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iodide a t  p H  5.5 will  be  cal led ZIO,  a n d  t h e  one  con-  
t a i n i n g  p o t a s s i u m  iodide  a t  p H  7.4 will  be  cal led KIO-7 .  
(For  de ta i l ed  f i x a t i o n  schedules  see ref. ~). T r e a t e d  r a t s  
were  g iven  2 × 3 0 0  m g / k g  i.p. of p -CPA,  s e p a r a t e d  b y  
a 48 h in te rva l .  T h e y  were ki l led 2 4 h  a f t e r  t h e  las t  
in jec t ion .  Con t ro l  r a t s  rece ived  e q u i v a l e n t  vo l um es  of 
sal ine.  

T h e  ZIO r eac t i on  in p inea l  n e r v e s  (Figure  1) ha s  
a l r e a d y  b e e n  desc r ibedL  Most  vesicles show a h e a v i l y  
s t a i ned  m a t r i x  a n d  a pa l e r  core. I n  p - C P A  t r e a t e d  r a t s  
(F igure  3) t h e  m a t r i x  r e a c t i o n  d i sappea r s  in  a b o u t  60% 
of t h e  vesicles. Cen t ra l  cores c an  s t i l l  be  seen, however ,  
t h e y  h a v e  a sma l l e r  d i a m e t e r  a n d  less e l ec t ron  d e n s i t y  
t h a n  those  in cont ro ls .  

KIO-7  m i x t u r e s  show a dense  core in  a b o u t  7 0 - 7 5 %  
of t he  vesicles  (Figure  2). T he  m a t r i x  does  n o t  r eac t  
w i t h  KIO-7  as m u c h  as i t  does  w i t h  ZIO.  Only  sma l l  
dense  spots  c an  be  seen in t h e  m a t r i x  of some vesicles.  
Af t e r  t r e a t m e n t  w i t h  p - C P A  (Figure  4), no  a l t e r a t i o n  
can  be  obse rved ,  e i t h e r  in  t h e  s t a i n i n g  of t h e  cores or 
in  t h e  r e a c t i o n  of t h e  m a t r i x .  

I t  seems t h a t  p - C P A  deple tes  ZIO reac t ive  m a t e r i a l  
b o t h  f rom t h e  m a t r i x  a n d  t h e  core  of s y n a p t i c  vesicles  
f rom r a t  p inea l  nerves .  W i t h  t h e  W o o d  t echn ique ,  
s e ro ton in  a n d  c a t e c h o l a m i n e s  can  b e  local ized h is to-  
c h e m i c a l l y  in  t he  core  4,5. Th i s  c an  be  r e l a t ed  to  t h e  
sma l l e r  ZIO r eac t i on  of t h e  core in  p - C P A  t r e a t e d  ra ts .  
However ,  p - C P A  also dep le tes  ZIO r eac t i ve  m a t e r i a l  
f r o m  t h e  m a t r i x ,  where  no  indol  or  c a t e c h o l a m i n e s  can  
be  local ized w i t h  t h e  W o o d  t echn ique .  Two h y p o t h e s i s  
m a y  be  f o r m u l a t e d :  a) t h e r e  is a s e ro ton in  s tore  in  t h e  
m a t r i x  w h i c h  is no t  r evea led  b y  t he  W o o d  t e c h n i q u e  
b u t  w h i c h  in  some  way  r eac t s  w i t h  ZIO.  Th i s  poss ib i l i ty  
is e n h a n c e d  b y  e x p e r i m e n t s  m a d e  in v i t r o  done  in  ou r  
l a b o r a t o r y .  I t  h a s  b e e n  f o u n d  t h a t  se ro ton in ,  5 -hydroxy-  
t r y p t o p h a n ,  t r y p t o p h a n  a n d  m e l a t o n i n  r educe  ZIO,  
g iv ing  a h e a v y  p rec ip i t a t e .  C a t echo l am i nes  a n d  t h e i r  
precursors ,  dopa  a n d  p h e n y l a l a n i n e ,  also p r ec i p i t a t e  ZIO 
in t h e  t e s t  t ube .  A r e l a t i o n  of t h e  m a t r i x  w i t h  ca techo l -  
a m i n e  s tores  c a n n o t  be  exc luded  as c a t e c h o l a m i n e -  
d e p l e t i n g  drugs,  l ike reserp ine  I, t y r a m i n e  a n d  oxyper -  
f ine  6 also deple te  ZIO r eac t i ve  ma te r i a l ,  b) I t  is poss ib le  
t h a t  ZIO reac t s  w i t h  a s e r o t on i n - d i f f e r en t  s u b s t a n c e  
w h i c h  is also a f fec ted  b y  p-CPA.  KoE a n d  WEISSMAN 7 

