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Exper imen t s  in vi t ro  showed that bradykinin,  in a concentra t ion of 10 - 8 - 1 0  -12 M, affects  
ne i ther  m i c r o s o m a l  M_g- or  Na, KATPase  f r o m  the ra t  kidney. Activation of m i c r o s o m a l  
Na, K-ATPase  f r o m  the kidney and c e r e b r a l  cor tex  was act ivated (by 30-40%) 20 rain a f te r  
injection of bradykinin (8 # g / g  body weight) into the caudal vein; the M g - A T P a s e  act ivi ty  
was unchanged under these  conditions. 
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Active polypeptides (AP) a re  known to play an important  role  in the pathogenesis  of inf lammation [1, 
2]. The e a r l y  s tages  of inf lammat ion a re  also known to be accompanied  by an inc rease  in the AP content in 
the focus of inf lammat ion [3] and by a dis turbance of m e m b r a n e  pe rmeab i l i ty .  Besides  h is tamine and other  
substances  l ike it, in some inf lammations  it is poss ib le  that the AP induce changes in m e m b r a n e  p e r m e a b i l -  
ity and also in the act ive t r a n s p o r t  of cations through the membrane  and of the t r a n s p o r t  of metabol i tes  
l inked with it. P a p e r s  have been published on the effect  of angiotens inand v a s o p r e s s i n  in exper imen t s  in 
v i t ro  [4, 5] and in vivo [6] on the act ivi ty  of the enzyme Na, K - A T P a s e ,  respons ib le  for  the act ive t r anspo r t  
of cations through cell  m e m b r a n e s .  However ,  no data can be found in the l i t e r a tu r e  on the effect  of another  
AP, bradykinin,  on ATPase .  

The object  of this invest igat ion was to study the effect  of bradykinin in vi t ro  and in r ive  on the act ivi ty  
of m i c r o s o m a l  Na, K-ATPase  f r o m  ra t  kidney and bra in .  

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

Rats weighing 160-170 g were  used. Af ter  decapitat ion of the an imals  the t i s sue  of the whole kidneys 
and c e r e b r a l  cor tex  (gray mat ter )  was washed with physiological  saline to r e m o v e  blood and then homoge-  
nized in 10 volumes of 0.32 M sucrose  containing 5 mM Tris-HC1 buffer ,  pH 7.4, at 0-2~ Success ive  f r a c -  
tions of nuclei (800 g, 10 rain), coa r se  mi tochondr la  (10,000 g, 10 min), and m i c r o s o m e s  (60,000 g, 40 min) 
were  obtained on the MSE Superspeed-65 (England) ul t racentr i fuge.  The m i c r o s o m e s  and coa r se  mitochon-  
dr ia  (for the brain)  we re  washed with 0.32 M suc rose  containing 5 mM EDTA under the same  conditions of 
centrifugation.  The f rac t ions  were  suspended in deionized wa te r  and, if n e c e s s a r y  (bradykinin, exper imen t s  
in vitro) s to red  a t -10~  and used a f t e r  a single f reez ing  and thawing. P ro te in  was de te rmined  by Low ry ' s  
method. Fo r  opt imal  detection of Na, K-ATPase  act ivi ty  the method [7] of t r ea tmen t  ( immediate ly  before  
determinat ion)  of a suspension of membrane  f rac t ions  with Na deoxycholate (DOC} (Schuchardt - Munich, 
West  Germany) was used. The suspension (3 mg pro te in /ml )  was t r ea t ed  for  30 rain (20~ with DOC in a 
final concentrat ion of 0.1% in 20 mlVl imidazole-HC1, pH 7.2. The act ivi ty  of the A T P a s e s  was de te rmined  
f r o m  the inc rease  in the content of inorganic phosphorus in the course  of the reac t ion  (20 rain, 37~ The 
reac t ion  was s t a r t ed  by the addition of ATP a f te r  preincubat ion for  5 min. Inorganic phosphorus in the 5% 
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TABLE 1. Effect of Bradykinin (8 pg/g)  on ATPase  Activity of Kidney 
and Brain Membrane Prepara t ions  (freshly isolated) 

Object, fraction 

Kidneys, microsomes 

Cerebral cortex, 
ll3icrogorrles 

Cerebral cortex, 
coarse mito- 
chondria 

,index 

+ m  
/l 
% 

M 

n 
% 

M 

n 
% 

ATPase activity (/amoles Pi/mg protein/h) 
normal bradykinin 

Mg- Na, Mg- 
ATPase ATPase ATPase 

-DOC 

17,4 
2,2 
8 

I +DOC --DOC[+D(X~. +DOC 

9,2 
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5 
100 

10,5 
0,7 
7 

100 

8,1 

10O 

2,2 6,0 
1,0 0 ,5  
8 5 

- -  100 

4.6 8,8 
0.9 0,5 
6 7 
-- 100 

3,6 5,8 %6 
- -  100 

l l , l  
1,0" 
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120 

11,7 
0,9 
8 

111 

8,9 

109 

12,0 
1,3 
6 

10,4 
ig2 

Na, K- 
ATPase 

+DOC 

8,8 
0,6 
7 

145* 

11,6 
0,7 
5 

132" 

7,2 
0,75 

6 
124 

Legend: 1) in the "normal"  columns ATPase  activity is shown with- 
out ( - )  and with (+) DOC t rea tment ;  2) n gives number of exper i -  
ments;  3) resul ts  for  which P <0~ a re  marked by an asterisk~ 
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Fig. 1. Kidney microsomal 

ATPase activity as a function 

of pH (mean results from 4-6 

exper iments) :  1} Na, K-ATPase ,  
2) Mg-ATPase .  Absc issa ,  pH 
units ; ordinate,  activity of 
ATPases  (in pmoles  P [ / m g  p ro -  
te in/h) .  

