OuaBaIN ON Carpiac OuTPuUT

neighborhood of Pittsburgh. Hu 39 was not
recognized among the 209 virus strains iso-
lated. Attempt was made to demonstrate
presence of antibodies in the blood of people
residing in Allegheny County (or Western
Pennsylvania). Of 277 adult sera tested,
antibody against the virus was found in only
one at the screening dilution level of 1:8.
The serum exhibited a neutralizing titer of
1:64 against 175 TCID;,. These data indi-
cate a very limited prevalence of the virus in
the population of Pittsburgh during the last
few years. Human gamma globulin diluted
1:20 failed to neutralize the virus. The pres-
ence of specific antibodies in human serum in
one instance and the fact that the virus was
successfully reisolated from the original speci-
men in 1962 indicate that the agent is very
likely a human enterovirus. The possible re-
lationship of the virus to the clinical disease
observed in the patient from whom the agent
was isolated could not be investigated in the
absence of acute and convalescent serum
specimens.

Summary. A virus was isolated in human
amnion FL cell cultures on April 14, 1959
from the rectal swab obtained from a 9-month-
old male child admitted to the Children’s Hos-
pital, University of Pittsburgh, with an acute
respiratory illness of undetermined etiology.
The virus exhibits the properties of a typical
enterovirus. It is not pathogenic for suck-
ling mice, and multiplies and produces CPE
only in human cells. It was not isolated in
subsequent years from 2275 rectal swabs ob-
tained from 516 children. Serological studies
in a normal population group in the Pitts-
burgh area revealed antibodies against the
virus in one serum among 277 adult sera
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tested. This fact and the re-isolation of the
virus from the original specimen suggest
that it is a human enterovirus. No conclu-
sion can be drawn concerning its pathogeni-
city for man.

The expert technical assistance of Mrs. Christine
Ziegler is gratefully acknowledged.
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Albino rats are considered resistant to oua-
bain. Large doses are required to produce
electrocardiographic changes indicative of

toxicity in this species(1). The relationship
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between toxic dose and the dose capable of
inducing inotropic or other hemodynamic re-
sponses has not been established. The avail-
ability of a reliable technic for the serial
measurement of cardiac output in the rat(2)
has permitted us to study the hemodynamic
responses of the anesthetized intact rat to
intravenously administered ouabain over a
wide dose range. These hemodynamic re-
sponses are the subject of this paper.

Methods. Eighty-four male albino rats
weighing from 330 to 500 g were studied.
Each animal served as its own control. The
rats were divided into 12 groups; each group
of 6 to 10 animals received a different dose of
ouabain. Doses ranged from 0.01 mg/kg to
0.5 mg/kg. Control animals were injected
with equivalent amounts of vehicle and saline
flush in order to eliminate these solutions as
possible causes for responses which were ob-
served.

The rats were anesthetized with intraperi-
toneal injections of pentobarbital sodium (30
mg/kg). They were placed in the supine posi-
tion after which the right jugular vein, right
carotid artery and a femoral artery were ex-
posed through small incisions in the skin. A
calibrated catheter was introduced into the
superior vena cava for administration of drugs
and of cold saline injectate for measurement
of cardiac output by the thermodilution meth-
0d(2). A thermistor was inserted into the
aorta by way of the right carotid artery for
measurement of arterial blood temperature
changes. Arterial blood pressure was meas-
ured with a Statham P 23D transducer
through a PE 50 catheter inserted into the
femoral artery. Blood pressure, electrocardio-
grams and thermal dilution curves were re-
corded on a direct writing oscillograph. The
procedure and instrumentation for measure-
ment of cardiac output by the thermodilution
method is detailed elsewhere(2).

Control determinations of heart rate, blood
pressure and cardiac output were performed
in triplicate, after which ouabain was admin-
istered intravenously in predetermined doses.
Measurements were repeated in triplicate
within 10 to 30 minutes after injection. Stroke
volume and peripheral resistances before and
after drug administration were calculated by
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standard formulae. Statistical significance of
the responses as compared to control were
calculated by the t-Test.

Results. The data are summarized in
Table I. There was no statistically signifi-
cant alteration in heart rate, mean arterial
pressure or pulse pressure at any of the doses
employed. Cardiac output and stroke vol-
ume showed significant increases at doses of
0.05, 0.06, 0.07, 0.08, and 0.09 mg/kg. Cal-
culated peripheral resistance fell at these
doses.

