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The kininogenase activity and kininogen concentration were studied in ra t  venous and a r t e r i -  
al blood plasma.  Venous blood plasma,  activated by contact with glass ,  possesses  higher 
kinin-l iberat ing activity. Two kininogens are found in ra t  blood plasma:  one is activated by 
contact with glass ,  the other,  after  exhaustion of the f i rs t ,  is activated by trypsin.  The plas-  
ma concentrat ion of the second kininogen is 1.5 t imes higher than that of the f i rs t .  No sig- 
nificant difference is found between normal  venous and a r te r ia l  blood in the ratio between 
their  kininogen components.  

The suggestion has recent ly  been made [11] that human blood p lasma contains two kinin sys tems .  
Model experiments  have shown that system I is activated specifically by acidification of the medium and by 
pancreat ic  kall ikrein,  while sys tem II is activated by Hageman 's  factor  on contact of the plasma with nega- 
tively charged surfaces .  It is general ly accepted that rat  blood plasma contains only sys tem II, for brady-  
kinin is formed by contact of the p lasma with glass but is not formed by the action of pancreat ic  kallikrein 
[1, 4, 8, 11]. Rat blood plasma can therefore be regarded as a Convenient object for study of the cha rac te r -  
is t ics  of the kinin sys tem separa te ly  in a r te r ia l  and venous blood. 

Because of the role of biologically active polypeptides in a number of pathological p rocesses  in the 
c i rcula tory  sys tem,  including in central  vascular  reactions (hypo- and hypertension,  shock, etc.), the p res -  
ent investigation was undertaken to investigate the kinin sys tems separa te ly  in rat venous and ar ter ia lb lood.  

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

Fresh blood plasma f rom male rats  weighing 250-300 g was used in the experiments .  Ar te r ia l  and 
venous blood samples were taken by puncture from the left and right ventr icles  respect ively.  The plasma 
was separated by centrifugation at 8~ Activation of the plasma with glass was car r ied  out by allowing 
contact of the incubation mixture for 10 rain with Ballotini P-3 powder (England) with a part icle  diameter  
of 0.1 ram. The surface of the glass was previously activated with acid. The incubation mixture was of 
the following composition: 0.5 ml plasma,  0.7 ml t r i s -buf fe r  (0.2 M, pH 7.8), 0.3 ml of 1 x 10 -2 M solution 
of o-phenanthrolin (or water).  Incubation temperature  25~ The specimens were fixed by deep f reezing 
or heating in an acid medium, or  were treated immediately on guinea pig 's  intestine. 

Before activation with trypsin (Spofa, Czechoslovakia),  the p lasma was treated by Diniz 's  method [3] 
by acidification with acetic acid, boiling for 30 rain a water  bath, and neutralization with NaOH. The opti- 
mal quantity of t rypsin (500 pg to 0.5 ml plasma) and absence of appreciable contaminat ionwithkinotrypsin 
were verif ied by control  tests with a gradually increas ing quantity of enzymes.  

Obtaining the blood and also Subsequent procedures  were ca r r i ed  out in synchronized vesse ls .  The 
quantity of bradykinin formed was determined on a segment of guinea pig intestine and compared with stan- 
dard bradykinin (Sandoz, Switzerland), and expressed in pg/ml  plasma.  
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Fig. 1. L ibera t ion  of kinin in p l a s m a  
of venous (1) and a r t e r i a l  (b) blood of 
r a t s  a f t e r  act ivat ion by contact  with 
g lass  sur face  (conditions of incubation 
given in text). Absc i s sa ,  incubation 
t ime (in min);  ordinate ,  quantity of 
bradykinin fo rmed (in # g / m l  p lasma) .  

2o 

o 

~ 2  

. s  

Fig. 2. 

! 2 3 

fsj ~sj 

i 
Y 

(~] fs) 

Kininogen in ra t  a r t e r i a l  
blood p l a sma  when act ivated 
under different  conditions: 
1) p l a sma  act ivated by glass  
(+phenanthrolin);  2) p l a s m a  ac t i -  
vated by g lass  (without phenan-  
throlin);  3) p l a s m a  act ivated by 
g lass  and t ryps in  (+phenanthro-  
lin; 4 ) p l a s m a  act ivated by g lass  
and t ryps in  (without phenantrho-  
lin; 5) p l a s m a  t rea ted  by Diniz ' s  
method (activation by trypsin) .  
Number  of expe r imen t s  given in 
pa ren theses .  

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

Incubation of the blood p l a s m a  with g lass  leads to act ivat ion 
of kininogenase,  the enzyme catalyzing the convers ion  of kinino- 
gen into the active product,  kinin. To a s s e s s  the kinetics of this 
p r o c e s s  expe r imen t s  were  c a r r i e d  out with venous and a r t e r i a l  
blood p l a s m a  act ivated with g lass .  The gradual  accumulat ion of 
kinin in the incubation mix ture ,  reaching  a m a x i m u m  af te r  90-120 
rain, is shown in Fig. 1. Dest ruct ion of the kinin thus fo rmed ,  by 
the specif ic  k inases  p re sen t  in the p l a sma ,  was blocked by o -phe-  
nanthrolin.  The final quantity of kinin accumulat ing in the incuba- 
tion medium showed that the content of kininogen in the a r t e r i a l  
and venous blood samples  was identical .  However ,  the act ivi ty 
of the kininogenase,  the enzyme conver t ing kininogen into kinin, 
was h igher  in the venous blood. The course  of the curves  1 and 2 
in Fig. 1 i l lus t ra tes  the kinet ics  of kininogenase act ivi ty  of venous 
and a r t e r i a l  blood when act ivated by contact  with g lass .  

