
zones. Potentiation of the alimentary hypercholestermia was found, as was also observed by other workers 
during stimulation of all zones of the hypothalamus, together with a r ise  in the arterial pressure.  The latter 
effect may probably be due to changes in the reactivity of the morphologically and functionally changed blood 
vessels to neurogenic stimulation, with a tendency toward the appearance of constrictor effects [11]. 

The results provide an explanation for clinical observations which show that even positive emotions may 
give r ise  to attacks of angina or may lead to myocardial infarction in patients with coronary atherosclerosis 
[5, 7]. 
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ROLE OF THE LUNGS IN REGULATION OF ACTIVITY OF THE 

KALLIKREIN-KININ SYSTEM IN IMMOBILIZATION STRESS 

O. A. Gomazkov, N. V. Komissarova, UDC 613.863-02:612.766.2]-07:616 
and M. P. Gorizontova 24-008.94.577.175.85 77.175.85 

KEY WORDS: kall ikrein-kinin system; immobilization stress;  lungs. 

Activation of the kalUkrein-kinin system (KKS) in various pathophysiological situations is primarily 
compensatory in its role, regulatiug the state of the blood, the microcircuiation, and the hemodynamics as a 
whole. The dynamics and degree of participation of kLnins in these processes are determined by the ratio 
between activating (Hageman factor, kallikrein, etc.) or regulating (inhib[tors, kininases) biochemical com- 
ponents of the system. 

An important role in this regulation is played by the microcirculatory system of the lungs, the endo- 
thelium of which possesses powerful kinin-destroy[ng activity [7]. Protease inhibitors with a marked anti- 
kallikrein action also have been isolated from the lungs. It is logical to suggest that not only factors limiting 
the effectiveness of the kinin system, but also those with the opposite effect, promoting it, may be localized 
in the pulmonary microvessels.  This suggestion is more likely to be correct  because the lungs are known 
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TABLE 1. Dynamics  of KKS Indices for  A r t e r i a l  and Venous Blood of Rats  during I m m o b i l i -  
zation S t r e s s  (M �9 m) 

Index Immobilization 
Blood Control (n: 7) 

1 h (n~7) 3 h (n=6) 24 h (n=8) 

SEA 3,5~1,9 4,8+1,8 8,2+2,7" 2,2~2,0 
Venous PK 63, I ~6,7 30,8~4,6" 39,1 +8,8* 31,9~3,7" 

KI 1,64• 1,68~0,15 l,hl ~0,13 1,60~0,28 
SEA 1,8+0,7 0,5+0,2 "~ 4,3+2,0 0,6+0,2 

Arterial PK 6,02-~4,8 63,9~13,0 "~ 48,1 ~6,5 35,2-~4,3" 
KI 1,87~0,05 T 1,74~0,09 1,84~0,05 1,82~_0,04 

Legend.  PK and SEA levels  given in /~moles  hydrolyzed B A E E / h / m l  p lasma ,  KI in re la t ive  
units; n) number  of exper iments ;  *P < 0.05 re la t ive  to control;  SP < 0.05 for  a r t e r iovenous  
d i f ference .  

to be connected with syn thes i s  o r  inact ivat ion of many  physiological ly  act ive subs tances  concerned in the r e g u -  
lat ion of the blood and c i r cu l a to ry  s y s t e m s  [3, 8, 11]. In pa r t i cu la r ,  the p r e sence  of kininase,  with a n t i d e p r e s -  
s o r  enzyme act iv i ty ,  in the lungs is combined with the function of the a n g i o t e n s i n - c o n v e r t i n g p r e s s o r  sy s t em.  

T h e r e  were  two ma in  a ims  of the invest igat ion to be descr ibed:  to study changes in act ivi ty of the KKS 
in the cou r se  of immobi l iza t ion  s t r e s s  and to c o m p a r e  the s ta te  of the KKS in blood s a m p l e s  taken "before  
the lungs n and nafter  the lungs"  in the c o u r s e  of immobi l iza t ion  s t r e s s .  

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

Noninbred m a l e  r a t s  weighing 250-300 g were  used.  Immobi l iza t ion  s t r e s s  was induced by fixing the 
unanesthet ized an imals  in the supine posi t ion for  1, 3, and 24 h. The an imals  were  anes the t ized  with pento-  
barb i ta l  (5 rag/100 g), a f t e r  which blood was taken s imul taneous ly  f rom the r ight  and left  ven t r ic les  by d i rec t  
puncture  a f t e r  tho raco tomy with a r t i f i c ia l  ventilation. Indices of the KKS, including spontaneous p l a sma  o rg i -  
nine e s t e r a s e  activity{SEA), the p reka l l ik re in  concentra t ion (PCI, and the total kal l ikrein inhibitor (KI) were  
de te rmined  in blood p l a s m a  by Co lman ' s  method [10] in the w r i t e r s  ~ modif icat ion with N - a - b e n z o y l - L - a r g i n i n e  
ethyl e s t e r  (BAEE, f rom Reanal ,  Hungary) as subs t ra te ,  and using 2 -hydrazono-2 ,3 -d ihydro -3 -me thy lbenzo -  
thiazole  (from Serva ,  West  Germany)  in the final s tage of de terminat ion  of enzyme act ivi ty  [5]. 

