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S T U D I O R U M  P R O G R E S S U S  

E v i d e n c e  o f  C a t e c h o l a m i n e  M e d i a t i o n  in  the  ' A b e r r a n t '  B e h a v i o u r  I n d u c e d  b y  L y s e r g i c  A c i d  D i e t h y l -  
a m i d e  ( L S D )  i n  t h e  Ra t  

Since t he  f i r s t  r e p o r t  on  t he  p roper t i e s  of L S D  1 severa l  
h y p o t h e s e s  h a v e  been  a d v a n c e d  to  exp la in  t he  p o t e n t  
p s y c h o t o m i m e t i c  ac t ion  of th i s  c o m p o u n d .  Based  o n  i ts  
p r o f o u n d  s e ro ton in  b lock ing  a c t i v i t y  on  p e r i p h e r a l  t i ssues  ~ 
i t  was  p o s t u l a t e d  t h a t  L S D  could a n t a g o n i z e  se ro ton in  3 
in  t h e  b ra in .  L a t e r  theor ies  p roposed  a se ro ton in- l ike  
c e n t r a l  ac t ion  4,~. H o w e v e r  t he  a d v e n t  of D-2-bromo- 
lysergic  acid d i e t h y l a m i d e  (BOL-148) showed  th i s  sub-  
s t a n c e  to  be  a more  p o t e n t  s e ro ton in  a n t a g o n i s t  t h a n  
L S D  6,7 a n d  t h e  d i scovery  t h a t  i t  was  w i t h o u t  p sycho to -  
m i m e t i c  a c t i v i t y  cas t  d o u b t  on  t he  se ro ton in  def ic iency 
theory .  F r o m  a s t u d y  of 18 de r iva t i ve s  of lysergic acid 
CERLETTI s found  a s t r i k ing  para l le l i sm b e t w e e n  t he  
c e n t r a l  a c t i v i t y  in  a n i m a l s  a n d  t he  psycho t i c  effects  in  
m a n .  BRODIE e t  a l 2  p o i n t e d  o u t  t h a t  bes ides  be ing  a n  
indole,  L S D  possessed a p h e n y l e t h y l a m i n e  ske le ton  a n d  
sugges ted  t h a t  i t s  m a i n  ac t ion  was t h r o u g h  s t i m u l a t i o n  
of c e n t r a l  ad rene rg ic  receptors .  Th i s  c o n t e n t i o n  was re- 
i t e r a t e d  b y  CosTA e t  al. in  19621°. 

I t  is c lear  t h a t  desp i t e  m u c h  discuss ion t he  mode  of 
ac t ion  of L S D  on  c e n t r a l  n e r v o u s  func t ion  is sti l t  unre-  
solved.  One  r eason  is t he  lack  of a su i t ab le  e x p e r i m e n t a l  
model  in  a n i m a l s  b y  m e a n s  of wh ich  t he  typ ica l  effects of 
L S D  as seen in m a n  can  be  reproduced .  A t t e m p t s  t owards  
th i s  p r o b l e m  h a v e  m a d e  use  of t h e  py re togen ic  effect  of 
L S D  in r a b b i t s  n,12 wh ich  is p r o d u c e d  w i t h  doses s imi lar  
in  o rde r  to  t h e  h u m a n  psycho t i c  dose. H o w e v e r  t he  in- 
f luence  on  t e m p e r a t u r e  r e g u l a t i o n  in t he  r a b b i t  is dif f icul t  
to  c o m p a r e  w i t h  t h e  b e h a v i o u r a l  ac t ion  in man .  

I n  t h e  r a t  b e h a v i o u r a l  effects  of L S D  can  be  demon-  
s t r a t e d  o n l y  b y  t h e  a d m i n i s t r a t i o n  of r e l a t ive ly  h igh  doses. 
T h e  p a t t e r n  of a rousa l  e x h i b i t e d  h o w e v e r  is b o t h  repro-  
ducab l e  a n d  typica l .  T h e  b e h a v i o u r  cons is t s  of a s t rong  
e x c i t e m e n t  w i t h  c lear ly  recognizab le  s y m p t o m s  inc luding  
a s t e r e o t y p e d  c o m p o n e n t  w i t h  a c c o m p a n y i n g  s y m p a t h e t i c  
s t i m u l a t i o n .  Us ing  such  ' a b e r r a n t '  b e h a v i o u r  i t  h a s  been  
poss ib le  to  deve lop  a m e t h o d  for t h e  s t u d y  of d rug  in- 
f luences  on  t h e  ac t ion  of LSD.  A l t h o u g h  i t  m a y  be  
q u e s t i o n a b l e  w h e t h e r  such  b e h a v i o u r a l  d i s t u r bances  in- 
d u c e d  in a n i m a l s  a re  r e p r e s e n t a t i v e  of t he  psycho to-  
m i m e t i c  ac t ion  in  man ,  t h e r e  seems to  be  no  reason  why,  
for  l ack  of a b e t t e r  model ,  t he se  effects  c a n n o t  be  sub-  
j ec t ed  to  closer  e x a m i n a t i o n  in t h e  hope  of ga in ing  some 
i n s igh t  i n to  t he  m o d e  of ac t ion  of LSD.  

