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Kallikrein inhibitors reflect  the state of the kinin and the other connected humoral systems of the body. 
To determine plasma kallikrein inhibitors, aminolytic methods with chromogenic substrates [8], enzymic [3, 
9], and immuaochemical [5] methods are used. A radioimmunologic method [11] is being developed. Enzymic 
methods, based on inhibition of proteinase activity, are the most popular. However, they are  nonspecific 
relative to the kallikrein of blood plasma, for they determine the antiesterase [3, 9] or  antiproteolytic [2] 
actitivity of the blood plasma (serum). I.mmunochemical methods have not found a place in laboratory test  
practice for they require highly specific antisera.  The results of determination of the antitryptic activity of 
plasma [4] character ize the antikallikrein activity of the blood indirectly and only very approximately. Amino- 
lyric methods are relatively specific and expensive. 

Evidence has increasingly been obtained in recent years  that the plasma kallikreins have no es terase  
or  proteolytic activity and that they have only one specific property, their  kininogenase activity, Hence it 
follows that all the methods currently used in clinical practice to determine plasma kallikrein inhibitors give 
no idea of the true antikallikrein capacity of the blood, but reflect  the activity of inhibitors of other proteinases 
and es terases .  The absence of a specific method of determination of kallikrein inhibitors is due to the fact 
that no highly purified standard preparations of kallikrein or high-molecular-weight kininogen, essential for 
the biochemical reaction, are available for the investigator. Since kininase and kallikrein inhibitors are  in- 
activated by heating plasma acidified to pH 3.0, but since a functional single complex consisting of prekalli-  
krein, kallikrein, and high- and low-molecular-weight kininogens, essential for the kininogenase reaction [6, 
7], is preserved,  a real  opportunity is presented for obtaining a "standard" preparation of this protein complex 
from dried donors' plasma. 

The object of this investigation was to develop a method of determination of the specific antikallikrein 
activity of blood plasma, including known (~2-macroglobulin, ai-anti trypsin , antithrombin-III, C '-inactivator) 
[1, 10] and unknown inhibitx)rs of kallikrein [12]. 

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

The method is based on determination of the ability of inhibitors of the test  plasma to inhi bit the kinino- 
genase activity of kallikrein. The following stages were developed in experiments in vitro: 1) preparation of 
the standard containing kallik_rein and kininogen; 2) detection of kininogenase activity of prekallikrein; 3) se-  
lection of substances effectively inhibiting the action of kininases of the test  plasma; 4) selection of the quantity 
of plasma causing 30-50% inhibition of the kininogenase activity of kallikrein; 5) determination of the conditions 
for conduct of the analysis and assay of the activity of kallikrein inhibitors. 

Work to develp the method was carr ied  out with blood plasma from 78 donors, 18 clinically healthy 
persons aged from 18 to 50 years ,  28 clinically healthy children up to 3 years  of age, 72 patients (children and 
adults) with various diseases,  and also laboratory animals (18 rabbits, 21 rats ,  and seven cats). 

The following reagents were used: bradykinin tr iacetate (from Reanal, Hungary), unithiol (5% solution 
in ampuls), E DTA (Trilon B), kaolin, and Tris  (hydroxymethylaminomethane) of USSR manufacture. 
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TABLE 1. 
Storage at  2-4~ (M �9 m) 

Inc r ea s e  in Ant ikal l ikre in  Act ivi ty  of Blood P l a s m a  (in ~g  bradykin in /ml /h)  during 

Somce of plasma 
fresh 

4 , 5 5 •  

1 0 , 0 8 •  

30,00-+0,62 

Blood plasma 
stored for 

day 

5,74-+0,49 

2 days 

8,92• 

I week 

14,04• 

2 weeks 

27,51• 

60,0• 

I month 

32,83--+0,68 

32,75-+0,70 

Regular adult donors 
(n:38) 

Clinically healthy adults 
kn = l ~ J  

Clinically healthy children 
under 8 years of age (n= 
28) 

5 months 

143,2• 

143,9• 

I00 ] / ~  .3 

[ 
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Fig.  1. A etivity of  kal l ikre in  
inhibi tors  of  donors '  p l a sma  
depending on the i r  concen t ra -  
t ion and durat ion of contact  
with kal l ikrein.  Absc i s sa ,  
durat ion of contact  of  kal l ikrein 
inhibitors f rom donors '  p l a s m a  
at 37~ (in rain); ordinate ,  in-  
hibition of kininogenase act ivi ty  
of  kal l ikrein (in %). 1) 0.01 ml  
p l a sma ,  2) 0.02 ml ,  3) 0.04 ml .  

