
68 Specialia EXPERIRNTIA 29/1 

t issue cul ture  a decrease in cy to tox ic  indices  (i.e. grea ter  
inhibi t ion)  in P E A  p re t r ea t ed  animals  has  been found  as 
compared  to  controls  (Table). 

Discussion. In  the  previous  e x p e r i m e n t  when  P E A  was 
admin i s t e red  6 weeks s t a r t i ng  on the  day  of sensi t izat ion,  
the  e r y t h e m a  of t he  tubercu l ine  reac t ion  in guinea-pigs  
was s ignif icant ly  decreased a. In  our p resen t  exper iment ,  
the  scheme of admin i s t r a t i on  differed f rom the  previous  
one. P E A  was r epea t ed ly  admin i s t e red  pr ior  to sensi t iza-  
t ion.  The n u m b e r  of eva lua ted  cr i ter ia  Was increased,  
as the  skin tes t ,  i ts indura t ion  and inh ib i t ion  of migra t ion  
of macrophages  are considered as t he  m o s t  s ignif icant  
fea tures  of de layed  hypersens i t iv i ty .  In  th is  expe r imen ta l  
design, PEA,  con t r a ry  to t he  prev ious  s tudy,  increased 
the  e r y t h e m a  and  indura t ion  of tubercu l ine  react ion.  
There  is also a sa t i s fac to ry  corre la t ion be tween  these  in 
vivo tes t s  and  the  t e s t  of inh ib i t ion  of mac rophage  migra-  
t ion  where  the  s ignif icant  decrease of cell migra t ion  f rom 
exp lan t s  was noted.  F r o m  pre l imina ry  resul ts  no t  ye t  
pub l i shed  P E A  does no t  change  the  abi l i ty  of the  migra-  

t ion inh ib i to ry  factor  (MIF) p roduc t ion  by  lympho id  cells 
in vi tro.  Our resul ts  suggest  t h a t  P E A  could p lay  a 
modi fy ing  role in the  course of d e v e l o p m e n t  of cer ta in  
immunologica l  processes,  and  as t he  mechan i sm of act ion 
has no t  been  clarif ied yet ,  fu r the r  analy t ica l  s tudies  are 
needed.  

Zusammen/assung. Die W i rk u n g  von  N-(2-hydroxy-  
e thy l )pa lmi t amid  auf den Verlauf  der ~ b e r e m p f i n d l i c h -  
kei t  des Spg t types  in Meerschweinchen  wurde  verfolgt  
und  festgestel l t ,  dass  die Verabre ichung  dieses Stoffes vor  
der Sensibilisierung eine Stimulation der Hypersens i t iv i -  
t g t  bewirkt .  

F. PERLiK, J. KREJ~i, J ]~LIS, J. PEK~-REK 
and  J.  SVEJCAR 

Institute o/Pharmacology, Czechoslovak Academy 
o/Sciences, Albertov 4, Praha 2; and Institute o] Sera 
and Vaccines, W. Piecka 708, Praha 10 (Czechoslovakia), 
15 May 7972. 

G l u t a m a t e  and G A B A  Leve ls  and G l u t a m a t e  D e c a r b o x y l a s e  Act iv i ty  in B r a i n  R e g i o n s  of Rats  after 
P r o l o n g e d  T r e a t m e n t  w i t h  Alkal i  Cat ions  