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

The r e su l t s  given in Tab le  1 show that  t he re  was vi r tual ly  no dif ference between the SEA values and 
PC level  in the control  an imals  for  venous and a r t e r i a l  blood. The KI level  was a lit t le higher in a r t e r i a l  
blood. Af t e r  immobi l iza t ion  for  1 h changes indicating m a r k e d  act ivat ion of the KKS in venous blood were  
obse rved .  The PC concent ra t ion  was reduced by m o r e  than half and SEA was inc reased .  These  changes,  it 
will be noted, were  comple te ly  absent  in a r t e r i a l  blood. In blood which had pa s sed  through the lungs the PC 
level  was equal to its initial value and the a r t e r iovenous  di f ference  for  SEA also was significant  (P < 0.05). 
Af te r  ixnnaobilization for  3 h SEA in venous blood was even higher,  the PC r ema ined  low as before,  and a 
tendency was noted for  the KI level  to fall.  These  changes point to continued and increas ing  act ivat ion of the 
kinin sy s t em.  A r t e r i a l  blood leve ls  a f t e r  immobi l iza t ion  for  3 h again differed f r o m  those in venous blood: 
The SEA level  was lower but the PK and KI concentra t ions  were  a lit t le higher.  However ,  at this s tage  the d i f ference  
was much  less  m a r k e d  and the a r t e r iovenous  di f ference  was no longer  significant ,  i .e. ,  act ivat ion of the kinin 
s y s t e m  due to immobi l iza t ion  s t r e s s  had now sp read  to the a r t e r i a l  sy s t em.  Af te r  immobi l i za t ion  for  24 h 
act ivat ion of the K_KS was e x p r e s s e d  equally in venous and a r t e r i a l  blood. 

These  r e su l t s  d i rec t  at tention to the following essen t i a l  points.  Immobi l iza t ion  s t r e s s  induces acute 
and cons iderab le  hemodynamie  and m i c r o e i r e u l a t o r y  changes in the anhnal .  During immobi l iza t ion  of rabbbi t s  
a m a r k e d  r i s e  of a r t e r i a l  p r e s s u r e  was found 15 rain a f t e r  the beginning of the p rocedure ,  and it continued fo r  
2 h [13]. Inunobi l fzat ion of r a t s  for  5-6 h caused the a r t e r i a l  p r e s s u r e  to change in different  d i rec t ions  [6]. 
As ea r ly  as 1 h a f t e r  the beginning of immobi l iza t ion,  aggrega tes  of e r y t h r o c y t e s  fo rmed  in the m e s e n t e r y  
of the r a t s ,  "p l a sma t i c "  blood v e s s e l s  appeared ,  a r t e r i o l o - v e n u l a r  shunts opened, andthe blood flow in the  venules  
was slowed, with the development  of  p r e s t a s i s  and s t a s l s  and also of  d i s turbances  of va scu l a r  pe rmeab i l i t y  
fo r  ink pa r t i c les  [4]. These  d i s tu rbances  Intensif ied as the per iod  of immobi l iza t ion  lengthened. I m m o b i l i z a -  
t ion of r a t s  for  24 h inc reased  the sens i t iv i ty  of  the t e r m i n a l  a r t e r i o l e s  to adrenal in  and noradrena l in  [12]. 
T h e s e  changes in the hemodynamics  and m i c r o c i r c u l a t o r y  s y s t e m  were  bound to af fec t  the kinin s y s t e m  - one 
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of the most important systems of hemovascular regulation in the body. Immobilization stress was accompanied 
by a fall in the blood kininogen level in rats [9]. The present experiments showed that the kinin system re -  
sponds by rapid activation, which is already pronounced after immobilization for 1 h. A characteristic feature 
is the difference between the indices for the kiain system in arterial  and venous blood, reported here for the 
first  time, which indicates that in the acute stage of stress PK leaves the lungs, to compensate for its high 
consumption in the venous circulation. An important role is also played by the pulmonary arginine esterase 
inhibitor, on account of which the SEA level in the arterial  blood falls again. In the f irst  stages of irnmoboli- 
zation s t ress ,  systems responsible for kinin formation thus operate intensively both at the periphery and in 
the lungs, i.e., at this stage the KEB performs an undoubted adaptive function. 

The compensatory response of the lungs relative to the KKS revealed during continued immobilization 
stress was less marked, although traces of it were still apparent after 3 h. Under the conditions of this patho- 
physiological model the adaptive role of the lungs was perhaps essential but temporary in character.  

The lungs also probably play a role in the regulation of KKS activity in other pathological or physiologi- 
cal situations. In experimental myocardial infarction the writers previously [2] observed restoration of the 
"labile" kininogen level in blood which had passed through the lungs. Yaleev et al. [1] found an arteriovenous 
difference for PK, SEA, and KI values in patients with eraniocerebral trauma. In the present wri ters '  opinion 
this difference may be related to the compensatory role of pulmonary systems. 

It can thus be concluded from these data that the lungs play an important role in regulating the functional 
state of the blood KEB through their action in localizing and liberating factors which both "trigger" and limit 
the activity of that system. 
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