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Fig. 4. Effects of 40 mg/kg WB 4371 and 100 mg/kg pCpA given daily 
for 4 days on male Wistar rats previously selected for 'high' or 'low' 
sexual activity when tested with female rats. The figure shows the 
results of the selection and the results after 4 days of drug treatment. 
In this experiment pCpA was suspended in, and WB 4371 was 
dissolved in, saline instead of Tween 80. Both WB 4371 and pCpA 
significantly increased the amount of sexual behaviour towards 
female rats by the 'low' activity groups (p < 0.01 in each case), 
but had little or no effect on the 'high' activity groups (n = 14 per 
group). 
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(p < 0.02 in b o t h  cases) bu t  t he  W B  4371 + 5 - H T P  and  
pCpA + 5 - H T P  t r ea t ed  an imals  were no t  s igni f icant ly  
d i f fe rent  f rom controls .  There  were 10 ra ts  in each group.  

The ac t ion  of pCpA is t h o u g h t  to  be re la ted  to a de- 
crease of b ra in  5-HT which  resul ts  f rom an inhib i t ion  of 
t r y p t o p h a n  hydroxylase .  I t  has  also been sugges ted  t h a t  a 
re la t ive  imba lance  o f  cerebral  ca techo lamines  and  of 
5-HT migh t  be involved  (TAGLIAMONTX et al. 5). The case 
for t he  p a r a m o u n t  impor t ance  of lowered cerebra l  5-HT 
levels in the  s t imula t ion  of sexual  behav iour  has  been 
vigorously  argued by  DA PRADA et aI.~4,15,~, and it 
would be especial ly in te res t ing  in view of our  last  f inding 
to s t u d y  what ,  if any, effects ~vVB 4371 has on th is  amine  16. 

Zusammen/assung. Nachweis ,  dass ein b e s t i m m t e s  
Ben zo d i o x an d e r i v a t  (WB 4371) eine ausgepr/ igte  Steige- 
rung  des Sexua lve rha l t ens  mXnnlicher  R a t t e n  bewirk t ,  
insbesondere  bei  Tieren mi t  ger inger  sexueller  Aktivit~Lt. 
Die s t imul ie renden  Ef fek te  yon  W B  4371 waren  min-  
des tens  so s t a rk  wie pCpA und  w u rd en  wie bei pCpA 
selbst  durch  5 - H T P  blockiert .  
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Fig. 5. Effects of 10 mg/kg 5-hydroxytryptophan (5-HTP) or 1% 
Tween 80 on the sexual behaviour of male Wistar rats pre-treated 
with either 1% Tween 80, 40 mg/kg WB 4371 or 100 mg/kg pCpA 
daily for 4 days. The dose of 5-HTP or 1% Tween 80 was administered 
i.p. 1 h before testing. Both WB 4371 + 1% Tween 80 and pCpA + 
1% Tween 80 treated rats gave significantly increased scores 
(p < 0.02 in both eases) but the WB 4371 + 5-HTP and the pCpA+ 
5-tlTP treated animals were not significantly differeut from controls 
(n = 10 per group). 

The Behavioral Effects of 2 ,5 -Dimethoxy-4-Alkyl  Amphetamines  

The hal lucinogenic der iva t ives  of t r y p t a m i n e  and  
pheny la lky lamine  show cross to lerance  wi th  lysergic acid 
d ie t t ly lamide  (LSD) ind ica t ing  t h a t  t h e y  share  a co mmo n  
mode  of ac t ion  1. The A r ing  of L S D  could cor respond  to  
the  6 -membered  r ings of t r y p t a m i n e  and  phene thy l ami n e .  
The N(6) of L S D  is p r o b a b l y  located  at  the  pos i t ion  of 
t he  s ide-chain  n i t rogen  in t h e  t r y p t a m i n e  and  p h e n e t h y l -  
amine  moiet ies  (Figure 1). This  hypo thes i s  as p r o p o u n d e d  
by KANG and  GREEN 2 has  been  suppor t ed  by  a va r i e ty  of 
expe r imen ta l  f indings.  As would  be p red ic t ed  f rom th i s  

