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CCI~ alone, the  cent ro lobular  necrosis  was  more  severe 
t h a n  in liver of ra t s  p r e t r ea t ed  wi th  cer ium chloride and 
in tox ica ted  wi th  CC14. 

The tox ic i ty  of CCl~ is a s sumed  to  be due to reac t ive  
metabol i tes ,  such as �9 CC13 free radical,  which  are p roduced  
in the  DME S s. Since cer ium chloride depresses the  D M E S  ~, 
i t  m a y  be impl ied t h a t  p ro tec t ion  by  cer ium chloride in 

CC14-intoxication m a y  be due to  a d imin ished  b io t rans-  
fo rmat ion  of the  ha loa lkane  in the  liver. A p ro tec t ive  
effect  has  been shown b y  us 1~ and  CARLSON ~2 wi th  lead 
n i t ra te  and m e t h y l m e r c u r y  respect ively.  Also in these  
cases, p ro tec t ion  is due to  inh ib i t ion  of the  D M E S  
induced  by  the  metals ,  and  consequen t ly  to  reduc t ion  of 
CC14 me tabo l i sm into  toxic  products .  

600 

mU/m[ 

500 

400 

300 

200 

100 

[] GOT 

[-]GPT 

Control Ce 
:~:i: 7 
OCt 4 Ce+CCI4 

Serum transaminases glutamic oxaloaeetic (GOT) and glutamie 
pyruvic (GPT) under the following experimental conditions: Cerium. 
chloride was given i.v. at the dose of 4.0 mg/kg b.wt., 72 h before 
intoxication; CC14 was given p.o. at the dose of 2.5 ml/kg b.wt. The 
rats were sacrificed 24 h after intoxication. Vertical bars represent 
the SEM from at least 6 rats. 

Table II. Protection by cerium chloride on the liver polysomal 
damage induced by CCI~ 

Treatment Polysomes 

Total ribosomes 

a) Control 0.59-~ 0.02 
b) Cerium chloride 0.59 -t- 0.08 
c) CC14 0 . 3 9 i  0.05 
d) Cerium chloride + CCI~ 0.53-4- 0.05 

~Calculated by the areas of the polysomal patterns. Mean ~ SE. 
5 animals were used for each group. CCI 4 was given p.o. at the dose 
of 2.5 ml/kg b.wt., 1 h before sacrifice. Statistical significance by 
t-test was: a-c; c-d: p < 0.001. 
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Summary. The convu l san t  drug leptazol  was appl ied  by  micro iontophores is  to 116 neurones  in t he  cerebra l  cor tex  of 
rats.  The f ir ing of 101 cells was reduced.  Only 6 cells were excited.  

P e n t a m e t h y l e n e t e t r a z o l  (leptazol) is a convu l san t  drug  
whose mode  of ac t ion is unknown.  Several  o ther  convul-  
san ts  ac t  b y  in ter fer ing  wi th  the  act ions  or release of 
inh ib i to ry  neu ro t r ansmi t t e r s  in t he  cent ra l  nervous  
sys tem.  S t rychn ine  blocks the  pos t synap t i c  act ions  of 
gIycine 1 and  b o t h  p ic ro toxin  and  bicucull ine antagonise  
y -aminobutyr ic  acid s. Leptazol  does n o t  an tagonize  
cent ra l  inh ib i to ry  t r a n s m i t t e r s  in th is  way  ~, 4 and  i t  has  
been  suggested t h a t  leptazol  could have  a d i rect  exc i t a to ry  
act ion on some cells 5-s. The p resen t  expe r imen t s  were 
u n d e r t a k e n  to  examine  th is  possibi l i ty.  

Materials and methods. Male hooded  Lis ta r  ra t s  weighing 
250-300 g were  anaes the t i zed  wi th  ure thane ,  1.25 g/kg 
i.p. E x p e r i m e n t s  were pe r fo rmed  in t he  soma tosenso ry  
cerebral  cor tex  on cells wh ich  were  e i ther  r a n d o m l y  
encoun te red  a t  var ious  dep ths  or ident i f ied as p y r a m i d a l  
t r a c t  cells by  an t id romic  s t imula t ion  of t he  medul la ry  
p y r a m i d  9. 

