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ACTH produlced less pronounced changes 
In the serum lsipids (Table 11). A 
small drop in total serum cholesterol was 
nloted in 6 of 9 patients during the first few 
days of treatment as originally observed by 
Conn(6), but this was usually followed by a 
subsequent moderate rise, and the overall 
average folr the group showed an i’ncrease 
of 4%. There was Ian awerage increase olf 
9% in the phospholipids with 9 of the 12 
exhibiting a rise, and an average decrease of 
16% in the neutral fat, with 6 of 8 showing 
this efflect. Nonle of the changes wh,ich oc- 
curred during ACTH therapy were statisti- 
cally significant. 

Of special interest was the fact that the 
fasting sera of 7 of the 15 cortisone-treated 
patients and 3 of the 12  ACTH patients 
became turbid (“lipemic”) despite the fact 
that the level of neutral fat had decreased. 
This may indicate that the rise in phospho- 
lipids and cholestlerol was due to the pro- 
duction of a lipid which was less soluble than 
normal, or ‘that there was a change in the 
conjugated lipids (possibly lipoproteins). 

I t  ‘its levidenit, then, that !there was a 
6. Conn, J. W., and Vogel, W. C., J. Clin. 

Endocrinology, 1949, v9, 656. 

differace blatwem the effects of mriti- 
sone land ACTH on the serum lipids. This 
difference of effects may be explained by the 
different nature and points of attack of these 
substances. Cortisone is a cortical hormone 
of a well-d’efined structure, while ACTH is 
an 6rgan extract of the anterior lobe of the 
pituitary which stimullates the production of 
several cortical bormonies. Evidence is avail- 
able(1) that the adrenal cortex of man when 
stimulated by ACTH secretes Compound F 
rath,er than cortisone (Compound1 E) .  It is 
also possible that serum cholesterol represents 
the material for th’e synthesis of cortical hor- 
mones under ACTH stimulation ( 6 ) ,  and that 
prolonged stimulation results in funlctional 
exhaustion and atrophy of the adrenal cor- 
tex, as wlell as in the production of antihor- 
mones (7). I 

Summary. This investigation indicates 
that cortisone produced well-characterized 
‘changes of serum lipids in man. The effects 
of ACTH on1 thie setrum lipids were less pro- 
n o  u nice d. 

7. Gordon, G. L., Endocrinology, 1949, v45, 571. 
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Positive Inotropic Action of Ouabain on Rat Ventricle Strips.* (18076) 

DAVID T. MASUOKA AND PAUL R. SAUNDEBS. (Introduced by C. H. Thienes.) 
From t h e  Department  of Pharmacology and Toxicology, School of Medicine, Universi ty  of 

Southern California, Los Angeles. 

Previous work in this laboratory on the 
metabolism and functional activity of Ithe rat 
heart(1,Z) lied us to an investigation of the 
effect of cardiac gIyclosides on the force of 
contraction of rat ventricle muscle. The 

* This investigation was supported by a research 
grant from the National Heart Institute, U. S. 
Public Health Service. 

1. Webb, J. L., Saunders, P. R., and Thienes, 
C. H., Arch.  Biochem., 1949, v22, 444, 451, 458. 

2. Nakamura, K., Saunders, P. R., Webb, J. L., 
Lawson, H. C., and Thienes, C. H., Am. J .  Physiol., 
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present plaper reports a positive inotropic 
action of ouabah on the isolated rat ventricle 
strip, and the effectms of various factors upon 
this response. A literature survey reveals 
that th,is is lthe fitrst conclusive demonstration 
of a cardiotonic le€fect of ouabain on rat 
myocardium. 

Nethod. Adult male rats (225-275 g) 
were killed by decapitation and a strip pre- 
pared from the right venltricle, attached to a 
semi-isometric optical lever, and mounted 
according to the method developed in this 
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laboratory by Feigen et aZ.(3). The tissue 
was placed in a medium containing 0.9% 
SaC1, 0,04274 KC1, 0.036% CaC12, 0.1% 
glucose. and 0.00105 A1 phosphate buffer 
(pH 7.2) a t  37.5'C, and gassed with oxygen 
through a sintered glass plate in the bottom 
of the vessel. The  muscle, with a diastolic 
tension of 0.75 g,  was stimulated a t  a con- 
stant rate of 100 per minute by an  Electro- 
dyne stimulator. -After an  equilibration per- 
iod of one hour. the solution in the vessel 
was renewed. The contractions. magnified 
65-fold. were recorded photographically every 
15 or 30 minutes during the *'fatigue" period 
in a manner similar to that o f  Cattell and 
Gold( 4.5) .  who first developed 'the technic 
for demonstrating the positive inotropic effect 
of cardiotonic glycosides on the cat papillary 
muscle. U-hen the force of contraction had 
decreased to approximately 50% of the in- 
itial value. ouabain was added and a record 
was taken every 5 to 15 minutes. Only one 

:3 .  Frigrii, t i .  A., Masuoka. D. T., T h i ~ n ~ s ,  C ' .  H., 
____ __ I - - 

: t i i t \  Saniidyvs,  Y. R.. t o  IN. puhl i s l id .  
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1940. \ t):, 21;::. 

