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During format ion of a blood clot, besides p lasma components of blood coagulation cells also take part ,  
pr incipal ly the blood platelets.  Adhesion and aggregation of platelets under the influence of collagen, throm- 
bin, adrenalin, prostaglandins,  ADP, and cer ta in  other agents can create  a basis for the formation of an int ra-  
vascular  thrombus [9, 101. There is no doubt that the nervous sys tem also part icipates  in the regulation of 
in t ravaseular  blood clotting. Dysfunction of the sympathetic or parasympathet ic  nervous sys tem leads to 
changes in hemostas is  [12, 13]. 

In previous investigations the wr i te rs  showed that an experimental  model of in t racardiac  thrombosis  
can be created  [14]o This model was obtained in rats  deprived of their  sympathetic per iphera l  innervation 
since the time of birth. In s t r e ss  situations the desympathized animals died, due to the formation of large 
thrombi in the chambers  of the a t r ia  [6, 13, 14]. 

The object of the presen t  investigation was to study the effect of chemical  desympathization on platelet  
aggregation and the role of platelets in thrombus formation in desympathized rats .  

E X P E R I M E N T A L  M E T H O D  

Noninbred rats  were desympathized with the aid of guanethidine. If this substance is injected into new- 
born animals,  they develop i r r eve r s ib le  degenerat ion of sympathetic ganglion cell bodies [8, 14]. The follow- 
ing groups of animals were used: 1) par t ia l ly  desympathized ra ts  receiving guanethidine for two weeks af ter  
birth. About 25% of uninjured neurons remained in the stellate ganglia of these animals; 2) ra ts  with com-  
plete desympathization,  receiving guanethidine for four weeks after  birth. Only 0.57o of neurons were p re -  
served in the stellate ganglia of these animals [3, 14]. ADP-induced aggregation was determined in both 
groups of ra ts  on reaching the ages of 1.5, 2.5, and 4 months, and thrombin-induced aggregation was studied 
in the completely desympathized animals (CDS) only, at the ages of 1.5 and 2.5 months. 

Blood for  investigation was taken f rom the jugular vein and treated with 3.8% sodium ci trate solution in 
the ratio of 9:  1. The aggregating power of the platelets was determined by the method descr ibed in [7]. ADP 
(Reanal, Hungary) or thrombin (Sigma), in a final concentrat ion of 10 ~M and 0.1 unit, respect ively ,  were used 
to induce aggregation. The recaleif icat ion t ime o f  the animals '  blood was determined with the N333 coagulo- 
graph, and the thrombin t ime and adrenalin concentrat ion were also measured  [5], The sensit ivity of the vas 
deferens to adrenalin also was investigated by determining the apparent  dissociat ion constant (K) of the 
a d r e n a l i n - a d r e n o r e c e p t o r  complex, which is the rec iproca l  of sensit ivity [1]. 
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TABLE I. Aggregating Power of Platelets, 
Recalcification Time, and Thrombin Time in 
Desympathized and Intact Rats 

Group 
of ani- 
mals 

Aggregating power, [ 
[ conventional units =o 

ADP -in- '~ ~ ~o "~ 
ducedag- :~o~ ~ o 

I gregation I~ ~ g~ ~ ~" 
<:; 

Control 

PDA 

CDA 

2 0 , 5 + 6 , 3  
(n=49)  

11/'2 2 , 0 8 •  
( n =  ! 1) 

21/1 3 , 3 3 : k  0 ,6  
( n ~ 1 2 )  

4 13 ,34-0 .75  
( n =  13) 

11/2 ! ,77-+.0,67 
( n = 9 )  

2'/.~ 0 
(n = 14) 

4 1 , 5 8 ~ 0 , 3 2  
( n = 1 2 )  

Legend. A~gregating 

22,5+4,8 
( n ~ 9 )  

(nO15)  

(n = 9) 

153,6::k 18 
( n = 8 )  

70• 
(n = 1 O) 
104• 
( n = 9 )  
150::1: l 1,3 
( n = 1 0 )  

88.0::t=7,7 
( n = 1 2 )  
88:::k 4,1 

( n = 1 2 )  

31 ,2  ::t:: 3,1 
( n ~ 9 )  

2 3 , 4 - + 4 , 5  
(n=9}  

3 0 , 9 = k  t , 3  
(n .=l  3) 

2 2 , 3 ~ 0 , 7  
(n = 1 O) 
234-3 ,1  
(n=7)  

3ower of  intact rats aged 
1.5, 2.5, and 4 months was identical; the re -  
sults a re  pooled. 

