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responsible for the fall in uterine flow. 3.  
Despite the uterine ischemia, fetal survival is 1. Westin, Sehgal, N., Assali, N, s., J .  

not affected because fetal temperature falls to 
the Same extent as that of the mother. 
pothermia of the fetus in utero probably in- 
creases its tolerance to hypoxia. 
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Although it has been suggested that the 
action of some sympathomimetic amines is 
mediated by release of endogenous norepine- 
phrine (NE) from adrenergic nerve endings 
( 1,2), little direct evidence supports this 
view. In vitro, tyramine has been shown to 
increase the rate of release of NE from iso- 
lated granules of splenic nerve and adrenal 
medulla(3,4). Stjarne( 5 )  utilizing a bioas- 
say technic, observed an increase of a pressor 
substance in the splenic vein effluent follow- 
ing administration of tyramine. On the other 
hand, no reduction in NE content of guinea 
pig hearts was observed after prolonged per- 
fusion with tyramine(6) and no increase in 
NE content of arterial blood of intact animals 
was detected after injection of tyramine( 7, 
8) .  Accordingly, it was suggested that the 
action of this amine is a direct one and that 
NE merely plays a facilitating role(6). 
Therefore, the purpose of the present study 
was to determine whether, in the intact anes- 
thetized dog, a number of vasoactive amines 
actually release NE from the heart by direct 
measurement of catecholamines in coronary 
sinus blood. The influence of one of these, 
tyramine, on concentration of NE in cardiac 
tissue was also determined. 

Methods. Fourteen mongrel dogs weigh- 
ing 18 to 30 kg were lightly anesthetized with 
morphine ( 2  mg/kg subcutaneously) and a 
chloralose-urethane mixture given intrave- 
nously. The coronary sinus was catheterized 
under fluoroscopic control. Blood samples of 

30 ml were withdrawn simultaneously from 
the femoral artery and coronary sinus and 
were replaced with fresh donor blood which 
had been mixed with the experimental dog’s 
blood prior to study. In  any one experiment 
one to 4 sympathomimetic amines were ad- 
ministered. After the control samples were 
obtained, the amine was injected, and at the 
time of maximal arterial pressure response 
b l d  samples were taken #from the coronary 
sinus and femoral artery. Thirty minutes 
after injection, when arterial pressure had re- 
turned to control levels, blood samples were 
again obtained and another amine injected. 
In 5 additional open-chest dogs tyrarnine was 
infused continuously for one hour at a rate 
of 200. pg/kg/min., while arterial pressure 
was recorded continuously. The right atrial 
appendage was biopsied prior to the infusion 
and the left atrial appendage at  the end af 
infusion. Control studies were carried out 
identically in 4 dogs which received saline in- 
fusions, and both appendages were biopsied 
simultaneously in another 5 dogs which had 
not received vasoactive amines. 

Plasma NE was isolated using alumina col- 
umns and oxidized to the trihydroxyindde 
(9,lO). Fluorescence measurements were 
made in an Aminco-Bowman spectrophato- 
fluorimeter, differentiating NE from epine- 
phrine by the spectral characteristics of each 
(10). NE content of atrial appendage was 
purified and assayed from a trichloroacetic 
acid extract (9). 
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FIG. 1. Effect of varying doses of tyramine 011 
arterial pressure, and plasma catecholamines in one 
dog. 

FIG. 2. Arterial and coronary sinus norepineph- 
rine contents following inj. of 2 vasoactive amines 
in 2 dogs, 

Results. During the control period the 
corona,ry veno-arterial (V-A) differences of 
NE ranged from +O.SO to -0.11 and aver- 
aged 0.04 pg/l. The effect af increasing doses 
of tyramine in one dog is shown in Fig. 1. 

Concomitantly both concentration of nor- 
epinephrine in the coronary sinus blood and 
the V-A difference became progressively ele- 
vated. Gradual increams in arterial concen- 
tration of NE occurred as the dose of tyra- 
mine was increased. In this dog the concen- 
tration of epinephrine in arterial plama prior 
to tyramine fell a$ arterial pressure rose, with 
injections of 50 and 100 pg/kg tyramine. 
This was similar to what was seen in experi- 
ments in which other vasoactive amines were 
used. Injection of lo00 &kg tyramine, 
however, resulted in a pronounced increase in 
epinephrine concentration of both the arterial 
and coronary sinus samples. 

An increase in NE content of coronary 
sinus blood, associated with a large V-A dif- 
ference consistently occurred in 3 dogs f d -  
lowing injection of tyramine and ampheta- 
mine and in 2 dogs each with guanethidine, 
phenyle t h ylamine, tryptamine, and hydroxy- 
amphetamine, and in one dog each with 
epedrine, and mephentermine (Table I). On 
a weight basis tyramine appeared to be the 
most potent with phenylethylarnine, trypta- 
mine, and p-hydroxyamphetamine intermedi- 
ate and guanethidine, amphetamine, ephe- 
drine, and mephentermine less potent. In 2 
dogs each, methoxamine, serotonin, and phe- 
nylephrine did not elevate coronary sinus 
NE content. 

