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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. 
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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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The microsomal  f rac t ion  was p repa red  by  the  me th o d  
of OMURA and  SATO s, w i th  s l ight  modif icat ions ,  and  sus- 
pended  at  a pro te in  concen t ra t ion  of abou t  15 m g / m l  in 
0 .15M KC1, conta in ing  0.05M, p H  7.5 Tris-HC1 buffer.  
P ro te ins  were de t e rmined  by  the  b iure t  method12. 

Difference absorp t ion  spec t ra  were pe r fo rmed  in the  
Dual  wave leng th / sp l i t  beam Aminco-Chance  spec t ropho-  
tometer .  For  the  calculat ion of the  cy tochromes  content ,  
the  following mil l imolar  ex t inc t ion  coefficients have  been 
used : cy tochrome  b~, Ae (424-409 nm) = 165 cm -I  • m M  -1 
(ref. la) and cy toch rome  P-450, Ae (450-490nm) = 91 cm -1 • 
m2V/-1 (ref.l~). 

Results and discussion. In  the  Table  is shown the  kine- 
t ics of c y t o c h r o m e '  b 5 and P-450 in the  l iver microsomal  
f ract ions  of ra ts  t r e a t ed  i.p. w i th  CC14. The decrease of 
cy tochrome  P-450 is abou t  40% af ter  1 h and reaches  
abou t  509/00 af ter  4 h of t r e a t m e n t  wi th  the  poison. Cyto- 
chrome b 5 decreases by  abou t  40% af ter  4 h. The same 
effect  of CCI a on the  a m o u n t  of cy tochromes  b 5 and P-450 
is observed when  the  drug is given orally. The lack of 
difference in the  behav iour  of t he  microsomal  p igmen t s  
dur ing  in tox ica t ion  by  CCI~, admin i s t e red  e i ther  i.p. or 
orally,  rules out  the  poss ibi l i ty  t h a t  t he  effect  of the  drug  
migh t  be somehow d e p e n d e n t  on its mode  of adminis-  
t ra t ion .  

Effect of CCla, ethionine and white phosphorus upon the level of 
mierosomal pigments 

Treatment Time Pigment concentration (nmoIes/mg 
(h) protein) 

Cytochrome b 5 Cytochrome P-450 

None 0.492 ~- 0.017 (20) 0.627 4- 0.032 (16) 
CCI 4 (i.p.) i 0.392 4- 0.040 (3) 0.379 4- 0.030 (5) 

2 0.390 4- 0.010 (4) 0.374 4- 0.030 (6) 
4 0.298 4- 0.021 (11) 0.301 4- 0.018 (16) 

CC14 (g.i.) 4 0.259 4- 0.015 (6) 0.281 4- 0.018 (6) 
Ethionine (i.p.) 6 0.423 • 0.013 (4) ~ 0.540 4- 0.050 (4) b 
Phosphorus (g.i.) 24 0.515 4- 0.017 (8) 0.579 4- 0.021 (8) 

Rats have been treated with CCla i.p. or by gastric intubation (g.i.), 
with ethionine i.p. or with white phosphorus by g.i. and killed at 
different time intervals. Cytochrome b 5 has been measured in differ- 
ence absorption spectra recorded between NADPH-treated minus 
untreated aerobic microsomes. Cytochrome P-450 has been recorded 
from (CO + Na2S2Oa)-treated minus CO-treated microsomes. The 
microsomal fraction was suspended in 0.15M KC1, containing 
0.05M Tris-HC1 buffer, pH 7.5 at the concentration of 1.5 mg 
protein/ml. NADPH was added at the final concentration of 330 ~zM. 
Values are given as means 4- S.E. with the number of animals in 
parentheses. ~ Not significantly different from value without ethionine, 
by Student's t-test, P > 0.05. b Not significantly different from value 
without ethionine, by Student's t-test, P > 0.20. 

