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Reversible Inhibition of the Beat in Heart Fragment Tissue Cultures by 
Desoxycorticosterone. (18196) 

IVOR CORNMAN. (Introduced by P. K. Smith) 
Front the Warwick Memorial for Cancer and Allied Diseases, and the Department of Anatomy, 

George Washington University School of Medicine, Wuslzington, D.C. 

In  an effort to demonstrate an effect of 
adrenal cortical hormones on isolated living 
tissues, the embryonic heart was chosen be- 
cause its acjtion is readily observable and 
experimentally reversible. An embryonic 
heart can be divided into many fragments, 
5 to 15  of which will pulsate and will quickly 
respond to changes in bhe culture medium. 
With potassium, for instance, Ithe concentra- 
tion Gan be gradually increased until any 
chosen percentage of the fragments stop beat- 
ing or until a threshold is reached a t  which 
all fragments are blocked. A culture in this 
state of delicately suspended activity quickly 
responds to agents antagonistic to potassium. 
Thus it should provide a sensitive indicator 
of antagonism between desoxycmticosterone 
(DOC) and potassium if this antagonism 
operates at the cellular level. I t  is well 
known that potassium alters the activity of 
the heart in situ, whether the high potassium 
level results from injection( 1,2) or from 
adrenal insufficiency (3,4}. The accepted 
view assigns DOiC effects to systemic decrease 
of potassium resulting from increased potas- 
sium excretion. Nevertheless, the possibility 
of direct effects of DOC on heart tissue and 
of DOIC-potassium antagonism within tissues 
appears worth testing. 

Hearts of chick 
embryos 9-1 1 days old and of newborn mice 
or fetuses 9-14 mrn in length, were cut into 
fragments, cemented in roller tuibes with 
chicken plasma, and supplied with 1 ml of 
balanced salt solution (Gey’s modification of 
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Materials and methods. 

____ -- 

Tyrode’s) . The pulsations were recorded 
during a 1-4 hour stabilization period before 
addition of isotonic KC1 (1.08%) or the 
steroids suspended in balanced saline. Where 
serum was added, it was usually Difco lyo- 
philized human placental serum. About 100 
chick hearts and 150 mouse hearts were used 
in these experiments, providing a total of 
about 2500 pulsating fragments. Moreover, 
most fragments continued to beat for several 
days, so each could be tested for recovery and 
for uniformity of response even after long 
exposure. All results reported here have been 
obtained with both avian and mammalian 
heart fragments. Upjohn cortical extract, 
DOC (Ciba), DOC (Delta), DOCA (Delta), 
cortisone (Merck) , cortisone acetate (Merck) 
and epinephrine (Parke, Davis) were tested 
on untreated hearts and on potassium-blocked 
hearts. The Ciba and Delta DOC behaved 
differently(5). Doses refer to the Delta 
praduct except where Ciba is specified. The 
steroids were dissolved in acetone and then 
suspended in saline. The concentrations re- 
ported here are all final levels, reached by 
gradual addition of the experimental agent 
over a period of hours. A culture was scored 
as blocked only when all the fragments had 
stopped beating, and as near-block when less 
than 2070 continued beating. Stimulation 
could be detected as increase of speed and 
amplitude in beating fragments and as initia- 
tion of beat in fragments which had been 
quiet during the 1-4 hour preliminary ob- 
servation. 

Results. Action of cortical steroids or 
epinephrine on the potassium-blocked heart. 
Chick and newborn mouse hearts were blocked 
at  final concentrations oif 2%-7% of isotonic 
KC1, while fetal hearts required 770-19%. 
The effect was readily reversible on return 
to balanced salt solution, even when the 
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hearts had been immobilized for 1 2  hours. 
When hearts immobilized by KCl received a 
final concentration of 2 %-5%, cortical extract 
without diluting the KCl, some fragments 
began to pulsate within a few minutes. How- 
ever, the extract is known to contain traces 
of epinephrine. and when J/z ppm. epineph- 
rine was added alone. the fragments re- 
sponded in a similar way. DOC a t  0.005- 
0.067 m,o,/nil. its acetate a t  0.015-0.077 mg,,’ 
ml (in excess of saturation) or cortisone ace- 
tate a t  0.025-0.166 mg/ml (in excess of sat- 
uration) administered immediately after or 
several hours before addition of potassium 
did not diminish the depression by potassium. 

Suppwssion of hem% beat b y  DOC. DOC 
by itself first stimulated and then depressed 
pulsation. Chick and newborn mouse hearts 
were blocked a t  0.009-0.03 mg/ml in bal- 
anced saline, while 9-14 mm fetal mouse 
hearts required 0.046 nig,ml for a near block. 
In  the absence of potassium (isotonic S a C l  
-k CaCl,) 0.005-0.01 mg,’ml was sufficient to 
stop chick hearts, and 0.01 mg/ml blocked 
fetal mouse hearts. Blocked heart fragments 
slowly resumed pulsation when DOC was 
removed and replaced with balanced saline. 
In  7%-9% serum 0.1-0.2 mg/ml DOC was 
required to block hearts. Fragments which 
had been stopped by DOC recovered when 
serum was added up to 57,-10% without 
altering the concentration of DOC. Suppres- 
sion and recovery could be repeated by adding 
more DOC and then more serum. This 
technic was employed to assay serum from 
different sources. There was no significant 
difference between lyophilized human pla- 
cental serum, normal adult serum, or adult 
serum obtained 2 hours after adrenalin in- 
jection. Several influences could play a role 
in reversing the DOC effect: pH, general 
improvement in the tissue, adsorption or spe- 
cific metabolic antagonism. LyophiIized 
serum shifts the cultures from the usual pH 
7.4-7.6 to 8.2-8.6. However. DOC will still 
inhibit in cultures brought to pH 8.6 with 
XaHUO:<, and cultures in 8% serum acidified 
to pH 6.6 with CO. are resistant to DOC. 
-1ctivity and survival of heart fragments is 
better in the presence of serum, but cultures 
transferred from serum to balanced saline, 

