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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 i l  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  
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Intensity and duration of behavioral excitation during shock-avoidance responding in rats with septal lesions or controls after administration 
of tetrabenazine (2 mg/kg) given 18 h following iproniazid (50 mg/kg) pretreatment 

Treatment Pre-surgery response rate Pre-injection response rate Excitation response rate Duration of excitation~ 
(mean r/min) (mean r/min) (mean r/min) (min) 

Septal lesions 10.2 9.4 24.0 23.0 -t- 5.3 (14) 

Control 8.7 8.7 20.6 50.4 ~ 9.4 (14) 

p < 0.01 

~Mcan ~= S.E.M. A response rate at least 50% greater than control rates was defined as behavioral excitation. Value in parenthesis refers to 
number of rats. The probability was determined by t-test. 

w i th  b i la tera l  septa l  lesions were given iproniaz id-TBZ 
t r e a t m e n t ,  the  r e su l t an t  per iods  of behaviora l  exc i ta t ion  
were s ignif icant ly  shor te r  t h a n  controls.  

Adult ,  male  Wis t a r  rats ,  weighing a p p r o x i m a t e l y  300 g, 
were t r a ined  on an ope ran t  shock-avoidance  schedule 
(RS20 :SS10 ;  1.6 mA;  0.5 sec durat ion)  in a s t a n d a r d  
lever  press ing a p p a r a t u s  1,*. Af ter  s table  r espond ing  was 
obta ined ,  t he  ra t s  were d iv ided  in to  2 groups:  those  
receiving bi la tera l  septa l  lesions and  controls .  For  b o t h  the  
lesioned animals  and  the  controls,  t he  e lect rode was 
s te reo tax ica l ly  placed in the  septa l  area of t he  brain,  
using coord ina tes  given in the  PELLEGRINO and CUSHMAN 
atlasS. The anode  was a t t a ched  to  the  skin f lap f rom the  
surgical  incision. A direct  ca thoda l  f low of 3 mA was 
appl ied  for 45 sec only in the  case of the  expe r imen ta l  
group of ra t s  and  no t  t he  controls.  

Af te r  a recovery  period,  b o t h  groups  were r e tu rned  to 
dai ly  sessions on shock-avoidance  schedules.  Approx im-  
a te ly  3 weeks following surgery,  t he  ra t s  received 2 mg/kg  
TBZ (s.c.) l h  af ter  t he  beg inn ing  of a dai ly  session and 
18 h af ter  iproniazid  p r e t r e a t m e n t  (50 mg/kg  s.c.). 
S u b s e q u e n t  per iods  of avoidance  r e spond ing  were  t h e n  
q u a n t i t a t i v e l y  de t e rmined  for b o t h  lesion and  surgicaI- 
cont ro l  groups.  

The dura t ion  of behaviora l  exc i ta t ion  exh ib i t ed  by  ra ts  
w i th  b i la tera l  septa l  lesions was less t h a n  50% exci ta t ion  
per iod shown by  cont ro l  animals  (Table). There  was no 
s ignif icant  difference in t he  degree of exc i ta t ion  (approxim-  
a te ly  2.5 t imes  grea te r  t h a n  basel ine rates) be tween  the  
lesion and  contro l  groups ; only the  leng th  of the  per iod of 
exc i ta t ion  differed.  In  addi t ion,  no differences were no ted  
in t he  pos t - su rge ry  response  ra tes  pr ior  to the  iproniazid-  
TBZ t r e a t m e n t  session, nor  in sessions subsequen t  to 
drug  session. Fol lowing the  de t e rmina t i on  of all necessary  
behaviora l  measures ,  the  correc t  p l acemen t  and  size of 
the  lesions was conf i rmed  by  histological  examina t ion .  

Since ra t s  w i th  septaI  Iesions were prev ious ly  shown to 
have  lowered bra in  ACh levels ~, v, the  shor te r  per iods  of 
exc i ta t ion  in t he  lesioned ra ts  of t he  p resen t  s t u d y  suppo r t  

the  suggest ion t h a t  ACh plays  an i m p o r t a n t  role in th is  
t y p e  of behaviora l  exci ta t ion.  The fact  t h a t  PEPEU et al. 6 
found  the  lowest  levels of ACh in areas of t he  te lencepha-  
lon, where  ACh levels were mos t  closely corre la ted  wi th  
increased avoidance  responding  by  our animals  1, adds  
fu r ther  weight  to  th is  hypothes is .  Since our  exp lana t ion  
relates  the  exc i ta t ion  no ted  in these  ra t s  to the  release of 
AC h a t  key cholinergic synapses ,  the  a p p a r e n t  smal ler  
a m o u n t  of ACh avai lable  for release in t he  septal-Iesioned 
ra ts  could account  for t he  shor te r  per iods  of behaviora l  
exc i ta t ion  observed under  these  condi t ions .  However ,  the  
exac t  role of ACh in re la t ion to  its possible in te rac t ions  
wi th  sero tonin  and /o r  norep inephr ine  levels is no t  ye t  
known  2,9, and a more  def in i t ive  exp lana t ion  of t he  
in te rac t ion  of these  p u t a t i v e  t r a n s m i t t e r s  (or modula tors)  
in exc i ta t ion  awai ts  the  comple t ion  of analyt ica l  s tudies  
involving the  m e a s u r e m e n t  of the  co n t en t  and  t u rn o v e r  
of the i r  funct ional  pools1~ 

Resumen. E n  las ratas,  la reaccidn e levada de la respu-  
esta  evasiva,  despu6s de darles iproniaz ida  y t e t r ab en az i n a  
a p a r e n t e m e n t e  est~ re lac ionada  con el suelto ac recen tado  
de ace ty lchol ina  en al pa r t e  f ron ta l  deI cerebro.  Cuando 
las ra tas  con lesiones septales  recibieron estas  dos drogas, 
sus per iddos resu l tan tes  de exci tac ion de conduc ta  eran 
s ign i f i can tamente  mas  cortos  que los de los controles.  
Como 1as lesiones septales  p roducen  d isminucidn  en los 
niveles de la ace ty lchol ina  en el cerebro, estos da tos  
impl icaron m~s el s i s tema chol inergica en la exci tacidn 
p roduc ida  po t  la ip ron iz iada- te t rabenaz ina .  
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