Method.  E x p e r i m e n t s  were ca r r ied  o u t  in  male  Sprague-  
D a w l e y  r a t s  (170-220 g). T h e  r a t s  were k e p t  in  t he  labora-  
t o r y  for  a t  l eas t  24 h before  use, a t  a c o n s t a n t  r oom t e m -  
p e r a t u r e  of 22 °C. Food  a n d  w a t e r  were ava i l ab le  ad  libi- 
t u m  u p  to  3 h before  t h e  tes t .  Ha l f  a n  h o u r  before  injec- 
t ion  of L S D  the  an ima l s  were  r e m o v e d  f rom the i r  h o m e  
cages  (housed  3 to  a cage) a n d  t r an s f e r r ed  to  t he  exper i -  
m e n t a l  cage. T h e  l a t t e r  cons i s ted  of a Plexiglass  c o n t a i n e r  
21 × 36 × I 5 c m  f i t t ed  w i t h  a s teel  wire  m e s h  floor ra i sed  
2 c m  a b o v e  t h e  b o t t o m  of t he  cage. E x p e r i m e n t a l  t r ia l s  
cons i s t ed  of one  con t ro l  g roup  in jec ted  w i t h  5 or 3 m g / k g  
s.c. of L S D  t a r t r a t e ,  a n d  t e s t  g roups  in j ec t ed  w i t h  t h e  
s a m e  dose  of L S D  as well  as  t h e  t e s t  subs t ance .  All g roups  
cons i s ted  of 6 ra ts .  O b s e r v a t i o n  of t h e  b e h a v i o u r  com-  
m e n c e d  i m m e d i a t e l y  a f t e r  t he  a d m i n i s t r a t i o n  of L S D  a n d  
l a s t ed  for  3 h. F o r  t h e  pu rpose  of f ac i l i t a t ing  o b s e r v a t i o n  
3 r a t s  were  a l loca ted  to  each  e x p e r i m e n t a l  cage, 4 sets  of 
3 r a t s  be ing  o b s e r v e d  s imul t aneous ly .  Fo r  each  d r u g  t e s t ed  
a f resh  L S D  con t ro l  was  se t  up.  T h e  b e h a v i o u r  was  
assessed us ing  a scor ing  s y s t e m  u n d e r  b l i nd  condi t ions .  

Two aspec t s  of a c t i v i t y  were  r a t ed .  (a) A b e r r a n t  be- 
hav iour ,  a n d  (b) l ocomoto r  exc i t a t ion .  The  scor ing  s y s t e m  
for (a) a n d  (b) r e spec t ive ly  was on  a 0-8  c o n t i n u u m .  

F o r  L S D  i n d u c e d  a b e r r a n t  b e h a v i o u r  ( L S D - A B ) :  
0, n o r m a l  a c t i v i t y  as  e x h i b i t e d  b y  0 .9% sa l ine  t r e a t e d  
r a t s ;  2, s l igh t  sn i f f ing  a n d  side to  side h e a d  m o v e m e n t s ;  
4, s t rong  sni f f ing a n d  h e a d  m o v e m e n t s ,  l ick ing a n d  j aw  
m o v e m e n t s ;  6, i n c e s s a n t  sniffing,  l icking,  b i t i n g  of wire  
m e s h  f loor;  8, as  for  6 w i th  t he  a d d i t i o n  t h a t  t h e  a n i m a l s  
lie w i t h  t h e i r  j aws  f i rmly  c l a m p e d  on  t h e  wire  m e s h  floor, 
p rac t i ca l ly  immob i l e  e x c e p t  for sporad ic  t w i t c h e s  of t h e  
b o d y ;  occas ional ly  i n t e r r u p t e d  b y  aggress ive- l ike  reac-  
t ions.  L o c o m o t o r  e x c i t a t i o n  was  scored  as :  2, s l igh t ;  
4, m o d e r a t e ;  6, s t r o n g ;  8, v e r y  s t rong .  

T h e  score for  e ach  s e p a r a t e  r a t  was  assessed a t  1O min  
i n t e rva l s  for t h e  f i rs t  h o u r  a n d  t h e n  s u b s e q u e n t l y  e v e r y  
20 m i n  up  to  t he  t e r m i n a t i o n  of t h e  t r ia l .  T h e  scores 
o b t a i n e d  were  t o t a l l ed  t h u s  y ie ld ing  6 va lues  for e ach  
group.  These  va lues  were  t h e n  c o m p a r e d  for s igni f icance  
a g a i n s t  t h e  r e spec t ive  con t ro l  us ing  t he  W i l c o x o n ' s  Two-  
S a m p l e  R a n k  O r d e r  T e s t  ( n o n - p a r a m e t r i c ) .  

All d rugs  were  i n j ec t ed  b y  t h e  s.c. r ou t e  unless  o t h e r -  
wise s t a t ed .  Deta i l s  of p r e t r e a t m e n t  t imes  are  g iven  in t h e  
legend to  t he  Figures .  L S D  t a r t r a t e  was  d isso lved  in 0 .9% 
saline.  Tes t  d r u g s  were d i sso lved  in t h e  s a m e  m e d i u m  
e x c e p t  where  o the rwi se  s t a t ed .  I n j e c t i o n  v o l u m e  was  
10 ml /kg  b o d y  weight .  

