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EFFECT OF PARATHORMONE AND THYROCALCITONIN 

ON Na, K-ATPase IN CEeLL MEMBRANES OF RAT 

BRAIN AND KIDNEY 

V. V. S h k o l o v o i  a n d  R.  N. G l e b o v  UDC 612. 822.1 + 612.46[. 015.14.014.46: 
[615.357.441 + 615.357.447 

The effect  of pa ra thormone  (PH) and thyroca lc i ton in  (TCT) on A T P a s e  enzyme s y s t e m s  of 
m e m b r a n e  p r e p a r a t i o n s  f rom the c e r e b r a l  co r t ex  and rena l  co r t ex  of r abb i t s  was studied 
in v i t ro  and in vivo. Both in v i t ro  and in vivo PH was found to i n c r e a s e  the ac t iv i ty  of t r a n s p o r t  
Na ,K-ATPase  and Ca-ac t iva ted  A T P a s e  in the ce i l  m e m b r a n e s  of the k idneys  and brain.  TCT 
produced s i m i l a r ,  but much l e s s  marked  changes in these A T P a s e s  only in expe r imen t s  in vivo. 
Both hormones  were  v i r t u a l l y  without effect  on M g - A T P a s e  ac t iv i ty  of the b ra in  and kidney 
m e m b r a n e s .  It is suggested that PH ac ts  d i r ec t ly  on membranous  s t r u c t u r e s  p o s s e s s i n g  
Na ,K-ATPase  act ivi ty ,  whereas  TCT acts  i nd i r ec t ly  on them. 

KEY WORDS: pa ra thormone ;  thyrocalc i tonin;  r a t  c e r e b r a l  and rena l  cor tex;  A T P a s e  act ivi ty.  

Under the influence of pa ra thormone  (PH) and thyroca lc i tonin  (TCT) the i n t r a c e l l u l a r  Ca 2+ concent ra t ion  
undergoes  changes in d i f ferent  d i r ec t ions  in d i f ferent  organs  and t i s s ue s  [2, 3]. The m e c ha n i s m s  of action of 
these hormones  a r e  not yet  c l ea r .  It was the re fo re  decided to inves t iga te  the effect of these hormones  on the 
ac t iv i ty  of cel l  membrane  Na ,K-ATPase ,  an enzyme re spons ib le  for the act ive t r a n s p o r t  of monovalent  cat ions .  
It is impor tan t  to note that i n t r a c e l l u l a r C a  2+ ions a re  r e g u l a t o r s  of N a , K - A T P a s e  ac t iv i ty  [4].  

In this  inves t iga t ion  the effect  of PH and TCT was s tudied in v i t ro  and in vivo on va r ious  A T P a s e s ,  in-  
cluding Na ,K-ATPase ,  f rom membrane  f rac t ions  of r a t  b ra in  and kidney t i ssue .  

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

Expe r imen t s  were  c a r r i e d  out on 64 r a t s  weighing I50-200g. PH (Hormon-Chemie ,  West  Germany) was 
injected subcutaneously  into the hind l imbs  of the r a t s  dai ly  for  5-40 days,  made up in 0.14 M NaCI in a volume 
of 0,2 ml,  equivalent  to a dose of 10 i.u. (2 Col l ip  u n i t s ) / 1 0 0 g b o d y  weight. In the expe r imen t s  in v i t ro  PH was 
diluted with 20 mM Tris-HC1,  pH 7.4, and added in d o s e s  of 0.0002, 0.02, and 2 i.u. TCT {from the All-Union 
R e s e a r c h  Inst i tute of Technology of Blood Subst i tutes  and Hormonal  P repa ra t ions )  was injected i n t r a p e r i t o n e -  
a l ly  for  2-30 days in a dai ly  dose of 5 i . u . / 1 0 0 g b o d y  weight. In the expe r imen t s  in vi t ro ,  TCT was diluted with 
0.14 M NaC1 and added in doses  of 0.0002 and 0.02 i.u. pe r  sample .  The m e m b r a n e  p r e p a r a t i o n s  used in the 
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T A B L E  1. E f f e c t  of P H  in  v i v o  on  A T P a s e  A c t i v i t y  of M e m b r a n e  P r e p a r a t i o n  f r o m  R a t  

