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subcor t icaI  s t ruc tu res  were affected s igni f icant ly .  Thus,  
the  gross b e h a v i o r a l  a l t e r a t ions  were preceded  b y  changes  
in regional  perfusion,  wh ich  b e c a m e  less va r i ab l e  a n d  more  
p r o n o u n c e d  w i t h  t ime.  Blood gases were unaf fec ted  a t  
10 m i n  a f te r  in jec t ion  of L S D  a l t h o u g h  a s l ight  h y p o x i a  
was observed  b y  20 rain.  

L S D  derivatives - Table I I .  The  2 -me thy l -LSD,  
6 -nor -LSD a n d  As,9-LSD de r iva t i ve s  fai led to a l t e r  r a t  
b e h a v i o r  in  a n y  obse rvab le  way  a t  a dose level  wh ich  
was m a r k e d l y  effect ive in the  case of L S D ;  in a d d i t i o n a l  
subgroups  of an ima l s  b e h a v i o r a l  effects were no t  de tec ted  
b e y o n d  40 m i n  a f te r  i.v. in ject ion.  F u r t h e r m o r e ,  t he  2- 
m e t h y l  and  A s,9 de r iva t i ve s  also fai led to a l t e r  b lood 
pressure  or cardiac  ou tpu t s .  The  6-nor-LSD,  however ,  
appea red  more  p o t e n t  in m i m i c k i n g  the  pe r iphe ra l  effects 
of LSD b y  e leva t ing  a r te r ia l  pressures  by  a b o u t  40 m m  
H g  above  m e a n  pressures  and  s igni f icant ly  reduc ing  
card iac  o u t p u t s  b y  25~o. None  of these  c o m p o u n d s  
affected regional  per fus ion  of t he  bra in ,  w i t h  t he  possible  
excep t ion  of 2 -me thy l  L S D  wh ich  caused a fall  in  ol- 
f ac to ry  bu lb  flow. 

Discussion. The  flo%v changes  to  t he  pa r i e t a l  and  f ron t a l  
cortex,  cerebel lar  and,  pe rhaps ,  t he  dorsal  h i p p o c a m p a l  
regions a p p e a r  to  be  r e l a t ed  to t he  behav io ra l  effects. The  
f indings  w i t h  2 -me thy l  LSD,  6-nor  LSD,  and  A s, 9 L S D  to 
which  ra t s  are no t  v i s ib ly  responsive,  revea l  no changes  in 
regional  per fus ion  of the  bra in ,  a l t h o u g h  some of these  
c o m p o u n d s  h a v e  cons iderab le  pe r iphe ra l  ca rd iovascu la r  
effects (Table  II) .  Assuming  as o the r  do 8-s then ,  t h a t  
regional  b lood flow in t he  b r a i n  is s econda ry  to funct ion ,  
the  m o s t  pa r s imon ious  e x p l a n a t i o n  for these  f indings  is 
t h a t  t he  flow changes  s ignal  ne t  increases  in t he  ac t iv i t i es  
of t h e  par ie ta l ,  f ronta l ,  and  cerebel lar  coreices of the  r a t  
a t  t he  same t i m e  t h a t  some func t ions  of t he  dorsa l  
h i p p o c a m p u s  p e r h a p s  decrease.  I n  p a s t  s tudies  in  con- 
scious men~~ and  anes t he t i z ed  ca ts  ~ gross cerebra l  
per fus ion  appea red  u n c h a n g e d  b y  L S D  admin i s t r a t i on .  
T h a t  LSD,  indeed,  increased t he  flow of b lood to ce r t a in  
areas  of the  b ra ins  of conscious r a t s  emphas izes  our  
c o n t e n t i o n  t h a t  these  re la t ive ly  res t r i c ted  responses  were 
t he  resu l t  of t i ssue  ac t i v i t y  responses  l ikely to be  obscured  
b y  whole  b r a i n  m e a s u r e m e n t s  or t he  use of anes the t i c s  9 

