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Expe r imen ta l  r e s e a r c h  in the las t  3 or  4 y e a r s ,  using methods  of immunorad io logy  and p r e p a r a t i v e  
b iochemis t ry ,  has shown that  endogenous p l a s m a  kal l ikre in  and kal l ikre ins  of t i s sue  or ig in  can c i rcula te  
s imul taneous ly  in the blood s t r e a m  of man and animals  [11-15]. T i s sue  ka l l ikre ins  include kai l ikre ins  of 
the kidneys [3,4, 16], p a n c r e a s  [17], and sa l iva ry  [5, 8, 10, 15] and sex glands [6]. Most of the t i s sue  kal l i -  
k re in  in the blood is cons idered  to be f r o m  the s a l i va ry  glands [8, 11, 15]. It has also been shown that  in 
pathology (acute pancrea t i t i s  o r  nephrectomy)  the blood level  of t i s sue  (pancrea t ic  or  renal)  ka l l ikre in  r i s e s .  
F o r  instance,  a 2.5-fold r i s e  in the s e r u m  rena l  kal l ikre in  level  has  been obse rved  [16] in pat ients  with acute 
panc rea t i t i s  (9.5 �9 1.7 n g / m l  compared  with the no rma l  value of 3.8 �9 0.7 ng/ml)  and a 4.5-fold r i s e  [7] in the 
blood p l a s m a  of r a t s  a f te r  b i l a t e ra l  nephrec tomy (162 �9 20 and 618 • 79 ng of antigen in 1 ml  p l a s m a  r e s p e c t -  
ively). 

The r e su l t s  a re  evidence of the impor tance  of combined and sepa ra t e  quanti tat ive a s say  of the kinino- 
genase  act ivi ty of the p l a s m a  kal l ikre in  and ka l l ik re in  of t i s sue  or ig in  during a study of the physiological  and 
pathogenet ic  ro le  of kinins and the development  of methods of expe r imen ta l  therapy,  a imed at co r rec t ing  
pathological ly  changed kininogenesis .  

There  is as yet  no sufficiently s imple  clinical  method of de te rmin ing  ka l l ikre ins  der ived f r o m  glands 
in human p l a s m a  or  blood se rum.  A complex immunorad iome t r i c  method has  been  desc r ibed  (using an t i s e r a  
f r o m  rabb i t s ,  sheep, and goats against  pur i f ied  p r epa ra t i ons  of ka l l ikre in  f r o m  r a t  ur ine  and sa l i va ry  glands), 
of de te rmin ing  kal l ikre in  der ived  f r o m  urine [7, 16] and s a l i va ry  glands [5] in r a t  p l a s m a  [5, 7] and in human 
s e r u m  [6]. 

The aim of this invest igat ion was to develop an access ib le  method whereby kal l ikre in  of t i s sue  or igin  
can be de te rmined  in blood p l a s m a  f rom healthy subjects  and pat ients .  

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

Development  of the method was based  on the well-known fact  that  soy t ryps in  inhibitor (STI) has  qual i -  
ta t ive ly  different  effects  on p l a s m a  kal l ikre in  and t i s sue  kal l ikrein.  This  inhibi tor  inhibits p l a s m a  kal l ikre in  
and i ts  complex  with h igh -molecu la r -we igh t  kininogen [9], but does not affect  ka l l ikre ins  der ived f r o m  glands 
[31. 

In expe r imen t s  in v i t ro  with blood p l a s m a  f rom healthy blood donors concentra t ions  of STI causing 
30-50% inhibition of total  ka l l ikre in  act ivi ty in blood p l a sma ,  e s t ima ted  by the kininogenase method [2] with 
de te rmina t ion  of the quantity of kinins in the i so la ted  u ter ine  eornu of Wis ta r  r a t s ,  were  selected.  Quantitative 
es t imat ion  of t i s sue  kal l ikre in  in blood p l a s m a  was based  on de terminat ion  of total  p l a s m a  kal l ikre in  act ivi ty 
[2], the degree  of inhibition of this activity in the p r e s e n c e  of STI, and calculat ion of the concentra t ion of STI 
inducing inhibition of kininogenase act ivi ty of kal l ikre in  by 59%. 