B r a i n  a nd  K i d n e y s  ( in  ~t m o l e s  P i / m g  p r o t e i n / h ;  M ~: m)  

Experimental conditions 

Kidneys 

Na,K- 
ATPase 

Brain 

Na,K- 
A TPase Ca-AtPase Mg-ATPase Ca-ATPase Mg-ATPase 

Intact rats (n= 11) 9,4• 13,3-+0,3 6,0-+-0,6 6,0-+0,2 11,4-+0,2 5,8~0,4 

PH injected for 5 days (n = 5), % of 9 ,7--+0,3  12,2-+0,4 10,6-+0,4 7,4-+0,1 12,4-+0,3 8,2• 
control 104 92 177* 123" 109 141 * 

PH injected for 10 days (u= 5), % of 11,1-+0,2 14,0-+0,4 8,1-----0,4 8,3--+0,6 1116-+0,4 9,5-+0,6 
controi 118" 105 135" 138" 102 164" 

PH injected for 20 days (n = 5), % of 10,8• 14,8• 6,8-+ 1,0 9,4-+0,5 12,2• 9,3-----1,0 
control 115 111" 113 157" 107 160" 

PH injected for 30 days (n= 7), % of 10,7--~0,4 I4.9-+0,4 8,6-+0,5 8,6+0,7 12,2+--0,6 8,3-+0,5 
control 114" i t2" I43" 143" 107 143" 

10�9 
114" 

7,7---+0,3 
128* 

8,8--+0,4 
147" 

PH injected for 40 days (n= 5), % of 
control 12,9+0,5 

I13" 
14,0~0,5 

105 
6,9-+1,1 

119 

Legend to Tables 1 and 2: Membrane preparations isolated from tissues of one rat. Three parallel experiments set 
up in each case. 2. n) Number of animals. 3. Statistically significant results, compared with control, at the P < 0.05 
level indicated by asterisk. 

TABLE 2. Effect of PH in vitro on ATPase 

Activity of Membrane Preparation from 

Rat Brain and Kidneys (in # moles Pi/mg 
protein/h; M ~- m) 

Experiment al conditions ~ .~ lATPas e 

Without PH (n= 6) 6,4-+0,2 11,3~-0,417,2-+---0,6 

Addition of 0.0002 i.u. 

activity 

Addition of 0.02 i.u. PH 7.3+_0,4,]I0,9~0,5 9,6~-0,8 
(n = 6), % of initial 1 1 4 " 1 9 7 -  133" 
activity 

Addition of 2 i.u. PH ] 
(n= 6). % of initial 8,9-+0,3 110,5• !6,0---+0,8 
activity 139" I 93 [ 83* 

*Same as in Table 1. 

experiments were an unpurified fraction of mitochondria (10,000g, 10 min) after preliminary removal of the 

nuclear fraction (1000g, i0 rain) from homogenates of the cerebral cortex and renal cortex of rats. The frac- 

tions were washed twice with isolation medium (0.25 M sucrose, containing i0 mM Tris-HCl, pH 7.4). Activity 

of the ATPases was determined [5] from the degree of increase in the inorganic phosphorus (Pi) concentration 
during incubation (i0 rain, 37~ The composition of the incubation medium (in raM) was: ATP-Na 2 3, NaCI 

i00, KCI 20, Mg'CI~ 5, CaCI 2 5, Tris-HCl, pH 7.4, 50; protein 300-600 /~g per sample (2 ml). Activity of 

Na,K-ATPase was calculated from the difference between the total and Mg-ATPase. Hydrolysis of ATP in the 
presence of Mg 2+ and Ca2+was taken to be due to the activity of Mg' or Ca-ATPase, respectively. Pi [Ii] and 

protein [13] were determined colorimetrically. The experimental results were subjected to statistical analy- 
sis using the Student-Fisher criterion [6]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

