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Sens i t iv i ty  of Cortical  N e u r o n e s  to Acetyl -  
chol ine 

In  sp i te  of m a n y  c la ims  for t he  ex i s t ence  of chol inerg ic  
t r a n s m i s s i o n  b e t w e e n  n e u r o n e s  in t he  ce rebra l  co r t ex  ~, 2, 
t he  d i r ec t  s t i m u l a t i o n  of cor t ica l  cells b y  ace ty l cho l ine  h a s  
n e v e r  been  d e m o n s t r a t e d  conclus ively .  

W e  h a v e  used c o m p o u n d  m i c r o p i p e t t e s  3 to  s t u d y  t h e  
s e n s i t i v i t y  of cor t ica l  neu rones  to  severa l  agen ts .  The  
p i p e t t e s  h a d  5 ba r re l s :  one, filled w i th  2 . 7 M  NaC1, 
r eco rded  t he  ex t r ace l l u l a r  e lec t r ica l  a c t i v i t y  of single 
u n i t s ;  t h e  four  o the r s  c o n t a i n e d  s t r o n g  so lu t ions  of 
ace ty l cho l ine  a n d  o t h e r  subs t ances ,  wh ich  could  be  re- 
leased in t h e  i m m e d i a t e  v i c in i ty  of t he  neu rones  b y  ion- 
tophores i s .  The  t ips  of t he  p i p e t t e s  h a d  a d i a m e t e r  of 
5 -10  ~ a n d  t h e y  were eas i ly  i n se r t ed  in to  t he  co r t ex  a f t e r  
r e m o v a l  of t h e  p ia l  layer .  

W e  h a v e  now e x a m i n e d  1367 cells in  va r ious  cor t ica l  
a reas  in 13 ca t s  a n a e s t h e t i z e d  w i t h  Dia l  or  Chloralose.  All 
cells were exc i ted  b y  L - g l u t a m a t e ;  th i s  ac t ion  a n d  a n y  
s p o n t a n e o u s  a c t i v i t y  were e f fec t ive ly  b locked  b y  y- 
a m i n o b u t y r i c  acid.  Of t h e  to ta l ,  200 cells were found  to be  
sens i t ive  to  ace ty lcho l ine ,  j u d g i n g  b y  e i t h e r  a c lear  in- 
crease  in t he  f r e q u e n c y  of s p o n t a n e o u s  ac t iv i ty ,  or t h e  
f i r ing  of qu ie scen t  cells. To o b t a i n  a n  effect,  a c u r r e n t  of 
0.05-0.1 ~A was passed  t h r o u g h  t he  ace ty l cho l ine  ba r re l  
for  a m i n i m u m  of b e t w e e n  2 a n d  20 sec. W h e n  t he  ace tyI -  
chol ine  c u r r e n t  ceased,  t h e  h e i g h t e n e d  a c t i v i t y  pers i s ted  
for  per iods  wh ich  va r i ed  b e t w e e n  5 a n d  60 sec. By  pass ing  

a s imi la r  (or even  m u c h  s t ronger )  o u t w a r d  c u r r e n t  t h r o u g h  
a n o t h e r  ba r re l  c o n t a i n i n g  e.g. Na g l u t a m a t e ,  i t  was easy  
to  show t h a t  the  obse rved  e x c i t a t i o n  c a n n o t  be ascr ibed  to 
t h e  e l e c t ro t o n i c  effects  of t h e  flow of cu r r en t .  