Several  repor t s  have  ind ica ted  the  an tagonis t ic  effects 
p roduced  by  l i th ium and  rub id ium when  admin i s t e red  to  
animals.  Monkeys  given chronic RbC1 t r e a t m e n t  showed 
changes  in the i r  behav ior  and E E G  p a t t e r n  opposi te  to  
those  p roduced  by  LiC11. Cont ras t ing  effects of l i th ium 
and  rub id ium on ca techo lamine  me tabo l i sm were observed 
in r a t  b ra in  2. Pro longed  rub id ium t r e a t m e n t  resul ted  in 
exci ta t ion,  aggression and  f ight ing behav ior  in ani- 
mals*,a, ~, whereas  l i th ium reduced  aggressive behav ior  
and  h y p e r a c t i v i t y  in animals  5-s. I t  has, therefore ,  been 
suggested t h a t  rub id ium m i g h t  have  the rapeu t i c  applica-  
t ions  in affect ive disorders,  par t i cu la r ly  in depressions 9, 
and  init ial  t r e a t m e n t  has shown remarkable  the rapeu t i c  
response  in depressed  pa t i en t s  ~~ We  have  recen t ly  
r epor ted  t h a t  r epea t ed  admin i s t r a t i on  of low non- tox ic  
doses of LiC1 to  ra t s  p roduced  dif ferent ia l  changes  in 
g lu t ama te  and y -amiuobutyr ic  acid (GABA) levels in 
cer ta in  bra in  regions n ,  ~2. These observat ions ,  as well as 
the  associat ion of g lu t ama te  and  GABA wi th  the  s ta te  of 
b ra in  ac t iv i ty  18, led us to ex t end  our  previous  work  
fu r ther  ~2, and  to t e s t  the  effct  of o the r  alkali monova l en t  
cations,  e.g. Na+, R b  + and Cs+, on the  con t en t  of gluta- 
ma te  and  GABA in several  b ra in  regions as well as on the  
enzyme glu tamic  acid decarboxylase  (GAD) which  forms 
GABA from glu tamic  acid. 

Experimental. Male rats,  8 0-10 0 g f rom the  Biodynamics  
D e p a r t m e n t  Colony der ived f rom Wis t a r  stock, which  had  
free access to  Pur ina  L a b o r a t o r y  Chore and  water ,  were 

used. The t r e a t m e n t  consis ted of i.p. in ject ions  of 2 meq /kg  
of 1 M  solut ions of NaC1, RbC1 or CsC1 twice dai ly  for 4 
consecut ive  days.  The last  in jec t ion  was admin i s t e red  1 h 
before decapi ta t ion .  The bra in  was r emo v ed  wi thou t  delay 
and  di f ferent  pa r t s  were dissected as d e s c r i b e d p r e v i o u s -  
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Table I. Glutamate and GABA levels in brain regions of rats after prolonged treatment with alkali cations 

Glutamate (Dmole/g fresh wt.) GABA (~xmole/g fresh wt.) 
Treatment Cortex Amygdala Hypothalamus Brain Stem Cortex Amygdala Hypothalamus Brain Stem 

NaC1 13.6 i 0.2 (7) 13.7 • 0.4 (7) 11.0 4- 0.4 (7) 7.6 • 0.3 (6) 
RbCI 14.8 ~=0.4 (7) b 15.0 • 0.4 (7) b 11.5 • 0.4 (8) 8.3 ~ 0.6 (6) 
CsCI 14.9 :~ 0.4 (7) b 14.6 • 0.3 (7)~ 11.4 • 0.3 (6) 8.0 • 0.2 (6) 

2.1 • 0.1 (7) 2.7 d2 O.2 (7) 4.3 ~- 0.2 (7) 2.2 • 0.1 (6) 
2.6 4- 0.2 (8)~ 3.4 • 0.2 (8) ~ 6.0 • 0.3 (8) ~ 2.5 =t- 0.3 (5) 
214 i 0.2 (7) 3.0 • 0.3 (6) 4.9 zt= 0.3 (6) 2.5 ~- 0.2 (5) 

Each treatment (2 meq/kg) was given i.p. twice daily for 4 days. The last injection 1 h before sacrificing the rats. Means • S.E. Number of 
samples in parentheses; each sample is composed of tissue pooled from 3 rats. ~ Difference from control rats (NaC1 treated; see text) significant 
P < 0.05 {Student's t-test); bp ,~ 0.01; cp < 0.001. 
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Iy 13. E a c h  sample  of cortex,  amygdala ,  h y p o t h a l a m u s  and  
brain  s t em (pons and  medulla)  was pooled f rom 3 rats.  
Glu tamic  acid and  G A B A  were de t e rmined  a f te r  separa-  
t ion by  p a p e r  c h r o m a t o g r a p h y  14. GAD ac t iv i ty  was 
measured  by  a r ad iomet r i c  p rocedure  ~5. 

