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sens i t ive  s t r u c t u r e s  l ike t he  dorsa l  l o n g i t u d i n a l  l i g a m e n t  8, 
t he  d u r a  a n d  t h e  n e r v e  roo t  could  be  i r r i t a t e d  b y  t h e  
l eakage  of ac id  me tabo l i t e s .  I t  is d o c u m e n t e d  t h a t  pa in  
will ar ise  in  t i ssues  showing  low p H  0-12 

I t  is t h u s  poss ible  t h a t  some cases of l u m b a r  r h i z o p a t h y  
could  be  due  to  t h e  d e m o n s t r a t e d  increase  in lac t ic  acid. 

Zusammen]assung. An 10 P a t i e n t e n  w u r d e  das  w i ih rend  
de r  O p e r a t i o n  im Discus  gemessene  p H  m i t  d e m  L a k t a t -  
spiegel des  in de r se lben  Zei t  e n t f e r n t e n  Nuc leus  pu lposus  
in  K o r r e l a t i o n  geb rach t .  Mi t  a b s t e i g e n d e n  p H - W e r t e n  
wa r  de r  L a k t a t s p i e g e l  h6her .  E s  wi rd  d e m  e r h 6 h t e n  
L a k t a t s p i e g e l  de r  l u m b a r e n  B a n d s c h e i b e n  eine m6gl iche  
Rol le  in  de r  P a t h o l o g i c  e iniger  l u m b a r e r  R h i z o p a t h i e n  
zugeschr ieben .  
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Uptake  of s o m e  A m i n o  Acids  by Rat Bra in  Slices:  E f f e c t  o f  Various  Subs tra te s  

The  s tud ies  of STERN et  al.L ABADOM a n d  SCHOLE- 
FIELD Z, a n d  NEAME 3 h a v e  e s t ab l i shed  t h a t  ce rebra l  slices 
i n c u b a t e d  in a su i t ab l e  m e d i u m  are  able  to  c o n c e n t r a t e  
a m i n o  acids aga in s t  a c o n c e n t r a t i o n  g rad ien t ,  as do o t h e r  
t i ssues  4. Severa l  d i s t i n c t  t r a n s p o r t  s y s t em s  h a v e  been  
desc r ibed  for neu t r a l ,  acid,  bas ic  a n d  he te rocyc l i c  amino ,  
acids  of s imi la r  cha rge  a n d  s t r u c t u r e  5. T h e  e x t e n t  to  
wh ich  r a t  ce rebra l  slices can  ac t i ve ly  c o n c e n t r a t e  glycine  
ha s  b e e n  s h o w n  to  co r re l a t e  w i t h  c o n c e n t r a t i o n  of aden -  
osine t r i p h o s p h a t e  p r e s e n t  in  t he  t i ssue  2 

The  p r e s e n t  p a p e r  e x a m i n e s  t he  effects  of glucose a n d  
g lycoly t ic  a n d  ci t r ic  ac id  cycles i n t e r m e d i a t e s  on  the  r a t e  
of a c c u m u l a t i o n  of some a m i n o  acids.  T h e  levels of aden -  
osine t r i p h o s p h a t e  a n d  p h o s p h o c r e a t i n e  h a v e  been  
m e a s u r e d  in t h e  p resence  of t he  same  s n b s t r a t e s ;  t he  
effects  of a n o x i a  a n d  of m e t a b o l i c  i n h i b i t o r s  h a v e  also 
been  inves t iga t ed .  