A l t h o u g h  t he  changes  in regional  per fus ion  of t he  b ra in  
m a y  s ignal  changes  in funct ion,  t he  p r i m a r y  si tes of 
ac t ion  of L S D  r e m a i n  obscure.  Some regions wh ich  r e t a i n  
rad io labe l led  LSD h a v e  been  i n t e r p r e t e d  as possible  si tes 

of ac t ion  ~. Thus ,  a c c u m u l a t i o n s  of L S D  in  those  mesen-  
cephal ic  a n d  d iencepha l ic  s t ruc tu re s  assoc ia ted  w i t h  
a u t o n o m i c  centers  in  t he  b r a i n  cor re la te  well  w i t h  t he  
cen t r a l l y  m e d i a t e d  a u t o n o m i c  effects of t h e  d rug  ~. 
A l t h o u g h  LSD also b inds  se lec t ive ly  to a m i n o r i t y  of cells 
in f r on t a l  cor tex  a n d  cerebe l lum t, 2, regions to  which  t he  
flow of b lood  also is increased,  t he  widespread  u p t a k e s  of 
L S D  in m a n y  subcor t i ca l  areas  are no t  para l le led  b y  flow 
changes .  Along w i t h  ~he acknowledged  effects in  sub- 
cor t ical  regions  then ,  t he  flow d a t a  sugges t  t h a t  some 
cor t ica l  regions  a n d  ce rebe l lum also are respons ive  to LSD.  
At  th i s  t ime,  however ,  i t  is in lposs ib le  to  d i s t ingu i sh  
be tween  seconda ry  f u n c t i o n a l  aspec ts  a n d  p r i m a r y  s i tes  
of d rug  ac t ion  ~3. 

Zusammen/assung.  Die i.v. V e r a b r e i c h u n g  yon  LSD an  
R a t t e n  s te iger t  den  B lu tk re i s l au f  im H i r n s t a m m  sowie im 
f ron t a l en  u n d  p a r i e t a l e n  Cor tex  selekt iv.  Es  w u r d e n  d u r c h  
6-Nor-LSD,  2 -Me thy l -LSD u n d  Ao,9-LSD weder  wahr -  
n e h m b a r e  V e r h a l t e n s ~ n d e r u n g e n  noch  A n d e r u n g e n  des 
reg iona len  B lu tk re i s l au f s  ve ru r sach t .  
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Inhibition of Prostaglandin Synthetase by Psychotropic Drugs 

According  to  t he  hypo thes i s  a d v a n c e d  b y  VANE, t he  
p h a r m a c o d y n a m i c  ac t i v i t y  of non-s t e ro ida l  an t i - in f l am-  
m a t o r y  agen ts  (NSAA's)  is a t t r i b u t a b l e  to  the  i n h i b i t i o n  
of p r o s t a g l a n d i n  (PG) s y n t h e t a s e l - a .  I t  the re fore  seemed 
of i n t e r e s t  to  d e t e r m i n e  w h e t h e r  th i s  effect is pecul ia r  to  
th i s  class of compounds .  W i t h  th i s  end in view, and  in the  
l igh t  of r ecen t ly  pub l i shed  obse rva t ions  i nd i ca t i ng  t h a t  
ce r t a in  psycho t rop ic  agen t s  m a y  in ter fere  w i th  P G  syn- 
thes is  4, 5, we u n d e r t o o k  expe r i m en t s  to  f ind  ou t  w h e t h e r  
c o m p o u n d s  possess ing neurolept ic ,  a n t i d e p r e s s a n t  a n d / o r  
t r anqu i l l i z ing  proper t ies ,  i nh i b i t  P G  s y n t h e t a s e  in vi t ro .  

Material and methods. T he  e n z y m a t i c  assay  was carr ied 
ou t  accord ing  to  a modi f i ca t ion  of t he  t e c h n i q u e  descr ibed 
b y  TAKEGUCHI et  a1.% The  i n c u b a t i o n  m e d i u m  c o n t a i n e d  
3 m g  of t he  lyophi l ized mic rosomal  f r ac t ion  of b o v i n e  
semina l  Vesicle as enzyme,  0.33 tzM 14C-labelled arachi -  
donic  acid (spec. a c t i v i t y :  58 m C i / m M )  a n d  9.85 ~ M  
unlabe l led  a rach idon ic  acid as subs t ra t e ,  and  2.95 m M  