Electrocardiograms showed no signs of tox-
icity at any dose employed. At the higher
doses respiratory stimulation was apparent on
occasion. Animals which were permitted to
recuperate following the procedure survived
without apparent ill effect regardless of dose
employed. The intravenous injection of ve-
hicle for the ouabain or saline produced no
significant changes in heart rate, blood pres-
sure or cardiac output.

Discussion. These data indicate that oua-
bain exerts significant effect on the cardiac
output of the pentobarbital anesthetized rat
in doses at which no evidence of toxicity was
observed. The slight decrease in cardiac out-
put seen at doses from 0.01 to 0.04 mg/kg
are similar to the responses observed in the
dog following administration of cardiac glyco-
sides in comparable doses based on body
weight(3). The significant increase in cardiac
output observed at doses 0.05 to 0.09 mg/kg
is probably due to the positive inotropic ef-
fect of the ouabain. Since cardiac rate does
not change, the increase in output is medi-
ated by an increase in stroke volume.

This demonstration supports the conten-
tion that cardiac glycosides are capable of
exerting positive inotropic action in the non-
failing heart(4), although one might take the
view that the heart of the rat anesthetized
with barbiturate is modified from the normal
physiological state(5).

The absence of an increase in cardiac out-
put at dose levels above 0.09 mg/kg suggests
that under these experimental conditions, the
effects of ouabain on other portions of the vas-
cular system(6,7) may exert a greater con-
tribution to the hemodynamic changes than
the direct cardiac effects.
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TABLE I. Hemodynamic Responses of Rat to Ouabain.
Cardiae Mean arterial ~ Peripheral
Dose, No. Wt, output, Heart rate Stroke vol,  blood pressure,  resistancc
mg/kg Rats g ml/min per min ml mmHg unit
Vehicle 4 415  before 120.8 + 1.4 322 + 14 .38 + .01 122 =+ 5.5 1.01 + .04
Na,PO, after 115.0 + 2.1 330 += 9 35 =+ .07 120 =+ 3.9 1.05 + .03
NaCl % change —4.8 +2.4 ~7.4 -1.6 +3.4
K.,PO, P NSD NSD NSD NSD NSD
.01 6 420  before  119.6 = 4.1 333 =17 37 .02 123 + 3.0 1.04 + .10
after 109.7 + 7.0 350 4+ 11 B2 +.01 125 =+ 8.0 1.14 + .07
% change -8.4 +6 -14 +1.1 +9.8
P NSD NSD NSD NSD NSD
.02 6 410  before 127.3 5.2 362 =+ 27 36 =+ .02 1225 + 2.6 97 + .05
after 118.0 + 5.7 364 + 9 33 +.03 121.6 += 2.0 1.04 + .05
% change -7 +.6 —6 -5 +7
P NSD NSD NSD NSD NSD
.03 6 400 before 123.6 +- 8.1 340 =+ 26 38 =+ .09 122 + 24 1.01 .12
after 124.0 +- 9.0 340 =+ 28 38 =+ .05 128.6 = 5.8 1.09 + .07
% change + .3 0 0 +6 +7
P NSD NSD NSD NSD NS8D
04 6 400 before 1189 + 5.7 361.6 & 23 34+ .03 120 + 1.1 1.02 + .1
after 118.7 + 7.5 361.6 + 23 A3 .01 117 =+ 5.7 1.00 + .1
% change 0 0 -3 -2.5 -2
P NSD NSD NSD NSD NSD
.05 10 432 before 121.4 + 6.7 378 -+ 13.4 32 +.02 121.7 = 2.2 1.02 + .05
after 148.2 + 7.7 376 =+ 14 40 + .03 119.9 + 11.8 83 + .06
% change +22 -5 +23 -1.5 -19
P .001 NSD .01 NSD .001
.06 10 441  before  136.0 3.8 368 =+ 17 38 =+ .02 130 =+ 2.8 96 + .04
after 163.5 = 7.2 349 =+ 20 48 =+ .03 131 =+ 3.4 82 -+ .04
% change —+20 -5.4 +25 +.8 -15.4
P .02 NSD .01 NSD .001
.07 10 403 before 125.0 + 2.0 375 =+ 17 34+ .02 131 =+ 6.0 1.05 + .03
after 149.0 + 3.2 346 24 44 =+ .03 130 =+ 6.6 87 + .04
% change +19.2 -8 +31.8 -.75 -16.8
P .01 NSD 025 NSD .01
.08 6 416  before  121.5 *-4.2 398 + 9 31 =+ .01 132.5 += 4.3 1.10 + .04
after 143.4 + 4.7 370 =+ 14 37 .01 130.8 &+ 4.0 .94 + .05
% change +18 -7 —+20.9 -1.2 ~16.7
P 01 NSD .001 NSD .025
.09 6 400 before 113.5 + 4 345 + 11 33 +.001 121 =+ 2.1 1.07 + .02
after 132.2 =5 345 =+ 9 39+ .02 131.6 = 3.0 1.00 = .04
% change +17 0 +16.3 +9 —6.5
P .05 NSD .05 NSD .05
.1 6 430  before 127.0 +4.8 370 =+ 14 40 =+ .02 136.6 = 4.0 1.09 = .07
after 146.0 = 5.0 348 +17 43 =+ .03 143 =+ 5.0 99 + .05
% change +15 -6 +5.7 +4 -10
P NSD NSD NSD NSD NSD
5 6 446  before 124.0 =1.5 330 =+ 20 38 +.02 129 + 5.0 1.04 = .05
after 139.6 + 4.1 333 +11 41 =+ .08 133.3 = 6.2 96 + .05
% change +12.5 +1 +7 +3 -8
P NSD NSDb NSD NSD NSD

