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Preka l l ik re in ,  p lasminogen,  and p ro th rombin  of human blood p l a s m a  a re  s e p a r a t e l y  act ivated 
by kaolin, s t rep tok inase ,  o r  thromboplas t in .  Measu remen t  of the T A M E - e s t e r a s e  (TAME: N- 
a - t o s y l - L - a r g i n i n e  methyl  es te r )  act ivi ty  of each of the enzymes  thus produced and its changes 
during incubation of the p l a s m a  with the ac t iva to r  can be used to e s t ima te  the content of ka l l i -  
kre in ,  p lasmin,  and th rombin  and the i r  inhibitors.  Evidence is given that under the conditions 
of de te rmina t ion  as desc r ibed  act ivat ion is specif ic  fo r  each enzyme and does not affect  the 
level  of the o ther  p r e c u r s o r s .  The method is developed in modif icat ions enabling the values  of 
seven  indices to be obtained with 0.4-0.7 ml of blood p la sma .  

KEY WORDS: kal l ikrein;  p lasmin;  thrombin;  the i r  p r e c u r s o r s  and inhibitors;  method of s imu l -  
taneous determinat ion.  

Kall ikrein,  p lasmin ,  and thrombin  a re  key enzymes  in functionally linked blood s y s t e m s  concerned 
with the regulat ion of hemos t a s i s  and v a s c u l a r  tone. Activat ion of p reka l l ik re in  in v i t ro  takes  place  by con-  
tac t  between p l a s m a  and negat ively charged  su r f aces ,  espec ia l ly  with kaolin; p lasminogen is act ivated by s t r e p -  
tokinase and p ro th rombin  by exposure  to th romboplas t in  and Ca "~-. The e s t e r a s e  act ivi ty  of the enzymes  
r i s e s  under  these  c i r cums tances  pa ra l l e l  with the inc rease  in the specif ic  - kininogenase,  f ibr inolyt ic ,  o r  
p l o t t i n g -  activity [5, 7, 9]. 

DESCRIPTION OF METHOD 

I. Activation of Precursors of the Enzymes. The method is based on that suggested for determination 
of the kallikrein precursor and its inhibitor [4]. Native blood plasma is activated by kaolin, thromboplastin, 
or streptokinase with two periods of incubation. In the first period (I min) maximal activity of the enzyme 
formed from the precursor is determined, and in the second period (5, 30, or 60 rain) activity of the inhibitor 
is determined (Fig. i). Preliminary experiments showed that these periods are optimal for detecting the max- 
imal level of the precursors and activity of the inhibitors of kallikrein, thrombin, and plasmin. 

Blood plasma in a volume of 0.2 ml is activated by an equal volume of kaolin mixture at25~ and 0.i 
ml aliquots are taken 1 and 5 rain later for determination of prekallikrein and kallikrein inhibitor [i]. To de- 
termine the plasminogen content the plasma is activated with streptokinase [2]. Samples of 0.i ml are taken 
after 1 and 60 rain for further tests. Prothrombin is activated at 37~ The incubation mixture contains: 
0.05 ml plasma, 0.05 ml 0.9% NaCl, 0.2 ml of thromboplastin suspension diluted in accordance with the in- 
struction, and 0.i ml of 1% CaCl 2 solution. After incubation for 1 and 30 rain, the reagents for determination 
of esterase activity are added to the samples. These samples are for estimation of the prothrombin and 
thrombin inhibitor. When 3-methyl-2-benzothiazolone hydrazone (MBTH) is used as reagent in the final stage 
of the determination the quantity of plasma and activators must be smaller: 0.02 ml plasma, 0.05 ml thrombo- 
plastin, and 0.03 ml 1% CaC12 solution. 
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T A B L E  1. L e v e l  of P r e c u r s o r s  of K a l l i k r e i n ,  P l a s m i n ,  and T h r o m b i n  and of T h e i r  
I n h i b i t o r s  in H u m a n  Blood P l a s m a  and S e r u m  D e t e r m i n e d  by  the E s t e r a s e  Method 

Test object and 
method of de- 
termination 

Blood plasma 
(method with 
chromotropic 
acid) 

Blood plasma 
(method with 
MBTH) 

Blood serum 
(method with 
MBTH) 

