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We have already shown in previous investigations 
[9,10] that acute massive pulmonary embolism (MPE) 
is attended by pronounced structural and metabolic 
alterations of the ventricular myocardium. The state 
and functional activity of the cardiomyocytes depend 
on their metabolism, which  is closely connected 
with the neurohumoral  regulation, including the 
sympatheticoadrenal system (SAS) . Numerous inves- 
tigations attest to an important role of cathechola- 
mines in the heart compensatory processes and in 
the development of myocardial dystrophy and heart 
failure [4-6,12]. 

The aim of the present research was to study the 
state of the SAS during acute experimental MPE ei- 
ther complicated with heart failure or not. 

MATERIALS AND METHODS 

Experiments were carried out on 37 mongrel dogs 
weighing 15-20 kg. The chest was maintained intact 
and the breathing remained natural. The animals re- 
ceived promedol injected i.m. (10 mg/kg) as a pre- 
liminary medication, and sodium thiopental was in- 
jected fractionally i.v. (20 mg/kg) to produce general 
anaesthesia. The methods of the cardiac and vessel 
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catheterization, registration of the hemodynamic in- 
dexes and the modeling of acute MPE were described 
previously [2]. The experiments conformed to the 
scheme presented in Fig. 1. It should be pointed out 
that the results of neurohistological study obtained in 
the first control group (Fig. 1, I) were accepted as 
the initial ones for all other experimental series. A 
separate group comprised four dogs with MPE fol- 
lowed by the rapid development of heart failure with 
a lethal outcome. The specimens for neurohlstological 
study were dissected from the middle third of the 
right ventricle (RV) and left ventricle (LV) walls, the 
interventricular septum (IVS), and also from the left 
adrenal medulla. The specimens were frozen with dry 
ice, after which the cryostat sections (25 g) were 
performed at -15 ~ to -20~ For the histochemical 
demonstration of norepinephrine (NE) the sections 
were incubated in 2N glyoxylic acid solution [13,15]. 
The slides were examined under a LYUMAM-I3 lu- 
minescent  microscope. The relative area of the 
adrenergic nerve plexus was computed according to a 
described method [7], using a planimetric ocular grid 
with 960 nodes. The intensity of NE fluorescence in 
the adrenal medulla was measured with the use of a 
photometric at tachment on the microscope. Blood 
samples for biochemical study were taken simultane- 
onsly from the RV and LV. The serum concentra- 
tions of epinephrine (E), NE, and dopamine (DA) 
were assayed with the radioimmune technique (Khe- 
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mapol kits, Czechoslovakia). The data were processed 
statistically using the Student t test. 

RESULTS 

The control animals showed a progressive time- 
dependent  decrease of the  relative area of the 
adrenergic nerve plexus in all specimens studied (Fig. 
2, a-c). The  RV/LV ratio of the relative area of the 
adrenerNc plexus was 2.3 for the initial level and 1.9 
and 1.4 one and six hours after treatment, respec- 
tively. These results are in good agreement with pub- 
lished data on a higher density of the adrenergic in- 
nervation in the RV myocardium [7]. The content of 
NE in the adrenal chromaffin cells was slightly in- 
creased toward the first hour  and fell to the basal 
level by the sixth hour (Fig. 2, d). The s e r u m  NE 
concentration was not affected, the DA concentration 
exhibited a tendency to increase, while the E con- 
centration significantly increased toward the third and 
decreased toward the sixth hour (Table 1). The E /  
NE ratio increased toward the third hour and then 
decreased. There was a negative correlation between 
the E and NE  variations (r=-0.63, p<0.05) during 
the first three hours in the control experiment. A 
comparison of catecholamine contents in the RV and 
LV samples showed a lower content of NE in the 
blood flowing out of the lungs. 

