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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. 

14 p. STRASBERG and K. A. C. ]~LLIOTT, Can. J. 13iochem. Physiol. 45, 
1795 (1967). 

15 E. ROBERTS and D. G. SIMONSEN, Bioehem. Pharmae. 12, 113 
(1963). 

16 R. HAZARD, J. R. BOISSIER, P. )]~[OUILLI~ and M. 13Rl~TEAU, C.r. 
S6anc. Soc. Biol. 767, 2159 (1967). 

17 G. GOMBOS, A. GEIGER and S. OTSlJI~I, J. Neurochem. 70, 405 (1963). 
18 p. PLENGE, ]~. T. MELLERUP and O. J. RAFAELSEN, J. Psychiat. Res. 

8, 29 (1970). 
19 E. ROBERTS and S. FRANKEL, J. biol. Chem. 790, 505 (1951). 
20 M. W. 13. BRADBURY and C, R, t(LEEMAN, Am. J. Physiol. 273, 519 

(1967). 
21 E. ROBERTS and E. EIDELBERG, Int. Rev. Neurobiol. 2, 279 (1960). 
22 O. 13ENESOV~, Z. SIM~NE and K. K~:NZ, Physiol. 13ehav. 2, 203 

(1967). 
23 A. S. RELMAN, A. M. RoY and W. ]3. SCHWARTZ, J. din. Invest. 3d, 

538 (1955). 
34 ]~. ROBERTS, K. KURIYAMA and t3. HABEN, Adv. biochem. Psycho- 

pharmae. 2, 158 (1970). 
35 j .  V. 13~ADY, Handk Physiol. see. 1, 3, 1529 (1960). 

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- 
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t ion  and  lactic acid p roduc t ion  in cells cu l tured  in vi tro.  
Hence  the  d i s tu rbance  of glycolysis m a y  affect  var ious  
b iosyn the t i c  processes including the  syn thes i s  of pros ta -  
glandins,  which  is as ye t  incomple te ly  unders tood.  

P r i m a r y  monolayer  cul tures  of chick embryo  (CE) ceils 
were p repared  in tubes  in a s t a n d a r d  way  by  t ryps in iza-  
tion. The growth  m e d i u m  was composed  of Pa rke r ' s  199 
med ium wi th  10% calf se rum and ant ibiot ics .  The 
ma in t enance  m e d i u m  for expe r imen t s  w i th  drugs con- 
ta ined  the  same m ed ium wi thou t  added  serum. 

Stock solut ions of aspir in  and pheny lbu t azone  (Polfa) 
was made  in d i lu ted  NaOH.  I n d o m e t h a c i n  (Merck, 
Sharp  and D o h m e  Inc.) f lufenamic  and mefenamic  acids 
(Parke, Davis  and  Co.) der iva t ives  of isothiazole 7 
( synthe t ized  by  Dr. Z. MACHON), and  der iva t ives  of 
barb i tu r ic  acid s (kindly p rov ided  by  Prof.  B. BOBRAI~SKI) 
were p repa red  in d i m e t h y l  su lphoxide  (DMSO). F u r t h e r  
di lut ions of the  drugs were made  in t he  ma in t enance  
medium.  0.1 ml  of the  d i lu ted  samples  of the  drugs were 
added  to  the  0.9 ml  of the  f reshly  exchanged  med i u m 
covering 1- to  2-day-old mono laye r  cul ture  of t he  CE 
ceils. 3-6 cul tures  were used per  variable.  The expe r imen t s  
were r epea ted  at  least  3 t imes.  The a m o u n t  of glucose and  
lactic acid was de te rmined  in pooled  t issue cul ture  media  
collected af ter  incuba t ion  for 1, 2 or 4 days  a t  37~ 

Table I. The influence of various doses of indomethaein on the utili- 
zation of glucose and the production of lactic acid in the chick em- 
bryo tissue culture 

Indomethacin Time of incubation Lactic acid b Glucose b 
(vmoles) (days) ~ (~xmoles) (~moles) 

none 1 1.5 5.2 
none 2 1.8 4.5 
none 4 3.3 3.5 

125 1 1.5 5.2 
125 2 2.5 4.2 
125 4 5.4 2.4 
250 1 2.4 5.5 
250 2 4.2 4.3 
250 4 6.2 2.5 
500 1 4.8 3.3 
500 2 6.2 2.7 
500 4 8.6 1.4 

1000 1 3.1 4.2 
1000 2 4.1 3.3 
1000 4 4.4 3.2 

~The replicated cultures were incubated at 37 ~ for one, two or four 
days. bAmount of the metabolites measured in the tissue culture me- 
dium after the time interval indicated. 