Drugs tested. D i b e n a m i n e  hydroch lo r ide ,  p h e n o x y b e n z a -  
mine  hydroch lo r ide ,  p r o n e t h a l o l  hyd roch lo r ide ,  pro-  
p rano lo l  hyd roch lo r ide .  Rese rp ine  (base),  c h l o r p r o m a z i n e  
hydroch lo r ide ,  p e r p h e n a z i n e  t a r t r a t e ,  BOL-148  (D-2- 
b rom- lyserg ic  ac id  h y d r o g e n  t a r t r a t e ) .  Deseri l  (1 -methy l -  
D-lysergic acid h y d r o g e n  ma le ina t e ) ,  d e s m e t h y l i m i p r a -  
mine  hydroch lo r ide ,  d i su l f i r am ( t e t r a e t h y l t h i u r a m  disul-  
phide) ,  p a r a c h l o r o - p h e n y l - a l a n i n e ,  e - m e t h y l - p a r a - t y r o -  
s ine (base).  T h e  a m i n o  acids,  a n d  d i su t f i r am were  a d m i n -  
i s tered  as  a n  a q u e o u s  suspens ion .  R e s e r p i n e  was  m i x e d  
w i t h  a n  equa l  a m o u n t  of t a r t a r i c  acid,  5 d rops  of abso lu t e  
e t h y l  alcohol,  a n d  m a d e  up  to  v o l u m e  w i t h  d is t i l led  
water .  

Results .  Fol lowing  t he  in j ec t ion  of 5 m g / k g  L S D  in to  
r a t s  a t yp i ca l  a n d  p r o f o u n d  e x c i t a t i o n  is p roduced .  W i t h i n  
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5 m i n  t h e  r a t s  e x h i b i t  p i loerect ion,  m y d r i a s i s  a n d  com-  
m e n c e  a l i gh t  b u t  p e r s i s t e n t  a imless  sniffing.  Th i s  is 
a c c o m p a n i e d  b y  a n  inc rease  in l ocomoto r  a c t i v i t y  in  t h e  
in i t i a l  p h a s e  of d r u g  ac t ion ,  b u t  w h i c h  is g r a d u a l l y  super -  
v i n e d  b y  a n  in t ens i f i ca t ion  of sniff ing.  I n c e s s a n t  h e a d  
m o v e m e n t s  f rom side to  side, t o g e t h e r  w i t h  compul s ive  
l icking a n d  chewing  m o v e m e n t s  a p p e a r  w i t h i n  10-15 ra in  
a f t e r  a d m i n i s t r a t i o n .  Th i s  a c t i v i t y  c u l m i n a t e s  in  w h a t  
a p p e a r s  to  be  a n  a b n o r m a l  or ' a b e r r a n t '  p a t t e r n  of 
b e h a v i o u r a l  c h a r a c t e r i z e d  as a s t r o n g  t e n d e n c y  to b i t e  or  
g n a w  t h e  wire  mesh  floor of t h e  cage  (see F igu re  1). T h e  
m a x i m u m  i n t e n s i t y  of t h i s  s y n d r o m e  is r e a c h e d  45-60  m i n  
a f t e r  rece iv ing  LSD.  A t  t h i s  p o i n t  l ocomoto r  a c t i v i t y  m a y  
be  i m p a i r e d  a n d  t h e  a n i m a l s  e x h i b i t  a r educed  pelvic  
e l eva t i on  w i t h  t h e  h i n d  l i m b s  p laced  f la t  on  t h e  f loor in  a 
sp l ayed  pos i t ion .  Occas iona l ly  w h e n  r a t s  a re  in  c o n t a c t  
w i t h  each  o ther ,  some e x h i b i t  a n  aggress ive- l ike  r e a c t i o n  
d e n o t e d  as a r ea r ing  on  t h e  h i n d  legs a n d  fac ing t h e  o t h e r  
a n i m M  w i t h  b o t h  fore -paws  e x t e n d e d .  Th i s  is a c c o m p a n i e d  
b y  f r e q u e n t  t e e t h  c h a t t e r i n g  a n d  voca l iza t ion .  A c t u a l  
b i t i n g  h o w e v e r  is r a re ly  seen. Af te r  a b o u t  80-90  m i n  th i s  
a c t i v i t y  subs ides  u n t i l  100-120 ra in  few s y m p t o m s  are  
obse rved .  The  a n i m a l s  t h e n  a p p e a r  c o m p l e t e l y  e x h a u s t e d .  

T h e  effects  of ~- a n d  f l -adrenerg ic -b locking  agen ts ,  
n a m e l y  d i b e n a m i n e ,  p h e n o x y b e n z a m i n e ,  p rop rano lo l  a n d  
p r o n e t h a l o l  on  L S D - i n d u c e d  a b e r r a n t  b e h a v i o u r  are  
g iven  in F igure  2. 

A clear  dose  r e l a t ed  i n h i b i t o r y  ac t ion  was  o b t a i n e d  for  
all  c o m p o u n d s  w i t h  t h e  e x c e p t i o n  of d i b e n a m i n e .  Th i s  
was  t he  weakes t  a n t a g o n i s t  of t h i s  g roup  a n d  p r o d u c e d  
c lear  i n h i b i t i o n  of L S D - A B  on ly  in t h e  h ighes t  dose. A t  
th i s  level  l ocomoto r  e x c i t a t i o n  was  also reduced .  P h e n o x y -  
b e n z a m i n e  was p a r t i c u l a r l y  effect ive,  p r o d u c i n g  a pro-  
found  i n h i b i t i o n  of L S D - A B  in  all  doses t es ted ,  a n d  
q u a l i t a t i v e l y  i t  p r o d u c e d  a c o n c o m i t a n t  d e p r e s s a n t  
a c t i o n  on  l o c o m o t o r  a c t i v i t y  s imi la r  to  d i b e n a m i n e .  Th e  
2 f l -adrenerg ic -b locking  a g e n t s  however ,  un l ike  t h e  e- 
b lock ing  d rugs  on ly  p r o d u c e d  a n  i n h i b i t i o n  of L S D - A B  
whi l s t  in  t h e  same  doses lef t  l ocomoto r  a c t i v i t y  u n i m -  
pa i red .  

