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A n a l y s i s  o f  t h e  C o n v u l s a n t  A c t i o n . o f  P e n t y l e n e t e t r a z o l  

S t r y c h n i n e  has  been  s h o w n  to  b lock  p o s t - s y n a p t i c  
i n h i b i t i o n  ~, whe reas  p i c r o t o x i n  ha s  b e e n  found  to  ac t  
b y  r educ ing  p r e s y n a p t i c  i n h i b i t i o n  in t he  sp ina l  cord 2. 
The  resu l t s  o b t a i n e d  w i t h  pen ty lene te t razo!"  (Metrazol,  
Cardiazol) ,  however ,  were inconclus ive2-4 .~The purpose  
of t he  p r e s e n t  i nves t i ga t i on  was to  r e e x a m i n e  t he  effects 
of sma l l  c o n v u l s a n t  doses of p e n t y l e n e t e t r a z o l  on  pre-  
s y n a p t i c  i n h i b i t i o n  in t he  c u n e a t e  nuc leus  us ing  d i rec t  
as well  as ind i rec t  t e s t i ng  procedures .  T he  c u n e a t e  nuc leus  
was chosen  for  s t u d y  because  of i ts  access ib i l i ty  a n d  
because  i n h i b i t i o n  of t ac t i l e  i n p u t  a t  t h a t  level  h a s  a 
s t rong  p r e s y n a p t i c  c o m p o n e n t .  T he  m e t h o d s  of dis- 
p l ay ing  p r e s y n a p t i c  i n h i b i t i o n  in  th i s  nuc leus  a n d  t he  
u n d e r l y i n g  synap t i c  m e c h a n i s m s  h a v e  b e e n  e luc ida ted  5. 
F u r t h e r m o r e ,  c u n e a t e  p r e s y n a p t i c  i n h i b i t i o n  ha s  b e e n  
s h o w n  to  be  sens i t ive  to  t he  c o n v u l s a n t  d r u g  p i c ro tox in  6 
in  t he  same  way  as sp ina l  p r e s y n a p t i c  i n h i b i t i o n  is. 
P e n t y l e n e t e t r a z o l  was  ins t i l led  local ly  or a d m i n i s t e r e d  
i.v. in doses close to those  r equ i r ed  to p roduce  convuls ions  
in t h e  i n t a c t  cat .  

A d u l t  ca t s  were anes t he t i z ed  w i t h  p e n t o b a r b i t a l  (i.p.) 
a n d  l a t e r  m a i n t a i n e d  u n d e r  l i g h t  anes thes i a  w i t h  smal l  
i.v. doses. Some  ca t s  were d e c e r e b r a t e d  a t  t he  in tercol-  
l icu lar  level  u n d e r  e t h e r  anes thes ia ,  a f t e r  wh ich  t h e  e the r  
was  d i scon t inued .  All ca ts  were m o u n t e d  s te reotaxica l ly ,  
immob i l i zed  w i t h  gal lamine,  a n d  m a i n t a i n e d  u n d e r  ar t i -  
ficial resp i ra t ion .  Two types  of e x p e r i m e n t a l  p rocedures  
were  used  to  i nves t i ga t e  p r e s y n a p t i c  inh ib i t ion .  Fi rs t ,  
gross p o t e n t i a l s  were r ecorded  f rom the  surface  of t h e  
c u n e a t e  nuc leus  w i t h  a s i lver  ba l l  e lec t rode  a f t e r  e lectr ical  
s t i m u l a t i o n  of t h e  ips i l a te ra l  or c o n t r a l a t e r a l  fo repaw 
or of t h e  c o n t r a l a t e r a l  s ens o r i m o t o r  cor tex.  Second, a 
glass mic roe lec t rode  was inse r t ed  in to  t he  c u n e a t e  nuc leus  
for d i rec t  s t imu la t ion ,  and  t h e  a n t i d r o m i c  response  
recorded  in t he  ips i la te ra l  superf ic ia l  r ad ia l  ne rve  w i t h  
a b ipo la r  p l a t i n u m  electrode.  T he  synap t i ca l l y - conduc ted ,  
o r t h o d r o m i c  d i scharge  was r ecorded  b y  a m o n o p o l a r  
e lec t rode  p laced  s t e r eo t ax ica l ly  in  t he  c o n t r a l a t e r a l  
m e d i a l  lemniscus .  Cond i t i on ing  s t i m u l a t i o n  was appl ied  
to  t he  ips i l a te ra l  forepaw or to  t he  c o n t r a l a t e r a l  peri-  
c ruc i a t e  reg ion  of t h e  cor tex.  

