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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. 
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ed on  to t he  surface of t he  cor tex  u n d e r  surgical  anaes-  ~ 
thesia. Elect rodes  were posi t ioned bi la tera l ly  on the  '~o: 
f ronta l ,  pa r i e t a l  and  occ ip i ta l  co r t ex  and  were a t t a c h e d  ~ "~ 
to a c o m m o n  connec to r  on t he  surface  of  t he  skull�9 A t  
the  same t i m e  a c a n n u l a  was i m p l a n t e d  in to  t h e  e x t e r n a l  
j ugu la r  ve in  and  connec t ed  s u b c u t a n e o u s l y  to a ba l l  va lve  2 .~ 
c e m e n t e d  to  t he  skul l :  t h i s  a l lowed i.v. i n j ec t ion  in t he  ~ ~ o ~ 
conscious animal�9 After  recovery  f rom surgery animals  ~ 
were t r a i n e d  da i ly  ove r  a pe r iod  of 4 -8  weeks  to  accep t  ~ 
the  recording procedure�9 For  recording the  E E G  animals  ~ 
were placed in a res t ra ining chair  in a sound-a t t enua ted  ~ 
box  and  p rov ided  w i t h  a d e q u a t e  l i gh t ing  a n d  ven t i l a t ion .  ~ 
E E G ' s  were d i sp layed  on  an  E l e m a - S c h 6 n a n d e r  Mingo- ~ 
graf  E E G  recorder�9 One c h a n n e l  of t h e  E E G  (left f ron ta l -  ~ 
left  occipital) was submi t t ed  to a f requency analysis, ~. 
using a series of narrow band filters tuned  to centre ~ ~, " ~  
f requencies  in  t he  r ange  2-30 Hz.  T he  ana lyze r  is s imi la r  .~ 
to t h a t  described elsewhere ~. The  electrical  ac t iv i ty  in o .~ 
each  f r equency  b a n d  over  successive t en  second per iods  ~ ~, 
was i n t e g r a t e d  a n d  logged d i rec t ly  on to  e igh t  hole p u n c h  ~ '~ 
t ape  for subsequent  processing using an El l io t t  903 N ~  
computer .  F requency  analysis results were expressed as ~ .~ 
p e r c e n t a g e  change  f rom cont ro l  va lues  in  order  to  reduce  ~ 
in ter -animal  and in te r -exper iment  var ia t ions  to a mini-  ~ 
mum.  ~ o 

Before record ing  a pre-dose  con t ro l  E E G  for a pa r t i -  N ~ 
cular  day,  an ima l s  were a l lowed 20 m i n  to acc l imat ize  to  ~ 
t he  record ing  e n v i r o n m e n t .  I t  was  found  t h a t  a f te r  th i s  ~ N 
per iod  of t i m e  all t r a i n e d  an i m a l s  wou ld  be  in  a s imi la r  ~ ~ 
b e h a v i o u r a l  s t a t e  w i t h  a n o r m a l  r e s t ing  E E G .  Nicot ine ,  ~ 
as n ico t ine  h y d r o g e n  t a r t r a t e ,  was a d m i n i s t e r e d  b y  in te r -  "~ = 

~ o  
mi t t en t  in t ravenous  inject ion a t  1-minute in tervals  over  ~ 
a 20 rain period at  dose rates of 1 or 5 ~zg/kg/min. These ~ 
doses were wi th in  the  range for accepted smoking doses ~3 
of nicotine ~. D-Amphetamine  (0.1 rng/kg and 0.5 mg/kg) N 2 
and caffeine (50 mg/kg) were adminis tered  oral ly in g 
1 ml  dis t i l led  water .  T he  dose for caffe ine was selected as ~ .~ 
t ha t  which was sufficient to cause a desynchronizat ion = 
( f la t tening)  in  t he  E E G  30 m i n  pos t  ora l  dosing.  Those  ~ ~: 
for amphe t amine  were selected as being wi th in  the  normal  ~ 
therapeut ic  range In  pract ice  the  high dose of amphe t amine  Z 
was found  to be  suff ic ient  to  cause  d e s y n c h r o n i z a t i o n  of ~ 
t he  E E G  30 m i n  pos t  oral  dosing.  ~ ~ 

