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A method of determining a renin inhibitor in the plasma was developed on the principle that 
during success ive  dilution of the plasma the velocity of the renin + subst ra te  react ion falls 
more  slowly in the presence  of inhibitor than the degree of dilution, and conversely,  the r e -  
action velocity in plasma without inhibitor is reduced more  than the degree of dilution of the 
plasma. This principle is deduced f rom reaction equations suggested by Dixon and Webb 
(1966). The presence  of renin inhibitor was demonstrated by this method in the plasma of 
eight of 19 intact dogs studied. 
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The level of angiotensin II in the a r te r ia l  blood is known to be determined by the secre t ion of renin 
by the kidneys and its interaction with angiotensinogen. There  is indirect evidence that the rate of angio- 
tensinogen breakdown depends not only on the concentrat ion of enzyme and substrate ,  but also on the p r e s -  
ence of inhibitors o r  act ivators  [1-4]. Poulsen [5], however, denies such a possibility. 

The presence  of renin inhibitor was studied in the plasma of intact dogs. 

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

A dilution method, by means of which renin inhibitor could be est imated quantitatively without the 
use of purified preparat ions  of subst ra te  and enzyme, was developed in o rder  to determine the inhibitory 
effect in native plasma. The method is based on the fact that during success ive  dilution of plasma the ve-  
locity of the renin + subst ra te  react ion should fall more  slowly in the presence  of inhibitor than the degree 
of dilution; in p lasma without inhibitor the react ion velocity should fall more  than would cor respond to the 
degree of dilution. This principle is based on the reaction equations suggested by Dixon and Webb [6]. In 
the presence  of inhibitor the react ion velocity is descr ibed by the equation 

Vmax 

1+ 1+ K~ ] 

where V 0 is the initial react ion velocity; Vma x = k2(E) is the maximal  velocity when the enzyme is sa tu-  
rated with substra te ;  K M is the Michaelis constant; S the subst ra te  concentrat ion;  [i] the concentrat ion of 
inhibitor; K i the inhibition constant.  During n-fold dilution of the plasma,  keeping all other  conditions the 
same,  the concentrat ions of enzyme, substra te ,  and inhibitor fall in accordance  with the degree of dilution 
and the equation assumes  the fo rm 

V m a x  ~ (2) 

Novosibirsk University.  Institute of Cytology and Genetics, Siberian Division, Academy of Sciences 
of the USSR, Novosibirsk. (Presented by Academician V. N. Chernigovskii.)  Translated f rom Byulleten'  
l~ksperimental 'noi Biologii i Meditsiny, Vol. 80, No. 10, pp. 48-51, October, 1975. Original ar t ic le  sub-  
mitted December  4, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

i184 



Using a set of different values of n, a sys tem of equations is obtained, and by solving them it is possible to 
determine the three independent pa rame te r s :  Vma x, Km/[S] and [i]/K i. However, the very  low concen t ra -  
tion of angiotensin I in dog plasma (0.9 ng,/ml in 30 min), the increase  in which was used to judge the rate 
of convers ion of angiotensinogen, and also the e r r o r  of the radioimmune method (10%) used to determine the 
p lasma angiotensin I concentrat ion [7] prevent the required set of plasma dilutions f rom being obtained with 
sufficient accuracy.  However, even with the aid of a small  number of dilutions (by 2 and 4 times) it was 
possible to demonst ra te  the p resence  of inhibitor qualitatively and to determine the degree of inhibition of 
the renin - substrate  react ion in native dog plasma. Turning again to Eqs. (1) and (2) and examining the 
ratio between the veioeities V 0 and V'0, we obtain 
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This ratio becomes sma l l e r  than or  equal to n if the inequality 

[Sl ~ K, (3) 

is satisfied; i.e., if a noncompetit ive inhibitor is present  in considerable  concentrat ions the rate  of increase  
of angiotensin I in the diluted plasma will fall more  slowly than the dilution of the plasma. In the absence 
of a noncompetit ive inhibitor, the velocity of the enzyme reaction will be descr ibed by the M i c h a e l i s - M e n -  
ten equation: 

Vmax 
Vo = K.,~ , (4) 
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but on dilution of the p lasma by n t imes the react ion velocity is determined by the equation 

V' 0 : Vmax  / (j nK~ ~ (5) 

The ratio between V 0 and V' 0 will be 

Vo n (1 nK~.~ 
Vc -- i +- K~ 

[Sl 

It is obvious that with all possible values of KM/[S], (V0/W0) > n, i.e., in the absence of inhibitor, the r e -  
action velocity in the diluted p lasma  will fall more  rapidly than the increase  in the degree  of dilution of the 
plasma.  The presence  of large concentrat ions of noncompetit ive inhibitor can thus be determined quali ta-  
t ively by examining the rat ios between the reaction velocit ies in whole and diluted plasma.  

