
E F F E C T  O F  P S Y C H O S T I M U L A N T S  ON M E M B R A N E  

P E R M E A B I L I T Y  T O  K 42 IN D I F F E R E N T  P A R T S  

O F  T H E  R A T  B R A I N  

G.  I .  A b s a v a  UDC 615.214.3.015 : 612.81.015. 
31 : 546.32]-087.45 

The effect  of psychos t imulan t s  on incorpora t ion  of K 42 into the t i s sues  of different  pa r t s  of 
the ra t  b ra in  was  studied. Amphetamine  (2.5 mg/kg) and p i r id ro l  (12.5 mg/kg) reduce  the 
pe rmeab i l i ty  of the diencephalon and mesencepha lon  to K 42. No effect  was  found in the ce -  
r e b r a l  cor tex .  Caffeine {25 mg/kg) increased  incorpora t ion  of the isotope into the cor t i ca l  
t i s sue ;  the pe rmeab i l i t y  of the diencephalon and mesencepha lon  was not affected. Amphet-  
amine and caffeine inc rease ,  while p i r id ro l  does not affect,  the pe rmeab i l i t y  of the medul-  
l a  to K ~ .  

The s t imulant  effect  of amphetamine ,  p i r idro l ,  and caffeine is accompanied  by changes in the d is -  
t r ibut ion of K + in different  pa r t s  of the b r a in  as the resu l t  of a d is turbance  of neuron m e m b r a n e  p e r m e -  
abil i ty [1, 2]. It has also been shown that the functional s ta te  of the CNS is la rge ly  dependent on the p e r -  
meabi l i ty  of the b lood-bra in  b a r r i e r  to K + [4, 9, 17]. The impor tan t  ro le  of changes in the pe rmeab i l i ty  
of the b ra in  to K 42 in the m e c h a n i s m  of action of ce r t a in  neuro t rop ic  drugs  has a l s o b e e n d e m o n s t r a t e d  [5, 16]. 

The effect  of psychos t imulan t s  on the pe rmeab i l i t y  of different  pa r t s  of the b r a in  to K ions was  stud- 
ied in this  invest igat ion.  

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

Psychos t imulan t s  we re  injected in t raper i tonea l ly  into albino r a t s  in doses  causing an inc rease  in 
moto r  act ivi ty without signs of dep res s ion  (amphetamine  2.5 mg/kg, p i r id ro l  12.5 mg/kg, caffeine 25 mg/~Kg). 
The an imals  we re  decapi ta ted  at the t ime of max ima l  mo to r  exci tat ion,  namely ,  1.0-1.5 h a f t e r  injection of 
the psychos t imulan t s .  An int ravenous injection of 20 #Ci K 42 was  given 10 rain before  decapitat ion.  The 
b ra in  was  carefu l ly  f reed  f r o m  meninges  and washed to r emove  blood. The y radia t ion of the isotope in 
intact  t i s sue s  of the c e r e b r a l  cor tex ,  diencephalon,  mesencephaton ,  and medul la  and also in the blood p la s -  
m a  was  counted on a scint i l la t ion counter  (type 770, F r i e s e c k e  und Hoepfner ,  West  Germany) .  The index 
of pe rmeab i l i t y  of the b lood-b ra in  b a r r i e r  was  the ra t io ,  e x p r e s s e d  as a percen tage ,  of the radioact iv i ty  
of the t i s sue  (pulses/min/g) to the radioact iv i ty  of p l a s m a  taken at the same  t ime  (in pu lses /min /ml) .  

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

The highest  rad ioac t iv i ty  of the isotope 10 rain a f te r  its injection into the control  r a t s  was  observed  
in the diencephalon and mesencephalon ,  and the lowest  in the c e r e b r a l  cor tex .  The radioac t iv i ty  of all 
pa r t s  of the b r a in  invest igated was  cons iderably  lower  than in the p l a s m a  (Table 1). Low pe rmeab i l i ty  of 
the b ra in  to K 42 has  also been  desc r ibed  by other  w o r k e r s  [7, 9, 10, 12, 15]. This phenomenon is specif ic  
for  b ra in  t i ssue ,  for the pe r iphe ra l  ne rves  adsorb  the isotope readi ly  [7]. 
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After  injection of amphetamine  and p i r id ro l  a dec rea se  in the 
pe rmeab i l i t y  of the diencephalon and mesencepha lon  to K 42 was ob- 
s e rved .  In the c e r e b r a l  co r t ex  nei ther  psychost imulant  had v i r tua l ly  
any action. Caffeine inc reased  the penet ra t ion  of K ~2 into the cor tex;  
the pe rmeab i l i t y  of the diencephalon and mesencepha lon  was unaffected 
by this  drug.  Amphetamine  and, in pa r t i cu la r ,  caffeine (but not piridrol)  
i nc reased  the pe rmeab i l i t y  of the medul la .  

Psychos t imulan t s ,  increas ing  moto r  act ivi ty but differ ing in the i r  
chemica l  s t ruc tu re ,  thus have an unequal action on the pe rmeab i l i ty  Of 
different  p a r t s  of the b ra in .  P r e s u m a b l y  this  fac tor  is one of many r e -  
sponsible  for  quali tat ive d i f fe rences  between the s t imulant  effects  of 
the phenyla lky lamines  (amphetamine  and piridrol)  and the purine b a s e s  
(caffeine).  However ,  even the ef fec t  of amphetamine  and p i r idro l ,  
c lose ly  s i m i l a r  in the i r  s t ruc tu re ,  on the penet ra t ion  of I~ 2 into ce r t a in  
p a r t s  of the CNS and, in pa r t i cu la r ,  into the medulla ,  is different .  It is 
in te res t ing  to note that  the sedat ive action of b a r b i t u r a t e s  of s imi l a r  
chemica l  s t ruc tu re  (thiopental and pentobarbital)  is a lso accompanied 
by different  changes in pe rmeab i l i ty  of the b r a in  to K 42 [16]. 

According to Cohn [6], the K isotope,  once it has  pene t ra ted  into 
the bra in ,  is a lmos t  comple te ly  local ized in the cell  phase.  The r e s u l t s  
of the p resen t  expe r imen t  showed that amphetamine  and p i r idro l ,  which 
lower  the pe rmeab i l i t y  of the b r a in  t i s sue  to K 42, at the same t ime  r e -  
duce the in t race l lu la r  K + concentra t ion  in the b ra in .  Caffeine,  however ,  
which i n c r e a s e s  the penet ra t ion  of K 42 into the bra in ,  does not affect  the 
in t r ace l lu l a r  K + [2]~ This  is evidently because  of an inc rease  in the 
"exchangeable"  f r ac t ion  of K + and a dec r ea se  in i ts  f rac t ion  which is  
not exchanged for  the injected isotope [10, 12]. The stable in t race l lu la r  
K + f rac t ion  is located in the mi tochondr ia  [13]. Caffeine i n c r e a s e s  the 
oxygen absorpt ion  by the b r a in  mi toehondr ia  [3] and can thus lead to the 
accumula t ion  of K + [8, 11]. Caffeine p r e s u m a b l y  br ings  aboutthe same  
red i s t r ibu t ion  of K + between the subcel lu lar  f rac t ions  as Ca ++ [14]. The 
in t r ace l lu la r  K + content r e m a i n s  unchanged under  these c i r c u m s t a n c e s .  

The author is gra teful  to Ass i s tan t  P r o f e s s o r  Yu. N. Kasatkin,  
Head of the Depar tmen t  of Radiology, Centra l  Pos tgradua te  Medical In- 
st i tute,  for  providing the fac i l i t ies  for  this  invest igat ion.  
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