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TABLE 11. Effect of Intra\-cnous Administration of 4.3 ing DromoraiP per kg to the Maternal 
Circulation on Respiratory Rates of the Mother and Fetuses. 

4.6 mg/kg Control 13 min 30min 60 inin 90 iiiin 2 hi- 3 hr 4hr  

Maternal 150 15 20 19 31 45 59 85 
14 10 Fetus: 1 24 0 0 0 0 0 

2 30 4 6 6 4.5 14 18 15 
3 "6 0 0 0 0 2 2 7 
4 31 0 0 0 0 6 5 0 
5 65 2.5 0 0 0 - 1.5 10 > 

8.1 8.4 Mean fetal rates 35 1.3 1.2 1.1 .9 4.6 

passes without difficulty across the placental 
barrier and produces a decrease in the rate 
of respiratory movements of the fetuses. This 
passage across the placental barrier might be 
expected in view of the general principle stated 
by Seedham(8) that athe placental barrier is 
freely passed by practically all substances of 
low molecular weight. Thus in obstetrical anal- 
gesia one can assume that the agent will pass 
the placental barrier and the best analgesic 
will be one which will have high analgesic 
potency in the mother and a minimal effect on 
fetal respiration activity. The final evalua- 
tion of an analgesic must therefore be made 
under clinical conditions where the analgesic 
property can be evaluated in the patient. The 
doses of DromoranO used in these experi- 
ments were much higher than would be used 
for human patients and there is no doubt but 
what satisfactory analgesia in humans can be 
obtained with lower doses. The question of 
whether these doses depress the respiratory 
function of the baby can be answered by clin- 
ical observation only with difficulty. On the 
basis of the parallelism shown in the rabbit 
experiments between the response of the ma- 

ternal respiration rate and the rate of fetal 
respiratory movement it would appear safe to 
assume that if, in the human mother, respira- 
tory function was depressed there would al- 
most certainly be a corresponding effect on 
the respiratory function of the baby. Thus an 
obstetrician might make use of changes in the 
maternal respiration rate as an index to the 
respiratory function of the baby. 
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epinephrine and digitalis has direct applica- 
tion in the characterization of such drugs as 
the veratrine alkaloids. These alkaloids pro- 
duce cardiac actions which resemble, in some 
Particulars, both those of epinephrine and 

- - 
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digitalis( 1 ) . The present report describes 
conditions under which Dibenamine blocks 
about 70% of the inotropic action of epineph- 
rine without significantly affecting the ino- 
tropic response of digitalis. The pharmaco- 
logy of Dibenamine has been comprehensively 
reviewed by Nickerson (2).  

Methods and Procedure. The contractile 
force of a segment of the right ventricle was 
determined with strain gauge equipment at- 
tached to modified Cushy levers in open- 
chest dog preparations. These preparations 
routinely included the use of barbital-pento- 
barbital anesthesia and bilateral cervical 
vago-sympthectomy. Twenty-eigh t such 
experiments were conduc-ted. Additionally, 
2 experiments were conducted in intact-chest 
preparations using a more compact type of 
strain gauge equipment stitched to the an- 
terior aspect of the right ventricle on the 
previous day. The conditions and limitations 
of these methods have been previously de- 
scribed (3,4) and their use in characterizing 
various drug groups has been described re- 
cently ( 5,6). Electrocardiographic recordings 
of standard lead 14 were made in most experi- 
ments with a direct writing EPL Cardiotron. 
N,N-dibenzyl-b-chloroethylamine (Dibena- 
mine) in the form of its hydrochloride salt was 
administered in doses of 20 or 40 mg/kg by 
intravenous infusion over a 20 minute period. 
Fresh 1% solutions in distilled water were 
prepared each day. Freshly diluted epineph- 
rine solutions were made every 20 to 30 
minutes from the stock 1 : 1000 solution of the 
hydrochloride (Adrenalin, Parke-Davis) . Test 
doses of epinephrine were 3 y/kg in the open- 
chest preparations and 2 y/kg in the intact- 
chest preparations. Digitalis was adminis- 
tered in the form of the diluted tincture by 
intravenous infusion in doses of 0.75 cat 
unitfig over intervals of 30 minutes. Simi- 
larly, in 2 experiments, a potent extract of 
erythrophleum alkaloids was used in doses of 
0.5 cat unit/kg. 