A l t h o u g h  these  4 d rugs  a re  e s t ab l i shed  ad reno ly t i c s ,  2 
of t h e m ,  d i b e n a m i n e  a n d  p h e n o x y b e n z a m i n e  are  k n o w n  
to  a n t a g o n i z e  s e ro ton in  in pe r iphe ra l  t issues.  T h u s  i t  
s eemed  i n t e r e s t i n g  to  i n v e s t i g a t e  t h e  a c t i o n  of k n o w n  
s e r o t o n i n  a n t a g o n i s t s  on  th i s  p h e n o m e n o n .  T h e  re su l t s  of 
2 such  c o m p o u n d s ,  deser i l  a n d  BOL-148,  are  g iven  in 
F igure  3. 

Fig. 1. LSD-indueed aberrant behaviour in the rat. See text for 
description. 
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B o t h  s u b s t a n c e s  exe r t ed  on ly  weak  i n h i b i t o r y  ac t ions  
o n  L S D - A B  in t h e  doses t e s t ed  a n d  d id  n o t  a n t a g o n i z e  
t h e  l ocomoto r  exc i ta t ion ,  w i t h  t h e  excep t ion  of BOL-148  
w h i c h  p r o d u c e d  w e a k  i m p a i r m e n t  in  t h e  h i ghes t  dose. 

T h e  ac t ion  of 4 p sycho t rop i c  d rugs  on  L S D - A B  are  
g iven  in F igu re  4. 

The  2 pheno th iaz ines ,  p e r p h e n a z i n e  a n d  c h l o r p r o m a -  
zine, exe r t ed  a dose r e l a t ed  i n h i b i t i o n  of t he  a b e r r a n t  
b e h a v i o u r  as well  as r educ ing  t he  locomotor  exc i t a t ion .  
T h e  a c t i o n  of p e r p h e n a z i n e  was  p a r t i c u l a r l y  s t rong .  
A n i m a l s  p r e t r e a t e d  w i t h  t h i s  s u b s t a n c e  were p rac t i ca l ly  
inac t ive .  

Fo l lowing  a 20 h p r e t r e a t m e n t  w i t h  reserp ine  a s t r i k ing  
p o t e n t i a t i o n  of t he  b e h a v i o u r a l  effects  of L S D  was  
obse rved .  T h e  effect  of reserp ine  showed  a c lear  dose  
response .  T h e  r a t s  exh ib i t ed  m a r k e d  sniffing, sa l iva t ion ,  
a n d  compu l s ive  gnawin g  of t he  wire mesh  floor. I n  m a n y  
cases t h e  an ima l s  were aggress ive showing  a rage  reac t ion ,  
sp i t t ing ,  a n d  voca l iza t ion .  A s l igh t  b u t  s ign i f ican t  reduc-  
t i on  in  l ocomoto r  a c t i v i t y  was  also ob ta ined .  

A s imi la r  b u t  less i n t ense  effect  was  p roduced  b y  
d e s m e t h y l i m i p r a m i n e .  I n  c o n t r a s t  to  reserpine ,  des- 
m e t h y l i m i p r a m i n e  also increased  locomotor  a c t i v i t y  b y  a 
s ign i f i can t  ex t en t .  I t  shou ld  be  n o t e d  t h a t  in  t h i s  exper i -  
m e n t  on ly  3 m g / k g  of L S D  was  in jec ted  so t h a t  t h e  
p o t e n t i a t i n g  effect  could be  b e t t e r  revealed .  

The  effect  of 3 inh ib i to r s  of b iogenic  a m i n e  syn thes i s  in  
in  v ivo  a re  g iven  in  F igure  5. P a r a - c h l o r o - p h e n y l a l a n i n e  
in  doses k n o w n  to  a l m o s t  comple t e ly  i n h i b i t  t h e  syn thes i s  

of s e ro ton in  in t h e  r a t  b ra in ,  w i t h o u t  i n f luenc ing  b r a i n  
levels  of c a t e c h o l a m i n e s  was  f o u n d  to  e x e r t  no  in f luence  
on  e i t he r  L S D - A B  or  l ocomoto r  exc i t a t ion .  I n  c o n t r a s t  a 
single dose of ~ - m e t h y l - p a r a - t y r o s i n e ,  a p o t e n t  i n h i b i t o r  
of c a t e c h o l a m i n e  s y n t h e s i s  in  t h e  b r a i n  b u t  w i t h o u t  ef fec t  
on  ce rebra l  s e ro ton in  c o n c e n t r a t i o n s ,  p r o d u c e d  a s t r o n g  
i n h i b i t i o n  of L S D - A B  a n d  to  a lesser  e x t e n t  L S D -  
induced  l ocomoto r  ac t iv i ty .  W i t h i n  20-30  m i n  a f t e r  L S D  
the  a - m e t h y l - p a r a - t y r o s i n e  t r e a t e d  a n i m a l s  s h o w e d  p rac -  
t ica l ly  no  a b e r r a n t  behav iou r .  