t h eo ry  the  trans i somer  of 2 - (3 ,4 ,5- t r imethoxyphenyl )  
cyc lopropylamine  appears  to  have  the  biological ac t iv i ty  
of mescal ine  3. Tile r igid analogues 2-amino-7-hydroxy-  
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te t ra l in  4 and  2-aminote t ra l in  5 cor responding  to the  A and 
C rings of LSD also have  mescal ine like ac t iv i ty .  An o t h e r  
f inding which  suppor t s  th is  t heo ry  of a c o m m o n  hallucino- 
genic receptor  is t h a t  if an hal lucinogenic t r y p t a m i n e  is 
subs t i t u t ed  in the  2-posi t ion it becomes  inac t ive  6 as does 
LSD,  for example  if it  is conver t ed  to 2-Bromo LSD L Of 
the  4 s tereoisomers  of L S D  the  mos t  p o t e n t  is (SR; 8R)- 
( + ) - L S D .  F r o m  th is  fact  i t  would  be p red ic t ed  t h a t  t he  
R ( - - )  i somer  of art hal lucinogenic r i ng - subs t i t u t ed  
pheny l i sop ropy lamine  (amphetamine)  would be more  
act ive t h a n  the  S ( + )  isomer  if t he  s t ruc tu re  of these  
hal lucinogens is congruen t  w i th  the  act ive  L S D  isomer.  
This is in fact  t he  case as has  been d e m o n s t r a t e d  by  
a symmet r i c  syn thes i s  8 and  tes t ing  9 of t he  R ( - - )  and  

C2HS~N , , ~ 8  D ?--CH 3 

02H5 ' 
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CH3~ /CH 3 I-~./H 

~/~'CH3 

CH3 2LA2!) 2 CH302~ 
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Fig. 1. The chemical structures of: A) 5R; 8R-LSD. B) N, N-dimethyl- 
5-methoxytryptamine. C) 2,5-Dimethoxy-4-methylamphetamine. 
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Fig. 2. Average effect (n ~ 4) for 4 mg/kg of DOM derivatives on the 
percentage of efficient responding (20 _< IRTs < 30 see). S, Saline 
control; H, R = H; C1, R = CH3; C2, R = C2H~; nC3, R = normal- 
C3H7; nC~, R = normal-C4Hg; nCs, R = normal C5Hll; iCe, R = iso- 
CaH~; tCa, R ~ tertiary-Call 9. 

~ XPERIENTIA 31/1 

S ( + )  isomers of 2 hal lucinogenic  a m p h e t a m i n e s  2,5- 
d i m e t h o x y - 4 - m e t h y l a m p h e t a m i n e  (DOM) and  2, 5-di- 
m e t h o x y - 4 - b r o m o - a m p h e t a m i n e  (DOB). 

In  order  to  u n d e r s t a n d  the  cri t ical  func t ion  of 4-sub- 
s t i t u t ion  in DOM we now repor t  the  effects of a new series 
of analogues in the  rat .  

Methods. Synthesis o/ the D O M  analogues. The s t ra igh t -  
chain  DL-DOM analogs were syn thes ized  f rom commerc ia l ly  
avai lable 2, 5 -d i me t h o x y b en za l d eh y d e  via  the  cor respond-  
ing carbinol,  a lky l -d ime thoxybenzene ,  a lky l -d ime thoxy-  
benza ldehyde  and  the  n i t ropropene ,  which  was reduced  
wi th  l i th ium a l u mi n u m hydr ide  to the  s u b s t i t u t e d  
a m p h e t a m i n e .  In  a s imilar  manner ,  DL-2, 5-dinle thoxy-4-  
i s o p r o p y l a m p h e t a m i n e  was syn thes ized  f rom 2, 5-d imetho-  
xyace tophenone .  2, 5 - D i m e t h o x y - 4 - t - b u t y l a m p h e t a m i n e  
was ob ta ined  f rom avai lable  t - b u t y l - h y d r o q u i n o n e  v ia  t he  
d i me t h y l  e ther ,  a ldehyde  and n i t ropropene .  

All of the  subs t i t u t ed  a m p h e t a m i n e s  were conver t ed  to  
hydroch lor ide  sal ts  and  pur i f ied  in t h a t  form. The Table  
lists t he  p roper t i e s  of the  DL-DOM analogs and l i te ra ture  
references to those  which  have  been repor ted  previously .  
All c o m p o u n d s  no t  prev ious ly  r epor ted  in the  l i t e ra ture  
were  charac te r ized  by  phys ica l  and  chemical  p roper t i e s  
IR-spectra, and elemental analysis. 

Procedure. 4 adult, male hooded rats weighing between 
300 and 350 g at the beginning of the study served as 
subjects. The paradigm used is based on a modified 
Discriminated Sidman Avoidance Schedule~K Using this 
test SMYTHIES et al. 14 classified certain drugs on the basis 
of their disruptive effects, finding that hallucinogenic 
compounds consistently induced effects different from 
those induced by stimulant compounds. The subjects 
were trained until they emitted a minimum of 80% 
efficient responses, with very little variation in response 
distribution (• between 5 successive sessions. 
This stability required approximately 75 daily training 
sessions. All injections were given after a 15 rain warm-up 
period. The data were then collected for the following 
I00 rain. The 6 compounds shown in the Table were 
dissolved in saline and injected s.c. in a volume of 0.I ml/ 
I00 g body weight at a dose of l, 2, and 4 mg/kg. 