F r e q u e n c y  ana lys i s  resu l t s  fol lowing i.v. a d m i n i s t r a -  
t ion  of n ico t ine  were d e t e r m i n e d  over  t he  las t  9 ra in  of t he  ~ 
20 min  nicotine adminis t ra t ion  period, and following ~.. 
caffeine or D - a m p h e t a m i n e  over  t h e  9 m i n  per iod  26-35 ~ 
min post  oral dosing�9 F requency  analysis results for the  ~ 
cont ro l  were  d e t e r m i n e d  in  t h e  l a s t  9 ra in  of a 20 ra in  "~ 
per iod i m m e d i a t e l y  fol lowing t he  20 m i n  acc l ima t i za t ion  ~ o 
per iod  a n d  i m m e d i a t e l y  p reced ing  d rug  admin i s t r a t i on �9  ~ 
Arousal  of an an imal  was produced by  present ing con- ~ 
t inual ly,  novel  visual  and audio s t imul i  th roughou t  the  ~ .~ 
9 min  per iod  to  give t h e  f r equency  ana lys i s  resu l t s  for t he  ~ 
a rousa l  s i tua t ion .  The t o t a l  E E G  a c t i v i t y  (defined as t he  ~ ~ 
in teg ra l  of a rec t i f ied  E E G  signal) ove r  a 10 sec per iod  is ~ 
re la ted to the  arousal  or  rest ing s ta te  of an animal  over  ~ 
tha t  period. T h a t  is, a desynchronized or f la t  E E G  as ~ ~. 
m i g h t  be  o b t a i n e d  in a n  a rousa l  s i t u a t i o n  would  give less ~ 
t o t a l  E E G  a c t i v i t y  t h a n  a n  E E G  r e p r e s e n t i n g  a r e s t i ng  ;~ ~ 
s ta te .  ~ ~ 

Resulls.  E x a m i n a t i o n  of t he  E E G  record  fol lowing ~ "~ 
a d m i n i s t r a t i o n  of h igh  doses of all  t h e  d rugs  showed a ~ 
p a t t e r n  v e r y  s imi la r  to  t he  E E G  induced  b y  a l e r t ing  t he  '~ "~ 

1 ]~. KAISER, I. PETERS~N, U. SELLDEN and N. RAGAWA, Electro- 
eneeph, clin. Neurophysiol. 17, 76 (1964). 

2 A .  K .  A R M I T A G E ,  G .  H .  H A L L  a n d  C. F .  ~/[ORR[SON, N a t u r e ,  L o n d .  

217, 3 3 1  ( 1 9 6 8 ) .  
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an imal .  C o m p a r i s o n  of t h e  p e r c e n t a g e  c h a n g e  f rom the  
con t ro l  of t he  t o t a l  E E G  a c t i v i t y  fol lowing a d m i n i s t r a t i o n  
of t h e  h ighe r  dose of all 3 d rugs  (Table  I) showed  decrea-  
ses wh ich  are no t  s ign i f i can t ly  d i f fe ren t  f rom those  found  
b y  a l e r t i ng  the  an imal .  If  t he  d r ug - i nduced  E E G  p a t t e r n s  
o b t a i n e d  a t  these  dose levels d id  no t  differ  f rom those  
in an  a rousa l  s i t u a t i o n  t h e n  t he  pe rcen t age  change  in t he  
d i f fe ren t  f r equency  b a n d s  w h e n  c o m p a r e d  w i t h  t he  
con t ro l  va lues  would  no t  h a v e  dif fered f rom those  found  
b y  a l e r t ing  t he  an imal .  In  Tab le  I I  i t  can  be  seen t h a t  t he  
p e r c e n t a g e  changes  in a n u m b e r  of E E G  f requency  b a n d s  
fol lowing D - a m p h e t a m i n e  (0.5 mg/kg)  a n d  caffeine 
(50 mg/kg)  a d m i n i s t r a t i o n  were s ign i f i can t ly  d i f fe ren t  
f rom those  of a n  a le r t  s ta te .  T he  E E G  fol lowing n ico t ine  
a d m i n i s t r a t i o n  (5 ~xg/kg/min) did  no t  differ  s ign i f ican t ly  
in  p e r c e n t a g e  change  in a n y  f r e q u e n c y  b a n d  f rom the  
a l e r t  s ta te .  

