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The distribution of kinins in the body and their high biological activity and broad spectrum of action 
suggest an important role for them in adaptation reactions and in the pathogenesis of cardiologic diseases [2, 
3]. 

One of the biologically most active substances of the kallikrein-kinin system is the nonapeptide brady- 
kinin. 

The physiological effects of bradykinin on the central and peripheral circulation have been reasonably 
well studied [2, 6, 11, 13]. However, information on the effect of bradykinin on the microeirculation is contra- 
dictory. According to some workers, bradykinin causes dilatation of microvessels [4, 9], according to others 
it causes constriction [8, 9, 14], or it does not change the lumen of microvessels [1, 4]. 

This difference in the action of bradykinin can tentatively be explained by the state of the original tone 
and receptors of the microvessels, depending on the presence of other vasoactive substances. 

The object of this investigation was to study the action of bradykinin on different sectors of the m i c r o -  
circulation and the connection between this action and the initial state of microvaseular tone and changes in 
the central hemodynamics. 

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

Expe r imen t s  were  c a r r i e d  out on 17 ma le  Wis ta r  r a t s  weighing 240-430 g, anes the t ized  with amobarb i t a l  
(0.125 g/kg) .  B iomic roseopy  of the m e s e n t e r i c  m i c r o v e s s e l s  of the sma l l  intest ine was c a r r i e d  out in the 
usual  way [5]. The internal  d i ame te r  of the m i c r o v e s s e l s  was m e a s u r e d  with an ocular  m i c r o m e t e r .  The r e -  
sponse of a r t e r i o l e s  f rom 11 to 22 p in d i ame te r  and of venules f rom 18 to 40 p in d i ame te r  was studied. 
Bradykinin was applied to the m e s e n t e r i c  m i c r o v e s s e l s  in doses  of 0.01 to 10 ~g in 0.1 ml  physiological  saline.* 
The length and shape of the m i c r o v e s s e l s  were  studied f rom m i c r o p r i n t s  and pho tomicrographs .  The a r t e r i a l  
p r e s s u r e ,  pulse ra te ,  and r e sp i r a t ion  ra t e  were  m e a s u r e d  by means  of an e l e c t r o m a n o m e t e r  connected to 
a ca the te r  introduced into the f em ora l  a r t e ry ,  

E X P E R I M E N T A L  R E S U L T S  

The threshold  dose of bradykinin appl icat ion of which was followed by changes in the lumen of the m i c r o -  
v e s s e l s  and changes in the i r  pe rmeab i l i t y  for  blood ce l l s  was 0.01 #g in 0.1 m l  physiological  sal ine.  

Bradykinin in doses of 0.01-10 ~g caused th ree  types  of  r e s p o n s e s  of the a r t e r i o l e s  (constr ic t ion in 54% 
of  c a se s ,  dilatation in 15%, no change in the lumen in 31%) and of the  venules  (constr ic t ion in 31% of c a se s ,  
dilatation in 46%, no change in the lumen in 23%) of  the m e s e n t e r y .  The type of r e sponse  of the m i c r o v e s s e l s  
depended on the dose given.  Af te r  applicat ion of 0.01-0.1 ~g bradykinin cons t r ic t ion  of the a r t e r i o l e s  by 8.6% 

* Bradykinin was synthesized in the L a b o r a t o r y  of P eptide Synthes is ,  A l l-Union C ardiologic  Scientif ic  C enter ,  
Academy of Medical  Sc iences  of the USSR. 
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Fig. 1. Biomieroscopy of rat  mesentery before and after application of bradykinin. A) 
Venule before application, ]3) diapedesis of erythrocytes and deformation of the same 
venule after application of 0.1 pg bradykinin, C) dilatation, increased congestion, diap- 
edesis of erythrocytes,  and hemorrhages from curved segments of the same venule 
after  application of I ~g brady[dnin. 140 • 

and of the venules by 10% compared with the initial measurement  of the lumen was observed (P < 0.05). Appli- 
cation of 0.1-1.0 ~g bradykinin led to dilatation of the ar ter ioles  by 12.9% (P < 0.02) and venules by 8.1% (P < 
0.05). After application both of the largest  (10 ~g) and of the smallest (0.01 ~g) of the doses of bradykinin 
used, no response of the vessels was observed. A response of the microvessels  developed immediately after  
application of bradykintn and reached a maximum after 1-2 rain. After 5-7 rain the diameter of the micro-  



vessels was restored to its initial value except in isolated cases when, despite rinsing of the mesentery with 
physiological saline, the changes persisted for 10-20 rain. 

A characteristic feature of the action of bradykinin is a change in permeability of the mierovessels [14]. 
The degree of increase in permeability and the time of its manifestation in the present experiments corresponded 

sufficiently strictly to the dose of bradykinin. In half of the cases 7-8 rain after application of 0.01 #g brady- 
kinin diapedesis of single erythroeytes was observed, chiefly from postcapillaries and venules. In a dose of 
0.I #g bradykinin caused the formation of collections of erythroeytes around the venules after 3-5 rain (Fig. 
IB). Application of 1.0 ~g bradykinin led after 1-2 rain to massive hemorrhages from the venules (Fig. IC). 
Similar changes in permeability appeared a few seconds after application of i0 pg bradykinin. 

Diapedesis of erythrocytes and hemorrhages occurred mainly at junctions between capillaries, post- 
capillaries, and small venules, and also in regions of their greatest curvature (Fig. IC). 

Another characteristic feature of the action of bradykinin was that massive diapedesis of erythrocyles 
was accompanied in the present experiments by an increase and not a decrease in the velocity of the blood flow 
in the mierovessels. In no case was thrombus formation or a disturbance of integrity of the vessel wall ob- 
served, except deformation of venules, expressed as a closer distribution of the undulating waves of the blood 

vessels (Fig. IB, C). 