Detai ls  of t he  p repa ra t ion  of animals,  and  of t he  
mic ro ion tophore t i c  t echn iques  used have  been  given 
previous ly  9. F ive-bar re l led  mic rop ipe t t es  w i th  overal l  
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t i p  d i a m e t e r s  of 4-8  ~ m  h a v e  been  used,  c o n t a i n i n g  
so lu t ions  of:  sod ium L-g lu t ama te  200 raM, p H  7.5; 
ace ty lcho l ine  ch lor ide  200 m M ,  p H  4.0 ;(-) n o r a d r e n a l i n e  
b i t a r t r a t e  200 raM, p H  4.0; 5 - h y d r o x y t r y p t a m i n e  crea t i -  
n ine  s u l p h a t e  50 mM, p H  4.5;  p e n t a m e t h y l e n e t e t r a z o l  
200 m M ,  p H  5.5. 

C u r r e n t  b a l a n c i n g  was p rac t i zed  r o u t i n e l y  to  e l im ina t e  
a r t i f a c t u a l  changes  of f i r ing  r a t e  caused  b y  t h e  passage  of 
i o n t o p h o r e t i c  c u r r e n t  8. Reco rd ing  of cell a c t i v i t y  was  
ach ieved  t h r o u g h  a single m i c r o p i p e t t e  e lec t rode  ( t ip 
1 [zm) secured  a longside  t h e  m u l t i b a r r e l  a s sembly  i~ 
Di rec t  record ings  of cell f i r ing  f r equency  were o b t a i n e d  on  a 
Servoscr ibe  p e n  recorder ,  r ecord ing  t he  o u t p u t  f rom a n  
Ekco  I n s t a n t a n e o u s  R a t e m e t e r .  All t he  cells s tud ied  were 
s p o n t a n e o u s l y  ac t ive .  

Results. Lep tazo l  d id  n o t  exci te  m a n y  cor t ica l  un i t s .  
When_ e jec ted  w i t h  o u t w a r d  i o n t o p h o r e t i c  c u r r e n t s  of 
20-100 n A  for per iods  of b e t w e e n  5 sec a n d  10 rain,  t he  
on ly  change  seen on  101 (87%) of t he  116 cells s tud ied  
was a depress ion  of f i r ing  ra te .  Th i s  depress ion  was 
a p p a r e n t  soon a f t e r  b e g i n n i n g  t he  i o n t o p h o r e t i c  e ject ion,  
t he  response  l a tenc ies  be ing  in t h e  r a n g e  of 2 -14  sec. A 
typ ica l  response  record  is i l l u s t r a t e d  in F igure  113. 

Only  6 un i t s  (5 %) were e n c o u n t e r e d  w h i c h  were  exc i ted  
b y  leptazol .  A n  example  of such  a response,  a s lowly 
deve lop ing  low a m p l i t u d e  exc i t a t ion ,  is s h o w n  in F igure  
1A. I t  is i n t e r e s t i ng  to  no t e  t h a t  of t h e  35 p y r a m i d a l  
t r a c t  cells t es ted ,  32 (92%) were depressed  b y  lep tazo l  
a n d  none  were  exci ted.  Th i s  raises t he  poss ib i l i ty  t h a t  
t he  e x c i t a n t  effects  of lep tazol  m a y  h a v e  been  ind i r ec t  
effects, due  to  t h e  d rug ' s  d i f fus ing to  a n d  i n h i b i t i n g  a 
neu rone  w h i c h  was n o t  be ing  recorded  b u t  w h i c h  was  
i n h i b i t i n g  t he  cell be ing  recorded.  
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Fig. 1. Records of the  firing rate of units which are excited (A) and 
depressed (B) by the iontophoresis of leptazol (L) ejected with a 
current of 60 nA. Time: 1 min. 
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Fig. 2. Records of the firing rate of a pyramidal tract cell, antidromic 
latency 2.10 msec, which was excited by acetylcholine 60 nA (A), 
and glutamate 60 nA (G). The ejection of leptazol 60 nA (L) reduces 
the peak firing rate produced by glutamate by approximately 50 %, 
whilst having little effect on the acetyleb_oline response. The 2 
records are continuous. Time: 2 min. 

The  n e u r o n a l  depress ion  b y  lep tazo l  could also be  seen 
as a r e d u c t i o n  of g l u t a m a t e - i n d u c e d  f i r ing on  45 cells 
w h i c h  were sub j ec t ed  to  regular  i o n t o p h o r e t i c  pulses  of 
g l u t a m a t e  (Figure 2). E x c i t a t i o n  b y  ace ty lcho l ine  was 
also f r e q u e n t l y  r educed  b y  lep tazo l  (41 cells), t h o u g h  
th i s  r educ t i on  was m u c h  less t h a n  for g l u t a m a t e ,  and  on  
5 ceils t he re  was l i t t l e  a p p a r e n t  change  in t he  ace ty lcho-  
l ine response  (Figure  2). 