The STI and some of the bradykinin  t r i ace t a t e  used in the work were  f r o m  Reanal  (Hungary); o ther  
bradykinin  t r i aee t a t e  was of Soviet manufac tu re ,  and the kaolin and T r i s  also were  of Soviet origin.  
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T A B L E  1 .  E f f e c t  o f  STI  on  K i n i . n o g e n a s e  A c t i v i t y  of  P l a s m a  K a l l i k r e i n  ( i n h i b i t i o n .  in  %) a n d  

o n  A c t i v i t y  o f  T i s s u e  K a l l i k r e i n  ( in  p m o l e ~ / s e c ,  l i t e r )  i n  I n f l a m m a t o r y  a n d  E n d o c r i n e  D i s e a s e s  

(M• m) 

Groups of subjects tested 

Healthy persons 
Patients with 

Active form of diabetes 

Diabetes with disturbed 
glucose tolerance 

Secondary diabetes 

Cushings disease 
Acute suppurative inflam- 
marion " 

Chronic pneumonias 
Acute pancreat[tis �9 
Bronchitis due to dust 
Chronic hepatitis 

Number 
of sub- 
jects 

D___o se o f . S ~ m  1 
10 0,5 1 

31 60 

2 10 

9 21 

0 0 

- -  60 

30 66 
33 64 
30 60 
17 36  
20 40 

Total plasma 
kaliikrein 

391,144-39,36 

548,584-44,28 

912,664-66,42 

519,064-36,90 

393,604-36,90 

Tissue katlikrein 

147,64-12,3 

3072,054-.22,62 

595,324-51,66 
221,404-19,68 
221,404-29,52 
620,324-30,54 
629,764-39,62 

L e g e n d .  H e r e ,  a n d  i n  T a b l e s  2 a n d  3, a c t i v i t y  o f  a l l  f o r m s  
�9 - -  7 
moles bradykinin hydrolized per second by 1 li ter of blood 

4198,204-34,57 

2699,11 4-24,6 

157,44+13,73 

202,41 4-+_26,28 
72,284-4,17 
88,564-7,38 
396,804-19,10 
378,844-18,51 

of k a l l i k r e i n  i s  e x p r e s s e d  i n  p i c o -  

p l a s m a .  

T A B L E  2.  I n h i b i t i o n  o f  (in%) K i n i n o g e n a s e  

A c t i v i t y  of  P l a s m a  K a l l i k r e i n  b y  STI  D e p e n d -  i 
l a g  on  P r e k a l l i k r e i n  C o n t e n t  in  P a t i e n t s  w i t h  

D i a b e t e s  ( 1  4- m)  
2 

Prekallikrein Dose of STI, 
Group of sub- mx~~ conten.t, plco-] pg /ml  

B ~ -  moles/sec.  [ - - -  - 
jects tested ~ . ~  liter ] 0,5 1 10 

Patients with 
diabetes 

Actiqe' form 
(group I) 

A ct!ve form 
(group II) 

A ctive form 
~ roup III) with 

sturbed gluco.r 
tolerance 

10 

34 

16 

I57,44+_i7,22 

4,424-0,49 

98,404-4-_9,84 

88,56--+9,84 

31 60 

( 6 

8 21 

9[21 

90 

37 

58 

54 

T A B L E  3.  C h a n g e s  i n  T i s s u e  K a l l i k r e i n  b y  STI  i n  P a t i e n t s  w i t h  D i a b e t e s  b e f o r e  a n d  a f t e r  
T r e a t m e n t  ( N  4- m )  

Type of treatment 

Heparin (microdoses) 

Andekatin (ordinary doses) 

