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A c t i o n  of  p - C h l o r o p h e n y l a l a n i n e  o n  the  S y n a p t i c  Ves i c l e s  f r o m  Rat  P i n e a l  N e r v e s  

In  p rev ious  works  we have  shown  t h a t  Champy-Mai l l e t  
t e chn iques  revea l  two  c o m p o n e n t s  in t h e  synap t i c  
vesicles of r a t  p inea l  nerves  ~,*. These  c o m p o n e n t s  are:  
t h e  cen t ra l  core a n d  the  m a t r i x  wh ich  compr i ses  t h e  
space be tween  the  vesicle m e m b r a n e  and  t h e  core. B o t h  
of t h e m  are d i f fe ren t ly  s ta ined ,  depend ing  on  t h e  com- 
posi t ion of t he  Champy-Mai l l e t  m i x t u r e  employed .  Those  
con ta in ing  zinc iodide give a full reac t ion  wi th  t he  m a t r i x  
leaving  a pa le r  core, whi le  those  con ta in ing  p o t a s s i u m  
iodide special ly  reac t  w i th  t he  core. 

DL-p-chlorophenyla lanine  (p-CPA) specif ical ly deple tes  
se ro ton in  in p inea l  nerves,  whi le  noradrena l ine  and  
d o p a m i n e  levels are  n o t  r educed  s,a. We  have  s tud ied  

the  ac t ion  of th i s  d rug  on  the  synap t i c  vesicle c o m p o n e n t s  
revealed  by  t h e  Champy-Mai l l e t  t echniques .  

R a t s  were  d e c a p i t a t e d  and  p inea l  g lands  were f ixed 
in mix tu re s  con t a in ing  1 p a r t  of o s m i u m  te t rox ide  and  
3 pa r t s  of a soluble iodide. The  mi x t u r e  con ta in ing  zinc 
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Figs. 1 and 2. Nerve endings from normal pineal glands. 
Fig. 1. Gland fixed with osmium tetroxide-zinc iodide (ZIO). In many vesicles the matrix is deeply stained, while in some of them 
only a pale core (arrows) can be seen. The grids were stained with lead citrate. × 60,000. 
Fig. 2. Gla'hd fixed with osmium tetroxide-potassium iodide (KIO-7). An electron dense core can be observed in most of the vesicles. 
There is a partial reaction of the matrix in some vesicles (arrows). The grids were stained with lead citrate. × 60,000. 
Figs. 3 and 4. Nerve endings from pineal glands treated with p-chlorophenylalanine. 
Fig. 3. Gland fixed with ZIO. The matrix reaction has disappeared in most of the vesicles. The cores are reduced in size and electron 
density (arrows). Compare with Figure 1. The grids were stained with lead citrate. × 60,000. 
Fig. 4. Gland fixed with KIO-7. The reaction of the cores and the matrix is similar to that of the control. Compare with Figure 2. 
× 60,000. 
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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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