obse rved  t h a t  p - C P A  reduces  t h e  n o r m a l  increase  of 
b r a i n  s e r o t o n i n  a n d  5 -hyd roxy indo l ace t i c  ac id  r e su l t ing  
f rom 5 - h y d r o x y t r y p t o p h a n  a d m i n i s t r a t i o n ,  " a n d  t h e y  
p o s t u l a t e d  a p - C P A  i n h i b i t i o n  of 5 - h y d r o x y t r y p t o p h a n  
up t ake .  P e r h a p s  t h e  m a t r i x  r eac t i ve  m a t e r i a l  r ep re sen t s  
a b i n d i n g  s i te  for 5 - h y d r o x y t r y p t o p h a n .  

Af t e r  t r e a t m e n t  w i t h  p-CPA,  t h e  cores  r evea l ed  b y  
KIO-7  r e m a i n  obse rvab le .  The  s ame  h a p p e n s  w i t h  those  
r evea l ed  b y  o s m i u m  te t rox ide ,  b u t  n o t  w i t h  t hose  re- 
vea l ed  b y  g l u t a r a l d e h y d e - o s m i u m  te t rox ide* .  P e r h a p s  
K I O - 7  revea l s  c a t e c h o l a m i n e  s tores  as o s m i u m  t e t r o x i d e  
does, or  i t  m a y  be  t h a t  K I O - 7  r eac t s  w i t h  some o t h e r  
core c o m p o n e n t  of a n  u n k n o w n  cha rac t e r .  I n a s m u c h  as 
t~2IO-7 f i x a t i o n  shows  a g r ea t e r  n u m b e r  of cores t h a n  
o s m i u m  te t rox ide ,  i t  is poss ib le  t h a t  K I O - 7  revea l s  a 
d i f f e ren t  k i n d  of c a t e c h o l a m i n e  b i n d i n g .  

l~esumen. Se d e m u e s t r a  que  la  p - c lo ro fen i l a l an ina  
dep lec iona  los c o m p o n e n t e s  de  las  ves icu las  s in~p t i cas  
de  los ne rv ios  p inea les  de la r a t a  r eve lab le s  po r  la  mezc la  
t e t r 6 x i d o  de  o smio -yodu ro  de  zinc pe ro  no  a fec t a  a los 
r eve lab le s  p o t  t e t r 6 x i d o  de o smio -yodu ro  de potas io .  
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Chol inergic  P r o p e r t i e s  o f  1 - M e t h y l  and 2 - M e t h y l p e n t y l t r i m e t h y l a m m o n i u m  Salts  

A l t h o u g h  t he  c h o l i n e r g i c  s t i m u l a n t  ac t ions  of t h e  
c a r b o n  ana logue  of ace ty lcho l ine ,  t he  p e n t y l t r i m e t h y l -  
a m m o n i u m  ion, are  well  e s t ab l i s hed  1, th i s  c a t i o n  does 
n o t  possess t h e  es te r  o x y g e n  a t o m s  w h i c h  h a v e  b e e n  
i m p l i c a t e d  in h y d r o g e n  b o n d i n g  or  ionic b i n d i n g  of t h e  
n e u r o t r a n s m i t t e r  to  t h e  chol inerg ic  r ecep to r s  2,3. T h i s  
a l i pha t i c  a m m o n i u m  ion could  the re fo re  be  c o m p l e x i n g  
w i t h  t h e  recep tors  in  a modi f i ed  m a n n e r  to  ace ty lcho l ine ,  
i n t e r a c t i n g  w i t h  t h e  r ecep to r  an ion ic  s i te  w i t h  s e c o n d a r y  
b i n d i n g  fac to rs  acc ru ing  f rom some fo rm of a l los ter ic  
h y d r o p h o b i c  b o n d i n g  4. 