1-adrenaline and  2.93 m M  reduced  1-gluta thione as 
cofactors  in 5 ml  Tris buffer  a t  p H  8.3. E a c h  of t he  com- 
p o u n d s  t e s t ed  was added  to  t he  r eac t ion  m i x t u r e  in  t h r ee  
d i f fe ren t  concen t ra t ions .  Af te r  i n c u b a t i o n  for 30 min,  the  
r eac t ion  was s topped  b y  t h e  a d d i t i o n  of one drop  of 
c o n c e n t r a t e d  hydroch lo r i c  acid, a n d  t he  l ipid f rac t ion  ex- 
t r a c t e d  twice  w i t h  e thy l  ace t a t e  a n d  s epa ra t ed  b y  th in -  
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Inhibition of PG-synthetase by psychotropic drugs (Interpolated 
values; (IDa0 and Ki; n ~ 9 per drug) 

Preparation IDs0 (~zg/ml) Ki (mM) 

Chlorpromazine 46 1.3 • 10 -i  
Clomipramine (1) 52 1.5 • 10 -i  
Maprotiline (2) 95 2.7 • 10 i 
Benzoctamine (3) 110 3.4 • 10 -1 
Amitriptyline 155 4.9 • 10 -~ 
Desipramine (4) 165 5.5 • 10 i 
Imipramine (5) 280 8.8 • 10 -1 
Haloperidol >300 >7.3 • 10 1 

Registered names: (1) Anafranil| (2) Ludiomil| (3)Tacitin| 
(4) Pertofran| (5) Tofranil | 

l ayer  c h r o m a t o g r a p h y  7. The  zone on t he  c h r o m a t o g r a m  
co r re spond ing  to P G E  was sc raped  off, t h e  s u b s t a n c e  
e x t r a c t e d  once aga in  a n d  t he  r a d i o a c t i v i t y  p re sen t  de- 
t e r m i n e d  in a l iquid  sc in t i l l a t ion  counter .  In  p r e l i m i n a r y  
expe r imen t s ,  i t  h a d  been  shown  t h a t  the  r a d i o a c t i v i t y  
de tec ted  was a t t r i b u t a b l e  to  t he  P G E  2 formed,  and  t h a t  
t he  k ine t ics  of t h e  e n z y m e  assay  conform to the  Michaelis-  
M e n t e n  e q u a t i o n  w i t h / < m  of 2.2 x 10 .5 M.  

Results. As is e v i d e n t  f rom t he  Table,  all  t h e  psycho-  
t rop ic  agen t s  t e s t ed  i n h i b i t e d  t h e  conve r s ion  of a rachi -  
donic  acid to PGE2, and  t he  degree of i n h i b i t i o n  was 
r e l a t ed  to t he  c o n c e n t r a t i o n s  used. The  mos t  p o t e n t  were 
the  t r icycl ic  c o m p o u n d s  ch l o r p r om az i ne  a n d  c lomipra-  
mine,  fol lowed b y  t h e  e t h a n e a n t h r a c e n e  de r iva t i ve s  
map ro t i l i ne  a n d  benzoc t amine .  The  t r icycl ic  an t idepres -  
san t s  ami t r ip ty l ine ,  de s i p r am i ne  and  i m i p r a m i n e  were 
less act ive ,  and  ha loper idol ,  wh ich  is a b u t y r o p h e n o n e  
d e r i v a t i v e  a n d  hence  s t r u c t u r a l l y  qu i t e  d i f fe ren t  f rom the  

10 5 
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Kinetics of Inhibition 
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Kinetics of the inhibitory action of maprotiline on prostaglandin 
synthesis (double reciprocal plot). 

o the r  drugs  s tudied,  h a d  on ly  a v e r y  s l ight  effect. Gene-  
ra l ly  speaking,  t he  order  of a c t i v i t y  d i sp layed  b y  these  
c o m p o u n d s  was c o m p a r a b l e  w i t h  t h a t  of t he  N S A A  
p h e n y l b u t a z o n e ,  wh ich  in a c o n c e n t r a t i o n  of a p p r o x i m a -  
t e ly  0.5 m M  inh ib i t s  t he  syn thes i s  of P G E  2 in th i s  t e s t  
sy s t em to t he  e x t e n t  of a b o u t  50% s. 