Ace ty l cho l ine  sens i t ive  n e u r o n e s  were also exci ted ,  
t h o u g h  to  a lesser ex t en t ,  b y  c a r b a m y l c h o l i n e ,  p rop iony l -  
chol ine  a n d  succ inylchol ine ,  b u t  n o t  b u t y r y l c h o l i n e .  T h e y  
were af fec ted  b y  n eo s t i g mi n e  a n d  e d r o p h o n i u m  appl ied  in 
a s imi la r  m a n n e r ;  b o t h  p o t e n t i a t e d  the  ac t ion  of ace ty l -  
chol ine,  or  even  exc i t ed  t h e  cells. On t h e  o t h e r  h a n d ,  t ubo -  
cu ra r ine  could n o t  be  s h o w n  to  h a v e  a n y  b lock ing  ac t ion .  
The  on ly  effect  obse rved  in some cases was a de layed  b u t  
ve ry  p r o n o u n c e d  exc i t a t ion .  Nico t ine  h a d  a s imi la r  ex-  
c i t ing  ac t ion ,  wh ich  bore  no  r e l a t i on  to the  ace ty l cho l ine  
sens i t iv i ty .  A t rop ine  a n d  hyosc ine  h a d  a non-spec i f ic  
d e p r e s s a n t  effect  on  nea r ly  all t h e  cor t i ca l  neu rones  to 
w h i c h  t h e y  were appl ied  (spinal  cord  neurones4) .  So far,  
on ly  w i th  ga l l amine  h a v e  we been  able  to  p ro d u ce  a 
se lec t ive  b lock  of ace ty lcho l ine .  

Ace ty lcho l ine  sens i t ive  neu rones  t e n d e d  to occur  in 
c lus ters ,  a n d  t h e y  ve ry  o f t en  showed  s p o n t a n e o u s  a c t i v i t y  
r e l a t ed  to  slow waves  of t h e  e l ec t rocor t i cogram.  A l t h o u g h  
we h a v e  found  a few sens i t ive  n e u r o n e s  in mos t  areas ,  t h e y  
were d i s t r i b u t e d  m a i n l y  in the  p r i m a r y  s o ma t o s en s o ry ,  
v i sua l  an d  a u d i t o r y  rece iv ing  a reas ;  the  g r ea t e s t  concen-  
t r a t i o n s  were seen in the  p r i m a r y  v isua l  a rea  of some of 
t h e  cats .  

Resumd.  Sur  1367 neu rones  de  l '6corce c6r6brale  du  
cha t ,  examin6s  d i r e c t e m e n t  p a r  la m 6 t h o d e  ion tophor* -  
t ique ,  il a 6t6 possible  d ' e n  s t imu le r  200 p a r  l ' ac6 ty l -  
chol ine.  T o u s l e s  neu rones  son t  f o r t e m e n t  exci t6s  p a r  le 
L - g l u t a m a t e  e t  inh ib6s  p a r  l ' ac ide  ~ , -aminobutyr ique .  
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Acetyleholine sensitive unit 1.'2 mm deep in anterior part of lateral 
gyrus. Aeetylcholine application (outward current of 0A btA) begun 
at 1st arrow and ended at '2nd arrow. Time pips are at 1 see intervals 

and voltage calibration shows O22 mV. 
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N e w  Central  S t i m u l a n t s  

I n  t he  course  of a n  i n v e s t i g a t i o n  of t he  syn thes i s  of new 
c e n t r a l  s t i m u l a n t s ,  a series of 2-piperidyl-(  1 )- a n d  m o r p h o -  
l i ny l (4 ) -3 - subs t i t u t ed  p h e n y l p r o p i o n i c  acid es te rs  a n d  t h e  
c o r r e s p o n d i n g  p r o p a n o l s  were syn thes ized .  The  com-  
p o u n d s  syn the s i zed  in t h i s  c o n n e c t i o n  inc lude :  m e t h y l  
2 -p ipe r idy l (1 ) -3 -pheny lp rop iona t e  (CN1), 2-piper idyl(1)-  
3 - p h e n y l p r o p a n o l  (CN2), m e t h y l  2 -morphol iny l (4) -3-  
p h e n y l p r o p i o n a t e  (CN3), 2 -morpho l iny l (4 ) -3 -pheny l -  
p r o p a n o l  (CN4), m e t h y l  2 -p ipe r idy l (1 ) -3 - (p -me thoxy-  
p h e n y l ) - p r o p i o n a t e  (CNS), 2 -p ipe r idy l (1 ) -3 - (p -me thoxy-  
phenyl)-propanol (CN6). 