Results and discussion. Table  I shows t h a t  g lu t ama te  
increased in the  cor tex  and amygda l a  of ra t s  admin i s t e red  
wi th  e i ther  RbC1 or CsC1 as compared  to animals  given the  
same dose of NaC1. GABA levels, h. owever,  increased in 
the  cortex,  am ygda l a  as well as h y p o t h a l a m u s  of ra t s  
t r e a t ed  wi th  RbC1. Control  ra t s  received a similar  t r ea t -  
m e n t  using NaC1. We have  previous ly  r epor ted  t h a t  
an imals  in jec ted  i.p. wi th  2 meq /kg  of e i ther  1 M NaC1 or 
isotonic saline solut ions as well as ra t s  in t roduced  i.p. 
w i th  a needle  (sham) showed the  same values  of GABA 
and  g lu t ama te  in cer ta in  bra in  regions 12. Ra t s  adminis-  
t e red  wi th  RbC1 appeared  ag i ta ted  compared  to  those  
receiving the  same a m o u n t s  of MAC1, KC1 or CsC1. The 
weight  gain of the  an imals  of each grQup was no t  affected 
by  the  in jec t ions  of these  cations.  The dif ferent ia l  dis tr ib-  
u t ion  of g lu t ama te  and  GABA as well as t he  enzyme GAD 
in the  bra in  s t rongly  emphas ises  the  impor t ance  of chem- 
ical and  enzymat i c  analyses  of well def ined regions of the  
brain.  The increased g lu t ama te  in the  cor tex  and amygda la  
m a y  be related,  a t  least  in par t ,  to  the  increased blood 
glucose level known to resul t  f rom rub id ium and  cesium 
t r e a t m e n t  ~. Increased  incorpora t ion  of 14C from labeled 
glucose in to  g lu t ama te  and GABA has  been  d e m o n s t r a t e d  
in b ra in  perfus ion s tudies  ~7. L i t h ium has also been 
shown to increase blood glucose level 13, bu t  it  is not  known 
whe the r  Li+, R b  + and  Cs + share  a c o m m o n  mechan i sm in 
p roduc ing  th is  effect.  GABA is fo rmed in the  brain  f rom 
g l u t a m a t e  19 and  th i s  m a y  expla in  t he  increase in GABA 
Ievels in the  cor tex  and  amygda l a  where t he  g lu t ama te  
concen t r a t ion  increased in rats  given RbC1. GABA levels 
did no t  change,  however ,  in bra in  regions showing 
increased g lu t ama te  p roduced  by  CsC1 t r e a t m e n t .  This 
did no t  appea r  to be associa ted wi th  changes  in GAD 