A f t e r  a d m i n i s t r a t i o n  of P H  in v i v o  f o r  d i f f e r e n t  t i m e s ,  c o n s i d e r a b l e  a c t i v a t i o n  of N a , K - A T P a s e  and  

C a - A T P a s e  w a s  found  in t h e  m e m b r a n e s  of b o t h  b r a i n  and  k i d n e y s ;  in  t h e  l a t t e r  e a s e  t h e  a c t i v a t i o n  w a s  m o r e  

m a r k e d  f o r  b r a i n  t i s s u e  ( T a b l e  1). It i s  i n t e r e s t i n g  to n o t e  t h a t ,  d u r i n g  p r o l o n g e d  a d m i n i s t r a t i o n  of  PH ,  t h e  

e f f e c t  of N a , K - A T P a s e  a c t i v a t i o n  g r a d u a l l y  d i m i n i s h e d ,  p o s s i b l y  on a c c o u n t  of t h e  a c c u m u l a t i o n  of a h i g h  i n t r a -  

c e l l u l a r  C a 2 + i o n  c o n c e n t r a t i o n .  A c t i v i t y  of  M g - A T P a s e  in  t he  b r a i n  and  k i d n e y  t i s s u e  w a s  v i r t u a l l y  u n c h a n g e d  
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after the action of PH in vivo. The possibil i ty cannot be ruled out that PH interacts  direct ly with memb~ranous 
s t ruc tures  possess ing  Na,K-ATPase  activity, for in experiments  on membrane  preparat ions  of rat  ce rebra l  
cor tex in which various doses of PH were added in vitro, a s imi la r  activating effect was found (Table 2). In 
that case also, Ca-ATPase  was activated, whereas  Mg-ATPase  activity was unchanged. Just  as in the experi-  
ments in vivo, in experiments  in vitro in which large doses of PH were tested, the effect of activation of brain 
Na,K-ATPase  was reduced. 

Less  regular  changes in ATPase  activity in the membrane  preparat ions  f rom brain and kidney were 
found in response to the action of TCT. A significant increase  in activity of Na,K-ATPase  in brain membrane 
preparat ions  and an increase  in Ca -ATPase  activity in kidney preparat ions  were observed only in the ear ly  
stages of administrat ion of this hormone (2rid and 5th days). In the doses used, TCT evidently had no direct  
effect on ATPase,  and the effects that were observed could have been due to compensa tory  hyperproduction of 
PH. In pre l iminary  experiments  in vitro TCT had no significant effect on ATPase  activity in membrane prep-  
arat ions from the rat ce rebra l  cortex. 

There  are interest ing data in the l i terature  on activation of Na,K-ATPase  in the membranes  of the liver, 
kidneys, and skeletal muscles  of ra ts  by thyroid hormones [10], in the m i c r o s o m e s  of the rat  hypothalamus by 
angiotensin II [12],  in the m i c r o s o m e s  of the rat  kidney and ce rebra l  cortex by bradykinin [8],  in the m i c r o -  
somes of the rabbit heart  by insulin [7] ,  and in membranes  of the rat  kidney by vasopress in  [1].  The action 
of these hormones and active polypeptides, as of the hormones PH and TCT studied in the present  investiga- 
tion, on the Na,K-ATPase  of cell membranes  may be exerted indirectly through functional sys tems of cyclic 
nucleotides. By interacting with receptors ,  PH is known to cause the accumulation of cyclic AMP in the t is-  
sues [ 9], and cyclic AMP-dependent protein kinase can phosphorylate the proteins of cell membranes ,  thereby 
controlling their  permeabfli ty.  

PH thus st imulates the function of t ranspor t  ATPase  sys tems  of the kidney and brain cell membranes .  
The action of PH thus revealed may be considered to be connected with one of the clinical manifestations of 
hyperparathyroidism,  namely the mass ive  deposition of Ca 2+ in the t issues .  
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