In  8 experiments, digitalis was administered 
after Dibenamine had abolished the major 
portion of the inotropic response to epineph- 
rine. I n  4 other experiments, digitalis was 
administered after Dibenamine under similar 
conditions of dose and time interval but with- 

out such tests of epinephrine blockade. An- 
other series of 14 experiments was designed 
to determine the conditions of the Dibena- 
mine-produced blockade of epinephrine ino- 
tropic responses. These included determina- 
tions of the influence of post-Dibenamine 
epinephrine hypotension ; marked reductions 
in body temperature; responses to multiple 
dose injections of epinephrine following Di- 
benamine; and effects of repeated epinephrine 
injections over intervals of 4 to 5 hours with- 
out Dibenamine. These 14 experiments were 
conducted in open-chest preparations with 
controlled body temperatures. I n  the case of 
multiple dose injections of epinephrine fol- 
lowing Dibenamine, 2 additional experiments 
were conducted in intact-chest preparations. 
In  5 of these experiments with epinephrine, 
the contractile force and blood pressures were 
recorded simultaneously with a Brush BL- 
902A oscillograph. Pressures from the carotid 
artery were recorded in these instances by 
means of a Statham transducer amplified 
through a Brush Analyzer Model BL-310. 
Arterial hypotension was counteracted by 
means of a ligature placed around the thoracic 
aorta and drawn out through a glass tube in 
the posterior chest wall. Body temperatures 
were maintained at approximately constant 
level by means of electrical heat pads. In all 
cases, .body temperatures were determined by 
mercury bulb thermometers inserted about 18 
cm beyond the anal orifice to about the level 
of the sigmoid colon. In 2 special experi- 
ments, in which the body temperatures were 
deliberately altered, reduction was accom- 
plished by placing crushed ice on the body sur- 
face; temperatures were subsequently raised 
by means of electrical heat pads. 

Results. The positive inotropic action pro- 
duced by epinephrine was substantially re- 
duced by the prior administration of Dibena- 
mine. The experiment shown in Fig. 1 dem- 
onstrates that the administration of 3 y/kg of 
epinephrine 3 7  minutes after completing the 
Dibenamine administration resulted in a re- 
duction of the inotropic response by about 
85%. Reversal of the hypertensive response 
to  epinephrine was obtained within 2 1 minutes 
after Dibenamine administration. In 20 other 
experiments, approximately similar degrees of 
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FIG.  1. Xyocardiograph and arterial pressure tracing. Upper tracing obtained with Cushny 
le\-ers trpica'lly attached t.0 the anteri'or aspect of the right ventricle in the open 
chest, wgotomized dog preparation under barbiturate anesthesia. Encircled figures represent 
contractile force in g determined by means of strain gauge equipment attached t.0 Crushny levers. 
Drugs administered intravenously. Time marker in min. Dibenamine (20 mg/kg) administered 
betwtwi first and secriid sections. Fifteen min elapsed between completion of Dibenamine in- 

fusion and beginning of the second section of tracing. 

FIG. 2. Synchronous oscillograph recordings of contractile force and arterial preasure. I n  upper 
pair of tracings the injection of epinephrine increased contractile force by 133%. The lower 
pair of tr;wiiigs were obtained from the same preparation 107 min after Dibenamine had been 
infused in a dose of 40 mg/kg. In this case the same dose of epinephrine increased mntractile 
force by only 50%. The letter R dmignates intervals of inspiratosy movements which, at times, 
have a limited but recognizable effect on contractile force; calculation ,of contractile force is 