I n  d i su l f i r am t r e a t e d  r a t s  o n l y  a w e a k  r e d u c t i o n  of 
L S D - A B  was  obse rved ,  t h i s  s l igh t  effect  b e i n g  e v i d e n t  
on ly  in t h e  f i rs t  30 min  fol lowing L S D .  D i s u l f i r a m  h a s  
been  s h o w n  to  i n h i b i t  c o n v e r s i o n  of d o p a m i n e  to  nor -  
ad rena l ine .  

Discuss ion .  T h e  resu l t s  show t h a t  ~- a n d  f l -adrenergic-  
b lock ing  drugs,  a - m e t h y l - p a r a - t y r o s i n e ,  a n d  t h e  m a j o r  
t r anqu i l l i ze r s  p e r p h e n a z i n e  a n d  c h l o r p r o m a z i n e  i n h i b i t  
L S D  i n d u c e d  a b e r r a n t  b e h a v i o u r .  

T h e  f l -adrenerg ic -b locking  drugs ,  p r o n e t h a l o l  a n d  
propranolo l ,  exe r t  a se lec t ive  a n t a g o n i s m  of L S D - A B  
since in c o n t r a s t  to  d i b e n a m i n e  a n d  p h e n o x y b e n z a m i n e ,  
no  in f luence  on  t h e  l ocomoto r  a c t i v i t y  i n d u c e d  b y  
L S D  was  d e m o n s t r a t e d .  T h i s  o b s e r v a t i o n  sugges t s  t h a t  
t h e  m e c h a n i s m  s u b s e r v i n g  L S D - A B  is p a r t i c u l a r l y  
sens i t ive  to  c o m p o u n d s  i n t e r a c t i n g  w i t h  t h e  f l -adrenergic  
sys tem.  

I t  was  p rev ious ly  p o i n t e d  o u t  t h a t  p h e n o x y b e n z a m i n e  
a n d  d i b e n a m i n e  in a d d i t i o n  to  t h e i r  a d r e n o l y t i c  p rope r -  
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ties, possess  s e ro ton in  a n t a g o n i s t i c  c h a r a c t e r i s t i c s  ~z-x~. 
T h a t  t h i s  l a t t e r  p r o p e r t y  was  n o t  r espons ib le  for  t h e i r  
p r o f o u n d  i n h i b i t o r y  a c t i o n  on  L S D - A B  is i n d i c a t e d  b y  
t he  weak  a n t a g o n i s m  o b t a i n e d  w i t h  BOL-148  a n d  deseril .  
DOEPFNER~" ha s  p o i n t e d  o u t  t h a t  deser i l  does no t  e n t e r  
t he  b r a i n  as r ead i ly  as LSD.  H o w e v e r  in  t he  p r e s e n t  
e x p e r i m e n t s  r e l a t ive ly  h igh  doses were adop ted .  F u r t h e r -  
more  BOL-148  ha s  been  s h o w n  to  exe r t  c lear  a n t a g o n i s m  
of t he  p o t e n t i a t i n g  ac t ion  of s e ro ton in  on  b a r b i t u r a t e  
a n a e s t h e s i a  ~ w h i c h  is of c e n t r a l  origin.  T he  fac t  t h a t  
BOL-148  has  also been  de t ec t ed  in t he  b r a i n  in  t he  s ame  
way  as  ha s  L S D  ind ica t e s  t h a t  i t  is un l ike ly  t h a t  these  
d rugs  were  n o t  p r e s e n t  in  t h e  b r a i n  in  suff ic ient  a m o u n t s  
to  e x e r t  a n  a n t a g o n i s m  to  se ro ton in .  

C o n f i r m a t o r y  ev idence  t h a t  s e r o t o n i n  does n o t  p l a y  a 
m a j o r  role in  t h e  c e n t r a l  a c t i o n  of L S D  was  o b t a i n e d  w i t h  
p a r a - c h l o r o - p h e n y t a l a n i n e .  T h i s  c o m p o u n d  h a s  b e e n  
s h o w n  t o  be  a p o t e n t  a n d  se lec t ive  i n h i b i t o r  of s e r o t o n i n  
b i o s y n t h e s i s  ~.  T h e  dose r e g i m e n  a d o p t e d  in  t h e  p r e s e n t  
i nves t i ga t i ons  is k n o w n  to  cause  a l m o s t  comple t e  reduc-  
t ion  in b r a i n  c o n c e n t r a t i o n s  of s e ro ton in  w i t h o u t  a f fec t ing  
c a t e c h o l a m i n e  levels.  Desp i t e  th i s  fac t  pa ra -ch lo ro -  
p h e n y l a l a n i n e  fai led to  exe r t  a n y  in f luence  on  L S D - A B  
or  t h e  a c c o m p a n y i n g  l o c o m o t o r  exc i t a t ion .  

I t  would  a p p e a r  t he re fo re  t h a t  t h e  a n t a g o n i s m  aga in s t  
L S D - A B  p r o d u c e d  b y  t h e  ad rene rg ic  b lock ing  agen t s  
ref lects  a t r u e  c e n t r a l  a d r e n o l y t i c  ac t ion ,  a n d  f u r t h e r m o r e  
sugges ts  t h a t  t he  ac t ion  of L S D  is s u b s e r v e d  b y  a n  
ad renerg ic  c o m p o n e n t .  