The  onse t  of ac t ion  of pen ty l ene t e t r azo l ,  a d m i n i s t e r e d  
i.v. in  doses of 20-80 mg/kg ,  was  a l m o s t  i m m e d i a t e  a n d  
i ts  d u r a t i o n  was brief.  The  a n t i d r o m i c  response,  r ecorded  
in a c u t a n e o u s  ne rve  a f t e r  d i rec t  s t i m u l a t i o n  of t he  c u n e a t e  
nucleus,  n o r m a l l y  consis ts  of 2 spike  complexes  (Figure A). 
The  second spike complex  is t h o u g h t  to  be  t he  dorsa l  
c o l u m n  reflex, ref lec t ing  s t i m u l a t i o n  of i n t e r n e u r o n s  
which  are  on  t he  p r e s y n a p t i c  i n h i b i t o r y  p a t h w a y L  This  
ref lex is v e r y  sens i t ive  to  p ic ro tox in .  I t  was  also found  
to  be  depressed  b y  convu l s ive  doses of pen ty l ene t e t r azo l .  
T h e  effect  of p e n t y l e n e t e t r a z o l  on  t he  ab i l i ty  of condi-  
t i on ing  pulses  to  increase  t he  a m p l i t u d e  of t h e  f i rs t  spike 
complex  was  s tud ied  in  6 expe r imen t s .  I n  all  t h e  doses 
used i t  depressed  t he  increase  in exc i t ab i l i t y  of t he  
c u n e a t e  a f f e r en t  t e r m i n a l s  p r o d u c e d  b y  t h e  cond i t ion ing  
vol leys a t  all cond i t i on i ng - t e s t i ng  in t e rva l s  (15-160 msec), 
as shown  in F igure  B. These  effects  could also be  obse rved  
a f t e r  local  app l i ca t ion  of a 2% so lu t ion  of p e n t y l e n e t e t r a -  
zol in physio logica l  saline,  in  w h i c h  case, however ,  t he  
onse t  of ac t ion  was s o m e w h a t  de layed  ( i0  min) .  

I n h i b i t i o n  of t he  synap t i c  d i scharge  of t he  cuneo-  
t h a l a m i c  neu rons  b y  cond i t i on i ng  vol leys  in  c u t a n e o u s  
sources  was also s tudied .  I n  5 ou t  of 7 e x p e r i m e n t s  
p e n t y l e n e t e t r a z o l  decreased  th i s  i n h i b i t i o n  b o t h  a f t e r  
local in s t i l l a t ion  as well  as a f t e r  i.v. a d m i n i s t r a t i o n .  I n  
some exper iments"  p e n t y l e n e t e t r a z o l  r e su l t ed  in a 20% 
depress ion  of t h e  t e s t  l emnisca l  response.  F ina l ly ,  t he  

P waves  recorded  a f t e r  c u t a n e o u s  as well  as c o n t r a l a t e r a l  
cor t ica l  s t i m u l a t i o n  were  r educed  in size b y  p e n t y l e n e -  
te t razol .  P waves  recorded  in dece reb ra t e  u n a n e s t h e t i z e d  
ca ts  a f t e r  c u t a n e o u s  s t i m u l a t i o n  were s imi la r ly  depressed.  
The  P wave  is a ref lec t ion of u n d e r l y i n g  depo la r i za t ion  
of c u n e a t e  t e rmina l s .  I n  all  t h e  e x p e r i m e n t a l  p rocedures  
descr ibed,  no  co r re la t ion  could be  obse rved  be tween  the  
dose of t he  d r u g  and  t h e  effect  p roduced .  The  b lood  
pressure  effects of p e n t y l e n e t e t r a z o l  were mi ld  a n d  
i n d e p e n d e n t  of t h e  neurophys io log ica l  changes .  

