
NOREPINEPHRINE FROM THE ISOLATED HEART 149 

pear in conjunction with converted tubules, 
which would suggest an influence towards 
maleness emanating from this type of testis, 
it also happens that only male ducts appear on 
the rare occasions of the differntiation of ovar- 
ian tissues,, the reverse of what one would ex- 
pect if the gonads are really exercising any in- 
fluence. There is, of course, no evidence as 
to whether the gonads in these grafts produce 
endocrine substances at all. If they do, there 
is no consistency of endocrine effect upon the 
ducts; if they do not, the independence of the 
ducts is self-evident. On the positive side, 
this randomness of differentiation of the ducts 
coupled with the fact that good gonad differ- 
entiation as often as not fails to elicit or sup- 
port any duct differentiation whatsoever 
suggests the essential independence of the 
ducts. 

Conclusion. Reviews ( 11,12) of the vast 
literature on gonadal control of embryonic 
differentiation of sexual ducts in mammals 
reveal 3 general viewpoints: (a) that the de- 
veloping testes and ovaries produce sex hor- 
mones and that each has 2 opposing actions, 
stimulation of ducts of corresponding sex and 
inhibition of ducts of opposite six; (b) that 
the testes produce hormone which stimulates 
male parts while suppressing the female, but 
the ovaries do not influence sexual differen- 

tiation; (c) that sexual differentiation is not 
governed by gonad hormones. The results 
here submitted, namely, absence of correla- 
tion between duct development and hormonal 
environment provided by host and the similar 
lack of correlation between ducts and accom- 
panying gonads, support the third view. This 
conclusion conf orms in general to that 
reached by Bronski ( 10). 
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Hoffmann et al. ( 1 )  reported the presence 
of an epinephrine-like substance in the perfu- 
sate of isolated mammalian heart treated with 
acetylcholine or nicotine. Similar observa- 
tions were made by McDowell( 2 ) .  More re- 
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cently Paasonen and Krayer noted a marked 
decrease of norepinephrine content of mam- 
malian heart treated with reserpine (3 ) .  These 
observations were based on bioassay technics. 
The present report concerns chemical identi- 
fication and assay of biologically active agents 
liberated from the isolated heart during the 
interval of stimulation following administra- 
tion of acetylcholine. 

Methods and materials. Isolated rabbit 
hearts were perfused by means of a modified 
Langendorff apparatus with oxygenated 
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Ringer-Locke solution containing 1 mg atro- 
pine/liter of perfusion fluid. Test doses of 
acetylcholine (25 to 200 pg) were introduced 
into the perfusion fluid at intervals. Perfu- 
sates from the heart were collected before ad-  
ministration of acetylcholine and during inter- 
val of stimulation which followed. Thev were 
analyzed fluorimetrically for their catechol 
amine content (4 ) .  Also. fluorescence eiiiiq- 
sion spectra were recorded hv means of 
Aniinco-Bowman spectrophotofluorometer. Hi- 
ologic activitv of the perfricate was assecsed 
bv means of its effect o~ isolated vzments of 
rabbit intestine. Nore decisive indica tion5 of 
biologic poterlcv were obtained bv injections 
of approgriatelv treated perfuwtPc: into a dov 
nrepared for recording blood pressure and 
heart contractile force(5). 

Rewlts .  TJarge d o w  of acetvlcholine ( 2  5 
to 200 ,IF.) increased the amiditude of con- 
traction of the ivlated rjerfuqed hwr t  and 
correspondinclv produced substan.ti:jl incre- 
ments irl concpntrstiorl of noreniqenhrine i n  
the perfusion fluid. Tn yenersl. increasindv 
larger doses were required to elicit s u k e a u m t  
comparable dwrees of stimulation. Positi\:e 
inotronic effects were consi+mtlv ohtailled in 
18 hearts in which 83 adniirljctr;lt:r)rls of ace- 
tvlcholine mere made. Tn h of thecp i1ren:ira- 
tions chemical a m h - 4 5  w~ done 011 14 s e p -  
rate samnle~ taken durin? stimiila tiorl. 
contrasted with control determinations there 
were constavt and whtarlt ial  increaws in the 
norepinenhrine fraction with ewntiallv no 
change in the eninenhrine fraction. Irean 
levels of maximal norepinephrine values were 

TABLE T. Catechol Amine Clontpnt of Pwfusion 
Flniil f rom (i T w l n t w l  Rihhit  Hcnrtq. 