based on intervals between such respiratory movements. 
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epinephrine inotropic blockade were obtained. 
The average reduction of the inotropic re- 
sponse for all these 21 experiments was about 
70% of the control response. The maximum 
reduction (about 90%) was obtained in 6 of 
the 2 1 experiments. During each individual 
experiment, the blockade reached its maxi- 
mum in 35 to 110 minutes and then did not 
change in any important degree. Blockade 
was approximately as complete with doses of 
20 mg/kg as with doses of 40 mg,/kg Dibena- 
mine. Inotropic responses to multiple dose 
injections of epinephrine after Dibenamine 
were studied in 1 open-chest and in 2 closed- 
chest experimects. In these cases, the epi- 
nephrine inotropic response to single test doses 
of 2 or 3 y/kg was reduced by about 75% 
after Dibenamine. When multiple test doses 
(up to 8 single doses j were given after Diben- 
amine, the positive inotropic response was 
usually less than that obtained by one single 
test dose in the control period. I n  all of these 
calculations, the inotropic response was evalu- 
ated in $terms of the percent change from the 
immediately preceding control period. 

Efiect of repeated epinephrine injections 
without Dibcnainine administration. In 2 ex- 
periments, with stabilized body temperatures 
but without Dibenamine administration, 10 
injections of 3 y/kg of epinephrine over inter- 
vals of 4 to 5 hours did not result in substan- 
tial differences in the quantitative inotropic 
responses. These time intervals under parallel 
conditions were longer than the intervals over 
which the experiments were conducted with 
D i benami ne. 

General eflects of Dibenamine. Character- 
istically under these conditions, Dibenamine 
produced lowered body temperature, hypo- 
tension, tachycardia and, in about half of the 
instances, a substantial increase in contractile 
force. The question naturally arises as to 
whether the blockade just described is second- 
ary to #some of these changes or whether it is 
a local, specific cardiac action. The following 
described observations demonstrate that the 
effect is direct and specific. At the same time, 
they serve to estimate the influence of these 
different variables on the ,final quantitative 
values. 

Eflect of body temperature on the Diben- 

amine blockade of epincphrine inotropic re- 
sponscs. The effect of a marked decrease and 
subsequent increase in body temperature on 
the quantitative inotropic response produced 
by epinephrine was examined in 2 experiments 
without Dibenamine administratian. Fre- 
quent injections of 3 y/kg were given as the 
temperature was altered. A reduction of the 
body temperature to 30°C from a control of 
37°C did not appreciably reduce the quan- 
titative inotropic response to epinephrine. 
This reduction of temperature did not sig- 
nificantly change the contractile force of the 
heart during the interval between the injec- 
tions. Similarly, increasing the temperature 
from 3OCC to 38°C did not appreciably in- 
fluence the inotropic response to epinephrine 
or the control level of contractile force. On 
the other hand, the chronotropic response to 
epinephrine was markedly a1 tered under these 
same conditions. As the temperature fell, the 
peak rates produced by epinephrine were dras- 
tically reduced (from 200/min. to 1 lO/min.) . 
The control rates were also reduced but were 
less markedly affected (from 155/min. to 
lOO,/min.). When the body temperature was 
raised from 303C to 38"C, opposite effects of 
approximately the same magnitude were ob- 
served. The results of these experiments, in 
which the body temperature was markedly 
altered, are considered to demonstrate the 
relative stability of the contractile force 
measurements over this subnormal range. 
Other studies (7) have demonstrated markedly 
increased contractile force during advance 
stages of hyperpyrexia. In 3 open-chest ex- 
periments! in which the body temperature was 
maintained by heat pads within 0.5-C of the 
control (38"C), the inotropic responses to 3 
y/kg of epinephrine were blocked to the same 
degree as was produced in the other epineph- 
rine-Dibenamine experiments without temper- 
ature control. In all of these 3 experiments 
the contractile force during the control inter- 
vals was increased moderately and the heart 
rate markedly (up to 24O/min.) folluwing 
Dibenamine administration. When body tem- 
peratures were not artificially maintained, 
heart rate increases were less pronounced and 
the chronotropic responses to epinephrine were 
considerably diminished. These esperiments, 
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in which the body temperature was either al- 
tered or kept constant demonstrated that the 
blockade of the inotropic response of epineph- 
rine by Dibenamine was not directly related 
to or dependent upon the level of the body 
temperature. 