I t  is t h u s  a p p a r e n t  t h a t  p e n t y l e n e t e t r a z o l  b locks  
a f fe ren t  t e r m i n a l  depo la r i za t ion  and  reduces  p r e s y n a p t i c  
i nh ib i t i on .  Th i s  h a s  been  obse rved  even  in doses as low 
as 20 mg/kg .  All i ts  effects could be  a n t a g o n i z e d  b y  
p e n t o b a r b i t a l ,  I t  is i n t e re s t ing  to  specu la te  why,  un l ike  
p ic ro tox in ,  p e n t y l e n e t e t r a z o l  some t imes  decreased  t he  
size of t he  p o s t - s y n a p t i c  d i scharge  in t h e  m e d i a l  l emniscus  
a n d  exe r t ed  a less p ronounced ,  a n d  more  errat ic ,  effect  
on  p r e s y n a p t i c  inh ib i t ion .  Th i s  c o m b i n e d  effect  of exci ta-  
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The effects of pentylenetetrazol on euneate transmission. (A) anti- 
dromic potentials recorded in the superficial radial nerve after direct 
stimulation of the cuneate nucleus, showing the reduction of the 
second spike complex (the dorsal colmnn reflex) by metrazol 
(30 mg/kg). (B) Time course of the increase in excitability of the 
euneate terminals and the depression of the lemniseal response after 
conditioning pulses in the ipsilateral forepaw pad (IFP). The euneate 
nucleus (CUN) was stimulated directly with a glass mieroeleetrode 
and the synaptieally conducted lemniscal response (LR) as well as 
the antidromie potentials in the superficial radial nerve (SR) were 
recorded. 
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t ion and inhib i t ion  has  also been r epo r t ed  in the  spinal  
cord s . There  is ana tomica l  evidence s for the  presence  in 
t he  cent ra l  ne rvous  sys tem of exc i t a to ry  in te rneurons  
which  synapse  wi th  p resynap t i c  t e rmina ls  as well as 
w i th  the  dendr i t es  of the  neurons  on which  these  pre- 
synap t ic  t e rmina l s  end. If  pen ty lene te t r azo l  blocks bo th  
of these  sites, its combined  effects of faci l i ta t ion and  
inhibi t ion,  as w e l l  as the  lack of dose-response rela- 
t ionship,  would be accounted  for. 

Rdsumd. Les effets du pen ty l6ne te t razo l  sur la t rans -  
mission de l ' inf lux ne rveux  dans  le noyau de Burdach  
furen t  6tudi6s. I1 a p p a r u t  que ce p rodu i t  emp6che 
l ' augmen ta t i on  de l 'exci tabi l i t6  des extr6mit6s  aff6rentes 
cun6aires et  l ' inhib i t ion  de la r6action 16mnisque, ceci en 

cond i t i onnan t  les d6charges cutan6es.  Le penty l6ne-  
te t razol  r6dui t  aussi l ' in tensi t6  de l 'onde  de surface posi- 
t ive.  Le p en t o b a rb i t a l  p a r u t  s 'opposer  ~ ces effets. E n  
conclusion, le cardiazol  b loque l ' inh ib i t ion  p r6synap t ique ,  
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Vitamin A-Deficiency and Cartilage in Healing Skull Fractures of Rats 

During the  heal ing of skull vau l t  defects  in the  ra t  
fed adequate ly ,  cart i lage is seen rarely 1 or none  is 
r epor ted  ~,~, excep t  in one expe r imen t  4 involving 50 ra ts  
less t h a n  7 days  old of which 19 formed some carti lage. 
HOWELL and  THOMPSON 5 have  re la ted an abnorma l  sub- 
per iosteal  fo rma t ion  of cart i lage in the  lumbosacra l  
ve r tebrae  to a v i t amin  A-def ic ient  s ta te  in chicks. This 
r epor t  concerns  the  incidence of cart i lage deve lopmen t  
observed in repai r ing  par ie ta l  bone defects  in 32 albino 
ra ts  made  v i t amin  A-def ic ient  6 beginning  at  weaning  
and  in 24 contro l  l i t t e r -mates  t r ea ted  s imilar ly b u t  given 
orally in a lmond  oil a supp lemen t  provid ing  50 IU of 
v i t amin  A pa lmi t a t e  per  day. The bone lesions were 
made  by  scraping back  the  per ic ran ium of one side, 
dril l ing th rough  the  skull and enlarging the  hole by  
breaking off small  bone  pieces. 

Operat ions  were per formed on animals  be tween  12-18 
weeks of age. At  t h a t  t ime  the  v i t amin  A-def ic ient  group 
alone showed mos t  or all of the  following s y m p t o m s :  
whi te  fur, pale incisor tee th ,  inf lamed eyelid margins,  
low weight  and  loss of appet i te .  Assays  7 pe r fo rmed  at  
dea th  on 10 def icient  animals  gave v i t amin  A concen-  
t ra t ions  be tween  0-9 vg/100 ml in the  blood and  0-9 txg/g 

in the  liver. All f rac tured  skull vaul t s  were p repa red  for 
histological  examina t ion .  

Carti lage developed be tween  the  9th and  28th pos t -  
opera t ive  day  in 12 of the  21 v i t ami n  A-def ic ient  ani-  
mals, bu t  only  in i of the  19 A- supp lemen ted  rats ,  
surviving in to  t h a t  period.  The  cart i lage occurred as 
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Fig. 1. The skull margin of a vitamin A-deficient rat surviving 
21 days has a callus on its dural side comprising bone (B), and 
cartilage (C) near to the brain (G) herniating through the defect. 
Haematoxylin and eosin. • 80. 

Fig. 2. The bony callus of a vitamin A-supplemented rat living 
21 days post-operatively includes a small area of cartilage (arrowed). 
Haematoxylin and eosin. • 500. 