z 5-~ 

Dose of STI, 
Time.of in- ~g/mI 
vestigatiofl -- - - 

0,5 1 

8 Bef~ I 1! 
After t r e a t m e n t - I  

9 1Before treatment +| 
[Aftertreatme_nt-. [ 0 

+o o 

13 
21 

10 

37 
92 
47 
51 

Katllkrein, picomoles/ 
see �9 titer 

Plasma 

182,044-_19,68 
378,84+__51,66 
258,304-22,14 
376,38--a56,74 

Tissue 

I 173,42+__i00,86 
189,42-t-14,76 
1377,60 • 152,52 
1820,40__174,66 

1 1 4 4  



E X P E R I M E N T A L  RESULTS 

The s e r i e s  of expe r imen t s  with blood p l a s m a  f r o m  20 blood donors  showed that  incubation of neutra l ized 
p reka l l ik re in -ka l l ik re in -k in inogen  (PK-K-KG) mix tu re ,  obtained a f te r  heating the t e s t  blood p l a s m a  in an acid 
medium (pH 3.0) at 61~ for 17-18 min with STI in a concentra t ion of 0.5 # g / m l  of mix ture  led to inhibition of 
kininogenase act ivi ty by 30% compared  with i ts  level  in a pa ra l l e l  t e s t  sample  to which STI was not added. An 
inc rea se  in the STI concentra t ion  in the P K - K - K G  mix ture  by 2-20 t i m e s  led to inhibition of the or iginal  kinino- 
genase  act ivi ty of the total  kallik-rein of the above mixture  by 60-90%~ 

Invest igat ion of p l a s m a  f r o m  pat ients ,  depending on the diagnosis  of the d i sease ,  showed that  high doses  
of  STI (1-10 #g /ml)  were  needed to inhibit the or ig inal  kininogenase act ivi ty of total  p l a s m a  kaUikre in  by 30- 

50%. 
Trials of the various methods suggest the following course of the biochemical reaction for simultaneous 

dete rmina t ion  of act ivi ty of t i s sue  (without specifying the concre te  organ) and total  (including t i ssue)  blood 
p l a s m a  ka l l ikre ins .  

To 1.2 ml  of p l a s m a  are  added 1.2 ml  of 0.14 M NaC1 and 0.3 ml  of 1N HC1 solution, pH 3.0; the mix tu re  
is heated for  17-18 rain to 61~ cooled to 2-4~ and neut ra l ized  with cold 0.5N NaOH solution (0.54 ml), and 
3.3 ml  of Tr i s -HC1,  pH 7.6-7.8,  at the same t e m p e r a t u r e  is added. In this way the P K - K - K G  mix ture  is ob-  
tained,  in a total  volume of 6.6 ml. Into each  of s ix empty  t e s t  tubes,  numbered  se r ia l ly ,  the followi~_g in- 
gredients  a re  added: 0.2 ml of 0.14 M NaC1 (sample  No. 1 without kaolin), 0.1 ml  of T r i s - H C l  contah~ing 
0.5 and 5 mg kaolin ( samples  Nos. 2 and 3), 0.5, 1, and 10 #g of STI ( samples  Nos. 4-6).  Additionally 0.1 ml 
of 0.14 M NaC1 is added to each of the tubes Nos. 2 and 3, and 0.5 mg kaolin in 0.1 ml  of physiological  saline 
is added to each of the tubes Nos. 4-6.  Into all tubes (Nos. 1-6) an equal volume (1.1 ml) of the cold P K - K - K G  
mixlrare is added, allowed to stand for  5-10 rain at r oom t e m p e r a t u r e ,  and the tubes a re  then incubated for  
1 h at 37~ The reac t ion  is stopped by the addition of 0.5 ml of 10% TCA, pro te ins  are  sepa ra ted  by cen t r i -  
fugation, and the kinin content is  de te rmined  in neut ra l ized  TCA superuatants  on the cornu of the r a t  u te rus .  
Synthetic bradykinin  is used as the s tandard.  