The  r educ t i on  of g l u t a m a t e  f i r ing  b y  lep tazo l  could no t  
be  a t t r i b u t e d  to  e i the r  a local  a n a e s t h e t i c  ac t ion  of t he  
c o n v u l s a n t  or to  a r ap id  overdepo ia r i za t ion ,  since p h o t o -  
g raph ic  records  showed no change  of spike h e i g h t  d u r i n g  
t he  ac t ion  of t h e  agent .  

D e p r e s s a n t  responses  to  t he  ion tophores i s  of ace ty l -  
chol ine  (11 cells), n o r a d r e n a l i n e  (14 cells) or 5 -hydroxy-  
t r y p t a m i n e  (8 cells) were una f fec t ed  b y  leptazol .  

T h e  f ind ing  of d e p r e s s a n t  responses  to  l ep tazo l  is n o t  
l ikely to  be an  a r t i f a c t  of our  e x p e r i m e n t a l  des ign as 
KRNJEVId e t  al. 11 in t he i r  s t u d y  of t he  p h a r m a c o l o g y  of 
cor t ica l  inh ib i t ion ,  appl ied  lep tazol  t o  some cells a n d  
c o m m e n t e d  t h a t  g l u t a m a t e  responses  were  ' a c tua l l y  
depressed  in  some . . .  cases ' .  

HILL e t  al. * also found  t h a t  4 of 12 cells s tud ied  were 
depressed  b y  leptazol .  I f  t h e  p r e sen t  e x p e r i m e n t s  h a v e  
a n y  re levan6e  to  l ep tazo l ' s  c o n v u l s a n t  p rope r t i e s  i t  m a y  
be t h a t  in  t h e  cen t r a l  ne rvous  s y s t e m  as a whole  lep tazo l  
causes depress ion  of f i r ing  of some cells, inc lud ing  in-  
h i b i t o r y  i n t e r n e u r o n e s  and  as a resu l t  t he re  is a n  overa l l  
r educ t i on  of i nh ib i t i on ,  l ead ing  to  a n  increase  of ongoing  
ac t iv i ty .  

A p rev ious  r e p o r t  of t h e  effects of sys temic  in jec t ions  
of lep tazol  5 s t a t e d  t h a t  90% of t h e  cells s tud ied  (in t h e  
v e s t i b u l a r  nucleus)  were exci ted  a n d  10% were depressed  
b y  t h e  in jec t ion .  The  fo rmer  was a t t r i b u t e d  to a d i rec t  
e x c i t a t o r y  ac t ion  of leptazol ,  a n d  t h e  l a t t e r  to  a n  ind i r ec t  
ac t ion  (exc i ta t ion  of i n h i b i t o r y  neurones) .  W e  would  
sugges t  f rom the  ev idence  of t he  p r e sen t  e x p e r i m e n t s  t h a t  
t he  depress ions  m a y  be  t h e  more  ' d i r ec t '  r esponse ,  a n d  
t h e  exc i t a t i ons  t he  resu l t  of a n  i n h i b i t i o n  of i n h i b i t o r y  
i n t e rneu rones .  

T h e  poss ib i l i ty  t h a t  e x c i t a t o r y  responses  to  lep tazo l  
m a y  be  ind i rec t  effects ha s  been  m e n t i o n e d  above .  
However ,  severa l  groups  us ing  t h e  r ead i ly  accessible 
neu rones  of Aplysia a n d  Helix h a v e  r epo r t ed  t h a t  l ep tazo l  
can  induce  p a r o x y s m a l  depo la r i za t ions  w i t h  t he  p roduc-  
t i on  of h i g h  f r e q u e n c y  b u r s t s  of ac t ion  p o t e n t i a l s  1~-15. 
I t  is possible  the re fore  t h a t  in  t he  ce rebra l  co r t ex  b o t h  
e x c i t a t o r y  a n d  i n h i b i t o r y  effects of l ep tazo l  are genuine  
d i rec t  effects, p e r h a p s  on  d i f fe ren t  types  of cells. No 
e x c i t a t o r y  responses  were seen on  iden t i f i ed  p y r a m i d a l  
t r a c t  ceils. 

Neve r the l e s s  i t  shou ld  be  e m p h a s i z e d  t h a t  a l m o s t  all  
workers  us ing  lep tazo l  h a v e  obse rved  hype rpo l a r i z i ng  or  
i n h i b i t o r y  responses  as well  as depo la r i za t ions  la,14,1~. 
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