D u r i n g  a sc reen ing  s t u d y  w i th  mice for c e n t r a l  s t i m u -  
l a n t  a c t i v i t y  ( spon t aneous  ac t iv i ty ) ,  t hese  c o m p o u n d s  
showed  t he  fol lowing order  of decreas ing  p o t e n c y :  CN2, 
CN6, CN4, CN5, CN3, CN1. As CN2 was found  to be  mos t  
ac t ive ,  i t  was  s tud ied  f u r t h e r  for i ts  c en t r a l  s t i m u l a n t  
a c t i v i t y  in  d i f fe ren t  species of a n i m a l s  w i th  t he  fol lowing 
resu l t s  : 

(1) 50-60  m g / k g  in jec ted  i n t r a p e r i t o n e a l l y  (i.p.) in 
mice p roduced  m a r k e d  increase  in s p o n t a n e o u s  a c t i v i t y .  
At  70, 80, an d  100 mg/kg ,  t h e  a n i m a l s  b e c a m e  e x t r e m e l y  
ac t ive .  N o r m a l l y  docile a n i m a l s  could n o t  be con t ro l l ed  in 
12" h igh  cages  unless  a lid was  p u t  on. Clonic f lexor  con-  
vu ls ions  occur red  a t  all  t hese  dose levels.  C I ) 5 0  was 
b e t w e e n  70--80 m g / k g  a n d  L D  50 a r o u n d  150 mg/kg .  

(2) In  r a t s  30-40 m g / k g  g iven  i.p. caused  increase  in 
s p o n t a n e o u s  a c t i v i t y  w i t h i n  5 min.  Af te r  100 m g / k g  t h e  
response  of t h e  an i ma l s  to  a n y  d i s t u r b a n c e  b y  a u d i t o r y  or  
v isua l  s t imul i  was exagge ra t ed .  T h e  effects  seemed  to dis-  
a p p e a r  in 60-90  rain  w i th  no  s igns of depress ion .  However ,  
a t  h ighe r  doses such  as 150 m g / k g  t h e  a n i m a l s  deve loped  
f lexor  ohmic convu l s ions  a n d  t h e  s u r v i v i n g  a n i m a l s  
showed  decreased  s p o n t a n e o u s  ac t i v i t y .  

(3) 30 40 m g / k g  g iven  i.p. to  dogs p roduced  increased  
a l e r tness  a n d  a c u t e  a w a r e n e s s  of s l igh tes t  d i s t u r b a n c e  in 
t h e  su r round ings .  At  50 m g / k g  t h i s  effect  was  fol lowed b y  
a fur ious  s t rugg le  to  get  re leased an d  loss of i n t e r e s t  in t h e  
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sur roundings .  In  12 min flexor clonic convuls ion  appea red .  
The effect  began  to  decrease  in 25-30 min  and  e x c i t e m e n t  
was  over  in 25-30 min.  

(4) In  anaes the t i s ed  ca ts  and  dogs di f ferent ia l  ac t ion  
towards  pressor  amines  was  not iced.  The pressor  effect  of 
5 vg adrena l ine  and  nor -adrena l ine  was increased,  while 
the  effect  of 2-4 mg of a m p h e t a m i n e  and  ephedr ine  was 
reduced  or blocked by  20 mg/kg  in t r avenous ly  in dogs and  
30 mg/kg  in cats.  

Deta i led  s tudies  of c o m p o u n d s  in these  series will be 
c o m m u n i c a t e d  in due  course. 

Zusammen/assung. Mit 2-Piperidyl(1)-  3 -pheny lp ropano l  
(CN,) wird  an  M£usen, R a t t e n  und  H u n d e n  eine deut l iche  
zen t ra l s t imut i e rende  W'irkung fes tgeste l l t .  An an~isthe- 
s ie r ten  K a t z e n  und  H u n d e n  b lockier t  CN 2 die vaso-  
press ive  W i r k u n g  des A m p h e t a m i n s  und  E p h e d r i n s  und  
vers t / i rk t  diejenige der  Catecholamine .  