By de te rmin ing  kininogenase act ivi ty of s amp le s  Nos. 1-3 the c h a r a c t e r i s t i c s  of th ree  f o r m s  of kal-  
l ik re in  can be obtained: in complex f o r m  with inhibi tors ,  and including kal l ikre in  of t i s sue  or igin  [5] (sample  
No. 1 without kaolin), total  ka l l ikre in  ( sample  No. 2 with 0.5 ml  of kaolin),  and p reka l l ik re in  (difference be-  
tween ac t iv i t ies  of s am p l e s  Nos. 2 and 1), and also an index of absorpt ion of kal l ikre iu  on kaolin in pe r  cent 
(the di f ference between act iv i t ies  of s amples  Nos.  2 and 3)~ re f lec t ing  changes in the conformat ional  s t r u c -  
ture  of the ka l l ik re in  [2]. Taking act ivi ty of sample  No. 2, not containing STI, but re f lec t ing  total  p l a s m a  
ka l l ik re in  act ivi ty  and acting as control  for  s a mp le s  Nos. 4-6,  as 100%, the pe rcen tage  of inhibition of the i r  
kininogenase act ivi ty is found. Activi ty of all f o r m s  of p l a s m a  and t i s sue  ka l l ikre in  is e x p r e s s e d  in p icomoles  
of bradykinin  hydrolyzed p e r  second by 1 l i t e r  of blood p l a sma .  T issue  ka l l ikre in  act ivi ty is e s t imated  quanti-  
ta t ive ly  allowing for  an STI concentra t ion of i #g /ml ,  causing 30-50% inhibition of the kiuinogenase act ivi ty of 
the total  blood p l a s m a  kal l ikrein.  With the dose of STI used ,  cor responding  to 10 #g to 1 ml  of mix%ure, act -  
ivi ty of the s amples  is i nc reased  tenfold. By the method desc r ibed  above, ka l l ikre in  of t i s sue  or ig in  was de- 
t e rmined  in the blood p l a s m a  of 10 cl inical ly heal thy p e r s o n s  and of 136 pat ients  with va r ious  i n f l ammato ry  
and endocrine d i seases .  

Analys i s  of the data in Tabe l  1 indicates  a 10-20-fold i nc rea se  in the concentra t ion of ka l l ikre in  of t i s sue  
(probably pancrea t ic )  or igin ,  dif fer ing in its b iochemica l  p rope r t i e s  f r o m  blood kal l ikre in  [1], in the blood 
s t r e a m  of pat ients  with d iabetes  (both with the act ive f o r m  and with the f o r m  with dis turbed glucose to lerance) ,  
and a 60% increaee  in t i s sue  kal l ikre in  act ivi ty  was found in pat ients  with acute  a b s c e s s e s ,  carbuncles ,  and 
furunculos is .  A 2 .5-3-fo ld  i nc rea se  in the t i s sue  ka i l ik re in  concentra t ion was found in the p l a sma  of pat ients  
with eh ron ieb roneh i t i s  due to dust (50%) and with chronic  hepat i t is  (30%). 

In pat ients  with d iabetes  d i rec t  co r r e l a t i on  was found between the concentra t ion of p reka l l ik re in  (which 
is synthesized main ly  by the l iver)  and the deg ree  of inhibit ion of total  p l a sma  kal l ikre in  act ivi ty  by STI 
(Table 2). As will be  c l ea r  f r o m  Table  2, the lower the level  of the p r e c u r s o r  of the k in in- forming  enzyme 
in the p l a sma ,  the m o r e  STI is r equ i red  to inhibit kininogenase act ivi ty  of total  blood ka l l ikre in .  

It was a lso  shown that c o r r e c t i o n  of d e p r e s s e d  kininogenesis  (which was found in 30% of pat ients  with 
diabetes)  by means  of a cou r se  of inject ions of m i c r o d o s e s  of hepar in  led to normal iza t ion  of the blood ka l -  
l ik re in  composi t ion.  T r e a t m e n t  of such pat ients  with the usual  doses  of andekalin (10-20 U/day  for  2-3 weeks) 
did not change the kal l ikre in  composi t ion  of the blood (Table 3). 
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This  combined method of s imul taneous  de te rmina t ion  of the var ious  f o r m s  of blood p l a sma  kal l ikre in  and 
ka l l ik re in  of t i s sue  or igin  p re sen t  in the p l a s ma  can thus yield informat ion of use  in the study of the phys io-  
logical ro le  of t i s sue  ka i l ikre ins  in the regulat ion of vascu la r  tone; it can shed light on the pathogenetic ro le  of 
the ka l l ik re in-k in in  sys t em in the development  of va r ious  d i seases ,  can be used to de te rmine  the s ta te  of the 
l i ve r  function in d i s ea s e s  of the l ive r  i t se l f  and in o ther  pathological  s ta tes ,  and can be used  as a method of 
l a b o r a t o r y  control  of the the rapeu t ic  ef f icacy of a chosen method of t r e a t m e ~ .  
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