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responds to enzymatically changed transfer-
rin, which has preserved the antigenic prop-
erties involved in the immuno-electrophoretic
procedure(12,13,14).

Chevance, Galli, Jeanmaire. and Gerard(6)
have recently described an immuno-electro-
phoresis with specific CSF antiserum. They
have described 9 precipitation lines. among
them a slowly moving gamma globulin. How-
ever, as mentioned by Burtin, the explanation
of the immuno-electrophoretic findings was
limited by lack of a potent antiserum. The
data given here support the findings by Chev-
ance et al.(6) of a slowly moving fraction in
CSF with a mobility slower than that of the
serum gamma globulin. antigenically different
from serum gamma globulin. Both the ab-
sorption experiments with normal human se-
rum and the crossing of the 2 slowest moving
precipitation lines seem to exclude a very
close antigenic relation between serum gamma
globulin and gamma-CSF (Fig. 1). These
findings may account for some of the slowest
moving gamma globulin fractions revealed in
agar gel micro-electrophoresis and explain the
selective increase of these in diseases of the
central nervous system (Fig. 1).

Summary. Immuno-electrophoresis of nor-
mal concentrated cerebrospinal fluid. devel-
oped with a specific rabbit anti cerebrospinal
fluid antiserum. has demonstrated the exist-
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ence in the gamma and beta areas of 2 pro-
teins not found in serum.
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Many investigators(1-5) have studied the
effect of isopropylarterenol hydrochloride
(Isuprel®) on various aspects of the circula-
tion and have demonstrated that the drug in-
creases heart rate and cardiac output. de-
creases mean arterial blood pressure or leaves
it unchangzed, and lowers total peripheral re-
sistance. To evaluate the role of the rise in
heart rate normally induced by Isuprel in the

genesis of the increase in cardiac output
caused by the drug, the effect of Isuprel on
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cardiac output and arterial blood pressure of
the whole animal was investigated while heart
rate was kept constant during the period of
action of the drug.

Methods. Ten dogs (18.2-37.7 kg) were
anesthetized by intravenous administration of
100 mg of chloralose per kg. The methods
used to measure and record continuously the
output of the left ventricle (CO), and the
mean arterial blood pressure (MABP), as
well as the formula used to calculate total
peripheral resistance (TPR) have been de-
scribed (5-10). The heart rate (HR) was ob-
tained from electrocardiographic tracings.
Atrial (4 experiments on 2 dogs) or ventricu-
lar (13 experiments on 8 dogs) tachycardia
of the desired rate was induced electrically
with a Grass stimulator, short DC stimuli of
minimal intensity being applied to the left
atrium or the left ventricle through 2 fishhook
electrodes. In a first series of 8 experiments
on 5 dogs (Part A, Fig. 1), after a control pe-
riod, tachycardia was induced, then after 65
to 184 seconds of tachycardia a 0.0005% Isu-
prel solution in 0.9% NaCl solution was ad-
ministered intravenously at the average rate
of 4.6 ml/min, while tachycardia was main-
tained. Administration of the drug lasted
from 100 to 176 seconds. Amount of the
drug administered ranged between 0.9 and
3.6 pg/kg. Administration of the drug was
then discontinued and tachycardia main-
tained for another 123 to 240 seconds, after
which it was discontinued and a period of re-
covery allowed. This sequence of observa-
tions was repeated in 3 of the 5 dogs. In
another series of 9 experiments on 5 dogs
(Part B, Fig. 1), the effect of comparable
doses of Isuprel, administered as a 0.001%
solution, on CO and MABP was first studied,
then, after a period of recovery, the effect of
a similar dose of the drug during ventricular
tachycardia was investigated as described in
the first series of experiments. This sequence
of studies was also repeated in 4 of the 5
dogs. The amounts of 0.9% NaCl solution
administered as vehicle for the drug have
been shown previously to have no effect on
the parameters studied(8).

Results. The results were strikingly con-
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stant. They are summarized in Fig. 1. Ina
representative experiment, illustrated by the
broken lines of Fig. 1, Part B, 1.4 ug of Isu-
prel per kg administered over a 111 second
period raised the HR from 156 to 216/min
and increased CO and stroke volume (SV)
from 1920 ml and 12.3 ml to 2700 ml and
12.5 ml respectively. The MABP remained
essentially unchanged and TPR decreased
from 83 to 60 arbitrary units. After Isuprel
was discontinued, all parameters returned to
or toward control values. Induction of ven-
tricular tachycardia of a rate of 240/min re-
sulted in a marked, sudden and immediate
drop in CO and MABP, as previously re-
ported(11). CO and MABP then returned
to or toward control, and by the end of 90
seconds of tachycardia, MABP, CO, SV and
TPR stabilized around values of 128 mm Hg,
1250 ml, 5.2 ml and 102 units respectively.
The ventricular tachycardia being main-
tained, a dose of Isuprel of 1.4 pg/kg admin-
istered over a 140 second period, i.e., a dose
of the drug similar to the dose injected a few
minutes previously, resulted in an increase in
CO and a decrease in TPR similar in mag-
nitude to the changes of CO and TPR ob-
served during injection of a similar dose of
the drug while the dog had a spontaneous
sinus rhythm. However administration of
Isuprel during the tachycardia definitely
raised the MABP instead of lowering it or
leaving it unchanged, as observed when simi-
lar doses of the drug are administered during
spontaneous sinus rhythm in the present and
previous experiments(5). Upon cessation of
the drug administration and while ventricu-
lar tachycardia was maintained, all para-
meters returned to or toward the value they
had during the tachycardia before injection
of Isuprel. Upon cessation of ventricular
tachycardia, all parameters returned to or
toward their control. Similar effects were ob-
tained when, after a period of recovery, a
similar dose of Isuprel was administered
again first during spontaneous sinus rhythm,
then during ventricular tachycardia.
Discussion. The mechanisms of the hemo-
dynamic effect of Isuprel alone and induced
tachycardia alone have been discussed(5,11).
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FIG. 1. Effect of isopropylarterenol hvdrochloride (Isuprel®) on heart rate (HR), mean arterial