Control 111.1s r n l l l w  
-4ftrr ncctvlclioli I I P  

r ,7- 7 
Nor- Epineph - T o r -  Ep ,j 11 ~p Ii - 

epiiiephri ne rine c pi iiqil’h I’iiic riri c 
I p , g / l ~ ~ - - -  7 

1 .6 6.2 12.7 4.9 
1.0 1.5 31.4 1 .$ 
2.6 1.5 36.2 1.2 
8.3 1.4 12.8 2.1 
..) 1 .o 6.7 1.9 
.8 .3 32.3 9.0 

3 

Meall 2.9 3.5 22.0 2.8 - - - . - 

FIG. 1. UIqm traciiig : contractions of isolated 
ixbbit intrstinal scgnieiit suspeiidcd in Ringer solu- 
tion. Pcrfus:ites cdlectcd from rabbit heart before 
(control) :iiicl diiriiig acet~-lclioliiie stimulation. 
llicldlo niid l o w r  tracjiigs: effects of extracts of 
wbbi t  lieart perfusatcs on hcart contractile force 
:ind :li.t(~riill blood pressure of a trst, animal (open- 

chest dog preparation). 

about 10 times control figures (Table I). As 
recorded by Aminco-Bowman spectrophoto- 
fluorometer, the fluorescence emission spec- 
trum of condensation products of rabbit heart 
perfusate with ethylenediamine was identical 
with emission spectrum of an  authentic mix- 
ture of norepinephrine and epinephrine con- 
taining the same calculated amounts of cate- 
chol amines found in the perfusate. Biologic 
activity of perfusates collected during acetyl- 
choline stimulation was clearly manifested on 
the small intestine and on the cardiovascular 
system. When added to the bath of isolated 
intestinal segments, marked inhibition of mo- 
tor function wa4 observed (Fig;. 1) : when in- 
jected intravenously into a dog prepared for 
recording blood pressure and heart contractile 
force, substantial increments were noted in 
these 2 parameters (Fig. 1). In  the latter 
instance, pooled perfusates collected during 
successive periods of stimulation were ad- 
sorbed on a column of aluminum oxide and 
subsequently eluted with weak acetic acid. 
This eluate was then injected into the test 
animal. Increases in cardiac contractility and 
in blood pressure were similar in character and 
in the same range as those seen after intra- 
venous administration of epinephrine 0.4 

Discussion. Increasing emphasis is being 
;iccorded the autonomic nervous system in 
controlling heart function. This control may 

p g  ’kg. 
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be modified by release of sympathomimetic 
substances from specialized tissue within the 
heart. The present report suggests the pres- 
ence of ganglionic structures in the heart since 
the bulk of the sympathomimetic agent in the 
perfusate was norepinephrine. Schmitthenner 
et a L ( 6 )  concluded that increases in coronary 
blood flow, cardiac oxygen consumption, and 
left ventricular work elicited by nicotine in- 
fusions were due predominantly to stimulation 
of sympathetic ganglia of the heart with liber- 
ation of norepinephrine and epinephrine lo- 
cally. West et aZ.( 7 )  demonstrated that in- 
tracoronary arterial injections of nicotine pro- 
duced increases in myocardial contractility 
and coronary blood flow qualitatively similar 
to effects produced by intracoronary injec- 
tions of norepinephrine and epinephrine. Re- 
cently, Burn and Rand (8) demonstrated that 
isolated atria from rabbits pretreated with 
reserpine no longer exhibited positive inotro- 
pic and chronotropic effects when tested with 
nicotine. Recognizing the ability of reserpine 
to deplete norepinephrine stores of cardiac 
tissue, these authors concluded the stimulant 
action of nicotine was due to release of epine- 
phrine and norepinephrine from the heart. 
The possibility of the existence of chromaffin 
tissue in the heart should not be excluded, 
however, since it would probably be stimu- 
lated by acetylcholine in the same manner as 
the adrenal medulla. If such were the case, 
however, it would be necessary to postulate 
a difference in composition of the chromaffin 
tissue at  the 2 sites since the hormone of the 
adrenal medulla is predominantly epinephrine 
and the hormone liberated from the heart as 
demonstrated here is predominantly norepine- 
phrine. 

Activity of cardiac drugs may be dependent 
to some extent upon release of adrenergic 
amines within the heart. These amines may? 
likewise, play an important role in coronary 
artery disease. The significance of epine- 
phrine and related compounds in heart muscle 
has been reviewed by Raab (9).  Recent work 
in our laboratory has revealed elevated plasma 
levels of catechol amines in patients with an- 
gina pectoris after exercise and in myocardial 
infarction. Under such circumstances the 
damaged heart might conceivably contribute 
to these increments in circulating pressor 
amines. 

Summary. Acetylcholine produces a 
prompt positive inotropic effect on the iso- 
lated atropinized heart. Norepinephrine is 
the acyent largely responsible for this action 
as judged by biological and chemical assay of 
perfusates collected during the period of 
stimulation. 
.- 
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