The concen t ra t ion  of glucose, a f ter  r emov ing  the  pro-  
te in  w i th  n a t r i u m wol f ramate ,  was de t e rmined  by  the  
lne thod  of NELSON ~ and lactic acid by  the  specific 
enzymat i c  m e t h o d  of HOHORST 10. Assays for cy to tox ic i ty  
of the  drugs were descr ibed by  INGLOT previous ly  3 

Resul ts  shown in the  Figure  i l lus t ra te  the  accumula t ion  
of lactic acid in t issue cul ture  media  in t he  presence  of 
various concen t ra t ions  of 3 drugs,  af ter  incuba t ion  for 2 
days  a t  37~ I t  can be seen t h a t  the  curves are biphasic .  
There  is an increase of lactic acid a t  very  low concent ra-  
t ions  of the  drugs which  are comple te ly  non tox ic  for t he  
cells. At  in t e rmed ia te  doses the re  is an app ren t l y  normal  
p roduc t ion  of lactic acid. Then  again the  p roduc t ion  of 
lactic acid increases and  the  second peak  corresponds  to  
the  min imal  cy to tox ie  doses of t he  drugs. The p roduc t ion  
of lactic acid is inhibi ted  a t  h ighly  toxic  doses of the  drugs.  
The charac te r  of the  curves is ident ica l  for 3 drugs 
s tudied.  The drugs differ  only in the  po ten t i a l  ac t iv i ty .  
Therefore,  more  deta i led  s tudies  were pe r fo rmed  only 
wi th  indomethac in .  Table  I shows t h a t  t he  p roduc t ion  of 
lactic acid is p ropor t iona l  to  the  ut i l iza t ion of glucose by  
chick embryo  cells. This  effect  is more  ev iden t  when  the  
incuba t ion  of t he  drug  t r ea t ed  cul tures  is pro longed f rom 
1 to 4 days.  

Similar  observa t ions  were also m a d e  wi th  o ther  non- 
s teroidal  a n t i - i n f l a m m a t o r y  compounds ,  including some 
new drugs:  der ived of isothiazole v or barb i tur ic  acid s, 
which  were highly  act ive  (Table II) .  The influence of the  
drugs on the  me tabo l i sm of glucose and  lactic acid is 
p ro b ab l y  no t  d e p e n d e n t  upon  the  charac te r  of tissue. 
The increased p roduc t ion  of acid metabo l i t e s  was also 
found in secondary  mouse  emb ry o  cells, L-cells, mo n k ey  
k idney  cells and h u m a n  f ibroblas ts  in the  presence  of the  
non-s te ro ida l  an t i - i n f l ammat o ry  compounds  (unpubl ished 
exper iments ) .  

I t  is conceivable  t h a t  the  effect  descr ibed occurs no t  
only in vi t ro  b u t  also in vivo. THURSTON et al. s found  t h a t  
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The effect of various doses of aspirin (O---�9 indomethacin (& .... zl) and flufenamic acid (0--O) on the production of lactic acid in the chick 
embryo tissue cultures. All cultures were incubated for 2 days at 37~ In the control cultures (incubated under the same conditions but 
without drugs) the average amount of lactic acid was 1.5 tzmoles. 
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Table II. Influence of various anti-inflammatory compounds on the production of lactic acid and utilization of glucose in the chick embryo 
culture 

Compounds Concentration Lactic acid Glucose 
(~zmoles) (~zmoles) (~zmoles 

Phenylbutazone 2500 5.5 n.d. 
uone -- 1.7 n.d. 
Mefenamic acid 500 3.8 n.d. 
none -- 2.0 n.d. 
1, 3-dicyelohexyl-barbiturie acid 250 4.6 1.8 
none -- 1.7 5.0 
1-eyclohexyl-5, 5-diallyl-barbituric acid 250 4.2 2.0 
none -- 2.0 4.8 
3-methyl-5-benzoyl-aminoiso-thiazole-4-carboxy-p-ehloro-phenylamine 12 3.7 2.5 
none -- 1.7 6.1 
3 -methyl-5 -benzoyl-amino-isothiazole-4-carboxy-p-ethoxy-phenylamine 12 5.2 1.7 
none --  1.5 5,5 

In all experiments the chick embryo tissue cultures were incubated for 2 days at 37 ~ The doses of the ~trugs used were those giving the 
maximal effect, n.d. = not done. 

large  doses  of sa l i cy la te  p roduce  a p r o f o u n d  decrease  in 
glucose c o n c e n t r a t i o n  a n d  a c c u m u l a t i o n  of lact ic  acid in  
t he  b r a in s  of y o u n g  mice.  "Whereas in t he  blood t h e  
def ic iency  of g lucose  is i m m e d i a t e l y  c o m p e n s a t e d  by  
g lycogenolys is .  