ac t iv i ty  since the re  were none under  the  exper imen ta l  
condi t ions  (Table II).  I t  should  be noted,  however ,  t h a t  
the  lack of change  in GAD levels in p o s t a s s i u m - t r e a t e d  
ra ts  is p ro b ab l y  due  to  the  fac t  t h a t  the  concen t ra t ion  of 
K+ in t he  bra in  is i n d e p e n d e n t  of its tevel in p Iasma 20. Of 
par t icu lar  in t e res t  is t he  observa t ion  t h a t  GABA c o n t e n t  
increased s ignif icant ly  (P  < 0.001) in t he  h y p o t h a l a m u s  
of ra t s  t r e a t ed  wi th  RbC1 despi te  the  absence  of change  
in the  g lu t ama te  level in t h a t  region. Increased  GABA 
concen t ra t ion  has  been  associa ted wi th  a decrease in 
neurona l  exc i tab i l i ty  (for review see Ref.~l). On the  o ther  
hand,  h igh levels of GABA were found in bra ins  of 
exci table  ra t s  22. The lat ter ,  and also our f indings showing 
increased GABA concen t ra t ion  in the  h y p o t h a l a m u s  of 
ra t s  given rub id ium m a y  be a metabol ic  effect  non-  
specific to th is  ion. R u b i d i u m  which  is t aken  up by  the  
bra in  af ter  chronic t r e a t m e n t s  produces  metabo l ic  
acidosis 38 and bra in  excitabil i ty1,  ~. The increased COs, 
associated wi th  high bra in  act iv i ty ,  as well as t he  rub id ium-  
induced  acidosis lower the  t issue p H  and  m a y  decrease the  
ac t iv i ty  of the  enzyme GABA t r ansaminase  (pH o p t i m u m  
8.2) and thus  resul t  in GABA accumula t ion  24. The 
physiological  ac t ion of GABA as a vasodi la tor  subs tance  24 
is p r e s u m a b l y  s ignif icant  in the  h y p o t h a l a m u s ;  known to 
be i n t i m a t e l y  involved in emot iona l  behav ior  25. 

Resume. L ' a d m i n i s t r a t i o n  chronique  des ca t ions  des 
m6taux  alealins (Na+, Rb  +, Cs +) X les ra ts  a p rovoqu6 la 
croissance des n iveaux  de g lu t ama te  e t  GABA dans  
cer ta ines  r6gions du cerveau.  On n ' a  remarqu6  aucnn  
c h a n g e m e n t  en act ivi t6  GAD de ces r6gions. 
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Table II. Glutamic acid decarboxylase (GAD) activity in brain re- 
gions of rats after chronic treatment with alkali cations 

GAD activity (~xmole/g fresh wt./h) 
Treatment Whole brain Cortex Hypothalamus 

NaCl 36.3 4- 1.4 (8) 30.8 4- 0.4 (6) 62.4 • 0.6 (6) 

LiC1 36.3 :t: 1.0 (8) 31.9 , 31.0 63.0 , 60.2 

KC1 -- 31.2 4- 0.6 (3) 61.0 :t= 1.7 (3) 

RbC1 -- 30.6 -- 0.7 (6) 62.6 -~ 1.3 (6) 

CsCl -- 30.9 • 1.5 (3} 62.4 ~= 2.7 (3) 

Each treatment (2 meq/kg) was given i.p. twice daily for 4 days. The 
last injection 1 h before sacrificing rats. Means ~ S.E. Number of 
samples in parentheses; each sample is composed of tissue pooled from 
3 animals. 
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N o n - S t e r o i d a l  A n t i - I n f l a m m a t o r y  D r u g s :  Ef fec ts  on  th e  U t i l i z a t i o n  of  G l u c o s e  a n d  P r o d u c t i o n  of  
L a c t i c  A c i d  in  T i s s u e  C u l t u r e  

Recen t ly  the  f inding t h a t  the  non-s te ro ida l  an t i - inf lam-  
m a t o r y  drugs inh ib i t  the  p roduc t ion  of p ros tag land ins  
E 2, and F 2 known  as media to rs  of defensive  react ions  to  
noxious  agents  received m u c h  a t t e n t i o n  1,2. The drugs 
have  been  long recognized as mu l t i va l en t  subs tances  
which  influence m a n y  di f ferent  metabol ic  funct ions  of t he  

cell 3,4. I t  has  been  r epea t ed ly  suggested t h a t  the  effects 
of the  drugs on the  energy me tabo l i sm deserve special 
cons idera t ion  4-6. 

In  the  p resen t  communica t i on  we repor t  t h a t  var ious 
non-s te ro ida l  a n t i - i n f l a m m a t o r y  drugs a t  re la t ively  low 
concen t ra t ion  have  a p rofound  effect  on glucose utiliza- 


