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INTRODUCTION 

The ionic concentration gradients between the inside of the nerve cells and its 
outside are generally considered as the energy source of the action potentials propagating 
nerve impulses. The maintenance of these gradients and the restoration following 
activi ty requires metabolic energy. I t  has been reported that  both glucose and L- 
glutamate must be present in the medium, in aerobic conditions, to prevent loss of 
potassium from slices of rabbit  and guinea pig brain cortex 1. When present alone, 
neither glucose nor L-glutamate prevented the loss. Glutamate could be replaced by 
aspartate,  but not by  other amino acids. 

In this paper  observations are reported in which the rate of entry of potassium 
into slices of rabbit  brain cortex has been measured. The effect of addition of L-glutamate 
and aspartate  to the medium upon this rate has been tested. 

METHODS 

The p r e p a r a t i o n  of r a b b i t  cor t ica l  slices b y  means  of the  S tad ie -Riggs  slicers has  been descr ibed 
in the  p reced ing  c o m m u n i c a t i o n  S. Slices we igh ing  a b o u t  50 to  7 ° mg  wet  weight ,  were k e p t  in oxy-  
gena ted  Krebs- l~ inger  so lu t ion  for 25 min  in order  to  a d j u s t  the  cells to  the  medium.  The  solu t ion  
had  the  fol lowing compos i t i on :  o.9 % sod ium chlor ide - I iO p a r t s ;  1.15 % p o t a s s i u m  chlor ide  - 
4 p a r t s ;  1.22 % CaC12 - 3 p a r t s ;  2 .11% t ( H 2 P O  4 - I p a r t ;  3.82 % MgSO4H20 - i p a r t ;  1. 3 % N a H O  s 
- 3 p a r t s ;  12 % :N'a~ttPO 4 buffer - 3 p a r t s ;  5.4 % glucose - 5 P artsa. T e m p e r a t u r e  23 °. 

-When requi red  the  p H  of the  so lu t ion  was  ad jus t ed  b y  v a r y i n g  the  ra t io  of mono- to  di-basic  
sod ium p h o s p h a t e  of the  buffer. A t  p H  5.0 the  so lu t ion  was  v i r t u a l l y  unbuffered.  The  p H  of the  
so lu t ions  used for the  i ncuba t ion  was  checked a f te r  the  expe r i men t a l  run  and  was  found not  to  
h a v e  va r i ed  s ignif icant ly .  

Af te r  25 rain p re -exposure  the  t i ssue  was t rans fe r red  to  a solut ion of the  same  composi t ion ,  
in which,  however ,  p a r t  of the  p o t a s s i u m  was  replaced b y  a r ad ioac t ive  species, ~2K. At  va r ious  
t imes  t i ssue  slices were removed,  qu i c k ly  washed  b y  d ipp ing  3-4 t imes  in to  a series of Krebs -R i nge r  
so lu t ion  w i t h o u t  i sotopes  or isotonic  NaC1, b lo t t e d  l i gh t l y  and  p la ted .  The  t i ssue  was  dr ied  under  
an inf rared  l a m p  and  then  counted.  Counts  are  repor ted  in n u m b e r s  per  mg  d ry  t i ssue  pe r  ioo  seconds. 

In  the  e x p e r i m e n t s  des igned to  s t u d y  the  effects of p H  the t i ssue  slices were aga in  p re -exposed  
for 25 rain and then  t r ans fe r red  in to  the  t es t  solut ion of iden t ica l  p H  b u t  con t a in ing  ~ZK. Af te r  
20 rain i ncuba t ion  the  t i ssue  slices were r emoved  and t r e a t ed  as above.  

* This  i n v e s t i g a t i o n  was suppor t ed  by  a g r a n t  f rom the  Atomic  E n e r g y  Commission.  
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In  the  expe r imen t s  i n v e s t i g a t i n g  the  effect of L-g lu tamate  or a s p a r t a t e  in o,o3 M concen t r a t ion  
on the  r a t e  of e n t r y  of 42K, these  amino  acids  were added  to  the  media .  I so t on i c i t y  was m a i n t a i n e d  
b y  cor respond ing  r educ t ion  of t i le  concen t ra t ion  of NaCl. Again,  p re -exposure  t i m e  was  25 min  
and  the  i ncuba t ion  t ime  20 rain a t  23 °. 

O x y g e n a t i o n  of the  so lu t ions  was  con t inued  t h r o u g h o u t  t i le  e x p e r i m e n t a l  procedure .  