Initial 
activity 

3,9• 

2,9--0,6 

13,3• 

PrekalK- 
krein 

62,1__- I0,7 

61,7• 2,4 

74,0-+ 3,8 

Kallikrein 
inhibitor 

0,9- 0,03 

0,88- 0,07 

( 
0,55- 0,05 

Plasmino - 
gen 

69,2• 2.0 

81,8--5,5 

90,7• 9.5 

Plasmin 
inhibitor 

I 
0,28= 0,07 

0,04• 0,02 

0 

Pmthmm- 
bin 

69,6• 5,7 

77.7-----4.7 

17,0• 

Thrombin 
inhibitor 

1,25• 0,27 

1,44• 0,07 

0,19-0,013 

o 

8 

12 

4 

Legend .  t) E n z y m e  a c t i v i t y  e x p r e s s e d  in # m o l e s  h y d r o l y z e d  TAME p e r  ml  p l a s m a  o r  
s e r u m  p e r  hou r .  Va lues  of i n h i b i t o r s  g i v e n  in  c onve n t i ona l  uni t s  [4]. 2) A c t i v a t i o n t i m e  
fo r  d e t e r m i n a t i o n  of i n h i b i t o r s  of k a l l i k r e i n  5 min ,  p l a s m i n  60 min ,  and t h r o m b i n  30 
min  (s ee  "Method") .  
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Fig .  1. D i a g r a m  r e p r e s e n t i n g  d e t e r m i n a t i o n  of p r e c u r s o r s  of k a l -  
l i k r e i n ,  t h r o m b i n ,  and p l a s m i n  and t h e i r  i n h i b i t o r s  d u r i n g  s p e c i f i c  
a c t i v a t i o n  in b lood  p l a s m a .  A b s c i s s a ,  i ncuba t ion  t i m e  of p l a s m a  
with a c t i v a t o r  (in min);  o r d i n a t e ,  e n z y m e  a c t i v i t y .  SA) Spontaneous  
( in i t ia l )  a c t i v i t y  of p l a s m a ;  P(1,2,3) - l e v e l  of a c t i v a t e d  p r e c u r s o r  of 
e n z y m e ;  RA(1,2,3 ) - r e s i d u a l  a c t i v i t y  of e n z y m e  a f t e r  b lock ing  by in -  
h i b i t o r ;  I(1,2,3) - index  of i nh ib i t o r ;  1) k a l l i k r e i n ,  2) t h r o m b i n ,  3) 
p l a s m i n .  Cont inuous  l ine  shows e x p e r i m e n t a l l y  d e t e r m i n e d  v a l u e s ,  
b r o k e n  l ine  c a l c u l a t e d  v a l u e s .  

IL Incuba t ion  of  A c t i v a t e d  S a m p l e s  wi th  the  S u b s t r a t e .  To m e a s u r e  e s t e r a s e  a c t i v i t y  of the  e n z y m e s ,  N-  
c ~ - t o s y l - L - a r g i n i n e  m e t h y l  e s t e r  (TAME) was  c h o s e n  as  the  s u b s t r a t e ,  f o r  i t  is  h y d r o l y z e d  by  k a l l i k r e i n ,  p l a s -  
ra in,  and t h r o m b i n  at  about  the  s a m e  r a t e  and does  not  u n d e r g o  s p o n t a n e o u s  h y d r o l y s i s  o v e r  a wide r a n g e  of 
pH v a l u e s ;  the  p H - o p t i m u m  f o r  the  r e a c t i o n  wi th  th i s  s u b s t r a t e  was  s i m i l a r  f o r  a l l  t h r e e  e n z y m e s .  The m e a -  
s u r e d  v a l u e s  of Km fo r  k a l l i k r e i n ,  p l a s m i n ,  and t h r o m b i n  a r e  1.36 �9 10 -2 M [4], 5.4 �9 10 -3 M, and 8.5 �9 10 -3 M 
r e s p e c t i v e l y .  The r e a c t i o n  p r o d u c t s  a r e  not c o m p e t i t i v e  i n h i b i t o r s .  

E s t e r a s e  a c t i v i t y  was  d e t e r m i n e d  by  i ncuba t ing  0.1 ml  of a c t i v a t e d  p l a s m a  ~dth TAME in 0.1 M phospha t e  
buf fe r ,  pH 7.6, at  37~ f o r  30 min .  The f ina l  c o n c e n t r a t i o n  of TAME in the  1 - m l  s a m p l e  was  5 �9 10 -2 M. 

IK. S p e c t r o p h o t o m e t r i c  D e t e r m i n a t i o n  of the R e a c t i o n  P r o d u c t s .  The m e t h a n o l  f o r m e d  as  a r e s u l t  of 
h y d r o l y s i s  of TAME is  o x i d i z e d  by  KXLnQ to f o r m a l d e h y d e ,  which  can  be  d e t e r m i n e d  q u a n t i t a t i v e l y  by the c o l o r  
r e a c t i o n  with c h r o m o t r o p i c  ac id  [8]. The e n z y m e  r e a c t i o n  i s  s t oppe d  by  the  add i t i on  of 0.5 m l  15,~ TCA. The 
p r i n c i p l e  of the c o l o r i m e t r i c  d e t e r m i n a t i o n ,  c a r r i e d  out  on a 0 . 5 - m l  s a m p l e ,  is  s i m i l a r  to tha t  d e s c r i b e d  fo r  
kallikrein [4]. 