I n  o rder  to  seek c la r i f i ca t ion  of t h i s  cons ide ra t i on  we 
h a v e  e x a m i n e d  t he  agon is t i c  p rope r t i e s  of i - m e t h y l -  a n d  
2 - m e t h y l p e n t y l t r i m e t h y l a m m o n i u m  salts .  S u b s t i t u t i o n s  
of th i s  n a t u r e  on  t h e  ace ty l cho l ine  molecule  do n o t  
grossly d e t r a c t  f rom t he  h igh  p o t e n c y  of t h e  p a r e n t  
s u b s t a n c e  a l t h o u g h  t h e r e  is p r o f o u n d  r ecep to r  d i f feren-  
t i a t ion .  Thus ,  1 -me thy l  s u b s t i t u t i o n  is c o m p a t i b l e  w i t h  
n ico t in ic  s t i m u l a t i o n  whi le  2 - m e t h y l  s u b s t i t u t i o n  f avour s  

m u s c a r i n i c  s t i m u l a t i o n  5. CHOTI-]IA ~ ha s  r ecen t l y  in t e r -  
p r e t e d  these  f ind ings  to deve lop  ' e s sen t i a l '  s t r u c t u r e s  of 
ace ty l cho l ine  a c c e p t a b l e  to  n ico t in ic  a n d  m u s c a r i n i c  
receptors .  W e  cons idered  t h a t  if  such  s u b s t i t u t i o n s  on  
t h e  p e n t y l t r i m e t h y l a m m o n i u m  ca t ion  caused  s imi la r  
v a r i a t i o n s  in  agon is t i c  specif ic i t ies  t h e n  th i s  would  
s ignify  a para l l e l  b e t w e e n  t h e  m o d e  of r ecep to r  i n t e r a c t i o n  
of t h e  n e u r o t r a n s m i t t e r  a n d  i ts  c a r b o n  ana logue  a n d  
sugges t  t h e  r e l a t i ve  i m p o r t a n c e  of o x y g e n  b ind ing .  A lack  
of such  d i f f e r e n t i a t i o n  would  serve  to  i n d i c a t e  t h a t  
l ipophi l ic  b i n d i n g  of t he  a l ipha t i c  c h a i n  is of g r ea t  
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i m p o r t a n c e  in r ecep to r  c o m p l e x i n g  of t h e  p e n t y l t r i -  
m e t h y l a m m o n i u m  ion. 

T h e  m u s c a r i n i c  po tenc ies  of  p e n t y l t r i m e t h y l a m m o n i u m  
b romide ,  ( ± ) - l - m e t h y l t r i m e t h y l a m m o n i u m  iodide  a n d  
( ± ) - 2 - m e t h y l t r i m e t h y l a m m o n i u m  iodide  were  d e t e r m i n e d  
in  v i t r o  on  t h e  gu inea -p ig  i leum, us ing  T y r o d e  so lu t ion  
c o n t a i n i n g  1 × 1 0 - 4 M  h e x a m e t h o n i u m  d ich lo r ide  to  
dispel  gang l ion  s t i m u l a n t  c o n t r i b u t i o n s  to  t h e  m e a s u r e d  
responses .  D r u g  responses  were  c o m p l e t e l y  abo l i shed  
w h e n  t h e  c o m p o u n d s  were  a d m i n i s t e r e d  in  t h e  p resence  
of I × 10~TM a t r o p i n e  s u l p h a t e  7. 