RESULTS 

The rate of entry of 42K into cortical tissue slices is seen in Fig. I. After 35 rain 
equilibrium was a t ta ined between the concentration of 42K in the cell and in the sur- 
rounding fluid. The slope of the curve at  the 20 rain interval  exhibits a rate of change 
sufficiently rapid to manifest notable differences in the velocity of penetrat ion of 42K 
into the slice under varying conditions. For  this reason experiments were run for 20 rain 
and the amount  of 42K in the slice measured. 
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Effect o/pH. Cortical slices which were exposed to solution of pH 5.o, 5.7, 7 .o and 
8.0 for 25 rain prior to incubation as well as during the 20 rain of incubation did not 
show differences in the rate of penetrat ion of ~K.  Each figure in the Table represents 
the average of 3 slices: 

T A B L E  I T A B L E  n 

p H Counts~rag~ z oo sec. Control Glutamate A s partate 

8.0 318o 8966 9000 - -  
7.0 3433 8250 - -  85oo 
5.7 368o 
5.0 34o6 

Elect o/ L-glutamate and aspartate. Slices bathed in L-glutamate or aspar ta te  and 
then incubated in the presence of these amino acids did not reveal any effect upon 
the rate  of entry  of 42K due to these dicarboxylic amino acids, as seen in Table II .  
Each figure represents again an average vahle of 3 determinations.  

DISCUSSION 

Changes of pH of the medium over a wide range did not affect the rate of entry 
of 42K into the cortical slices of rabbit .  Although the internal  pH of the ti"sne slices 
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was not measured, it seems fair to assume that  the processes responsible for the inward 
diffusion of K ions are not particularly sensitive to variation of pH. Similar experimental 
results were obtained in studies of the isolated giant axon cf Squid (WILSON unpublished 
experiments). 

The absence of an effect on the rate of penetration of K by L-glutamate cr aspar ta te  
is puzzling in view of the work of KREBS et al. indicating the importance of these amino 
acids in maintaining the cellular concentration of K in the brain 1. One might, therefore, 
expect an accelerated rate of K entry in the presence of L-glutamate or aspartate.  
However, the total  tissue K was not determined in the present experiments. I t  is 
therefore possible, and our experiments do not rule out the possibility, that  in the 
presence of glutamate,  the rate of inward diffusion may  be unchanged, but the final 
equilibrium may  be at tained at a significantly higher concentration of intracellular K. 
Another possibility is the assumption that  inward and outward diffusion of K ions are 
to a certain extent independent of each other and that  glutamate causes the retention 
of intracellular K, but  affects less markedly, if at all, the rate of entrance. This, however, 
does not seem kinetically a likely explanation. 

The author wishes to express his thanks to Dr DAVID NACHMANSOHN for stimulation 
and encouragement. ] 'he help of Miss RAJA ROSENBLUETH and Mr. RoY KISLIUK in 
these experiments is gratefully acknowledged. 

SUMMARY 

Rabbi t  cortical slices mainta ined in oxygenated  Krebs-Ringer  solution were exposed to 42K. 
The ra te  of pene t ra t ion  of this cation was determined and equil ibrium between medium and the  
inside of the ceil was noted to be a t ta ined in 35 minutes.  Variat ions in p H  of the external  milieu 
between p H  5.o-8.o did not  affect the rate  of 42K en t ry  into the cortical cells. The presence of L- 
g lu tamate  and aspar ta te  in the medium likewise did not  modify the rate  of a2K penetrat ion.  The 
in terpre ta t ion  of the lat ter  exper iments  offers some problems in view of certain results  of previous 
workers,  bu t  several explanat ions  are suggested. 

Rt~SUMt~ 

Des t ranches  de cortex de lapin maintenues  en solution Krebs-Ringer  oxyg6n6e ont  dr6 expos6es 
a2K. Nous avons d6termin6 la vitesse de p6n6trat ion e t a v o n s  constat6 que l '6quilibre entre  le 

milieu ambian t  et l ' int6rieur de la cellule est a t te in t  en 35 minutes.  Les var ia t ions  du p H  du milieu 
de 5.o /~ 8.o n ' ava ien t  pas d'effet sur  la vitesse de p6n6trat ion de 42K darts les cellules corticales. 
De mSme, la pr6sence d'acide L-glutamique et d'acide aspar t ique  dans le milieu n 'affectai t  pas cette 
vitesse. L ' in terpr6ta t ion  de ces derni~res exp6riences offre quelques difficult6s en vue de certains 
r6sultats  obtenus  par  d ' au t res  chercheurs, mais des explications de ce d6saccord sont  pr6sentdes. 

Z U S A M M E N F A S S U N G  

Cortex-Scheiben (Kaninchen) in einer Krebs-Ringer  L6sung wurden  in a2K-haltige LSsungen 
getaucht .  Die Geschwindigkeit ,  mi t  welcher dieses Kat ion  in die Zelle eindringt, wurde bes t immt  
und festgestellt, dass das Gleichgewicht zwischen dem Milieu und  dem Zellinnern in 35 Minuten 
erreicht ist. pH-Varia t ionen yon 5.o bis 8.0 in der LSsung ha t t en  keinen Einfluss auf die gemessene 
Geschwindigkeit  yon aeK. Ebenso waren L-Glutamins~iure und Asparagins~iure im Milieu ohne Einfluss. 
Die In te rp re ta t ion  dieser letzten Versuche ist e twas schwierig im Hinblick auf gewisse Resultate  
anderer  Forscher;  hierfiir werden mehrere Erkl~rungen vorgeschlagen. 
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