The methanol formed in the reaction with TAME can also be determined by the use of the other reagent 

MBTH [6]. This method, which is more sensitive than the hydroxamate method [3] or the method with chromo- 
tropic acid [8], was used by the writers to study the plasma kallikrein, plasmin, and thrombin and their inhibi- 
tors. Advantages of this method are that minimal quantities of plasma can be used (0.4 ml is sufficient for all 
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determinations) and low values of e s t e ra se  activity of the enzymes can be detected. Samples measur ing  0.2 
ml are  taken f rom the incubation mixture containing TAME (see sect ion II); the react ion is stopped by the addi- 
tion of 0.2 ml of 10% solution of ZnSO 4. The samples are  then t reated with 0.2 ml of a 1% solution of KMnO 4 
in 10% KHSO4, followed after  1 min by 0.2 ml of  1% solution of NH2OH �9 HC1 and 1.5 ml of a reagent  consist ing 
of equal volumes of 10% KHSO 4 and 1% MBTH solutions. After 20 min, 1.5 ml of a 2~ solution of NH~Fe(SO4) 2" 
12H20 is added to each sample.  The samples  a re  centrifuged and the supernatant  is es t imated  spect rophoto-  
metr ica l ly  at 635 nm for  60-100 min against  a reagent  control.  

The quantity of methanol fo rmed after  enzymic hydrolysis  of TAME was determined f rom a cal ibrat ion 
curve plotted for  1.0 pmole absolute CH3OH when the method with chromotropic  acid was used and for  0-0.5 
#mole when the method with MBTH was used. 

Tests were ca r r i ed  out with c i t ra ted blood donor ' s  plasma; the p lasma was f rozen immediately  after  
centrifugatton and kept for  not more  than 2 weeks at -10~ All operations before stopping the enzyme r eac -  
tion were ca r r i ed  out in s i l i cone- t rea ted  (or plastic) vesse ls .  

The following reagents  were  used: TAME, N-~ - to sy l -L -a rg in ineme thy l  e s t e r  hydrochtor ide,  Reanal 
(Hungary); s t reptokinase  (Streptase), Behringwerke AG (West Germany); ca lc inm-thromboplas t in ,  Boehr inger-  
Mannheim (West Germany) or  labora tory  thromboplast in,  Kirov Blood Transfusion Research  Institute; MBTH, 
2 ,3-d ihydro-3-methylbenzoth iazo le -2-hydrazone  hydrochlor ide ,  Serva (West Germany); all other  reagents  were 
of Soviet manufacture.  

Data fo r  the content of kall ikrein,  plasmin,  and thrombin p r e c u r s o r s  and their  inhibitors in healthy human 
blood p lasma obtained by the use of modifications with chromotropic  acid and MBTH are  given in Table 1. As 
Table 1 shows, the resul ts  obtained by the two al ternat ive methods were  the same.  With both var iants  all seven 
indices could be determined in 0.4-0.7 ml plasma. However, the method with MBTH, by means of which much 
sma l l e r  amounts of methanol in the sample can be determined,  is suitable for the est imation of e s t e rase  ac-  
tivity of kal l ikrein and other  enzymes in biological mater ia l  with low enzymic activity. Similar  resul ts  for 
the quantity of kallikrein and plasmin p r e c u r s o r s  and inhibitors were obtained by investigation of blood serum.  
Activation of the clotting sy s t em and clot formation lead to considerable  exhaustion of prothrombin.  The ini-  
tial e s t e rase  activity of the se rum is considerably increased  under these c i rcumstances  as a resul t  of the 

thrombin formed.  

Values for inhibitors of kallikrein, plasmin, and thrombin (expressed in conventional units) also are 
given in Table I, according to earlier calculations [i, 4]. The activity of each of these enzymes in human 
blood is known to be controlled by several inhibitors. By the method as described only the total inhibitor ac- 

tivity with respect to each enzyme can be estimated. 

Combined investigation of kallikrein, plasmin, and thrombin precursors is possible only if during specific 
activation of each of the enzymes no cross activation of another precursor takes place. Separate activation of 
human blood plasma by kaolin or streptokinase in vitro has been shown not to affect the level of the precursor 
of the "neighboring" enzyme [2]. Comparison of the results obtained for plasma and serum (Table i) shows 
that activation of clotting and the sharp decrease in the prothrombin level are not significantly reflected in the 
values of arginine esterases activated by kaolin or streptokinase. In additional experiments with activation of 
plasma by kaolin after thromboplastin (activation time 1 min) the esterase activity as determined corresponded 
to the sum of the precursors of kallikrein and thrombin determined separately. With the concentrations and 
times chosen, activation in vitro is thus specific for each enzyme and does not affect the value of the precursor 

of another enzyme. 

lo 
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