EXPERIMENTAL RESULTS 

The aggregating power of the platelets of the desympathized rats was significantly reduced (Table I). 
Desympathization led to complete blocking of thrombin-induced and to sharp inhibition of ADP-induced aggre-, 
gation. 

The age of CDA had no effect on the degree of ADP- or thrombin-indueed aggregation. With an increase 
in age of the partially desympathized animals (PDA), however, ADP-induced aggregation was increased: In 
the rats of this group aged 4 months the aggregating power was statistically significantly greater than in rats 
of other ages (P < 0.001). 

The results thus indicate that desympathization of rats reduces the aggregating power of the platelets. 
During recovery of the density of the peripheral sympathetic innervation, which occurs in PDA [2 ], the degree 
of ADP-indnced aggregation showed a tendency to return to normal. 

A parallel study of the recalcification time and thrombin time showed that these parameters in CDA 
were significantly lower (P < 0.01) than in control animals. Partial desympathization led to a significant de- 
crease in the values of these parameters in rats only at the age of 1.5 months; at the age of 2.5 months the 
recalcifieation time was higher than in similar rats aged 1.5 months (Table I), i.e., with recovery of the in- 
nervation, taking place in PDA [2 ], the blood coagulation potential showed a tendency to return to normal. 

The next step was to study the possible mechanisms whereby desympathization of rats inhibits platelet 
aggregation. Similar phenomena are known in intact animals, for example, after injection of large doses of 
adrenalin [4] or of certain other substances, including prostacyclin and aspirin [15], into the blood stream. 
We were interested in adrenalin in this instance, for its concentration in whole blood in CDA was found to be 
increased, to 5.836 ng/ml (n = 33) compared with 0.561 ng/ml in intact rats (n = 36). The sensitivity of the 
vas deferens to adrenalin in CDA also was shown to be increased by II times (the constant in the control 
group was 20.8 • 3.4 • mole, comparedwi th  1.9=~0.8 x10-7 mole in CDA. To test  the hypothesis that the 
observed effects may perhaps be media ted  by adrenalin, a situation was created  experimental ly  in healthy rats  
in which the blood adrenalin concentration was raised,  and the aggregating power of the platelets was deter -  
mined under those conditions. The increase  in the blood adrenalin concentrat ion was produced by immobilizing 
the animals by securing them to a frame. As Fig. 1 shows, immobilization s t r ess  caused an increase  in the 
blood adrenalin concentration which reached a maximum 10 min after  the beginning of immobilization. The 
ADP-induced aggregation of platelets obtained f rom blood taken after  10 and 30 rain was sharply reduced 
(P < 0.001).. Inhibition of platelet aggregation by adrenalin has also been found in experiments  by other work-  
e rs  [4, 11]. 

Considering the increase  in the blood adrenalin concentrat ion found in desympathized rats ,  the increase  
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Fig. 1. Changes in aggregating power of platelets m in- 
tact animals with an increase  in blood adrenalin concen- 
trat ion during immobil izat ion s t ress .  1) change in ag- 
gregating power of platelets in animals at different 
t imes af ter  beginning of immobilization s t ress ;  2) 
changes in adrenalin concentrat ion in animals at differ-  
ent t imes of immobilization s t ress .  Abscissa ,  duration 
of immobil izat ion of animals (in rain); ordinate, on 
left - aggregating power of platelets (in percent).  Ag- 
gregating power of platelets in animals taken before 
immobil izat ion s t r ess  taken as 100%, on r i g h t -  adrena-  
lin concentrat ion in blood (in ng/ml) taken f rom animals 
during immobil izat ion s t ress .  

in their sensitivity to adrenalin, and inhibition of platelet aggregation observed in the experiments with stress 
and probably due to elevation of the blood adrenalin level, it can be postulated that the reduction in the aggre- 
gating power of the platelets was caused by the action of adrenalin. 