Measurement of the length of the venules showed that they were shortened on average by 10% under the 
influence of bradykinin. Diapedesis of the erythrocytes was most marked in segments of maximal shortening. 
An increase in permeability of the rnicrovessels was observed not only at the site of application of bradykinin, 
but also in other loops of the mesentery. These observations point to a generalized, yet unequal change in 
permeability of the microvessels under the influence ol bradykinin and they reveal the most vulnerable regions 
from this respect: the junctions between the vessels and the crests of the waves formed by the convoluted 

venules. 

Repeated application of bradykinin was often accompanied by a reflex movement of the animal, evidently 
due to the noeiceptive action of bradykinIn [7, 12]. It was noted that the animal's reflex movement occurred as 
a rule  at  the t ime of maximal  change in permeabi l i ty  of the vesse l  wall. 

Loca l  application of bradykinin was followed by changes in the cent ra l  hemodynamics:  The sys temic  
a r t e r i a l  p r e s s u r e  fell  on average  by 25% (P < 0.01), the pulse ra te  increased  by 13% (1) < 0.05), and the r e s p i r a -  
t ion r a t e  inc reased  by 20% (P < 0.01). 

Noradrenal in ,  applied in a dose of 2 #g  to the m e s e n t e r i e  m i c r o v e s s e l s  caused const r ic t ion of the a r -  
t e r io les  by 16.8% (P < 0.01) but vir tual ly no change in the d iamete r  of the venules (constr ict ion by 1.4%; P > 0.1). 
The veloci ty  of the blood flow in the a r t e r io l e s  was Slowed and f requent ly  the flow stopped for  a shor t  t ime.  
The blood flow in the venules was dis turbed less  seve re ly .  Rinsing the m e s e n t e r y  led to r e s to ra t ion  of the blood 
flow in the venules and, a l i t t le l a te r ,  in the a r t e r i o l e s .  In response  to repea ted  application the sensi t ivi ty  of 
the m i e r o v e s s e l s  to noradrenal in  dec reased .  

Noradrena l in  significantly a l t e red  the r e sponse  of the m i c r o v e s s e l s  to bradykinin.  The mos t  c h a r a c t e r -  
is t ic  effect  was a shift  toward dilatation of the m i c r o v e s s e l s .  The cons t r i c to r  r e sponses  to bradykinin dis-  
appeared  complete ly .  All doses of bradykinin used dilated the a r t e r i o l e s  on average  by 9.6% (P < 0.05), whereas  
dilatation of the venules by 1% was not significant (P> 0.1). 

The action of bradykinin af te r  p re l imina ry  adminis t ra t ion of noradrenal in ,  like the action of bradykinin 
a lone,  was thus accompanied by an inc rease  in m i c r o v a s c u l a r  permeabi l i ty .  However ,  diapedesis of the e r y t h r o -  
eytes  and hemor rhages  f rom the venules occu r r ed  5-10 rain la te r .  The number  of loci of hemor rhage  was 
i n c r e a s e d  a lmos t  twofold (up to 21) in the l a t e r  s tages  a f te r  application of noradrenal in  and bradykinin (on 
average af te r  20-25 rain) compared  with the i r  number  a f te r  application of bradykinin alone (up to 12 loci). 

The resu l t s  a re  evidence that  the cha r ac t e r  of response  of the m e s e n t e r i c  m i c r o v e s s e l s  to bradykinin 
if the initial tone is changed may differ  significantly f rom responses  observed  under  ord inary  conditions. 

In view of evidence that p - a d r e n o r e c e p t o r  blockade potent iates  the d e p r e s s o r  action of bradykinin [2], 
it  might  be expected that  the d e p r e s s o r  action of bradykinin would be reduced  in the p re sence  of noradrenal in .  
Yet the facts  observed  a re  evidence to the con t ra ry .  When the noradrenal in  concentra t ion was inc reased  the 
d i la tor  effect  of bradykinin and its effect  on permeabi l i ty  of the m i c r o v e s s e l s  also were  increased .  Since 
noradrenal in  hyperproduet ion is cha rac t e r i s t i c  of  s t r e s s  si tuations,  the coun te r - r egu la to ry  action of bradykinin 
is of adaptive impor tance ,  helping to p ro tec t  the t i s sues  against  i sehemia  and metabol ic  exhaustion. An ira-  



portant role m the mechanisms of action of bradykinin is probably played by its stimulating effect on synthesis 
of prost~glandins and hista_mine [10]. 
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To study the mechanisms of electromechanical processes in the myocardium in most cases strips of 
myocardium from experimental animals or biopsy specimens from patients undergoing operations for various 
heart diseases are used [2, 4, 7]. However, in view of the well-known structural and functional differences 
between the myocardium of experimental animals and man, some caution must be exercised in the interpre- 
tation of the experimental material,  whereas results obtained on strips of myocardium taken at biopsy during 
operations reflect only the function of the pathologically changed myocardium. Moreover, the choice of strips 
of myocardium removed during surgical operation by the experimenter is very limited. For  this reason the 
possibility of working with strips of myocardium from the heart of patients with diseases not suitable for 
operative treatment and also of working on strips of heart from clinically healthy subjects is of great interest. 

The object of this investigation was to determine whether it is possible to record isometric contraction 
of strips of myocardium from human autopsy material ,  to attempt to reproduce the most elementary experi- 
ments in chrono- and inotropism, and also to determine the sensitivity of the myoeardium to adrenalin, nor- 
adrenalin, and aeetylcholine. 

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

Strips of the right atrium 0.5-0.8 cm long and 1 • 2 mm thick and the papillary muscles of the right 
ventricle were placed in a constant-temperature chamber with a volume of 5 em 3 through which Ringer's 
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