S imi la r ly  t h e  c lear  a n d  s ign i f i can t  i n h i b i t i o n  of L S D -  
A B  b y  e - m e t h y l - p a r a - t y r o s i n e ,  a se lec t ive  i n h i b i t o r  of 
c a t e c h o l a m i n e  b i o s y n t h e s i s  xg, g ives  s t r o n g  s u p p o r t  to  t h e  
c o n t e n t i o n  t h a t  c a t e c h o l a m i n e  m e d i a t i o n  is r espons ib le  
for  t h e  e x c i t e m e n t  o b s e r v e d  w i t h  L S D  in t h e  p r e s e n t  
e x p e r i m e n t a l  s i t ua t i on .  I t  is of i n t e r e s t  t h a t  bes ides  
caus ing  a n  increase  in  b r a i n  levels  of se ro ton in ,  L S D  
p roduces  a s ign i f i can t  c o n c o m i t a n t  lower ing  of nor -  
a d r e n a l i n  a n d  d o p a m i n e  c o n c e n t r a t i o n s  in  t h e  r a t  
b r a i n  ~°-zz. T h u s  i t  could  be  t h a t  L S D  release  ca techo l -  
a m i n e s  cen t ra l ly .  

The  ques t ion  arises, wh ich  of t h e  2 amines ,  n o r a d r e n a -  
l ine or  d o p a m i n e  c o n t r i b u t e s  to  t h e  effects  of L S D  ? 
Disul f i ram,  a c o m p o u n d  w h i c h  i n h i b i t s  t h e  conve r s ion  of 
d o p a m i n e  to  n o r a d r e n a l i n e  zz,z~, p r o d u c e d  on ly  a sma l l  
a l t h o u g h  s ign i f i can t  a t t e n u a t i o n  of L S D - A B .  Since  a f t e r  
d i su l f i r am b r a i n  levels  of n o r a d r e n a l i n e  b u t  n o t  t hose  of 
d o p a m i n e  a re  reduced ,  i t  cou ld  be  a r g u e d  t h a t  a pers is t -  
ance  of a b e r r a n t  b e h a v i o u r  in  t h i s  e x p e r i m e n t  sugges ts  a 
d o p a m i n e  m e d i a t e d  effect. H o w e v e r  GOLDSTEIN ~s h a s  
p o i n t e d  o u t  t h a t  d i su l f i r am does  n o t  c o m p l e t e l y  i n h i b i t  
b r a i n  n o r a d r e n a l i n e  syn thes i s ,  a n d  t h u s  t he  poss ib i l i ty  
ex is t s  t h a t  in  t h e  p r e s e n t  e x p e r i m e n t  a suf f ic ien t  r e d u c t i o n  
of th i s  c a t e c h o l a m i n e  was  n o t  achieved .  T h e  def in i t e  p roof  
c o n c e r n i n g  t h e  r e spons ib le  ca techolana ines  i m p l i c a t e d  in 
t he  o b s e r v e d  a c t i o n  of L S D  m u s t  a w a i t  f u r t h e r  d a t a  f rom 
s tud ies  on  t h e  b iochemica l  m e c h a n i s m s  invo lved .  

The  ac t ion  of p e r p h e n a z i n e  a n d  c h l o r p r o m a z i n e  in 
a n t a g o n i z i n g  L S D - A B  m a y  ref lec t  a n  a c t i o n  o n  c e n t r a l  
ad rene rg ic  m e c h a n i s m s .  C h l o r p r o m a z i n e  possesses ad r eno -  
ly t ic  p rope r t i e s  b u t  is a lso a p o t e n t  d o p a m i n e  a n t a g o -  
n is t~ ,~L R e c e n t  s tud ies  w i t h  t h i o r i d a z i n e  ca r r i ed  o u t  on  
t h e  p r e s e n t  e x p e r i m e n t a l  s i t u a t i o n  show t h a t  i t  exe r t s  
s imi la r  i n h i b i t o r y  effects  as  does  c h l o r p r o m a z i n e  a n d  per-  
p h e n a z i n e .  C h l o r p r o m a z i n e  a n d  t h i o r i d a z i n e  a re  k n o w n  to  
p r o d u c e  a n  e l eva t i on  of h o m o v a n i l l i c  acid a n d  d o p a m i n e  
in  t h e  co rpus  s t r i a t u m  ~s-s~. I t  shou ld  be  of i n t e r e s t  the re -  
fore to  e x a m i n e  c a t e c h o l a m i n e  c o n c e n t r a t i o n s  in  t he  basa l  
gangl ia  in  a n i m a l s  t r e a t e d  w i t h  LSD,  before  a n d  a f t e r  
p r e t r e a t m e n t  w i t h  neuro lep t i c s  in  o rde r  to  a sce r t a in  if 
t h i s  could  be  t h e  s i te  of ac t ion .  

