of undesirable
side effects. These symptoms were similar in nature
to those reported following the use of nikethamide,2
suggesting that the compound in effective respira-
tory-centre dosage is a general cerebral stimulant.
We have observed comatose hypercapneic patients
(pCO2 greater than 120 mm. Hg), undergoing con-
tinuous assistance with a mechanical ventilator, who
were aroused by the injection of ethamivan with-
out significant concomitant change in either pH or
carbon dioxide tension-suggesting that the effect
is one of direct cerebral stimulation.17 In the already
conscious patient the frequency of side effects
restricts the dose that can be given as a single
injection, and the only practical method of adminis-
tration would appear to be by titration of a con-
tinuous infusion of the drug.

SUMMARY

In clinical problems of respiratory depression oc-
curring in patients with normal pulmonary mechanics,

e.g. following anesthesia and in barbiturate intoxication,
the use of a stimulant such as ethamivan would seem
rational. On the other hand, individuals with severe
mechanical impairment of the lungs or thoracic cage
are usually incapable of being effectively stimulated in
such a way as to meaningfully alter the blood gases.
Therapeutic attention should be primarily focused on
measures to alleviate the obstruction or to improve the
mechanically inefficient respiratory apparatus.
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