Methods. Cor t ica l  b r a i n  slices (0.35 m m  th ick)  were  
p r e p a r e d  f rom a d u l t  S p r a g u e - D a w l e y  r a t s  wh ich  were  
r ap id ly  d e c a p i t a t e d  w i t h o u t  a n a e s t h e s i a ;  t h e  slices were  
i n c u b a t e d  in t he  K r e b s - R i n g e r  b i c a r b o n a t e  sal ine m e d i u m  
p rev ious ly  desc r ibed  6. I n  t h e  a n a e r o b i c  e x p e r i m e n t s  
K r e b s - R i n g e r  p h o s p h a t e  buf fe r  was  used  u n d e r  100% N ,  
a t m o s p h e r e  w i t h  yel low p h o s p h o r u s  in  t he  cen t r e  well of 
t h e  conica l  \ V a r b u r g  vessels.  S u b s t r a t e s  were neu t r a l i z ed  
w i t h  N N a O H ,  if necessary ,  a n d  t h e  co r r e spond ing  a m o u n t  
of N a  + was  o m i t t e d  f rom t h e  saline.  Af te r  i n c u b a t i o n ,  
t h e  slices were  p icked  up  w i t h  a b e n t  s i lver  wire, d r a i n e d  
on  glass u n t i l  no  more  c lear  f luid came  off, we ighed  on  a 
t o r s ion  ba lance ,  a n d  h o m o g e n i z e d  in 2 ml  o f  6 %  cold 
t r i ch lo race t i c  acid (TCA). T h e y  were  t h e n  dr ied  a t  105 °C 
for  6 h, a n d  t h e  t i ssue  w a t e r  c o n t e n t  ca lcu la ted .  L- t ryp to -  
p h a n e  7, L-his t id ine  s, L_arginine 9 a n d  L-proline 10 (Calbio- 
chem,  Los Angeles) were a n a l y z e d  co lo r imct r i ca l ly  a f t e r  
cen t r i fuga t ion .  All  r e su l t s  were  co r rec ted  w i t h  b l a n k s  of 
t i s sues  c o n t a i n i n g  no a m i n o  acids in  t h e  s u s p e n d i n g  
m e d i u m .  1-C14-L-glutamic acid,  1-C 14 glycine,  1-C 14 ~'- 
a m i n o - b u t y r i c  acid (Calbiochem) were d e t e r m i n e d  b y  
a d d i t i o n  of 0.5 ml  dep ro te in i zed  s u p e r n a t a n t  to  7 ml  of 
l iqu id  sc in t i l l a t ion  f luid n a n d  c o u n t e d  for 7 ra in  in a n  
E l l io t  I .D.L.  l iqu id  sc in t i l l a t ion  spec t rome te r .  I n t e r n a l  
s t a n d a r d s  were  used to  cor rec t  for  s ample  quench ing .  
Ca lcu la t ions  were  based  on  m e a s u r e m e n t s  of t o t a l  t i s sue  
r ad ioac t i v i t y ,  a n d  no  co r rec t ion  was  m a d e  for 14CO 2 
evo lu t ion ,  or  t h e  poss ib le  p resence  of o t h e r  labe l led  
me tabo l i t e s .  As b r a i n  slices a c c u m u l a t e  w a t e r  a n d  e lect ro-  

ly tes  d u r i n g  i n c u b a t i o n ,  resu l t s  were  expressed  as m m o l e s  
of a m i n o  acid/1 t i ssue  water ,  al l  a m i n o  acids  be ing  a s s u m e d  
to  be  even ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  t i s sue  wate r .  