Further evidence of the participation of adrenalin in the changes in hemostasis induced by desympathi- 
zation was given by the data showing the effect of the c~-adrenoblocker phentolamine on the recalcifica- 

tion time of whole blood. Intact rats and CDA were given an intravenous injection of 0.5 ml of phentolamine 
solution (5 rag/100 g) or of 0.5 ml physiological saline 15 rain before the blood sample was taken. Compared 
with rats receiving injections of physiological saline, in intact rats phentolamine shortened the recalcification 
time from 161 i 6.8 to 138 i I0 sec, whereas in the CDA, the a-adrenergic block caused a significant in- 
crease in the recalcification time from 88 • 7.7 to 150 i 7.6 sec. 

It can thus be concluded that desympathization of rats causes sharp changes in hemostasis, increases 
the coagulation potential of the blood plasma, and inhibits platelet aggregation. These changes are probably 

due to an increase in the blood adrenalin concentration and to an increase in the sensitivity of the tissues to 
adrenalin. 
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An increase in the nonelastic resistance to respiration (resistive loading) is known to cause a greater 

or lesser increase in the activity of the inspiratory muscles in man and animals, which may partly or com- 
pletely compensate the additional load on the ventilatory apparatus [I, 6-9 ]. However, the mechanism of this 
response has not been adequately studied, in particular, the role which the afferent system of the lungs plays 
in its formation. 

In this investigation a physiological analysis was undertaken of responses of respiration of intact and 
vagotomized cats to resistive loading, acting against the background of quiet breathing or of hyperpnea caused 
by progressive hypercapnia. 

EXPERIMENTAL METHOD 

The following parameters were recorded in 33 traeheotomized cats under urethane-ehloralose anesthe- 
sia, during quiet breathing and with an additional inspiratory resistance equal to 380 cm water/liter/see: 
electrical activity of the phrenic nerve (APN), the peak inspiratory intrathoracic pressure (PI), the respira- 
tory volume (VT), the duration of inspiration (Ti), the mean velocity of the inspiratory flow (Vi), and the par- 
tial CO 2 pressure of the alveolar gas (PACO2). The technique of recording these various parameters and the 
method of creating the resistive load were described previously [3-5]. In series I the animals breathed air 
and the additional resistance was introduced at the second minute. The responses to this load were recorded 
in the transitional (the first respiratory cycle after addition of the resistive load) and stable (end of the sec- 
ond minute of respiration against additional resistance) periods. In series II the animals breathed oxygen in 

a closed system, with a gradual increase in ]PACO2 from 35 to 57 mm Hg. Rebreathing lasted 3-4 rain and 
took place under quiet breathing or resistive loading conditions. In both series each test was carried out be- 
fore and after division of both vagus nerves in the neck. Statistically significant (P _< 0.05) changes in the 
parameters tested due to the action of loading are given below. 

EXPERIMENTAL RESULTS 

In the experiments of series I (Fig. I) introduction of the additional resistance caused a rapid rise in 
APN and pi as well as a decrease in V T and slowing of Vl- Consequently, as early as during the first 
"loaded" inspiration, the mechanism increasing the inspiratory activity of the respiratory muscle had begun 
to act. The response observed was not due to intensification of chemoreceptor stimuli. Humoral changes 
caused by hypoventilation developed later: Toward the end of the second minute of respiration against the ad- 
ditional resistance PACO2 increased on average by 1 mm Hg. The further increase in APN and PI, and also 
the restoration of V T and VI to their initial levels (during quiet breathing), observed by that time, must also 
be explained by intensification of chemoreceptor stimulation. 

After vagotomy APN, Pi, VT, and T I were increased, but Vl showed no significant change under these 
conditions. Resistive loading no longer increased APN, whereas the increase in PI was maintained. This sug- 
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