T h e  p r o f o u n d  s t i m u l a t i o n  i n d u c e d  b y  L S D  in  rese rp in -  
ized r a t s  con f i rms  ear l ier  f ind ings  xT,zz. W h y  rese rp ine  
shou ld  p o t e n t i a t e  t h e  b e h a v i o u r a t  ac t ion  of L S D  is n o t  
clear.  I n  rese rp in ized  a n i m a l s  t h e r e  is a c o n s t a n t  over f low 
of newly  syn the s i zed  c a t e c h o l a m i n e  in  ad rene rg ic  neu -  
rones  ~ - ~  as  a r e su l t  of i m p a i r e d  i n t r a n e u r o n a l  s torage.  
U p t a k e  of c a t e c h o l a m i n e  i n to  t h e  a x o p l a s m  h o w e v e r  st i l l  
occurs.  Accord ing ly ,  i t  m a y  be  poss ible  t h a t  L S D  e i t h e r  
sensi t izes  t h e  c e n t r a l  ad rene rg ic  r ecep to r s  to  t he  ac t ion  
of t h e  ava i l ab l e  ca t echo l amine ,  i nh ib i t s  t he  r e - u p t a k e  
m e c h a n i s m  of c a t e c h o l a m i n e  i n to  t he  neurone ,  a n d / o r  
possesses m o n o a m i n e - o x i d a s e  i n h i b i t o r y  p roper t i e s .  Th i s  
could  poss ib ly  exp la in  t h e  s t r o n g e r  effect  of L S D  in 
rese rp in ized  r a t s  as  c o m p a r e d  to  those  a n i m a l s  r ece iv ing  
L S D  alone.  H o w e v e r  un t i l  more  de t a i l ed  i n v e s t i g a t i o n s  
h a v e  b e e n  ca r r i ed  o u t  o n  t h i s  p h e n o m e n o n ,  t h e  r e se rp ine  
p o t e n t i a t i o n  of L S D  can  on ly  be  specu la t ed  upon .  

D e s m e t h y l i m i p r a m i n e  is a t r icyc t ic  a n t i d e p r e s s a n t  
w h i c h  is be l i eved  to  ac t  b y  i n h i b i t i o n  of t h e  r e - u p t a k e  of 
n o r a d r e n a t i n e  i n to  t h e  n e u r o n e  a f t e r  re lease  b y  n e r v o u s  
impulsea~-aL Since L S D  a p p e a r s  to  a c t  t h r o u g h  ca te -  
c h o l a m i n e  m e d i a t i o n  in p r o d u c i n g  a b e r r a n t  b e h a v i o u r ,  
t h e  p o t e n t i a t i o n  of t h i s  effect  b y  d e s m e t h y l i m i p r a m i n e  
shou ld  be  e x p e c t e d  a n d  s u p p o r t s  t h e  a s s u m p t i o n  of t h e  
L S D  m e c h a n i s m .  

As s t a t e d  in t h e  i n t r o d u c t i o n  i t  is poss ib le  t h a t  t h e  
a b e r r a n t  b e h a v i o u r  p r o d u c e d  b y  L S D  in t h e  r a t  does n o t  
ref lect  t he  p s y c h o t o m i m e t i c  a c t i o n  in  man .  H o w e v e r  t h e  
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b e h a v i o u r a l  s y n d r o m e  p roduced  para l le ls  t h e  s t r o n g  
cen t r a l  effects  p rev ious ly  r e p o r t e d  b y  CERLETTI. 

The  work  p r e s e n t e d  here  s u p p o r t s  t he  concep t  t h a t  
L S D  acts,  a t  leas t  pa r t ly ,  t h r o u g h  c a t e c h o l a m i n e  med ia -  
t ion.  

Zusammen/assung. Der  Einf luss  ve r sch i edene r  P h a r -  
m a k a  auf  das  d u r c h  L S D  h e r v o r g e r u f e n e  b i za r r e  Ver-  
h a l t e n  de r  R a t t e  wurde  u n t e r s u c h t .  Die R e s u l t a t e  zeigen, 
dass  a- u n d  f l-Blocker sowie a - M e t h y l t y r o s i n e  eine s t a r k e  
H e m m u n g  dieses V e r h a l t e n s  erzeugen,  im G e g e n s a t z  zu 
den  S e r o t o n i n - A n t a g o n i s t e n  Deseril ,  ]3OL-148 u n d  P a r a -  

c h l o r p h e n y t a l a n i n e n ,  die n u r  s chwache  oder  ke ine  H e m -  
m u n g  he rvo r ru f en .  E s  wird  gefolgert ,  dass  das  b i za r r e  
V e r h a l t e n  d u r c h  W i r k u n g  yon  L S D  a n  K a t e c h o l a m i n -  
s t r u k t u r e n  h e r v o r g e r u f e n  wird.  Die W i r k u n g  y o n  4 
p s y c h o t r o p e n  P h a r m a k a  a m  b i za r r en  V e r h a l t e n  wi rd  im 
R a h m e n  dieser  H y p o t h e s e  d i sku t i e r t .  
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P R O  E X P E R I M E N T I S  