quickly scored and then poisoned with DOC 
fell well within the range of doses required 
to inactivate cultures maintained for 24 hours 
in balanced saline before dosage. To deter- 
mine the site of the serum effect: cultures 
were dosed with enough DOC to quiet them in 
the presence of 8%-9% serum, but the serum 
was not added until most fragments had be- 
come inactive. When the serum was added, 
some of the fragments resumed their beating 
and then stopped again. 

Efects of DOCA, cortisone, cortisone ace- 
tate ,  epinephrine or acetone. DOlC acetate 
up to 0.038 mg/ml (persistent crystals visible 
within the culture tube) or cortisone alcohol 
or acetate up to 0.15 mg/ml were without 
effect on the beat. Cortisone up to 0.25 
mg/ml did not decrease the inhibitory effect 
of DOC, and a t  the higher doses possibly had 
a slight synergistic influence. Epinephrine a t  
1:100,000 brought recovery lasting a few 
minutes to a few hours in 1 or 2 fragments 
per tube. Acetone a t  1% did not affect the 
pulse. I n  most DOC-treated cultures the 
acetone carrier did not exceed 0.272. The 
phenomena of blocking, recovery in serum, 
temporary recovery in DOC overdose. and 
non-antagonism between cortisone and DOC 
were verified with Ciba DQC. Chick and 
newborn mouse hearts were inactivated a t  
0.05 mg/ml,  and recovered upon addition of 
X%-9% serum, but responded poorly to 
1 : 100,000 epinephrine. 

Discussion. Resuscitation of potassium- 
blocked hearts by cortical extract so closely 
resembles the response to epinephrine a t  con- 
centrations which can be present in the cor- 
tical extract, that it must for the present be 
regarded as an epinephrine effect(6). DQC 
exhibits neither a specific antagonism for po- 
tassium, nor antagonism of the sort exerted 
by aliphatic lipids(?). Nor is thle DOC 
effect mediated by potassium, for DOC is 
more effective in the albsence of potassium. 
Moreover, epinephrine acts upon most frag- 
ments subdued by potassium, but rarelJ-- 
perhaps not significantly-n fragments in- 
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activated by DOC. These effects of DOiC 
on cultured heart fragments probably do not 
represent any normal function of the steroid 
within the body, although Cleghorn et aE. 
have indicated the possibility of a specific 
beneficial influence of DOCA on the heart. 
Adequate DOCA therapy will abolish the 
cardiac arrhythmia of adrenal insufficiency (8) 
although maintenance doses sufficient to return 
plasma electrolyte values to nolrmal may not 
impr'ove the electrocardiogram (3). The DOC- 
induced inhibition of the heart fragments in 
culture may be related to certain systemic 
effects of DOCA overdosage. DOiCA and 
other steroids act as depressants (9,lO). Weak- 
ness of skeletal muscle and irregularity of 
heart beat induced by DOCA can be prevented 
by increased potassium intake ( 1 1 ) . I n  cul- 
tures the heart was less inihilbited by DOC in 
the presence of potassium. Difficulties are 
likewise encountered in trying to relate corti- 
cal steroid effects in the body and on cultures 
of kidney, where co~rtisone increases excre- 
tion by mesonephric tubules ( 1 2 ) .  

Serum most probably interferes with the 
DOC effect by adsorbing the steroid(l3) al- 
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though the temporary recovery of hearts in 
the presence of an overdose of DOC points 
to a possible site of counteraction within the 
cell. If there is an antagonist in serum, it 
would not appear to be cortisone inasmuch as 
cortisone alone will not interfere with DOC, 
and sera presumably high in cortisone activ- 
ity (placental or post-epinephrine) proved 
no more antagonistic than normal aduEt slerum. 
Nor could any synergist in serum be demon- 
strated by blocking hearts in serum and then 
adding cortisone. The inertness of DOC ace- 
tate may result merely from its low solubility, 
but could also be interpreted as evidence that 
only the unesterified steroid is physiologically 
active and thait heart tissue is unable to hydro- 
lyse it. 

Sumnznry. DOC reversibly inhibits the 
pulsation of mouse or chick heart fragments 
in vitro. The inhibition can be removed by 
serum but not by cortisone, and is more ef- 
fective in the absence of potassium. DOC 
and cortisone h'ave no influence upon potas- 
sium inhilbition of the heart. Epinephrine 
will alrnos8t completely counlteract potassium 
inhibition but revives only a few DOC- 
po is one d fragments . 
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