To ver i fy  that all  the kinin had been l ibera ted  under these 
conditions,  at the end of the incubation period the ra t  blood p l a sma  
was t rea ted  with acet ic  acid, heated on a buffing wa te r  bath, and 
act ivated with t ryps in .  This t r ea tmen t  led to the l iberat ion of a 
large quantity of kinin (Fig. 2 : 1  and 3). The quantity of this ad-  
ditional kinin thus fo rmed  was roughly the same  in the venous and 
a r t e r i a l  blood. 

However ,  it could be suggested that during incubation of the 
p l a s m a  act ivated by g lass  not all  the kinin was l ibera ted  (because 
of inhibition of the reac t ion  by inhibi tors  or  by accumulat ion of 
the product)~ The f rac t ion  of kininogen remain ing  untouched was 
des t royed  by t ryps in .  To tes t  this hypothes is ,  p l a s m a  act ivated 
by g lass  was incubated without phenanthrolin,  i .e . ,  the kinin in the 
incubation medium was fo rmed  and des t royed at the s ame  t ime.  
In t h e  second stage this p l a sma  was t rea ted  with acid, heated,  
and act ivated by t ryps in .  The quantity of kinin thus fo rmed  (1.31 
• 0.36 pg bradykinin) was about equal  to the difference between 
the total  (2.03 =L 0.29 #g; Fig. 2: 3) and the amount accumula t ing  
a f t e r  act ivat ion by glass  (0.85 • 0.105 #g; Fig. 2: 1), i .e . ,  it was 
equal to the " t ryps in"  pa r t  of the total  product  (the unshaded pa r t  
of column 3 in Fig. 2). 

At the s ame  t ime the total quantity of kininogen in the p las -  
ma  act ivated by t ryps in ,  but not t rea ted  with g lass ,  was de t e r -  
mined.  The p l a s m a  was t rea ted  by the method of Diniz [3]. The 
quantity of kinin obta ined in this case  (1.14 • 0.26 ~g bradykinin) 
was much less  than the total  quantity l ibera ted  by g lass  and t r yp -  
sin. It was approx imate ly  equal  to the " t ryps in"  f rac t ion  of the 
kinin obtained by act ivat ion of the p l a sma  with t ryps in  a f t e r  t r ea t -  
ment  with glass  (Fig. 2: 5). The kininogen content in the venous 
and a r t e r i a l  blood was the same .  

These  expe r imen t s  thus showed that a f t e r  complete  l iberat ion of kinin as a r e su l t  of act ivat ion of 
p l a sma  by g las s ,  t ryps in  l ibe ra tes  a fu r the r  large quantity of the product .  It is evident that two different  
kininogens and two different  kininogenases a re  p re sen t  in ra t  p l a sma ,  because  nei ther  t ryps in  nor  the kinin- 
ogenase act ivated by glass  can produce complete  exhaustion of the kininogen. In addition, the kininogenase 
act ivated by g lass  is not blocked by t rasy lo l ,  a powerfu l  inhibitor of t ryps in  and other  kininogenases  [2]. 
Moreover ,  the kininogen in ra t  p l a s m a  act ivated by t ryps in  is not identical  with the kininogen I in human 
blood p l a sma ,  for  the subs t ra te  of r a t  p l a s m a  is not act ivated by pancrea t i c  kal l ikre in  [4, 11]. 
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Jacobsen  postulated the exis tence of two kininogens in blood p l a sma  [6]. Virtual ly the same conclu- 
sion was reached  by Karot i  et al. [7]. The facts  descr ibed  above cas t  doubts on the widely held view that 
only one kinin s y s t e m  is p re sen t  in ra t  blood. The resu l t s  also show that Diniz 's  method, which is widely 
used to de te rmine  the kininogen content and to a s s e s s  the "power"  of the kinin sy s t em in the body, cannot 
give a complete  p ic ture  of the kininogen content in the blood, because  the specif ici ty  of t ryps in  extends to 
only one subs t ra te  of the kinin sys t em.  This evidently applied also to the kininogen de termined  in human 
blood: according  to the scheme proposed by Vogt et al. [11], t ryps in  cannot act  d i rec t ly  on kininogen II. It 
acts on kininogen I or ,  like Hageman ' s  fac tor ,  ac t iva tes  kininogenase II which, however ,  is des t royed when 
the p l a sma  is t rea ted  by Diniz 's  method.  

The spec ia l  posi t ion of the kinin s y s t e m  in venous blood is mentioned in s eve ra l  publications.  Kinino '  
gen is fo rmed  in the l iver  [5] and en te rs  the venous circulat ion.  The g r e a t e r  par t  of the act ive bradykinin 
is des t royed  by kininases  in the lungs, on the border l ine  between the venous and a r t e r i a l  s y s t e m s  [9, 10]. 
The p re sen t  invest igat ion has demons t ra ted  the h igher  kininogenase act ivi ty of venous blood compared  with 
a r t e r i a l  blood, although the content of kininogen act ivated by g lass  and by t ryps in  was equal. The resu l t s  
suggest  that the venous s y s t e m  is the chief place of function of kinins in the normal  c i rcu la to ry  sys t em.  
These re la t ionships  may  be different  under pathological  conditions or  during prolonged physiological  adap-  
tat ions.  
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