Values presented represent mean and standard errors of means for cach group.

P — Level of signifieance of differences between means.

NSD = No significant difference.

Digitalis glycosides are said to increase cal-
culated total peripheral resistance in the in-
tact dog(6) and in man(8) by virtue of its
ability to stimulate constriction of arteriolar
smooth muscle. This effect was not obvious
in the anesthetized rat, particularly in those
doses wherein cardiac output was augmented.
Calculated total peripheral resistance de-
creased. No direct evidence of actual dila-

tation of peripheral vasculature was obtained
in these studies however.

The tolerance of the rat for ouabain in
large doses may be due in part to the fact
that in this species a large percentage of the
agent is excreted unchanged by the liver into
the bile and is not reabsorbed by the intes-
tine(9). The metabolic pathway and hence
the dose-response relationship for other car-
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diac glycosides may be different. Gold and
associates have described large differences in
convulsant activities of a variety of cardiac
glycosides in the rat. They suggested that
the variations were due to differences in me-
tabolism or fixation of the glycosides. Oua-
bain had relatively little convulsant action
(10).

The volume of injectate used in each ani-
mal for each thermodilution curve was 0.1 ml
andtotal volume for each animal did not ex-
ceed, 0.8 ml physiological saline. This vol-
ume, even if given in one injection, could not
explain the responses observed. The vehicle
for the ouabain was similarly excluded as the
explanation of the cardiac responses.

The thermodilution method in our hands
is reproducible within + 6% (2). The signifi-
cant changes in cardiac output after adminis-
tration of ouabain (0.05 to 0.09 mg/kg) were
far in excess of this variability. This technic
offers the possibility of further study of the
mechanism of action of cardiotonic drugs in
small animals. It is simple, inexpensive and
provides a reliable, experimentally repeatable
measurement of cardiac output in the same
small animal.

Summary. The cardiac output of anesthe-
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tized albino rats increased following admin-
istration of ouabain in doses of from 0.05 to
0.09 mg/kg i.v. Mean arterial blood pressure
and heart rate were unchanged; calculated to-
tal peripheral resistance decreased. Signs of
toxicity were not observed over a dose range
of from 0.01 to 0.05 mg/kg despite the ap-
pearance of the positive inotropic effects.
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Extensive investigations during the past
few years on various experimental cardiop-
athies(1) have not provided a satisfactory
answer as to why some structural alterations
in the myocardium and other tissues consti-
tute a prerequisite for calcification. It is
nevertheless true that among the wvarious
forms of necrotizing cardiopathies induced in
animals, some (e.g., those produced by pro-
teolytic enzymes, neomycin, polymyxin, sulfo-
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namides, nephrectomy) calcify more consis-
tently than others(2). As yet, we are not
justified in classifying cardiopathies as calci-
fying and non-calcifying since the same agent
(Plasmocid or paraphenylenediamine), ac-
cording to the mode of administration and
other undetermined factors, elicits degenera-
tive changes within the cardiac or skeletal
musculature that may or may not bz accom-
panied by calcific deposits(3,4). A new ap-
proach to the problem was provided by the
observation that while the massive cardiac in-
farct that follows coronary artery ligature
never calcifies, the less extensive but still