Circulatory changes produced by  Dibena- 
mine. I n  about half of 26 experiments, the 
administration of Dibenamine produced an 
increase in contractile force of approximately 
55% ; in 10 experiments there was no import- 
ant change and in 2 there was reduction of 
contractile force by about 25%. In  those 
experiments with contractile force increase, 
the greatest portion of the effect was estab- 
lished by the time of completion of the Di- 
benamine infusion: it was persistent and was 
not related to changes in blood pressure or 
heart size. This change was associated with 
an average increase in heart rate of about 35 
beats per minute and usually a slow, progres- 
sive fall in blood pressure. Blood pressure 
usually stabilized at about 70-80 mm Hg but 
in some cases reached levels of 40 mm Hg. 
Electrocardiographic changes were usually 
limited to a sinus tachycardia and moderate 
S-T segment depression with variable T-wave 
changes. In those experiments without im- 
portant contractile force changes due to Di- 
benamine, the increment in heart rate and the 
decrease in blood pressure were less pro- 
nounced. The blockade of epinephrine ino- 
tropic response was not related to these varia- 
bilities in blood pressure, heart rate or con- 
tractile force levels. 

Possible influence of epinephrine produced 
hypotension on inotropic blockade. In the 
immediately preceding experiments, it was 
observed that Dibenamine-produced blockade 
of epinephrine inotropic responses occurred as 
fully at high blood pressure levels as at  lower 
level's. I t  is well known that in the absence 
of Dibenamine the epinephrine inotropic re- 
sponse is readily elicited at  levels of profound 
hypotension or in 'instances of complete cir- 
culatory failure. Nevertheless, there is reason 
to consider the possibility that the immediate 
hypotension produced by epinephrine follow- 
ing Dibenamine may have an influence on the 
quantitative inotropic response. The fact that 
such hypotension is not obtained with digitalis 

would suggest that this might be the basis for 
the distinction between their inotropic block- 
ade characteristics. The experimental observa- 
tions of this study, however, fully demonstrate 
that this immediate hypotensive phase is of 
little consequence in the production of epi- 
nephrine inotropic blockade. For instance, it 
was seen that 'the maximal contractile force 
increments typically occurred before the full 
hypotensive action was developed. In  5 ex- 
periments with synchronous oscillograph re- 
cordings of arterial pressure and contractile 
force, it was determined that the maximal 
contractile force response to epinephrine typi- 
cally developed before the pressure had fallen 
more than 2 5 %  of its full hypotensive phase. 
In several other experiments, arterial pressure 
was maintained at or above control levels by 
tensing a ligature previously placed around 
the thoracic aorta; in such cases there was no 
significant difference in the degree of inotropic 
blockade as compared with similar experi- 
ments in which hypotension developed in the 
usual way (Fig. 2 ) .  Further, in some in- 
stances, in which blood pressure had reached 
levels of 40 mm Hg there was no hypotensive 
phase in the epinephrine response and in such 
cases there was the usual grade of blockade of 
inotropic responses. 

Eflect of Dibenamine on the inotropic ac- 
t ion of digitalis. Typical increments in con- 
tractile force were obtained with digitalis in 
8 experiments after the demonstrated block- 
ade by Dibenamine of about 75% of the epi- 
nephrine inotropic response. The experiment 
shown in Fig. 1 'demonstrates that, following 
blockade of about 85% of the contractile force 
response to eptnephrine, the inotropic response 
to  digitalis was 43% of the control level. As 
compared wiith a previous characterization 
study with the digitalis glycosides (3),  this 
represented no important reduction of the 
usual inotropic response to digitalis. The ab- 
sence of any important digitalis inotropic 
blockade in all of the 8 experiments was dem- 
onstrated by a quantitative comparison with 
the previous study with measured inotropic 
responses to digiitalis. Such quantitative com- 
parisons include recognition of the previously 
demonstrated varistion in responses obtained 
at  varying control levels. The characteristic 
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rise in blood pressure ordinarily seen with 
digitalis also occurred in these experiments. 
In 4 of the 8 experiments, in which the blood 
pressure was above 90 mm Hg before digitalis 
administration, the average increase in arterial 
pressure was 41 mm Hg as compared with 
43 mm Hg average increase obtained in the 
previous digitalis study. The average in- 
crease in blood pressure for the other 4 ex- 
periments was only 10 mm Hg; in these latter 
experiments, the blood pressure before digi- 
talis administration was about 55 mm Hg. 
The failure to obtain a typical rise in blood 
pressure in these 4 experiments was probably 
related to special features of the hypotension 
produced by Dibenamine. The associated 
electrocardiographic changes seen in the digi- 
talis-Dibenamine experiments were typical of 
those obtained following digitalis administra- 
tion. Typical inotropic increments were also 
produced by the erythrophleum alkaloids in 2 
experiments in which there was demonstrated 
blockade of the epinephrine inotropic re- 
sponse. The erythrophleum alkaloids had pre- 
viously been shown to produce characteristic 
digitalis-like effects on the mammalian heart 