Discussion.  These  resu l t s  raise  a n u m b e r  of i n t e re s t ing  
ques t ions .  The  poss ib i l i ty  t h a t  n ico t ine  p roduces  an  E E G  
arousa l  s t a t e  w h i c h  is closer to  a n o r m a l  a rousa l  t h a n  
e i t he r  caffe ine  or D - a m p h e t a m i n e  is in accord  w i t h  pre-  
sen t  knowledge  of d rug  in t e r ac t i ons  on  t he  cen t r a l  ner-  
vous  sys tem.  Nico t ine  t y p e  chol inergic  neu rons  exis t  a 
a n d  t h e r e  is ev idence  for t h e i r  p resence  in t he  cen t r a l  
ne rvous  s y s t e m  4. The  resu l t s  of I~AWA3/IURA a n d  Do-  
MINO ~ sugges t  t h a t  n i co t ine  m a y  ac t  p r i m a r i l y  in  t he  mid  
b r a i n  r e t i cu la r  fo rmat ion .  This  s t r u c t u r e  p lays  a n  impor -  
t a n t  role in  t he  a rousa l  response% a n d  n ico t ine  m a y  ac t  
p r i m a r i l y  b y  s t i m u l a t i n g  t he  n o r m a l  a rousa l  p a t h w a y s .  
No such  recep tors  or m e c h a n i s m s  h a v e  been  sugges ted  for 

a m p h e t a m i n e  or caffeine. The  sugges t ion  t h a t  n ico t ine  
induces  a ' n o r m a l '  a rousa l  s t a t e  whi l s t  o the r  cen t r a l ly  act-  
ing s t i m u l a n t s  do no t  is well  f i t t ed  b y  these  resul ts .  I t  could  
be  however ,  t h a t  t h e  effect  is genera l  for cen t r a l  ne rvous  
s y s t e m  s t imu lan t s ,  b u t  dose-re la ted,  t h o u g h  t h e  resul t s  to  
da t e  do n o t  sugges t  this .  I t  is fu l ly  real ised t h a t  t he  
resu l t s  are based  on E E G ' s  f rom on ly  one a rea  of t he  
cor tex  us ing  r e l a t ive ly  few dose levels.  I t  is i n t e n d e d  to 
c o n d u c t  more  s tud ies  a long  l ines to  t e s t  t he  v a l i d i t y  of 
th i s  hypo thes i s  fur ther .  

Rdsumd. Les au t eu r s  on t  6 tab l i  qu ' ap r~s  des doses de 
nicot ine ,  te l les  q u ' o n  en abso rbe  en  I u m a n t  une  c igare t te ,  
le t rac6  de I ' E E G  ressemble  plus  ~ celui qu i  se p r6sen te  
apr~s une  r6ac t ion  d ' a l e r t e  qu ' ap r~s  l ' a d m i n i s t r a t i o n  
d ' a m p h ~ t a m i n e  ou de caf~ine. 

P. j .  CHESHIRE, ~). IX~. ]:~:LLETT and G. L. WILL]~Y 

H u n t i n d o n  Research Centre, Hun t ingdon  P E T 8  6ES.  
(England), 23 M a y  7972. 

a H. H. DALE, J. Pharmac. 6, 147 (1914). 
K. H. GINZEL, Ann. N. Y. Acad. Sci. 742, 101 (1967). 

a H. KAWAMVRA and E. F. DOMINO, Int. J. Neuropharmac. 8, 105- 
(1969). 

6 G. MoEvssi and H. W. MAGOUN, EEG elin. Neurophysioi. 7,445 
(1949). 

The  Effect  of I n t o x i c a t i o n  Induced  in Rat  Liver  by Carbon  T e t r a c h l o r i d e ,  E th ion ine  and White  P h o s -  
p h o r u s  on  the  Level  of M i c r o s o m a l  C y t o c h r o m e s  b 5 and P-~50 

The  ana lys i s  of t he  mic roso lna l  cy t och r om es  b 5 and  
P-450 m a y  r e p r e s e n t  a n  useful  too l  in  t he  s t u d y  of t he  
pa th0genes i s  of h e p a t i c  f a t  a c c u m u l a t i o n  induced  b y  ad- 
m i n i s t r a t i o n  of c a r b o n  t e t r a c h l o r i d e  (CC14), e th ion ine  or 
wh i t e  phosphorus .  