EXPERIMENTAL RESULTS 

It was found that dried donors' plasma or "pooled n serum remaining after various analyses could serve 
as the source of kallikrein and kininogen (its high- and low-molecular-weight forms). The kininogenase ac- 
tivity of kallikrein and prekallikrein of dried donors' plasma under the activation conditions used corresponded 
to 2-4 ng bradykinin/mg protein/rain. Prekallikrein can be detected by contact between plasma, neutralized 
after heating in an acid medium with kaolin (500 pg/ml), or with powdered glass (250 mg/ml). Tests with 
three kininase inhibitors--EDTA, 8-hydroxyquinoline, and unithtol (2,3-dirneroaptoprepane sulfonate) showed 
that unithiol was the most effective. In a concentrations of 500 #g/ml incubation mixture it caused 100% inhi- 
bition of activity of total blood plasma kininase. Antikallikrein activity must be measured only in recently 
centrifuged plasma. Depending on the state and species of the individual, the quantity of plasma required for 
testing may vary from 0.0005 to 0.05 ml. 

On the bas i s  of  the r e su l t s  the following technique is  suggested for  de te rmina t ion  of the act ivi ty  of  p l a sma  
kal l ikre in  inhibi tors .  Immedia te ly  before  the analys is  a s tandard  mix tu r e  of kal l ikre in  with kininogen is  p r e -  
pared .  A weighed sample  of dr ied p l a s m a  cor responding  to the number  of  t e s t s  is d issolved in dist i l led wa te r  
and diluted 1 : 1  with physiological  sal ine in the propor t ion  of 100 mg  dr ied p l a s m a  to 1 ml  dist i l led wa te r  and 
I ml  physiological  sa l ine .  The solution of p l a sma  is t r ea t ed  with 0.35 ml  of 1N HC1, heated fo r  20 rain to 
61~ cooled to 2-4~ and neut ra l ized  with 0.315 ml  of 1N NaOH at the s a m e  t e m p e r a t u r e ,  t r ea t ed  with an 
equal volume of cold T r i s - H C l - b u f f e r ,  pH 7.6-7.8 (1.7 ml) ,  and stood in a cold bath until addition to t e s t  p l a sma .  

The kininase inhibi tor  (0.1 m l  of  a 5% solution of unithiol, diluted 1 : 10 - 500 gg),  and the f resh ly  e e n t r i -  
fnged t e s t  p l a sma  o r  the s a m e  volume of physiological  sal ine (control test)  a r e  poured into a t e s t  tube, 650 gg  
kaolin in 0.1 ml  Tr i s -HC1 buffer  o r  250 mg of powdered chemica l ly  pure  g las s ,  and 1.0 ml  of the cold kal l i -  
kre in  s tandard  with kininogen a re  added. The samples  a re  allowed to stand for  5-10 rain at 20~ and incubated 
at 37~ for  1 h. The reac t ion  is s topped by the addition of 0.5 m l  of 10% TCA, the prote in  prec ip i ta te  is s e p -  
a r a t ed  by eentr ifngation,  and the superna tant  neut ra l ized  with 0.5N NaOH to pH 7.0-7.2. To prevent  adsorpt ion 
of the kinins 0.1 ml  of 0.04M oxalic acid is added and the quantity of  kinins is de te rmined  in the TCA f i l t ra te  
by measu r ing  contract ion of an isolated organ (rat  u ter ine  cornu or  s t r ip  of c a t ' s  jejunum). Synthetic b rady-  
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T A B L E  2.  A c t i v i t y  of K a l l i k r e i n  I n h i b i t o r s  of H u m a n  

a n d  A n i m a l  Blood P l a s m a  (in/~g b r a d y k i n i n / m l / h )  

during Interaction with Homologous and Heterologous 

K a l l i k r e i n  (M �9 m )  

Source of plasma 
kallikrein in- 
hibitors human 

Healthy children under 
3 years old (n= 28) 30,0-+0,5-I 

Clinically healthy 
adults (n = 18) to,os• 

Rabbits (n = 18) 19,60 -+ 0,54 
Rats (n = 21) 76,50 -+ 1,02 
Cats (n = 7) t4,40-+-0,61 

T A B L E  3. A c t i v i t y  o f  K a l l i k r e i n  
/~g bradykinin/ml/h) in Patients' 
Fresh a n d  K e p t  a t  4~ (M �9 m )  

Kallikrein 
rabbit 

4,00-+0,27 

1,29-+ 0,14 
6,8l •  
~2,50 =k 0,59 

r a t s  

14,96-+ 0,35 

],31 -+ 0,19 
5,00-+0,45 

44,08 -+ 0,93 

c a t s  

2 , 0 0 •  0, I i  

1 ,56-+0,I6 

3,08___9,29 

n h i b i t o r s  ( in  
Blood P l a s m a ,  

Disease 

Pneumonia (n = 
Bronchial a s t h 1 7  ) 

(n=10) 
Chronic hepatitis 

( n =  13) 
chronic nonspecific 
obstructive bronchitis 
(n = 0) 

Chronic occupational 
bronchitis (n = 22) 

Blood plasma 

fresh I kep! a...~t 4~ for 
2 weeks [ 5 months 

Children under 3 years 1 
10,38 :k 0,65 35,0--+0,89 I 93,0--9,12 

8,76 ::t: 0,53 39,67 4- 0,91 I 132,0-+4,82 
Children aged 7-13 years 

7,30-,'0,61 i14 ,96- -+0 .68  98,6• 
Adults 

6,66-+0,41 16,80 "-__ 0,59 

5,89--+0,38 12,30_+ 0,51 

198.00~4,94 

101,50~3,S7 

kinin is used as the standard. The difference between the quantities of bradyldnin fom~d in the control and 
experimental samples is determined and, knowing the quantity of plasma taken for the sample which inhibits 

kininogenase activity of the standard by 30-50%, the absolute values of activity can be calculated. 