1. ( ' i t I t c b l I .  JIyK., ~ ~ 1 1 i l  G o ~ I ~ ,  7 1 . ,  J .  PhttY?)t. a n d  

.;. i; ~ t .  1-1.. nnti c;ltteii, mx., .-IY~+. M .  M ~ C ~ . ,  

addition of ouabain was made for each ven- 
tricle strip tested. 

Results. Eflect of ouabain concentration. 
l l h e n  ouabain was alddled )to the hypodynamic 
venltricle strip, there was a very rapid in- 
crease in the force of contraction, usually 
reaching a maximum in 3 to 5 minutes. 
Typical results of 3 different concentrations 
are presented in Fig. 1. A fairly uniform 
response was obtained with each conoenltra- 
tion. At  1 :40,000 ouabain ,there was a pro- 
nounced positive inotropic effect which Fe- 

mained above thme 0 time value (Fig. 1) for 
more than 4 hours. whereas the farce of 
contraction following 1 : 8,000 returned to 
the 0 time value in approximately onle hour 
even though the maximum developed ten- 
sion was greater. Inasmuch as a concentra- 
tion of 1 :40 million to I :  75 million' produces 
a cardiotonic effect on the 'cat papillary mus- 
cle ( 4 ) ,  an effective con'centration of 1 : 40,000 
is not unexpected for the rat  ventricle prepara- 
tion. as the toxic dose for a rat is 100 to 
1000 times greater (depending on1 the rate 
of injection) than for a cat (6-8). 

_- _ _  __- - ~ ~ 

6. Hateher, X. A., and Eggleston, C. ,  ,T. Phnriii. 
( ! , I d  2T.l.p. l h f ~ r ( 1 p . .  191s-19, v13, 405. 
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Investigation of time-response t o  ouabain. 
As already mentioned, the maximum effect 
on the rat ventricle strip occurred within 5 
minutes. Yet, when the papillary muscle of 
the cat's heart was exposed to 1:s million 
ouabain, the maximum tension was not 
reached until 45 and 90 minutes in 2 experi- 
ments, thus confirming the observations of 
Cattell and Gold(4). This time difference 
could be due ( a )  to a sptxies variat' I ion o'r 
(b )  to a difference in the part of the heart 
used. Rat papillary muscles from the Zeft 
ventricles of 2 rat hearts were tested in the 
same manner as the right ventricle strip. 
Allthough the initial force of contpaction of 
the rat papillary muscle was conlsiderably less 
than the ventricle strip, the maximum in- 
crease in force of contraction following the 
addittion of ouabain ( 1 :40,000) also occurred 
in approximately 5 minultes. I t  is probable, 
therefore, that the difference in time-response 
to ouabain between the cat papillary muscle 
preparation and the rat ventricle strip is due 
to a species difference. 

Effect of calcium concentration on ouabain 
response. The relation between the ouabain 
response and caflciurn concentration was in- 
vestigated, and Fig. 2 shows the response at  
3 calcium concentrations. Feigen et a1.(3)  ob- 
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FIG. 2. 
Effcct  of calcium concentration on ouabain re- 

sponsr. 1 :4(1,000 ouabain was added a t  0 time. 
* I.A. Srr footnote under Fig.  1. 

7. Ileubner, W., and Ngary, A. V., Arch. e x p .  

8. Farah ,  A., and Smuskowicz, E., 6. Pharm.  
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FIG. 3. 

Effect of phosphate concentrat,ion on ouabain re- 
sponse. 1:40,000 ouabain was added at 0 time. 
++ LA. See footnote under Fig. 1. 

served that the rat venltricle strip exhibited 
maximal contraction a t  a concentration of 
0.062% CaC12 and above or below this 
amount there was a decrease in activity. With 
an increase in calcium from 0.012% to 
0.036%, we found an inicrease in the ouabain 
response, but alt a concentration of 0.062% 
CaCl:! ouabainl produced a smaller effect than 
at  the two lower concentrations. 