Results and discussion. I t  h a s  p rev ious ly  b e e n  s h o w n  
t h a t  a m i n o  acid c o n c e n t r a t i o n  reaches  a c o n s t a n t  level  
a f t e r  40 m i n  i n c u b a t i o n  in I ( r e b s - R i n g e r  b i c a r b o n a t e  
glucose sal ine 1~. I n  t h e  p r e s e n t  s t u d y  ac t ive  c o n c e n t r a t i o n  
can  be  seen to  occur  in  ce rebra l  slices u n d e r  s imi la r  con-  
d i t i ons  of L-glutamic,  L-hist idine,  g lycine  a n d  y -amino-  
b u t y r i c  acid (Table  I). Th i s  a c c u m u l a t i o n  was  m u c h  
d i m i n i s h e d  in t h e  absence  of s u b s t r a t e  (Table  I). Sub-  
s t r a t e s  could be  d iv ided  in to  2 g roups  b y  t h e i r  ef fect :  
(1) m a x i m u m  a c c u m u l a t i o n  of a m i n o  acids occu r red  in 
t he  p resence  ot glucose, p y r u v a t e ,  l a c t a t e  a n d  oxalo-  
ace ta t e ,  (2) succ ina te  a n d  f u m a r a t e  a lways  gave  t h e  
lowes t  a m i n o  acid levels  n o t  s ign i f i can t ly  h i g h e r  t h a n  in 
t h e  absence  of subs t r a t e .  T h e  levels  of ene rgy- r i ch  phos-  
p h a t e  m a i n t a i n e d  b y  r a t  b r a i n  slices d u r i n g  i n c u b a t i o n  
w i t h  d i f f e ren t  s u b s t r a t e s  a re  s h o w n  (Table  I I ) ,  a n d  t h e r e  
a p p e a r s  to  be  a co r re l a t ion  b e t w e e n  t h e  t o t a l  a m o u n t  of 
labi le  p h o s p h a t e  a n d  t h e  r a t e  of a m i n o  acid a c c u m u l a t i o n .  
D u r i n g  hypox ia ,  a n d  in t h e  p resence  of m e t a b o l i c  i n -  
h ib i to rs ,  t h e r e  was a m a r k e d  decrease  or  l ack  of a c c u m u -  
l a t i on  of a m i n o  acids  (Table  I). T h e  u n c o u p l i n g  a g e n t  
2-4 D N P  also s t r o n g l y  d i m i n i s h e d  t h e  up t ake .  All  these  
e x p e r i m e n t a l  cond i t ions  a re  k n o w n  to  r educe  t h e  levels  of 
p h o s p h o c r e a t i n e  la. These  resu l t s  con f i rm  t h e  d e p e n d e n c e  
of th i s  process  on  cel lular  s tores  of ene rgy- r i ch  corn- 
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Table I. Amino acid accumulation in cerebralslices 
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Substrate Amino acids (mmoles[1 tissue water) 
Glycine y Aminobutyric Glutamic Arginine Histidine Proline Trypto- 

acid acid phane 

None added 3.86 4- 0.21 3.50 4- 0.18 7.62 + 0.58 1.36 4- 0.25 6.05 4- 0.64 1.62 4- 0.09 2.76 4- 0.20 
(6) (6) (6) (6) (6) (6) (6) 

Glucose 9.25 4- 0.85 7.68 -b 0.42 10.84 4- 0.76 2.30 4- 0.17 9.90 4- 0.72 4.97 4- 0.2 3.50 ::[: 0.18 
(12) (10) (10) (12) (12) (12) 02) 

Pyruvate 8.39 4- 0.82 8.70 4- 0.75 10.34 -b 0.68 1.45 4- 0.2 6.7 4- 0.56 2.85 4- 0.21 3.16 4- 0.24 
(8) (8) (10) (10) (8} (8) 

Lactate 11.46 4- 0.85 3.80 4- 0.43 11.8 4- 0.9 2.95 4- 0.2 4.8 4- 0.49 3.23 4- 0.4 3.40 4- 0.19 
(8) (8) (8) ~8) (8) (s) (8) 

Oxaloacetate 9.78 4- 0,9 3.72 4- 0.34 6.69 ± 0.48 2,43 4- 0.16 5.6 4- 0.50 3.18 ~ 0.36 2.96 ± 0.20 
(8) (8) (8) (8) (8) (8) (8) 

g-Ketoglutarate 9.26 4- 0.74 3.35 -4- 0.42 7.15 q- 0.5 2.40 ! 0.18 6.8 ~ 0.36 3.10 :~ 0,18 2.50 4- 0.24 
(8) (8) (8) (8) (8) (7) (8) 

Succinate 3.91 =L 0.43 2.72 4- 0.27 6.15 4- 0.5 0.96 ~ 0.008 4.8 4- 0.25 1.40 i 0.08 2.55 4- 0.19 
(81 (8) (8) (8) (8) (8) (8} 