T h u s ,  in the control there is a short-term mod- 
erate activation of the hormonal component of the 
SAS, which consists in an increase of cathecholamine 
synthesis and release from the adrenal medulla. 
Chromaffin cell activation in the control is probably 
related to the immobilization stress and cardiac cath- 
eterization, which can also be considered as a stress 
factor [5,6]. The decreased NE level in the myocar- 
dial nerve plexus may be Mated to its reduced syn- 
thesis and uptake or increased transmitter release 
[3,5,6]. Since the control animals exhibit no increase 
of serum NE, it may be assumed that the lower NE 
level in the nerve endings is due rather to a reduc- 
tion of its synthesis. The lower NE concentration in 
the blood flowing away from the lungs in compari- 
son with the mixed venous blood points to its meta- 
bolic breakdown in the lung tissue [8,14]. Besides, 
this fact is confirmed by the absence of activation of 
the SAS nervous component in the control group. 
The latter is also proved by the negative correlation 
between the E and NE variations in the blood of the 
control animals. These findings are consistent with 
the idea that  the sympathetic nervous system and 
adrenal medulla reaction is not always parallel [11]. 

There was a decrease of NE content in the RV 
nerve plexus toward the first and, especially, toward 
the sixth hour of experimental MPE (Fig. 2, a). The 
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Pig. I. Scheme of control (I, II, Ill) and experimental (IV, V 
studies. Abscissa: time (h, rain) starting from the point of com- 
pleted CatheterizatiOn of the heart and vessels. Arrows: MPE 
reproduction; open  bars: biochemical  sampling; dashed bars: 
treatment of animals with a lethal dose of sodium thiopental and 
collection of material for neurohistochemical assay. The number 
of animals in each group is giTen in parentheses.  

content of N E  in the LV nerve endings rose in the 
first hour and dropped by the sixth hour (Fig. 2, b). 
The RV/LV ratio of the adrenergic nerve plexus ar- 
eas was 0.95 and 2.1 at these times. The norepine- 
phrine content in the adrenal chromaffin cells fell in 
the first hour and by the sixth hour became higher 
than in the control (Fig. 2, d): The serum concen- 
trations of NE, DA, and, in particular, E were el- 
evated immediately after MPE and remained un- 
changed during the whole experiment (Table 1), ac- 
companied by an increase of the E /NE ratio. A 
positive correlation between the E and NE variations 
was revealed in the period of 3-6 hours of MPE 
(r=0.55, p<0.05). There was a higher content  of NE 
in the RV blood compared to the LV content. 

Thus, the MPE-induced activation of the hormo- 
nal component of  SAS is more pronounced then in 
the control. The decreased content of adrenal cate- 
cholamines and the sharp increase of their serum 
level toward the first hour of MPE suggest that ini- 
tially catecholamine release significantly outstrips 
resynthesis [5]. By the sixth hour  of MPE the 
chromaffm cell activity remains high, consisting in an 
increased level of cathecholamine synthesis and re- 
lease from the adrenal medulla. In contrast to the 
control, there is MPE-induced activation of the sym- 
pathetic nervous system, whose manifestations differ 
in the RV and LV myocardium. In our view, since 
serum NE increases, the lower NE content in the 
nerve plexus is due to the predominance of transmit- 
ter release over its synthesis and uptake. The proc- 
esses of transmitter release and synthesis are energy- 
dependent and can be disrupted owing to insufficient 
energy production [6] u n d e r  a dramatic increase of 
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Fig. 2. Norep inephr ine  conten t  in myocardium nerve  plexus ( a -  c) and in adrenal  chromaffin cells (d) in exper imen ta l  {MPE) and  
control animals. There  are significant  differences for p<0.05 in comparison with the  outcome (P,), control (P~), be tween  the  first and  
the s ix th  hours  of the  exper iment  (P3), and  be tween  MPE with hear t  failure and compensa ted  MPE in the first (P4) and the  s ixth  
hour  (Ps)" 

the RV work load [1]. The increased NE level in the 
LV nerve plexus against the background of decreas- 
ing LV contraction [1] probably reflects the domi- 
nance of transmitter synthesis and uptake over its 
release from the nerve endings. It has been shown 
[121 that moderate hypoxia in the initial stages is 
accompanied by an activation of transmitter synthesis 
and an increase of cathecholamine uptake by the 
myocardium. Consequently, moderate hypoxia [1 ] and 
hypercatecholaminemia may be the factors accounting 
for the increased NE content in the LV myocardium 

nerve plexus during the first 30 min of MPE. MPE- 
induced sympathetic nervous system activation is sup- 
ported by the higher NE concentration in the blood 
flowing away from the lungs than in the mixed ve- 
nous blood, indicating that transmitter release pre- 
vails over its breakdown in the lung tissue. A de- 
crease of NE inactivation in the lungs may be pro- 
moted by hypoxia [16], perfusion failure [8], and 
capillary endothelium impairment [17], as was dem- 
onstrated in our investigations previously [1]. The 
positive correlation between the NE and E variations 
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TABLE 1. Cathecholamines Level in Arterial (a) and Venous (v) Blood of Experimental (MPE) and Control Animals (M'4-m). 