All a t t e m p t  has  been made  to show the  presence  of 
cy toch rome  P-~0,  even tua l ly  p roduced  in vivo by  lipo- 
pe rox ida t ion  of the  lipid shell of cy toch rome  P-450, ill the  
h igh-speed s u p e r n a t a n t  of the  homogena t e  af ter  CC14 
poisoning.  Spec t ra  have  been  pe r fo rmed  be tween  (C 0 +  
NaeS~Ol)-treated minus  CO-t rea ted  samples.  However ,  
the  con t amina t i on  of t he  s u p e r n a t a n t  w i th  even small  
amo u n t s  of haemoglob in  made  diff icult  the  essay of cyto-  
chrome P-420, which  ,on the  o ther  hand,  did no t  seem to be 
p resen t  in tile microsomal  f ract ion.  

Intoxicat io 'n  w i th  e th ionine  did not  cause s ignif icant  
changes  in the  a m o u n t  of microsomal  p igments  (Table). 
At  the  c c r c e n t r a t i o n  used, e th ioniue  induces an 80% 
decrease of in t racel lular  A T P  15. As shown in t he  Table, 
whi te  phosphorus  has  a behav iour  similar  to  t h a t  of 
e thionine,  since no effect  has  been  observed af ter  24 h of 
t r e a t m e n t  w i th  th is  substance .  

The da t a  ob ta ined  indica te  tha t ,  among  the  3 poisons 
employed  at  concen t ra t ions  able to  cause f a t t y  l iver  de- 
generat ion,  only  CC14 influences the  level of t he  microso- 
real r e sp i ra to ry  p igments .  The change  in the  co n t en t  of 
such p igmen t s  induced by  CC14, which  is no t  observed 
when  the  drug  is added  to isolated microsomes  2, m a y  be 
re la ted  to  the  l ipoperox ida t ion  of phosphol ip ids  occuring 
in vivo at  t he  level of t he  endoplasmic  membranes .  The 
same conclusion canno t  be d rawn  for e th ionine  and  whi te  
phosphorus ,  p robab ly  because the i r  d i f ferent  mechan i sm 
of action, even though  a l ipoperox ida t ive  act ion has  been 
suggested for whi te  phosphorus  by  o ther  au thors  5, on the  
basis  of d i f ferent  k ind of experiments1*.  

Riassunto. L' in toss icaz ine  di  r a t t i  Wis t a r  con te t ra -  
cloruro di carbonio (CC14) causa nel legato una  m a r c a t a  
d iminuz ione  dei c i tocromi microsomial i  b 5 e P-as0. 
L ' e t ion ina  e il fosforo bianco, sommin i s t r a t i  anch 'ess i  ad 
una  dose capace di de t e rmina t e  degenerazione  grassa de1 
legato,  non inf luenzano s igni f ica t ivamente  il livello dei due 
c i tocromi microsomiali .  
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S h o r t e n e d  D u r a t i o n  of D r u g - I n d u c e d  B e h a v i o r a l  

A recen t  series of s tudies  1-5 suggests  a ma jor  role for 
acetylchol ine  (ACh) in the  behaviora l  exc i ta t ion  observed  
following admin i s t r a t i on  of t e t r abenaz ine  (TBZ) 18 h 
af ter  ipronia2id p r e t r e a t m e n t  to ra t s  t r a ined  on ope ran t  
shock-avoidance  schedules.  E x c i t a t o r y  respond ing  was 
t empora l ly  corre la ted  wi th  lowered levels of to ta l  ACh 
(but no t  serotonin  or norepinephr ine)  in the  te lencepha lon  1. 
P r e t r e a t m e n t  wi th  low doses of a t ropine,  a known  anti-  

E x c i t a t i o n  in  R a t s  w i t h  S e p t a l  L e s i o n s  

cholinergic drug, enhanced  the  du ra t ion  of behaviora l  
exci ta t ion,  whereas  larger a t rop ine  doses comple te ly  
b locked exc i ta t ion  3. 

If  neurona l  p a t h w a y s  uti l izing ACh as a t r a n s m i t t e r  are 
involved ill th is  exci ted  responding,  septa l  lesions should 
e i ther  reduce or e l iminate  the  exci ta t ion,  since th is  t y p e  
of lesion resul ts  in a 20-370/0 r educ t ion  of to ta l  ACh 
con ten t  in the  r a t  b ra in  6, 7 In  t he  p re sen t  s tudy,  when  ra t s  