blood pressure (BP), cardiac output (CO), stroke volume (SV) and total peripheral resistance
(TPR). Part A pictures experiments of the first type described in text; Part B, experiments of
second type, in which Isuprel was injected first during spontaneous cardiac rhythm then during
tachycardia. C, control period; T, electrically induced tachycardia; TIS, electrically induced tachy-
cardia and administration of Isuprel; R. recovery period; IS, period of Isuprel administration.
Values of HR, MABP, CO, SV and TPR during period of Isuprel administration are values ob-
tained when continuous administration of Isuprel had resulted in a progressive rise of CO to a
maximal and stable level. Values of HR, MABP, CO. SV and TPR during tachycardia are values
obtained when MABP and CO had become stabilized. Values of HR, MABP, CO, SV and TPR
during tachycardia and Isuprel administration are values obtained when CO and MABP had be-

come stabilized.

When Isuprel is administered during induced
tachycardia, the results are essentially similar
to those observed in normal anesthetized dogs
with spontaneous sinus rhythm, in which HR
is raised by the drug. SV and CO rise. but
since HR does not change after administra-
tion of Isuprel during tachycardia, this in-
crease in CO is due exclusively to the increase
in SV. This increase in SV is presumably due
to the same mechanisms as those operating
while the drug is also allowed to modify HR,
i.e., its direct inotropic effect on the myocar-
dium(1-5,12) and its vasodilatation effect(1-
5). The intensity of the effect of the drug
on CO during tachycardia seems to be simi-
lar to that of its effect when administered to
the anesthetized animal with spontaneous

sinus rhythm and it would seem logical to
conclude that preventing the drug from in-
creasing HR does not keep it from increasing
CO. Isuprel lowers TPR of the animal dur-
ing tachycardia although MABP may be ob-
served to rise presumably because of the in-
crease in CO. It is not clear why the increase
in CO produced by Isuprel in the anesthe-
tized dog with normal sinus rhythm is accom-
panied by an unchanged or even lowered
MABP whereas a similar increase in CO due
to the same dose of Isuprel generally raises
MABP in the anesthetized dog with a fixed
HR due to electrically induced tachycardia.
It must be presumed that the difference is
due to the peripheral constriction caused by
the reduction in CO occurring during the elec-
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trically induced tachycardia. Apparently the
vasodilating effect of Isuprel does not offset
completely the vasoconstriction due to the
reduction of CO produced by the tachycar-
dia, and Isuprel raises MABP when adminis-
tered during tachycardia. It is possible that
this increase in MABP might disappear if ad-
ministration of Isuprel was continued longer
than in the present experiments.

~ Other drugs such as nitroglycerine increase
both HR and CO(13,14), apparently exclu-
sively through their vasodilating property
since they are not known to have any direct
effect on the myocardium. The present ex-
periments concerning Isuprel do not neces-
sarily permit the conclusion that nitroglycer-
ine, like Isuprel, would increase cardiac out-
put even if it were prevented from increasing
HR. Arteriovenous fistula is also known to
increase both HR and CO(15) and the in-
crease in HR has been proven experimentally
not to be a sine qua non for the increase in
CO(15).

Summary. The effect of Isuprel on MABP,
CO and TPR has been investigated in the
anesthetized dog in which the effect of the
drug on HR is allowed to occur, as well as in
the anesthetized dog in which electrically in-
duced atrial or ventricular tachycardia is ini-
tiated before and maintained throughout pe-
riod of action of the drug to prevent the in-
crease in heart rate normally induced by the
drug. Under the circumstances of drug dos-
age, rate of the induced tachycardia as well
as control values of HR and CO, the effect of
the drug on CO and TPR is essentially the
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same, whether the effect of the drug on HR
is permitted or prevented.
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A study has been made of the effect upon
responsiveness to thyroxine of surgical reduc-
tion in size of an autonomous semi-responsive
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thyrotropic mouse pituitary tumor which had
grown so large as to be no longer suppressible
by this hormone. Of the 3 types of strains of
thyrotropic mouse pituitary tumor isolated by
Furth(1), dependent responsive, autonomous