R. S. KAPIL, NITYA ANAND, 
M. M. VOHRA, and  J. D. KOHLI 

Central Drug Research Institute, Lucknow (India), March 
30, 1961. 

The  Infundibular  Recess  in the Brain of Camelus  
dromedar ius  with  Part icular  Reference to its  
N e u r o s e c r e t o r y  P a t h w a y s  into the Third  Ventricle  

I t  is t h o u g h t  t h a t  the  neurosecre t ion  p lays  a p a r t  in the  
contro l  of the  o rgan i sm ' s  fluid balance.  Since anc ien t  
t imes,  the  camel  is pa r t i cu la r ly  r enowned  for its s ingular  
wa te r  economy.  I t  is able to d r ink  only  once a week;  on 
the  o the r  hand ,  it  is able to  d r ink  wa te r  of such h igh  
sa l in i ty  t h a t  man ,  for ins tance ,  would be poisoned by  it 1. 

Fig. 1. Part of the floor of the infundibular recess and the bay ex- 
tending caudally from it. - Haematoxylin-eosin; x 16. 

The  p re sen t  work  was u n d e r t a k e n  in o rde r  to  see if t he  
pecul iar  wa te r  e co n o my  of the  camel  m i g h t  be based  on 
some morphologica l  pecul ia r i ty  in its h y p o t h a l a m o -  
hypophys i a l  sys tem.  Condi t ions  d i s t inc t  f rom those  in 
o the r  an imals  were found special ly in the  in fund ibu la r  
recess. 

The mate r ia l  cons is ted  of th ree  brains ,  which  were fixed 
in 10% formalin,  e m b e d d e d  in paraff in ,  and  sect ions  were 
made  sagi t ta l ly  a t  5-7-micra .  S ta in ing  was done  wi th  
haematoxy l in -eos in ,  H e i d e n h a i n ' s  i ron -haema toxy l in ,  
Gomor i ' s  c h r o m e - h a e m a t o x y l i n  and  a ldehyde- fuchs in .  

The v en t r a l  p a r t  of the  t h i rd  vent r ic le  fo rmed  a d i s t inc t  
i n fund ibu la r  recess. The  pos ter ior  p a r t  of t he  recess was  
jo ined  to a long, na r row b a y  runn ing  caudal ly ,  p roduced  
as a resu l t  of the  forward  pressure  exe r t ed  on the  cauda l  
wall  of the  i n fund ibu lum by  the  pars  tubera l i s  of the  
hypophys i s .  

The e p e n d y m a  of the  floor of the  recess, and  in t he  said 
bay,  cons is ted  of f lat  cells. The e p e n d y m a l  cell layer  ad-  
jo ined to  a s u b e p e n d y m a l  t issue wi th  a b u n d a n t  quan t i t i e s  
of hya l ine  mass  visible in t he  h a e m a t o x y l i n - s t a i n e d  p repa-  
ra t ions ,  occurr ing  in places  in large drops .  The m u t u a l  
connec t ion  be tween  the  e p e n d y m a l  cells was  b roken  in 
n u mero u s  places,  where  hya l ine  mate r ia l  was  t h e n  seen 
also in the  cell inters t ices .  This  m a d e  the  marg in  of t he  
vent r ic le  ha rd  to define.  In  ce r ta in  places,  hya l ine  mater ia l  
occur red  also on the  surface of the  e p e n d y m a  in the  
lumen  of the  ventr ic le .  The hya l ine  mate r ia l  was par t icu-  
lar ly a b u n d a n t  a round  the  s u b e p e n d y m a l  vessels. Such 

1 Editorial, Modern Medicine ~8, 14 (1960). 

Fig. 2. The area of the rectangle in Figure 1. Neurosecretory material 
in great profusion in the ependymal barrier, subependymally and 

around the subependymal vessels. - Aldehyde-fuchsin; × 100. 

- e ~ '  

Fig. 3. Neurosecretory material around a subependymal vessel and 
extending as protuberances into the third ventricle. - Aldehyde- 

fuchsin; x 200. 