Time f rom beginning of  experiment 

0 h 00 rain 0 h 30 min  3 h 30 rain 6 h 30 min  

a v a v a v a v 

Index Series 

nmol/iiter Control 9.044-1.15 
MPE 5.97• 

NE, 
nmol/liter Control 10.82• 1.94 

MPE 6,27 + 1, i8 
E/NE Control 0.84• 

MPE 0,95 
DA, 
nmol/liter Control 2.0I"-0.77 

MPE 2.00• 

8.394-1.14 
5.08• 1.22 

16.03• 
5.78• 

0.524- 
0.88 

2.61• 
1.68• 

8.31 • 

9.43a:2.18 

1.94 

2.76+0.64 

15.474-1.96"** 

7.83• 

1.98 

4.45+0.90" 

7.384-1.6t'* 
20.094-3,38"** 

9.92• 
14.144-0.92 *'* 

1.75• 
i .42 

2.244-0.58 
3.49• 

18.164-1.15 *'' 
20.49 4-3.06"** 

I2.92• 
10.42• 1.96" 

1.41• 
1.97 

5.10• 
3.96• 

112.12• 
18.72-4-2.90,** 

i0.81 • 
I3.53• 1.59"* 

1.12-- 
1.38 

3.65• 
4.08• 1.09 

13.98• 
21.954-4.19-* 

13.324-1.34 
9.00---1.70 

1 ,05•  
2.44 

4.44• 1.25 
3.374-0.64 

N o t e :  asterisks represent significance of differences in com 
three - p<0.001. 

>arison with initial level (0 h 00 min): one - p<0.05, two , p<0.01, 

in the blood of the experimental animals attests to a 
synchronous activation of  the nervous and hormonal 
components, induced by MPE. Toward the sixth hour 
of MPE the NE content in the nerve endings in LV, 
IVS, and  R V  substantially decreases,  indicat ing func-  
t ional  insuff ic iency o f  the  ene rgy-dependen t  ca techo-  
1amine synthesis  and  uptake  in all par ts  of  the  hear t  
s tudied and  ref lect ing a rapid  dep le t ion  o f  the  nerv-  
ous c o m p o n e n t  dur ing SAS act ivat ion.  These  results 
are in g o o d  agreement  with findings [5] which  showed 
that the decrease o f  N E  content  in the  myocard ium in 
the  sixth h o u r  o f  stress arises f rom a predominance  o f  
t ransmi t te r  release over its resynthesis  and  neurona l  
uptake,  the  latter suffering the  most.  

W h e n  M P E  is fo l lowed  by  the  d e v e l o p m e n t  o f  
hear t  failure,  t he re  is a d rop  o f  the  N E  c o n t e n t  in  
t he  nerve  p lexus  a n d  a substant ial  increase  o f  adre-  
na l  c h r o m a f f i n  cell  N E  (Fig. 2). T h e s e  changes  are  
mos t  p r o n o u n c e d  for a Comparison of  two variants o f  
o n e - h o u r  M P E  development :  ei ther  compl ica ted  wi th  
hear t  failure or  not .  The  findings are  consis tent  wi th  
p u b l i s h e d  d a t a  o n  a dec rease  o f  m y o c a r d i u m  N E  
c o n t e n t  u n d e r  p rogress ive  hea r t  fa i lure  a n d  s u d d e n  
death [3,6,71, and an increase of SAS hormonal com- 
ponent activity as the health status of cardiac patients 
worsens [61. The similar level of neurohistologicai 
indexes in acute decompensated MPE (1 hour) and 
relatively long-lasting compensated MPE (6 hours) 
should be noted. This suggests the vital importance 
of the rate of development of  the changes in deter- 
mining whether transitional processes will result in a 
compensated or decompensated state. 
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