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The p roces s  of aging is cha rac t e r i zed  by l imitat ion of the functional capaci ty of var ious organs and 
t i s sues ,  including the brain [8]. T h e r e  is r eason  to suppose that an important  ro le  in the or igin of these  dis-  
tu rbances  is played by the energy  deficiency which develops with age. 

To study the metabol ic  mechan i sms  of age changes in the brain,  an impor tant  contribution could be made  
by an examination of  the s ta te  of t r anspo r t  Na, K-ATPase  in old age and changes in i ts activity under the influ- 
ence of acetylcholine (ACh). It has been shown that ACh inhibits Na ,K-ATPase  in brain ra i c rosomes  [3] and 
synaptosoraes [2, 4], and thus helps to regula te  exci tat ion p r o c e s s e s  in the neuron.  T h e r e  have been isolated 
studies of brain A T P a s e  act ivi ty in the late stages of  ontogeny [5-7], but these were  conducted on the whole 
bra in  without different iat ion of its pa r t s .  The resu l t s  of these  investigations have proved cont~adictery.  

The  object  of this  investigation was to de te rmine  Na ,K-ATPase  act ivi ty in mic roso raes  of  the ce reb ra l  
c o r t e x  and the effect  of  ACh on i t  in animals  of  d i f ferent  ages .  

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

E xper iments  were  c a r r i e d  out on noninbred albino r a t s  aged 6-7 months {mature) and 25-26 months 
(old). The an i raa l swere  decapitated,  the brain was r emoved  as quickly as possible ,  and the co r t ex  was sepa-  
r a t ed  f rom the white m a t t e r  of the hemispheres .  Cor t ica l  t i s sue  was homogenized in 0.32 M sucrose  with 
0.01M Tris-HC1 buffer ,  pH 7.4, for  30-40 sec in a glass  homogenizer  with Teflon pest le .  Microsomes  were 
obtained by different ial  centr i fugat ion (40,000g, 1 h) of the supernatant  obtained af te r  removal  of nuclei  and 
ra i tochondria .  The f rac t ion thus isolated was resuspended in isolation medium and used af te r  a single f reezing 
and thawing. 

Total  A T P a s e  activity was de te rmined  in medium (final volume 2 ral) containing (in raM): NaC1 100, 
KC1 20, ATP-Na  2 2, MgC12 2, and 150-170 ~g microsoraa l  protein o r  250-300/~g protein of horaogenate. Mg- 
A T P a s e  activity was de te rmined  in an identical  solution in the p re sence  of strophanthin K (0.1 raM). Expe r i -  
mental  samples  contained ACh in a concentra t ion of 6 raM. The reac t ion  (15 rain, 37~C) was s ta r ted  by addition 
of the subs t ra te .  It was stepped by the addition of an equal volume of cold 10% TCA. Inorganic phosphorus 
was de te rmined  in the supernatant  [11]. P ro te in  was de termined  by Lowry ' s  method [12], a f te r  p re l iminary  
des t ruct ion  of the m e m b r a n e  with 2% sodium deoxycholate.  

Na ,K-ATPase  activity was calculated as the di f ference between total and Mg-ATPase  activity.  
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TABLE 1. A T P a s e  Act iv i ty  (in ~ m o l e s  Pi/mg 
p r o t e i n / h )  of  C e r e b r a l  Cor t i ca l  M i c r o s . r u e s  of 
Rats  of  Dif ferent  Ages  

Age of animals 

6--7 months 
24--26 months 

Na, K-ATPase Mg-ATPase 

5.46+_0,48 (lO) I8,78+1,01 (10) 
3,8l+_0.47" (8) 21,59• (8) 

Legend.  N u m b e r  of expe r imen t s  indicated in 
pa ren theses .  A s t e r i s k  indicates  significant  
d i f ference  (P < 0.05) f rom f i r s t  age group.  

-20 1 

_ 30 Lo$ 
Fig. 1. Changes  in c e r e b r a l  corti- 
cal m i c r o s . r e a l  A T P a s e  activi ty in 
r a t s  of  d i f ferent  ages  under  the in-  
f luence of ACh (activity in control  
taken as  100%). Unshaded columns  - 
m a t u r e ,  shaded c o l u m n s -  old ra t s ;  
1) N a , K - A T P a s e ,  2) M g - A T P a s e .  