Fumarate 5.11 4- 0.35 2.53 4- 0.25 4.11 4- 0.4 0.88 :~ 0.03 5.6 4- 0.43 1.71 4- 0.08 2.78 4- 0.16 
(81 (8) (8) (8) Is) (s) ~8) 

Inhibitor 
Anoxia 1.13 :t: 0.15 1.20 4- 0.2 5.20 4- 0.3 1.00 4- 0.09 1.76 4- 0.15 1.22 4- 0.09 1.32 4- 0.09 

(6) (6) (6) (6) (6) (6) (6) 
Na azide 6.26 q- 0.60 5.99 ± 0.24 8.69 q- 0.36 1.33 4- 0.18 4.02 4- 0.2 2.33 4- 0.18 1.97 4- 0.17 

(6) (6) (6) (6) (5) 
Na cyanide 7.00 :t: 0.45 7,05 4- 0.62 8.84 4- 0.50 1.13 4- 0.08 5.40 4- 0.35 3.28 ~ 0.17 1.99 4- 0.12 

(6) (6) (6) (6) (6) (6) (6) 
2,4-Dinitro- 5.28 4- 0.32 4,48 -b 0.40 8.51 i 0.62 0.66 4- 0.03 4.36 4- 0.2 2.10 4- 0.15 0.54 4- 0.42 
phenol (6) (6) (6) (6) (6) (6) (6) 

Slices were incubated for 40 min in 5 ml of Krebs-Ringer bicarbonate saline, at 38 ~C, pH 7.4. Values are mean and standard deviation for the 
number of slices indicated in parentheses. All substrates were added to give a final concentration of 20 mM, except glucose, which was 10 mM. 
Na azide and Na cyanide: 1 raM, 2, 4-Dinitrophenol: 2 X 10 -4 M. 

Table II. Concentration of adenosine triphosphate (ATP) and phos- 
phocreatine (PCr) in cerebral slices incubated in different substrates 

Substrate ATP PCr ATP + 
PCr 

None added 0.55 4- 0.06 (8) 0.42 q- 0.1 (8) 0.97 
Glucose 1.91 4- 0,09 (8) 1.80 4- 0.15 (10) 3.71 
Pyruvate 2.16 4- 0.11 (10) 2.2 -I- 0.25 (10) 4.36 
Lactate 1.58 4- 0.09 (10) 1.68 4- 0.2 (10) 3.26 
Oxaloaeetate 1.42 4- 0.06 (8) 1.76 4- 0.15 18) 3.18 
~-Ketoglutarate 1.47 :k 0.12 (8) 1.58 :k 0.15 (8) 3.07 
Suecinate 1.13 4- 0,1 (12) 0.51 -1- 0.1 (12) 1.64 
Fumarate 1.14 4- 0.1 (12) 0.46 4- 0.1 (12) 1.60 

All values are in [zmoles]g fresh weight of tissue. Other conditions 
are as in Table I. 

p o u n d s  *,x4. T h e  i n h i b i t i o n  c a u s e d  b y  2-4 D N P  s u g g e s t s  
t h a t  a c c u m u l a t i o n  of  a m i n o  ac ids  d e p e n d s  d i r e c t l y  on  t h e  
s u p p l y  of  a d e n o s i n e  t r i p h o s p h a t e ,  a n d  n o t  d i r e c t l y  o n  
r e s p i r a t i o n .  