TCA-supernatant  was determined photocolor imetr ica l ly  [8] at 700 
nm (Spekol, East  Germany). The Na, K-ATPase  activity in mic ro -  
moles P i / m g  p r o t e i n / h  was calculated f r o m  the difference between 
the activities of total and Mg-ATPase;  in addition, the Na, K-ATPase  
activity was verif ied by the addition of 0.1 mm ouabain (Calbiochem, 
USA) to the sa~nples. The composition of the incubation sample (1 
ml) for  the brain fract ions was (in mil l imoles) :  NaC1 100, KC1 20, 
MgC12 5, ATP-Na  2 (Reanat, Hungary) 2, imidazole-HCl,  pH 6.6, 50, 
and protein 100-400 pg; for  kidney mic ro somes :  NaC1 170, KC1 6, 
MgC12 7.5, the remaining components in the same amounts.  The pH 
of the incubation medium was 6.6. Bradykinin t r iaceta te  (Reanal, 
Hungary) was injected into the caudal vein of the ra ts  in a dose of 
100 pg in 0.1 ml 0.14 M NaC1 (8 pg /g  body weight). Exposure las ted  
20 rain. 

EXPERIMENTAL RESULTS AND DISCUSSION 

It must first be pointed out that the treatment of kidney and 

brain microsomes and the fraction of coarse brain mitochondria 

with DOC led to a marked decrease  in Mg-ATPase activity and an increase in Na, K-ATPase  activity, which 
was par t icu lar ly  marked in the case of the rat  kidney mic rosomes  (Table 1). When membrane preparat ions  
are t reated with DOC it is important to allow for the concentrations of DOC and protein in the suspension 
and the pH of the medium. The pH optimum for the determination of ATPases  in the present  experiments  
for kidney mic rosomes  was 6.6 (Fig. 1). 

The investigations showed that in the experiments  in vitro bradykinin, over  a wide range of concent ra-  
tions (10-3-10 -12 NO did not affect the activity of rat  kidney microsomal  Mg- and Na, K-ATPases  even after  
p re l iminary  incubation of the polypeptide with the enzyme preparat ion for  10 rain. 

A s tat is t ical ly  significant activation of the microsomal  Na, K-ATPase  of the brain (32%) and kidneys 
(45%) and a tendency for this activity to increase  in the fraction of coarse  brain mitochondria were observed 
20 rain after  the injection of bradyinin into the caudal vein of the rats .  The Mg-ATPase activity in the test  
fract ions was unchanged after  the action of bradykinin. These findings indicate a specific and unidirectional 
change in the activity of the t ranspor t  Na, K-ATPase  of kidney and brain membrane preparat ions .  
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Evidence that AP (angiotensin and vasopressin)  influence the t r anspor t  of Na 22 and K 4~ through cell  
membranes  ig given in the l i t e ra tu re  [9, 10]: However,  the question of whether  the action of AP on t r ans -  
port  Na, K-ATPase  is d i rect  or  indirect  has not yet been finally sett led. It is stated that vasopress tn  [4] 
and angiotensin [4, 5], in exper iments  in vi t ro  in concentrat ions of 10 . 8 - 1 0  -2 M, modera te ly  activate mic ro -  
somal Na, K-ATPase  f r o m  the hypothalamus, intestine,  and adrenals  but do not affect the microsomal  Na, 
K-ATPase  of the ce rebra l  cor tex.  Vasopress in  in high concentrat ions in vivo inhibits the mierosomal  Na, 
K-ATPase  activity of the kidneys [6]. The action of AP on membrane permeabi l i ty  is evidently specif ic  in 
different t issues  and, in addition, the action of different APs may be select ive.  

The activation of microsomal  Na, K-ATPase  of the ra t  kidney and brain on contact with bradykinin 
observed  in the present  exper iments  can be at tr ibuted to various causes:  disturbance of the conformation 
of the membranes  and of the functions of the endogenous regula tors  of Na, K-ATPase  activity and of active 
t ranspor t  of cations,  such as cateeholamines and hormones [11] or  Ca ++ ions. The in t racel lu lar  Ca++ is 
an effective inhibitor of the Na, K-ATPase  of the kidneys [12], brain [13], and e ry th rocy tes  [14]. The effect  
of AP on Ca++ t ranspor t  through membranes  has been descr ibed  in the l i t e ra ture  in the case of angiotensin 
[15], which intensifies the outflow of Ca++ f rom Ca45-1oaded mic rosomes  of the muscular  coat of the rabbit  
aorta .  Fur the r  exper iments  will reveal  the f iner  details of the mechanism of the activation by bradykinin 
of the microsomal  Na, K-ATPase  of cer ta in  t i ssues ;  this is of grea t  importance to r e s e a r c h  into the way in 
which the various plasma kinins par t ic ipate  in the disturbances of membrane permeabi l i ty  of endothelial and 
other  cells  during the development of acute inflammation. 
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