EXPERIMENTAL RESULTS 

Table 1 shows that Na,K-ATPase activity in the brain micros.rues fell during aging by 30% whereas 
Mg-ATPase activity increased~ A similar pattern of age dynamics of ATPase activity was found when a homog- 
enate of the cerebral cortex of animals of these ages was studied. However, investigations of the homogenate, 
unlike that  of the m i c r o s . r e a l  f rac t ion ,  r evea l e d  no d i f fe rences  in speci f ic  act ivi ty of M g - A T P a s e  in the m a t u r e  
and old rats. 

In mature animals ACh (6 nflVI) inhibited Na,K-ATPase activity much more strongly (by 25%, P < 0.001) 
than in old an imals  (by 8%; ]P < 0.05). Meanwhile,  m a r k e d  inhibition of M g - A T P a s e  act ivi ty  (by 10%; P < 0.05) 
was found in the old r a t s ,  but not in the m a t u r e  an imals  (Fig. 1). 

The red i s t r ibu t ion  of A T P a s e  act ivi ty  during aging may  be due to s eve ra l  causes ,  above all to an age 
modif ica t ion  of the env i ronment  of the enzymes  on the m e m b r a n e .  It  has been shown [1] that  a deciding fac to r  
in the modula t ion of N a , K - A T P a s e  act ivi ty  is the physical  s ta te  of  the m e m b r a n e  and, in pa r t i cu la r ,  the phys i -  
c . c h e m i c a l  s ta te  of the l ip ids .  T h e r e  is informat ion  in the l i t e r a t u r e  on changes  in the fa t ty  acid composi t ion  
of total  l ipids and phospholipids of bra in  t i s sue  in old r a t s  [10] and, in pa r t i cu la r ,  of the brain  m i c r o s . r u e s  [9], 
with a d e c r e a s e  in the content of  unsa tu ra ted  fatty acids and an i nc r ea se  in the content of  lipid peroxides  [13]. 
These  age changes  in the cell  m e m b r a n e s  m a y  t h e m s e l v e s  lead  to a reduct ion in the ac t iv i ty  of  t r a n s p o r t  
N a , K - A T P a s e  and a change in the effect  of ACh on the act ivi ty  of th is  enzyme in old age. However ,  they do 
not ru le  out the poss ib i l i ty  that  during aging the number  of  N a , K - c e n t e r s  on the m e m b r a n e  may  be reduced  
and the s t ruc tu re  of  the enzyme molecu le  i t se l f  changed.  
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The physiological role of phospholipids (PL) as essential components of biological systems in living 
organisms is evident; PL are known to participate in the regulation of activity of membrane-bound enzymes 
[12], of insulin secretion [5], limitation of glycolytic reactions in the brain [9], the adjuslanent of tissue 
sensitivity to the action of hormones [8], and compensation of a deficiency of the main energy substrate - 
glucose [2]. 

In the investigation described below changes in the qualitative and quantitative composition of PL in 
brain and liver tissue were studied in albino rats  with severe metabolic disturbances associated with alloxan 
diabetes, in the course of conversions of certain products of lipogenesis - free glycerol and L-~-glycero-  
phosphate (GP), and of the activity of the corresponding enzyme systems - glycerokinase (GK), L-~-glycero-  
phosphate dehydrogenase (GPD) in NAD-dependent (GPD-1) and NADH-dependent (GPD-2) systems. 

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

Diabetes was induced in noninbred albino rats  of both sexes weighing 170-200 g by intraperitoneal in- 
jection of alloxan in a dose of 15 rag/100 g body weight. Animals with a blood glucose higher than 180 rag% 
were killed on the 20th day of the disease, and chloroform-methanol extracts of PL from acetone powders of 
brain and liver were fractionated by linear ascending chromatography on FN-11-Filtrak (East Germany) 
paper, soaked in silicic acid [10]. The quantity of free glycerol [4], activity of GK and GPD-1, and the GP 
level were determined in the f~action obtained at 1700g by a m[crospeetrophetometric method [7], GPD-2 
activity was determined as in [6], and the blood glucose was estimated by the orthotoluidine method. A 
mixture of phosphotrioses was obtained by Meyerhof's method [11]. 

E X P E R I M E N T A L  R E S U L T S  

An increase in the total acid PL (APL) by about 62% was found in the brain tissue of albino rats on the 
20th day of aUoxan diabetes, accompanied by a relatively stable level of total and neutral PL (NPL), mainly 
on account of a twofold increase (by 121%) in the content of cardiolipins (CL), which play an important role 
in regulation of the activity of respiratory chain enzymes [8]. The possibility cannot be ruled out that the 
observed increase in the CL level may be a compensatory-adaptive reaction of the body due to inhibition of 
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