The  k ine t ics  of t he  i n h i b i t o r y  ac t ion  of map ro t i l i ne  were 
e x a m i n e d  nlore  closely; t he  effects of th i s  p r e p a r a t i o n  a t  
va r ious  c o n c e n t r a t i o n s  on  t he  r a t e  of syn thes i s  were 
d e t e r m i n e d  a t  d i f fe ren t  s u b s t r a t e  concen t ra t ions .  F r o m  
the  resul t s  shown  in t he  Figure,  i t  is clear t h a t  t h e  inh ib i -  
t i on  was compe t i t i ve  to  t he  subs t ra te .  

Discussion. The  resul t s  o b t a i n e d  c lear ly  ind ica te  t h a t  
i n h i b i t i o n  of P G  s y n t h e t a s e  is no t  a p h g r m a c o d y n a m i c  
ac t ion  pecul ia r  to  c o m p o u n d s  be long ing  to t h e  class of 
N SAA's.  As has  a l r eady  been  r epo r t ed  b y  o the r  a u t h o r s  ~, 5, 
p sycho t rop i c  agen t s  also h a v e  th i s  effect. The  fac t  t h a t  
FLOWER 9 d id  no t  observe  a n y  i n h i b i t o r y  ac t ion  of chlor-  
p r o m a z i n e  on th i s  enzyme  m a y  be  due  to differences  in  t he  
i so la t ion  p rocedure  and  i n c u b a t i o n  condi t ions .  

The  f ind ings  descr ibed are in t e re s t ing  in var ious  
respects .  I n  t he  f i rs t  place, t he  resu l t s  a t  leas t  p a r t l y  
exp la in  t he  a n t i - i n f l a m m a t o r y  a c t i v i t y  shown b y  ce r t a in  
of these  p repa ra t ions ,  i.e. b y  b e n z o c t a m i n e  1~ a n d  chlor-  
p romaz ine i0 ,  i i  in  an imals ,  and  b y  i m i p r a m i n e  12 in m a n  
also. Secondly,  the re  is a poss ib i l i ty  t h a t  t he  observed  
i n h i b i t o r y  effect m i g h t  also h a v e  a s ign i f ican t  bea r ing  
above  all  on  t he  a n t i d e p r e s s a n t  a c t i v i t y  of these  com- 
p o u n d s :  on  t h e  one h a n d ,  t he  PGs  re leased a t  adrenerg ic  
synapses  reduce  t he  l i be ra t i on  of t he  t r a n s m i t t e r  sub-  
s tances  la, a4; on  t h e  o the r  hand ,  since the  ac t ion  of an t i -  
dep res san t s  is a sc r ibed  to  a n  increase  in  t he  c o n c e n t r a t i o n  
of t r a n s m i t t e r  subs t ances  a t  t he  p o s t s y n a p t i c  m e m b r a n e  i5, 
i n h i b i t i o n  of P G  s y n t h e t a s e  could c o n t r i b u t e  t o w a r d s  th i s  
effect. F ina l ly ,  t he  f ac t  t h a t  a s u b s t a n c e  such  as halo-  
per idol  w i t h  a d i s t i nc t ly  neuro lep t i c  ac t ion  has  scarcely 
a n y  inf luence  on P G  syn thes i s  suggests  t h a t  in t e r fe rence  
w i t h  PGs  is no t  a crucia l ly  i m p o r t a n t  f ac to r  in th i s  
p sycho t rop i c  ac t iv i ty .  

Zusammen/assung.  P s y c h o p h a r m a k a  m i t  neuro lep t i -  
scher,  an t i dep re s s ive r  u n d / o d e r  t r anqu i i l i s i e r ende r  Wir -  
kung,  die eine t r i zyk l i sche  S t r u k t u r  bes i tzen,  h e m m e n  in 
v i t ro  dos i sabhgng ig  die P r o s t a g l a n d i n - S y n t h e t a s e ,  welche 
aus  Ochsensamenb la se  isol iert  wurde.  H ingegen  weist  das  
N e u r o l e p t i k u m  Hgloper idol ,  das  sich s t r uk tu r e l l  yon  den  
a n d e r e n  u n t e r s u c h t e n  Pr~tpara ten  wesen t l i ch  un te r -  
scheidet ,  k a u m  e inen  solchen Ef fek t  auf. Die p h a r m a k o -  
iogische B e d e u t u n g  dieser  Be funde  wird  d i sku t ie r t .  
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