WOODMAN a n d  M c l LwAIN ~5 h a v e  p r e v i o u s l y  s t u d i e d  
t h e  e f f ec t s  o f  h i g h e r  a m i n o  ac id  co n cen t l - a t i o n s ,  (5 -25  m M )  
on  i n o r g a n i c  p h o s p h a t e  a n d  p h o s p h o c r e a t i n e  in  g u i n e a - p i g  
c e r e b r a l  c o r t e x  r e s p i r i n g  in  t h e  p r e s e n c e  o f  g lucose .  T h e s e  
a u t h o r s  r e p o r t e d  t h a t  a m i n o  ac ids  e x c e p t  fo r  g l u t a m a t e ,  
a s p a r t a t e  a n d  a l a n i n e  g e n e r a l l y  d i d  n o t  d e p l e t e  p h o s p h o -  
c r e a t i n e .  W h e n  a d d e d  a s  t h e  so le  s u b s t r a t e ,  g l u t a m a t e  
s u p p o r t e d  h i g h  r e s p i r a t o r y  r a t e s  b u t  m a r k e d l y  r e d u c e d  
t h e  l eve l s  o f  p h o s p h o c r e a t i n e  a n d  t h e  a d e n o s i n e  t r i -  
p h o s p h a t e  xe. A n o t h e r ,  b u t  u n k n o w n ,  l ab i l e  p h o s p h a t e  

a c c u m u l a t e d  t o  a n  e x t e n t  o f  0.4 ~ m o l e s  p h o s p h o r u s / g  w e t  
w e i g h t l L  T h e  e x c e p t i o n a l  ca se  o f  g l u t a m i c  ac id ,  w h e r e  
t h e r e  d i d  n o t  a p p e a r  t o  be  a c o r r e l a t i o n  b e t w e e n  t h e  r a t e  
o f  a c c u m u l a t i o n  o f  A T P  a n d  p h o s p h o c r e a t i n e  l eve l s  
s u g g e s t s  p o s s i b l e  i n t e r v e n t i o n  of  a n  u n k n o w n  lab i l e  p h o s -  
p h a t e  in  t h e  a c t i v e  t r a n s p o r t  m e c h a n i s m  ls. 

Rdsurnd, E n  mi l i eu  de  K r e b s - R i n g e r  o x y g d n 6  e t  glucos4,  
les  c o u p e s  de  c o r t e x  c6r6bra l  d e  R a t  a c c u m u l e n t  les  ac ides  
a m i n d s  c o n t r e  u n  g r a d i e n t  de  c o n c e n t r a t i o n .  L ' a n o x i e ,  
l ' e x c l u s i o n  du  s u b s t r a t ,  e t  les i n h i b i t e u r s  m 6 t a b o l i q u e s  
i n h i b e n t  c e t t e  a c c u m u l a t i o n .  P a r m i  les s u b s t r a t s  de  la  
c h a t n e  g l y c o l y t i q u e  e t  du  cyc l e  d e  K r e b s  6 tud ids ,  le s u c -  
c i n a t e  e t  le f u m a r a t e  d o n n e n t  les  n i v e a u x  d ' a c c u m u l a t i o n  
les  p l u s  r d d u i t s .  O n  o b s e r v e  t r d s  gdn@ra lemen t  u n e  co r r6 -  
l a t i o n  e n t r e  la  t e n e u r  d e s  c o m p o s d s  p h o s p h o r y l 6 s  r i c h e s  
e n  6nerg ie ,  e t  l ' a c c u m u l a t i o n  a c t i v e  d e s  a c i d e s  a m i n d s .  

E. BARBOSA, I ~. JOANNY 
and J. CORRIOL 

Laboratoire de Physiologic, Facultd de Mddecine, 
Marseille 5e (France), 5 Augus t  1968. 

14 p. JOANNY and H. HILLMAN) J. Neurochem, [0, 655 (1963). 
ts R. J. WOOD.~tAN and H. MCILWA1N, Biochem. J. 81, 83 (1961). 
t6 H. MClL~%:AIN, L. ]3UCHEL and J.  C)tESmRE, Bioehem. J.  48, 12 

(1951). 
i7 H. MclLWAIN, Bioehem. J.  52, 289 (1952). 
ts These experiments represent part  of the thesis to be submitted for 

a Doctorat d 'Eta t  of P.J.  - E. BARBOSA was seconded by a grant 
from the J. March-Foundation, Spain. 