E j e c t  of phosphate concentration on oua- 
bain response. White and Salter(9) found 
that the cat papillary muscle preparation 
would conltraGt in bicarbonate buffer without 
much decrease in force over long 'periods of 
time, but in phosphate buffer a rapid de- 
crease in mechanical activity occurred. We 
have, therefore, investigated the effect of var- 
ious phosphalte concentrations on the ouabain 
response. Fig. 3 shows #that ouabain pro- 
duced the greatest eFfect in the presence of a 
low concentration of phosphate. The highest 
concentration of phosphate produced the most 
rapid "fatigue," and even after ouabain this 
d'epressant effect of phosphate was apparent. 

The amount of 
diastolic tension'on the muscle was varied to 
dIetermine its effect on the ouabain response. 
The maximum response to ouabain (1 :40,000) 
a t  diastolic tensions of 0.25 g and 1.5 g was 
approximately two-thirds Ithat obtained at a 
tension of 0.75 g. 

Ezp. Thrrap., 1946, v88, 1. 

Effect of initial tension. 

- - " - _____ 
9. White, W., and Salter, W., J. Pharm. and 
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Summary. A positive inotropic effsect of 
ouabaia has been demonlsltrated on the rat 
ventricle strip. At a given ouabain concen- 

the concentration of ouabain,, calcium, and 
phosphate, and in initial tension on the posi- 
tive inotropic response have been investigated. 

t.h'e magnitude Of the was &ceived July 24, 1950. P.S.E.B.M., 1950, v74. 
quite uniform. The 'effects of variation in' 

Band-Pass Filter Action of the Cochlea During Nembutal Anesthesia.* 
(18077) 

GEORG F. HENRIKSEN AND JEROME K. MERLIS. (Introduced by C. Tedeschi.) 
From the National Veterans Epilepsy Center und the Neurological Service, Cwhing Veterans 

Administration Hospital, Framingham, Mass. 

I n  the course of studies of the potentials 
evoked in th.e cerebral cortex by auditory 
stimulation, we have noted changes in the 
threshold of the electrical response of the 
cochlea which merit further description. 

Experimental. The observations were made 
in cats anesthetized with nembutal. The 
auditory stimuli, provided by a variable fre- 
quency sine-wave generator (H'ewlett-Packard 
No. 202B) were led into the ear from a 
headphone via a plastic tube fixed in the 
external meatus. Recording of the cochlear 
potential was accomplished through a wick 
electrode placed at the round window and led 
through a suitable amplifier to a cathode-ray 
oscilloscope. Thle cochlear audiograms were 
recorded by determining the threshold in- 
tensity of stimulus at  various frequencies from 
100 to 5000 cycles/sec. 

Results and discussion. Typical audio- 
grams in 3 cats, A, B, and C, are charted in 
Fig. 1. The duration of anesthesia, the body 
temperatures, and the respiratory rates are 
indicated at  lthe right of the chart. 

During nembutal anesthesia the change in 
the cochlear response consists of a rise in 
threshold, initilally for the highaer frequencies, 
and laiter for the lower frequencies. Char- 
acteristically, there is a relative sparing of 

* Reviewed in the Veterans Administration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions pub- 
lished by the authors are a result of their own 
study and do not necessarily reflect the opinion or 
policy of the Veterans Administration. 

thle frequency band around 1700 cycles, as 
recorded in the audiograms of cats B and C. 
This differential sparing may result in' a 
relatively narrow frequency band with a 
threshold 6 or more db below any other. 

At low intensities of stimulation, therefore, 
the cochlea may respond only to a narrow 
frequency band and its functioning may be 
likened to that of a band-pass filter. 

Riesco-MacClure et al. (1) have rqmrted 
antemortern failure of the cochlear response, 
especially to higher frequencies, in guinea pigs 
under Dial anesthesia. They m n s i d e d  this 
failure als possibly due ,to "cumulative ir- 
reversible or slowly reversible effects of pro- 
longed paFtial anoxia." Our observations 
with nembutal anesthesia confirm the finding 
of these authors that the level of anesthesia, 
per se, and the usual fall in body tempera- 
ture are not niecessarily implicated in the 
depression of the cochlear response. This 
depression may occur when the level of anes- 
thesia is light as judged by the electrical 
activity of the cerebral cortex and by the 
presence of reflex withdrawal responses. An 
audiogram wilth normal frequenlcy distribu- 
tion may be obtained when body temperature 
has fallen as in cat A, and a depressed cmh- 
lear response may be obtained with a similar 
fall in body temperature, as in the audiogram 
Ba. 

Although the depression of the cochlear 

1. Riesco-MacClure, J. S., Davis, H., Gernandt, 
B. E., and Covell, W. P., PRO@. So~c. En. BIOL. 
AND MED., 1949, v71, 158. 