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

The ratio between the rates  of increase  in the content of angiotensin [ in whole plasma and in p lasma 
diluted twice and 4 times by t r i s - ace t a t e  buffer with 0.9% NaC1 after  incubation for  30 rain at 37~ and pH 
7.4 was determined for a group of intact dogs. The value of this ratio varied f rom 1.05 to 3.85. According 
to the arguments  presented above, the p lasma of animals in which the value of V0/V' 0 > 2 when diluted twice 
contains a very smal l  quantity of inhibitor, whereas p lasma f rom animals with ratio V0/V' 0 < 2 evidently 
contains noncompetitive inhibitor in considerable  concentrat ions.  According to this c r i te r ion  the animals 
were  divided into two groups:  group 1 consisted of animals with a value of V0/VT0 f rom 3.85 to 2.15, and 
group 2 animals with a value of V0/Vt0 f rom 1.05 to 1.9 (the mean values are  given in Table 1). For  the 
anhnals  of group 1, using Eqs. (4) and (5), after  t ransformat ion we obtain 
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TABLE I. Distribution of Dogs by Concentration of Renin Inhibitor 
in P lasma (M:~m) 

o ~  i 

Activity of 
reniniuwhole 
plasma, V 0 (in 
mg/ml/30 rain 

0,93+--0,20 
1,08~0,30 

Ratio between rate 
of increase of an- 
giotensin in whole 
plasma and rate 
in plasma diluted 
;twice, Vo/V' ~ 

2,78+0,17 
1,54----- 0,11 

Ratio between rate of in- 
crease of anglotensin in 
~rhole plasma and rate in 
~lasma diluted 4 times 

" calculated 
v~176 value 

8,35----- 1,23 8,65 
3,45~0,62 2,90 

Deviation of 
calculated 
value from 
gxperimental 
in %) 

3 
15 

Substituting in this equation the mean value of the rat io V0/V' 0 calculated for  this group with n = 2 
(Table 1), we obtain the meanva lue  of KM/[S]. It is 0.64. According to data in the l i terature,  the subst ra te  
concentration in dog plasma is 776 ng./ml, and K M = 670 ng/ml [8], i.e., the value of KM/[S] obtained by the 
present  method was of the same order .  For  the animals of group 2, f rom Eqs. (1) and (2), we obtain 

KM 

, , ,  
Ki  = �9 (6) 

Considering that the mean value of KM/[S] was the same for  both groups of animals, and subs t i tu t ing  
in Eq. (6) the mean value of V0/V' 0 determined for  this group at n = 2 (Table 1), the degree of inhibition of 
the reaction can be calculated - [i]/Ki. In the present  experiments,  [i]/K i = 8.25, i.e., in these animals the 
reaction between renin and subs t ra te  was inhibited on the average by 9 t imes.  

Returning to the inequality (3) and substituting in it the value found for  KM/[S] for  n = 2, it will be 
seen that the ratio V0/V' 0 -< 2 is satisfied under the condition that [i]/Ki >- 1.28; i.e., under the conditions 
of the present  experiments,  if the p lasma was diluted twice, only degrees of inhibition by more  than 2.3 
t imes could be estimated. By reducing the degree of dilution the sensit ivity of this method could be in- 
creased.  To verify the validity of these arguments  the following method was used. Knowing KM/[S] and 
[i]/Ki, the ratio between the rates of increase  of angiotensin I in undiluted plasma and in p lasma diluted 
fourfold (V"0) was calculated for  the animals of groups 1 and 2 and compared  with the values obtained ex- 
perimental ly.  Good agreement  was obtained: The deviation between the values in group 1 was 3% and in 
group 2 2.15%, so that the validity of the original hypothesis regarding the presence  of inhibitor in the na- 
tive plasma of the animals of group 2 was confirmed. 

The presence  of noncompetit ive inhibitor of the renin + subs t ra te  react ion in the plasma of intact 
dogs was thus demonstrated by the suggested method. The resul ts  showed that its concentrat ion may vary  
within wide limits in different animals. Hence it is c lea r  that, despite the virtually equal activity of renin 
in the p lasma of both groups of dogs (Table 1), the concentrat ion of the enzyme is significantly less in the 
animals of group 1 than in those of group 2, in which a renin inhibitor  is present .  Consequently, the renin--  
angiotensin sys tem may be controlled not only by changes in the secre t ion of renin by the kidneys, but 
also by the intervention of unknown factors  which a l ter  the concentrat ion of renin inhibitor in thep lasma.  
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