Results'. The results indicate that the most potent 
4-substituents are n-propyl and n-butyl which are closely 
followed by methyl (DOM) and ethyl (DOET). The iso- 
propyl derivative is next in potency but the t-butyl and 
n-amyl derivatives are inactive (Figure 2). There is a 
cut-off in activity after the 4 carbon chain in butyl, 
although there is little difference between the normal 
butyl and normal propyl. At the doses used 4-methyl was 
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s l igh t ly  more  p o t e n t  t h a n  4-ethyl .  I sop ropy l  was t h e  leas t  
ac t ive  of t h e  de r i va t i ve s  t e s t ed  caus ing  on ly  s l ight  
d i s r u p t i o n  a t  4 mg/kg .  I t  is n o t e w o r t h y  t h a t  t he  an t i -5 -  
h y d r o x y t r y p t a m i n e  a c t i v i t y  of t he  d i i sop ropy lamide  of 
lysergic  acid is m u c h  less t h a n  t he  d i p r o p y l a m i d e  ~. I n  
t he  case of b o t h  p r o p y l  a n d  b u t y l  de r i va t i ve s  a b r a n c h e d  
cha in  m u s t  n o t  be c o m p l e m e n t a r y  to  t he  b i n d i n g  s i te  
for these  c o m p o u n d s  because  i so-propyl  is t he  l eas t  
p o t e n  t d e r i v a t i v e  in t he  series a n d  t e r t i a r y  b u t y l  is 
inac t ive .  

Discussion. The  p e r i p h e r a l  p h a r m a c o l o g y  of these  
subs t ances  is obv ious ly  qu i t e  d i f fe ren t  f rom t h e i r  CNS 
p rope r t i e s  p e r h a p s  sugges t ing  a u n i q u e  5 -HT recep to r  
in t he  b ra in .  The  g la r ing  example  of t h i s  is 2 - B r o m o - L S D  
(BOL) wh ich  is a power fu l  u t e r i ne  5 -HT a n t a g o n i s t  7 

Properties of 2, 5-Dimethoxy-4-alkyl-amphetamines 

AlkyI group m.p. �9 HC1 salt Lit. m.p. �9 Lit. reference 
(oc) (oc) 

b u t  has  a lmos t  no  ha l luc inogen ic  ac t iv i ty .  Our  resu l t s  are 
in  m a r k e d  d i s t i nc t i on  to  t h e  effects  r e p o r t e d  b y  KUL- 
KARN112 on t he  b e h a v i o r  of mice.  He  r e p o r t e d  t h a t  t h e  
4- isopropyl  ana log  was m u c h  more  p o t e n t  t h a n  t he  4 -e thy l  
or 4 - m e t h y l  analog.  W e  f ind  t h a t  4- i sopropyl  s u b s t i t u t i o n  
gives r ise to  t h e  leas t  p o t e n t  c o m p o u n d  of t he  series. 
G iven  t he  c o m p a r i s o n  of t he  6 - m e m b e r e d  r ings  of DOM 
and  t h e  ha l luc inogen ic  t r y p t a m i n e  moie ty ,  i t  m i g h t  be 
p red ic t ed  t h a t  4 - m e t h o x y - 7 - m e t h y l - N ,  N - d i m e t h y l  t r y p t -  
a m i n e  would  be  t h e  ha l luc inogen ic  t r y p t a m i n e  ana logue  
of DOM. If  i t  can  be  shown  t h a t  a d d i t i o n  of a 7 -me thy l  
g roup  to  5 - m e t h o x y - N , N - d i m e t h y l t r y p t a m i n e  resu l t s  in  a 
s ign i f i can t  increase  in ha l luc inogen ic  p o t e n c y  t h e n  th i s  
would  be  more  proof  of a c o m m o n  recep to r  m e c h a n i s m .  
I t  will also be i n t e r e s t i n g  to See if t he  effects  of 4-sub- 
s t i t u t i o n  as r epo r t ed  in t h i s  p a p e r  would  show the  same  
r e l a t i onsh ip  if s u b s t i t u t e d  a t  C ~ in t he  t r y p t a m i n e  series. 

Rdsumd. Le c o m p o r t e m e n t  des r a t s  a 6t6 f o r t e m e n t  
inf luenc6 p a r  des d6riv6s de la 2, 5 - d i m 6 t h o x y a m p h 6 t a m i n e  
Le m6can i sme  poss ible  de l ' a c t i on  des ha l luc inogbnes  est 
discut4.  