It was found that keeping the plasma (serum) in a refrigerator at 4~ leads to an increase in activity of 

the kallikrein inhibitors (Table I). 

The results in Table 1 show that after keeping the plasma for 1 and 2 days at 4~ activity of the kallikrein 
inhibitors was increased by 30 and 98% respectively. Kallikrein inhibitors of freshly centrifuged plasma from 
healthy children under 3 years of age were 3 times as active as kallikrein inhibitors of clinically healthy 
adults. Activity of kallikrein inhibitors in plasma from regular donors was only one-half to one-third that of 
healthy subjects. However, when the plasma was kept in a refrigerator its antikallikrein capacity increased 

up to values characteristic of clinically healthy persons. 

Enzyme activity of the kallikrein inhibitors was shown to depend on their concentration and to appear 
more slowly than the activity of kallikrein itself. The inhibitory action of the inhibitors was preceded by a 
latent period of 20 rnin (Fig. I). Activity of kallikrein inhibitors in plasma was 10-15% lower than in blood 
serum because of dilution of the plasma with solutions of anticoagulants. Species differences in the content and 
activity of plasma kallikrein inhibitors from man and laboratory anhnals were detected (Table 2). 

The results in Table 2 show that during interaction with kallikrein of the same species the levels of 
activity of inhibitors from healthy human subjects and rabbits were very close to one another, whereas rat 
plasma kallikrein inhibitors are 4 times as active as cat plasma kallikrein inhibitors and only one-third as 
active as human kallikrein inhibitors. During interaction with kallikrein of a different species (foreign) the 
following general rule was observed: human kalKkrehn inhibitors inhibit the kininogenase activity of animal 
kallikrein only 1/2-1/15 as strongly as those of the same species, and animal kallikrein inhibitors inhibit 
human plasma kallikrein 2-5 times more strongly. This fact explains why the tissue kallikrein inhibitors of 
animals (Contry|~l, Gordox, Trasylol, etc.) are used therapeutically in clinical practice. 

Activity of kallikrein inhibitors was determined by the method developed above in blood plasma of adults 
and children with diseases of the bronchopuhnonary and hepatobiliary systems, in the fresh state and kept at 

4~ (Table 3). 
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Comparison of the activity of kallikrein inhibitors in sick and healthy children and in adults (Tables 2 
and 3) shows that the existence of an inflammatory and inflammatory-allergic condition, or  its exacerbation, 
in the lungs and l iver  are accompanied by changes in their  concentration in fresh plasma. As a rule the activity 
of kallikrein inhibitors falls under such conditions. The degree of fall corresponds to the severi ty of the 
disease and the ability of the patient to compensate. If the plasma is kept in the re f r igera tor  the increase in 
activity of kallikrein inhibitors in plasma from patients also remains low by contrast with that from healthy 
donors (compare Tables 1 and 3). If the prognosis of the disease is poor, activity of the inhibitors does not 
increase during keeping of the plasma at 4~ Determination of kallikrein inhibitors is thus of both diagnostic 
and prognostic value. In addition, in conjunction with the levels of plasma kallikrein activity, it can be used 
as an objective cr i ter ion for deciding whether to administer autiproteases such as Contrykal, Trasylol,  or  
Gordox, and as a laboratory control to monitor the times of administration of these substances. 
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C O N T A C T  T R A N S D U C E R  FOR C O N T I N U O U S  M E A S U R E M E N T  

OF TH E D I A M E T E R  OF B L O O D  V E S S E L S  

A.  N. R o g o z a  UDC 615.471:611.13/14-087.73 

KEY WORDS: blood vessels; measurement  of diameter; contact transducer.  

When responses of blood vessels to nervous and hmnoral influence are studied, t ransducers enabling 
the diameter of the tested vessel to be recorded continuously are extremely effective [1]. The same technical 
problem ar ises  also when the mechanical properties of blood vessels are studied. Since blood vessels char-  
acterist ically exhibit viscoelastic behavior (especially under conditions of activation of the smooth muscles 
of the vessel wall), recording deformation of the wall hi response to a change in tension must also be under-  
taken continuously. A number of special t ransducers have been introduced to solve this problem. Foremost  
among them are external contact t ransducers  of various types, catheter t ransducers,  enabling the internal 
diameter of the vessel to be measured,  and no-contact t ransducers (ultrasonic and optical). Examples of the 
use of such instruments can be found in [1-4]. Most methods can be successfully used on comparatively large 
ar ter ies  (over 1.0 mm hi diameter). More recently external contact t ransducers of cantilever type, described 
in [2] have become popular. An improved variant of a t ransducer  of this type is suggested. 
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