The  ac t ion  of CC14, w h i c h  invo lves  a l i pope r ox i da t i ve  

m e c h a n i s m  b y  t he  l i be ra t i on  of CC13 free radicals ,  appea r s  
to  be  p r i m a r i l y  conce rned  w i t h  t he  m e m b r a n e s  of t h e  en- 
dop l a smic  r e t i cu lum.  This  lesion is a c c o m p a n y e d  b y  an  
ear ly  a c c u m u l a t i o n  of t r ig lycer ides ,  fol lowed b y  a mi to -  
c h o n d r i a l  i n j u r y  (ref. 1 for review).  A decrease  of cyto-  
c h r o m e  P-45o ha s  also been  r e p o r t e d  b y  S1VIUCKLER 2 in t h e  
l iver  m i c r o s o m a l  f r ac t ion  of r a t s  t r e a t e d  ora l ly  for 2 h w i t h  
CC14. E t h i o n i n e  is supposed  to in te r fe re  w i t h  A T P  syn-  
thesis ,  t h r o u g h  t he  f o r m a t i o n  of S-adenosy l  e th ion ine ,  a 
c o m p e t i t i v e  ana log  of S-adenosy l  m e t h i o n i n e  a. As a con- 
sequence,  t h e r e  is a r educed  a v a i l a b i l i t y  of A T P  a n d  a de- 
crease in t h e  i n t r ace l lu l a r  c o n c e n t r a t i o n  of K+ 4. The  s tea-  
togen ic  effect  of w h i t e  p h o s p h o r u s  would  also i m p l y  a 
l i p o p e r o x i d a t i v e  m e c h a n i s m  s imi la r  to  t h a t  of CC1 aS. 

The  a im  of t he  p r e sen t  work  is to  e s t ab l i sh  w h e t h e r  t h e  
morpho log ica l  d a m a g e  induced  b y  CCla, e t h ion ine  or 
w h i t e  p h o s p h o r u s  po i son ing  in l iver  is a c c o m p a n i e d  b y  
changes  in t h e  level  of t he  m i c r o s o m a l  r e s p i r a t o r y  pig- 
men t s ,  wh ich  m a y  be  co r re la t ed  to  a t i pope r ox i da t i ve  me-  
chan i sm.  Moreover ,  s ince in v i t ro  e x p e r i m e n t s  s,7 h a v e  
s h o w n  the  conve r s ion  of c y t o c h r o m e  P-~5o in to  a solubi-  
l ized form,  cal led c y t o c h r o m e  P-42o, owing to t h e  modif i -  
ca t ion  of t he  l ipopro te ic  shel l  a r o u n d  t he  h a e m o p r o t e i n  
molecule,  we a t t e m p t e d  to  e s t ab l i sh  w h e t h e r  a s imi la r  mo-  
d i f i ca t ion  could h a p p e n  in v ivo  b y  t he  l i pope r ox i da t i ve  
ac t ion  of CCI 4. 

The  resul t s  o b t a i n e d  ind ica te  t h a t  t he  p a t h o g e n i c  me-  
chan i sms  of t h e  s t ea togen ic  agen t s  emp loyed  are d i f fe rent  
as fa r  as t he  spec t ra l  d e t e r m i n a t i o n  of t h e  c o n t e n t  of 
m i c r o s o m a l  p i g m e n t s  is concerned .  A p r e l i m i n a r y  accoun t  
of th i s  work  ha s  been  presentedS.  

Materials  and methods. F e m a l e  a lb ino  r a t s  of t he  W i s t a r  
s t ra in ,  we igh ing  200-250 g, f as ted  for 16 h, were t r e a t e d  
w i t h  CC14 (0.25 ml /100 g b o d y  weight ,  i.p. or b y  gas t r ic  
i n tuba t i on ) ,  w i t h  e th ion ine  (100 rag/100 g b o d y  weight ,  
i.p.) or whi t e  p h o s p h o r u s  (0.75 rag/100 g b o d y  weight ,  b y  
gas t r ic  i n t u b a t i o n ) ,  and  sacr i f ied accord ing  to  t he  scheme 
shown  in t he  Table .  A t  t he  t imes  of t r e a t m e n t  chosen  for 
t he  d i f fe ren t  d rugs  a p r o n o u n c e d  hepa t i c  f a t  a c c u m u l a t i o n  
and  r educ t i on  in t he  level  of c i rcu la t ing  l ipopro te ins  is ob- 
se rved  9-11. For  CC14 i n t o x i c a t i o n  assays  h a v e  also been  
pe r fo rmed  a t  t he  ea r ly  s tages  of t r e a t m e n t .  
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