In 4 dogs the time course of NE release fol- 
lowing a single injection of vasmctive amines 
was examined. It is shown in Fig. 2 that 30 

TABLE I. Influence of Various Vasoaetive Amines on Artcrial Blood Pressure and Cardiac 
Release of Norepinephrine. 

Increase of ar- 
terial systolic Plasma NE (pg/l) 

Dose pressure above 
(mg/kg) control (%) CS, B CS, A Art., A 

Tyramine" .2 
Phenylethylamine t 1.0 
Tryptamine t 1.0 

Amphetamine" 1.0 
Ephedrine 1.0 
Mephentermiiie 1.0 
Guanethidine t 10.0 
Methoxamine t .5 
Phenylephrine t .2 
Serotonin t .1 

p-Hydroxyamphetamine t 1.0 

55 
56 
74 

116 
38 
32 
26 
10 
54 
65 
30 

.49 
1.02 
.21 
.40 
.56 
.61 
.67 
.91 

1.19 
1.19 
.43 

2.90 
3.70 
1.63 
2.67 
1.19 
1.36 
1.15 
2.65 

.72 
1.26 

.54 

-84 
1.42 
.56 
.69 

1.00 
.95 
.57 

1.58 
.36 

.41 
- 

~~~ 

CS = Coronary sinus 
* Values presented are avg of observations on 3 dogs. 
t Avg of 2 dogs. 

Art. = Femoral artery B = Before drug inj. A I= After drug inj. 
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TABLE 11. Effect of Tyramine Infusion on NE 
Content of Atrial Appendage. 

Avg KE content of 
atrial appendage 

Exp. Condition (pg/g) 

Tyramine Control (R) 
infusion After (1,) 
(5  dogs) Diffcrciice (76) 

Saline in- Control (R)  
fusion After (L) 
(4 dogs) Difference (%) 

Simultaneous Right 
biopsy Left 
(5  dogs) Diff ereiwe (%) 

2.08 
1.1i 

1.99 
2.14 

2.08 
I .98 

-43 (-37 to-57) % 

+8 ( + S O  to -28) % 

-5 (-21 to + 1 7 )  % 

Control (R) = Riglit atrial appc1id:igc obtain:vl 

After (L) = Left atrial :ippiid;igc~ obtninvd :if- 
during control period. 

tcr tyraiiiiiie ilifusioii. 

minutes following injection of 200 pg/kg ty- 
ramine the coronary V-A difference had re- 
turned to control levels, but that it was still 
increased at  60 minutes following injection of 
1000 &kg p-hydroxyamphetamine. The 
response to ephedrine was similarly pro- 
longed. 

In the 5 dogs which received the infusion 
uf tyramine, NE content of the left atrial ap- 
pendage obtained at  completion olf the infu- 
sion was consistently lower than that of the 
right atrial appendage taken prior to the in- 
fusion (Table 11). The differences averaged 
43% whereas in the 9 control dogs no con- 
sistent differences between the 2 appendages 
were observed. I t  is of interest that in 2 of 
the dogs no pressor response to a single in- 
jection of 1 mg/kg of tyramine occurred 
when it was given at  the end of the tyramine 
infusion in spite of the presence of significant 
quantities of residual NE in the heart. In  
the other 3 dogs the response to tyramine in- 
jection was greatly reduced. 

Discussion. These studies clearly demon- 
strate that a number of vasoactive amines 
release NE from the heart. The duration of 
this release is short lived with tyramine and 
mare prololnged with p-hydroxyamphetamine 
and ephedrine. The hypotensive drug Rrety- 
lium Tosylate has also been shown to release 
NE from the heart ( 1 1 ) . Serotonin, phenyl- 
ephrine, and methoxamine produced no clear 
cut release of NE from the heart. However, 

in the absen’ce of coronary flow measurements 
a release of very small quantities cannot be 
excluded. The secretion of epinephrine from 
the adrenal gland appeared to be reduced 
after injection of these vamactive amines, 
presumably reflexly due to their pressor ef- 
fect. 

The reduction in NE content of the atrial 
appendage zfter tyramine infusion, although 
not marked, was observed consistently. The 
observations that the physiologic response to 
tyramine was abolished or greatly reduced 
in spite of the presence of residual NE in the 
heart (57% of control) suggests that the ty- 
ramine infusion had depleted a specific tyra- 
mine-releasable NE store. 

Sulmnary. Intravenous injections of tyra- 
mine, phenylethylamine, tryptamine, p-hy- 
droxyamphetamine, amphetamine, ephedrine, 
niephentermine, and guanethidine were 
shown to release NE from the heart into the 
coronary sinus blood of the intact anesthe- 
tized dog, while serotonin, methoxamine, and 
phenylephrine had no such effect. A small 
but consistent reduction in NE content of 
atrial appendage was observed following one 
hour’s infusion of tyramine. These olbtserva- 
tions furnish proof for the concept that re- 
lease of KE is involved in the pharmacologic 
action of many of the vasoactive amines. 
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