Nico t ine - l ike  s t i m u l a n t  ac t ions  of t h e  c o m p o u n d s  were  
c o n d u c t e d  o n  t h e  r ec tus  a b d o m i n i s  musc le  of t h e  f rog 
.Rana pipiens s C a r b a c h o l  was  used  as  t h e  s t a n d a r d  d r u g  
in a l l  e x p e r i m e n t s  a n d  e q u i p o t e n t  m o l a r  r a t ios  were 
d e t e r m i n e d  b y  c o m p l e t e  I o u r - p o i n t  assays.  

A l t h o u g h  t h e  p e n t y l t r i m e t h y l a m m o n i u m  sa l t s  a re  less 
ac t ive  t h a n  t h e  s t a n d a r d ,  carbactxol, t h e  r e su l t s  c lear ly  
d e m o n s t r a t e  t h a t  t h e  n ico t in ic  a n d  m u s c a r i n i c  r ecep to r s  
c an  d i f f e r en t i a t e  b e t w e e n  t h e  s u b s t i t u t e d  a l i p h a t i c  
agon i s t s  (Table) .  T h e  p e n t y l t r i m e t h y l a m m o n i u m  a n d  

1 - m e t h y l p e n t y l a m m o n i u m  sa l t s  a re  v i r t u a l l y  e q u i p o t e n t  
n ico t in ic  s t i m u l a n t s  whereas  2 - m e t h y l p e n t y l t r i m e t h y l -  
a m m o n i u m  iod ide  is c o n s i d e r a b l y  less a c t i v e  o n  a m o l a r  
basis.  T h e  reve r se  s i t u a t i o n  ho lds  t r u e  a t  t h e  m u s c a r i n i c  
r ecep to r  whe re  2 - m e t h y l p e n t y l t r i m e t h y l a m m o n i u m  iodide  
a n d  p e n t y l t r i m e t h y l a m m o n i u m  b r o m i d e  are  more  p o t e n t  
t h a n  t he  1 - m e t h y l p e n t y l t r i m e t h y l a m m o n i u m  salt .  

The  c o n s i s t e n c y  b e t w e e n  t h e  a b o v e  re su l t s  a n d  those  
p rev ious ly  d e t e r m i n e d  for t h e  ana logous  ace ty lcho l ines  ~, 9 
impl ies  t h a t  t h e  p e n t y l t r i m e t h y l a m m o n i u m  ion f i ts  t he  
chol inergic  r ecep to r s  in  a s imi l a r  w a y  to  ace ty lcho l ine .  
Moreover ,  t h e  q u a n t i t a t i v e  v a r i a t i o n s  n o t e d  (Table)  
i nd ica t e s  t h a t  t h e  m u s c a r i n i c  r ecep to r  is more  sens i t i ve  
to  e x c h a n g e  of  t h e  es te r  g r o u p  for  m e t h y l e n e s  t h a n  t h e  
n ico t in ic  r ecep to r  x°. 

Rdsumd. t~tude des  p ropr i6 t6s  cho l ine rg iques  des  iodures  
du  m6thy l -1  e t  du  m 6 t h y l - 2 - p e n t y l t r i m 6 t h y l a m m o n i u m .  
D a n s  leur  c o m p o r t e m e n t  agon is t ique ,  ces sels o f f r en t  des 
v a r i a t i o n s  para l l~ les  ~ celles de  d6riv6s m 6 t h y l e s  de 
l ' ac~ ty lehol ine .  Le c a t i o n  p e n t y l t r i m 6 t h y l a m m o n i u m  est  
done  c a p a b l e  de  s 'associer  a u x  r6cep teur s  cho l ine rg iques  
te ls  que  l ' ae6 ty lcho l ine .  

Equipotent molar ratios relative to earbaehol T. A. SZOKE a n d  M. HIRST 

Frog rectus Guinea-pig 
abdominis ileum 
(Nicotinic) (Muscarinic) 

Department o] Pharmacology, University o] Western Ontario, 
London 72 (Ontario, Canada), 10 August 1970. 