4-Ethyl 192-193 195 10 
4-n-PropyI 181-182 182.5-183 11 
4-Isopropyl 182-183 b 12 
4-n-Butyl 145-147 -- o 
4-t-Butyl 162-163 168 1i 
4-n-Amy] 139-140 -- ~ 

m.p., melting po!nt, b Kulkarni 12 reported behavioral effects of this 
compound but no chemical properties or method of synthesis. 
c New compound. 
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Isoprotenerol  Induction of Pineal Serotonin N-Acetyltransferase in Normotensive  and 
Spontaneously  Hypertensive Rats 

A d m i n i s t r a t i o n  of f l -adrenergic  b lockers  d u r i n g  t he  de- 
v e l o p m e n t  pe r iod  of h y p e r t e n s i o n  in s p o n t a n e o u s l y  hy -  
p e r t e n s i v e  r a t s  de lays  t h e  onse t  of t h e  h y p e r t e n s i o n  a n d  
p r e v e n t s  t he  d e v e l o p m e n t  of pa tho log ica l  lesions 1. Our  pre-  
l i m i n a r y  s tud ies  h a v e  shown  t h a t  t he  f i -adrenergic  s t imu-  
l a to r  i sopro tenero l  has  a h i g h e r  necrogenic  effect  on  t h e  
m y o c a r d i u m  of s p o n t a n e o u s l y  h y p e r t e n s i v e  (SH) t h a n  
of n o r m o t e n s i v e  (N) controls .  T he  c o m m o n  d e n o m i n a t o r  
of b o t h  obse rva t i ons  m i g h t  well  be  a n  a l t e red  r e a c t i v i t y  of 
t h e  b e t a  r ecep to r  s y s t e m  to  ca t echo l am i nes  in  SH rats .  
Suppress ion  of m a n i f e s t a t i o n s  of th i s  a l t e red  r e a c t i v i t y  
b y  be t a -b locke r s  would  p r e v e n t  t h e  d e v e l o p m e n t  of 
pa tho log i ca l  lesions. 

To t e s t  t h i s  hypo thes i s ,  we h a v e  chosen  as a mode l  
s y s t e m  the  e n z y m e  f o r m i ng  t he  p recurso r  of m e l a t o n i n  in 
t he  r a t  epiphysis ,  s e ro ton in  N - a c e t y l t r a n s f e r a s e  ~. fl- 

Table I. Dependence of the degree of induction of serotonin N-acetyl- 
transferase on the dosage of isoprotenerol 

Dosage ofisoprotenerol 
(mg/100 gb.w.) 

Activity of serotonin N-acetyltransferase 
(pmoles of products per h/mg) 

0 1 6 0 i  15 
0.2 18404-360 
0.5 1767-t=272 
1.0 1961• 40 

Values presented are means from 5 animals -- SE. There were no 
significant differences between the experimental groups. 

adrenerg ic  agonis t s  induce  more  t h a n  a 10-fold increase  
in  t h e  a c t i v i t y  of t h i s  enzyme,  b o t h  ill v i t ro  in  ep iphyses  
m a i n t a i n e d  in t i ssue  cu l tu re  a a n d  in v ivo  4. A d m i n i s t r a t i o n  
of f l-blockers suppresses  th i s  i nduc t ion .  W e  a d m i n i s t e r e d  
isoprote l lerol  to  SH a n d  N r a t s  a n d  fol lowed t he  degree of 
i n d u c t i o n  of se ro ton in  N-ace ty l  t r ans fe ra se  in  t he  ep iphyses  
of b o t h  g roups  of aninla ls .  

Materials and methods. Wis ta r -KonArov ice  n o r m o t e n s i v e  
a n d  W i s t a r - K y o t o  ( the O k a m o t o - A o k i  s t ra in)  s p o n t a n e -  
ous ly  h y p e r t e n s i v e  r a t s  were used. A t  l eas t  1 week  before  
t he  expe r imen t ,  t he  an ima l s  were m a i n t a i n e d  on a 
s t a n d a r d  reg ime  of 6-18 h l igh t  a n d  18-6  h darkness .  
I sop ro t ene ro l  ( Isuprel  hydroch lo r ide ,  W i n t h r o p  P r o d u c t s  
Co.) was  a d m i n i s t e r e d  s.c. a t  10 h, a n d  aga in  a t  1'2 h to  
e x p e r i m e n t a l  an ima l s  in a dose of 0.2 rag/100 g b.w. A 
con t ro l  group rece ived  t he  same  v o l u m e  of phys io log ica l  
saline.  A t  14 h, b o t h  e x p e r i m e n t a l  a n d  con t ro l  an ima l s  
were killed, t he  ep iphyses  were r ap id ly  r emoved ,  weighed 
a n d  p laced  on  d ry  ice. W i t h i n  20 h of kil l ing, t h e  a c t i v i t y  
of s e ro ton in  N-ace ty l t r an s f e r a se  was d e t e r m i n e d  b y  a 
mod i f i c a t i on  of t he  m e t h o d  of KLEIN and  WELLER 5 
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