R e c e n t l y  also DOERY a n d  I-IIRSH 5 i n v e s t i g a t e d  t he  
effect  of the  t h e r a p e u t i c  levels  of a sp i r in  a n d  sa l icy la te  on 
t he  g lycolys is  of p la te le ts .  T h e y  sugges t ed  t h a t  t he  d rugs  
h a v e  d i v e r g e n t  ac t ion :  asp i r in  caused  a fall  in glucose 
c o n c e n t r a t i o n  in t h e  m e d i u m  whe rea s  sa l icy la te  was  
w i t h o u t  effect.  W e  bel ieve t h a t  t he  lack  of a c t i v i t y  of 
sa l i cy la te  in t h e i r  e x p e r i m e n t s  m a y  be due  to t he  appl ica-  
t i on  of too low c o n c e n t r a t i o n  of t h e  d r u g  s ince  sa l icy la te  
is a l m o s t  twice  less ac t ive  t h a n  asp i r in  e.g. in t he  t e s t  of 
s t ab i l i z a t i on  of h u m a n  e r y t h r o c y t e s  11. 

W e  s u g g e s t  t h a t  t h e  d e t e r m i n a t i o n  of lact ic  acid 
p r o d u c t i o n  a n d  glucose u p t a k e  in t i s sue  cu l tu re  m a y  be 
usefu l  for t h e  p r e l i m i n a r y  sc reen ing  of d rugs  for t he  an t i -  
i n f l a m m a t o r y  ac t iv i ty .  

Zusammenlassung. I n  der  K u l t u r  e m b r y o n a l e n  Hi ihn -  
chengewebes  k o m m t  es u n t e r  E in f lu s s  n i ch t s t e ro ide r  
A n t i p h l o g i s t i c a  (Aspirin,  I n d o m e t h a c i n ,  Mefenamics~ture) 
zu e iner  S t e ige rung  des  G l u k o s e v e r b r a u c h s  bei  gleich- 
zei t iger  V e r m e h r u n g  der  Mi lchs~ tu ree rzeugung  Der  
M i l c h s g u r e v e r b r a n c h  ve r l gu f t  in zwei P h a s e n ,  wobei  der 
ers te  Gipfel  bei  ge r ings t en  K o n z e n t r a t i o n e n  des Arznei-  
m i t t e l s . a u f t r i t t .  
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Effects  of  N i c o t i n e  and A r o u s a l  on  the  M o n k e y  E l e c t r o e n c e p h a l o g r a m  

T h e  effec ts  of i n t r a v e n o u s  a d m i n i s t r a t i o n  of i n t e r m i t -  
t e n t  doses  of n i co t ine  a n d  oral  doses of caffeine and  D- 
a m p h e t a m i n e  h a v e  been  i n v e s t i g a t e d  on t h e  E E G  of t he  
consc ious  squi r re l  m o n k e y .  T h e  i n t e r m i t t e n t  i.v. in jec t ion  
for n ico t ine  was  cons idered  to  closely s i m u l a t e  t he  u p t a k e  
of n ico t ine  d u r i n g  smok ing ,  wh i l s t  t h e  oral  rou te  for 
caffe ine  a n d  a m p h e t a m i n e  r ep re sen t ed  t he  n o r m a l  rou te  
of a d m i n i s t r a t i o n  for t hese  drugs .  

T h e  resu l t s  r epo r t ed  sugge s t  t h a t  s m o k i n g  doses of 
n ico t ine  m a y  p roduc e  a n  E E G  s t a t e  close to t h a t  o b t a i n e d  
in n o r m a l  a ler t  s i t u a t i o n s ;  t h i s  is in c o n t r a s t  to t h a t  
i nduc e d  b y  t he  o the r  cen t r a l l y  a c t i ng  s t i m u l a n t s  D- 
a m p h e t a m i n e  a nd  caffeine,  s u g g e s t i n g  an  a b n o r m a l  s t a t e  
a f te r  a d m i n i s t r a t i o n  of t he se  drugs .  

Method. Twelve  a d u l t  squ i r re l  m o n k e y s  o f  e i ther  sex 
were used  in th i s  s t udy ,  P l a t i n u m  elec t rodes  were i m p l a n t -  

Table I. Differences from control vaIues in total EEG activity of the squirrel monkey EEG (left frontal-left occipital} following different drug 
treatments 

Treatment No. of animals No. of experiments Total EEG activity % 
change from control 

Significant 
difference from 
arousal state (p) 

Arousal 11 35 --41.1 
Saline 7 9 -- 4.3 
Nicotine (t btg/kg/min Lv.) 10 11 --11.9 
Nicotine (5 ~zg/kg/min i.v.) 6 8 --37.1 
n-amphetamine (0.1 mg/kg p.o.) 5 5 --17.6 
D-amphetamine (0.5 mg/kg p.o.) 5 5 --50.8 
Caffeine (50 mg/kg p.o.) 5 8 --34.7 

< 0.01 
0.01 

< 0.01 

Total EEG activity for nicotine was determined in tile last 9 mill of a 20 rain intermittent i.v, injection period, and for caffeine and D amphet- 
amine during the 26-35 rain following oral dosing. 