Carbachol 1.00 1.00 
Pentyltrimethylammonium 2,14 ~ 0.080 15.94 -4- 2.58 
bromide 
(±)-l-Methylpentyltrimethyl 2.89 :t: 0.423 300.2 ~ 20.60 
ammonium iodide 
(-l-)-2-Methylpentyltrimethyl 140.1 :t2 16.20 10.68 4- 0.372 
ammonium iodide 

Each experiment was repeated 3 times. The results show the equi- 
potent molar ratios and the standard errors of the means. 
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R e m o v a l  o f  A c e t y l c h o l i n e  D u r i n g  P e r f u s i o n  o f  L i q u o r - S p a c e s  a n d  i t s  I n f l u e n c e  o n  O u t f l o w  V o l u m e  

Ace ty lcho l ine  (Ach) a p p e a r s  in t h e  e f f luen t  d u r i n g  
pe r fus ion  of t h e  c e r e b r o v e n t r i c u l a r  s y s t e m  1 a n d  in te r -  
m e n i n g e a l  spaces  of t he  sp ina l  cord  w i t h  a n  a n t i c h o l i n e s  
t e r a se  ~. T h e r e  is, howeve r ,  n o t  m u c h  i n f o r m a t i o n  con-  
ce rn ing  t h e  f a t e  of Ach  in  t he se  spaces.  BHAWE ~ recovered  
5 6 %  f r o m  ca t  c i s t e r n a  m a g n a  a f t e r  a s ingle  i n t r a v e n t r i -  
cu l a r  i n j e c t i o n  of Ach.  I n  t h e  p r e s e n t  work% A c h  was  
pe r fused  c o n t i n u o u s l y  t h r o u g h  d i f f e ren t  c o m p a r t m e n t s  
of C S F - c o n t a i n i n g  spaces  a n d  i ts  d i s a p p e a r a n c e  s tud ied .  

Methods. 26 ca t s  of e i t h e r  sex were  a n a e s t h e t i z e d  b y  
a n  i .v.  i n j ec t ion  of 25 m g / k g  s o d i u m  p e n t o b a r b i t a l .  T h e  
l i q u o r - c o n t a i n i n g  spaces  were pe r fused  as fol lows:  a) t h e  
ce reb ra l  s u b a r a c h n o i d  space,  f r om t h e  p a r i e t a l  co r t ex  
to  c i s t e rna  m a g n a S ;  b) t h e  sp ina l  s u b a r a c h n o i d  space,  
f r om t h e  c i s t e r n a  m a g n a  to  l u m b o s a c r a l  f o r a m e n ~ ;  
c) t h e  c e r e b r o v e n t r i c u l a r  s y s t e m  l, f r om t h e  le f t  l a t e r a l  
v e n t r i c l e  e i t h e r  t o  c i s t e rna  m a g n a  or  d) to  a q u e d u c t  of 
Sylvius .  Ace ty l cho l ine  ch lo r ide  (100 ng /ml )  was  a d d e d  
t o  t h e  pe r fus ion  f lu id  ~ w h i c h  was  i n t r o d u c e d  a t  a r a t e  
of 0 . 1 m l / m i n .  T h e  c o n t e n t  of Ach  was  checked  b y  
b io logica l  a s say  a t  t h e  b e g i n n i n g  a n d  end  of t he  exper i -  
m e n t  to  exc lude  loss due  to  s p o n t a n e o u s  hydro lys i s .  
20 ra in  samples  of p e r f u s a t e  were  col lec ted  in g r a d u a t e d  

t u b e s  a n d  Ach  c o n t e n t  d e t e r m i n e d  on  gu inea -p ig  isola ted 
i l e u m L  D i s a p p e a r a n c e  of Ach  was ca l cu la t ed  b y  com- 
p a r i n g  in f low-out f low a m o u n t s .  I n  a s epa ra t e  series of 
e x p e r i m e n t s ,  pieces of d n r a  m a t e r  a n d  a r a c h n o i d  were  
d i s sec ted  f rom d i f f e ren t  reg ions  of b r a i n  a n d  sp ina l  cord  
a n d  cho l ines t e r a se  a c t i v i t y  was  d e t e r m i n e d  h i s to -  
c h e m i c a l l y  8, as  wel l  as  co lor imet r ica t ly  9 us ing  h o m o -  
gena tes .  
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