Serendipitous Precise and Unique Staining of Cell Nuclei 

W e  h a v e  r ecen t ly  been  i n t e r e s t e d  in deve lop ing  new 
t e c h n i q u e s  a n d  s u b s t r a t e s  for d e m o n s t r a t i o n  of enzymes  
in t issues,  pe r iphe ra l  blood, bone  m a r r o w  cells a n d  bac-  
ter ia .  P r e v i o u s l y  we h a v e  descr ibed  t h e  app l i ca t i on  of t he  
indigogenic  pr inc ip le  to  t he  h i s tochemica l  d e m o n s t r a t i o n  
of leucine aminopept idaseX,  B-glucosidase2,  B-galac tos i -  
dase  3, N - a c e t y l - B - g l u c o s a m i n i d a s e  ~, a lka l ine  and  acid 
p h o s p h a t a s e  ~, su l fa tase  ~, B-xy los idase  7, endo  a n d  exo 
nuc leases  (phosphod ies t e ra ses  8) s e r u m  a lka l ine  a n d  acid 
p h o s p h a t a s e  b y  disc e lec t rophores i s  a,a° a n d  bac te r i a l  
D N a s e  11. T h e  indoly l  s u b s t r a t e s  were syn thes i zed  accord-  
ing  to  t h e  m e t h o d s  descr ibed  r ecen t ly  b y  HORWITZ a n d  
c o - a u t h o r s  x2,a3. T h e  indo ly l  s u b s t r a t e s  offer  t h e  a d v a n t a g e  
of precise  e n z y m e  loca l iza t ion  w i th  no  or v e r y  l i t t le  dif- 
fusion.  Moreover ,  t h e  s u b s t r a t e s  offer a s imple  a n d  d i rec t  
m e t h o d  for  d e m o n s t r a t i o n  of t he  enzym es  w i t h o u t  t he  
need  for  a coup l ing  reac t ion .  T h e  p r inc ipa l  of t he  indigo-  
genic  r eac t i on  is t h a t  a hydro lys i s  of t he  specific indoly l  
s u b s t r a t e  occurs  in  t h e  presence  of the  e n z y m e  yie lding a 
c h r o m o g e n i c  h igh ly  inso luble  indigo a t  t he  e n z y m e  site. 
T h e  a d d i t i o n  of t he  r edox  s y s t e m  p o t a s s i u m  ferro-ferr i-  
c y a n i d e  is f r e q u e n t l y  i nc luded  in t h e  i n c u b a t i o n  m e d i u m  
to effect  a n d  acce le ra te  t he  o x i d a t i o n  of t he  i n t e r m e d i a t e  
i n d o x y l  to  indigo t4. 

I n  ou r  r e c e n t  s tud ies  o n  t h e  in t r ace l lu l a r  local iza t ion of 
e x o n u c l e a r  a n d  e n d o n u c l e a r  ' phos phod i e s t e r a s e '  a c t i v i t y  s 
one of t h e  con t ro l s  wh ich  were  e m p l o y e d  was  a n  incuba-  
t i on  of f resh  f rozen sec t ions  of va r ious  t i ssues  in p o t a s s i u m  
fe r ro - fe r r i cyan ide  a t  p H  5.2. W e  were  su rpr i sed  to  observe  
se lec t ive  a n d  u n i q u e  s t a i n i n g  of on ly  t h e  cell nuclei  of 
va r i ous  t issues.  W e  t h u s  m a d e  th i s  o b s e r v a t i o n  b y  seren-  
d ip i ty .  

Methods. Tissues  f rom mouse  a n d  r a t  were used for th i s  
s tudy .  R e p r e s e n t a t i v e  pieces of t i s sue  f rom each  o rgan  
were  r e m o v e d  a n d  c u t  in to  b locks  2 -4  m m  in th ickness ,  
a n d  qu ick- f rozen  b y  p lac ing  t he  t i ssue  in  a glass t u b e  and  
i m m e r s i n g  i t  in  a D e w a r  f lask c o n t a i n i n g  ace tone  and  d ry  
ice a t  - 7 0 ° C .  T h e  t i ssues  were  e m b e d d e d  in o p t i m a l  
c u t t i n g  t e m p e r a t u r e  c o m p o u n d ,  p u r c h a s e d  f rom Lab-Tek ,  
composed  of wa te r - so lub le  glycols a n d  res ins  m a t c h e d  to  
a specific c u t t i n g  zone t e m p e r a t u r e  of -- 20 °C to - 35 °C. 
The  e m b e d d e d  t i ssue  was t h e n  p laced  on t he  quick-freeze 
b a r  of a L a b - T e k  c r y o s t a t  for  1 m i n  un t i l  t h e  e m b e d d i n g  
m e d i u m  was  frozen,  a n d  b e c a m e  t he  p r o p e r  cons i s t ency  
for  c u t t i n g  6 # sec t ions  a t  - - 20°C .  Af te r  cu t t ing ,  t h e  

sec t ions  were a t t a c h e d  to  w a r m  slides. All so lu t ions  were  
m a i n t a i n e d  a t  4 °C for p r e s e r v a t i o n  of e n z y m a t i c  a c t i v i t y .  
The  sl ides were t h e n  a i r  d r i ed  to  p r e v e n t  t he  f o r m a t i o n  of 
ice c rys t a l s  a n d  s to red  a t  -- 25 °C un t i l  i n c u b a t e d  in t h e  
specific solut ion.  F r e s h  f rozen  sec t ions  were  i n c u b a t e d  for  
6 h in so lu t ions  cons i s t ing  of 1 ml  0 . 0 5 M  p o t a s s i u m  ferro-  
cyanide ,  1 ml  0 . 0 5 M  p o t a s s i u m  fer r icyanide ,  10 ml  0 . 2 M  
a c e t a t e  buf fe r  p H  5.2. T h e  r eac t i on  was  o b s e r v e d  h o u r l y  
un t i l  20 h. Af te r  i n c u b a t i o n  t h e  sl ides were w a s h e d  b r i e f ly  
in t a p  w a t e r  a n d  m o u n t e d  in glycerol  gel for  microscopic  
e x a m i n a t i o n .  

Results. Selec t ive  a n d  u n i q u e  blue  s t a i n i n g  of o n l y  t h e  
cell nucle i  of mouse  a n d  r a t  k idney ,  l iver,  ske le t a l  muscle ,  
spleen, g a s t r o i n t e s t i n a l  mucosa ,  g a s t r o i n t e s t i n a l  s m o o t h  
muscle,  p a n c r e a s  a n d  ep id idymis .  T h e  c h r o m a t i n  of t h e  
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