In 2 experiments, without demonstrated 
epinephrine inotropic blockade but following 
similar Dibenamine administration and time 
intervals, digitalis produced typical contrac- 
tile force increments. 

In 2 additional experiments, in which an 
extreme hypotension (30 mm Hg or less) de- 
veloped after Dibenamine, the subsequent ad- 
ministration of digitalis was followed by 
progressive depression of contractile force and 
blood pressure with termination of the ex- 
periment. These depressant effects were 
clearly related to the generally deteriorated 
condition of the preparations and they illus- 
trate a limitation in the application of these 
procedures. 

Discussion. Previous reDorts. based chie0v 

(8,9)* 

on experiments with heart-lung and papillary 
muscle preparations, have shown that Diben- 
amine under such conditions does not alter the 
inotropic effect produced by epinephrine 
(10,ll). The present experiments, on the 
contrary, involve the complete organism, large 
doses of Dibenamine and relatively consider- 
able intervals of time. Under such conditions 
a substantial degree of blockade is demon- 
strable. 
Summary and conclusions. I n  open-chest, 

vagotomized dogs, Dibenamine has been 
shown to be effective in producing a substan- 
tial blockade of the inotropic effects of 
epinephrine while leaving the inotropic effects 
of digitalis relatively unaffected, This ino- 
tropic blockade of epinephrine by Diben- 
amine is not the result of secondary cardio- 
vascular changes. 

We arc obliged to Smith, Kline and French Co. 
for their supplies of Dibenamine. 

1. Cotten, M. deV., and Walton, R. P., Arch. 
internat. pharmacodyn., 1951, v87, 473. 
2. Nickerson, M., J .  Pharm. Exp.  Therap, 1949, 

v95, 2 7 .  
3. Walton, R. P., Leary, J. S., and Jones, H. P., 

J .  Pharm. Exp.  Therap., 1950, v98, 346. 
4. Walton, R. P., Cotten, M. deV., Brill, H. H., 

and Gazes, P. C., Am. J .  PhysioZ., 1950, v161, 489. 
5. Walton, R. P., and Gazes, P. C., South. Med. J., 

1951, v44, 418. 
6. Marsh, D. F., and Herring, D. A., J .  Plaarm. 

Exp. Therap., 1951, v103, 178. 
7. Walton, R. P., Goldberg, L. I., Gazes, P. C., 

Leary, J. S., Hanna, C. B., and Prystowsky, R. P., 
Am. J .  Physiol., in press. 

8. Maling, H. M., and Krayer, O., J .  Pharm. Exp, 
Therap, 1946, v86, 66. 
9. Goldberg, L. I., and Walton, R. P., Fed. Proc., 

1951, v10, 299; Arch. internat. pharmacodyn., in 
press. 

10. Hunt, C. C., J .  Pharm. Exp. Therap., 1949, v95, 
177. 

11. Acheson, G. H., Farah, A., and French, G. N, 
J .  Pharm. Exp. Therap., 1949, v97, 455. 

, ... _ _  -I---, Received July 30, 1951. P.S.E.B.M., 1951, v78. 


