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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 

1 L. WEISS, J. LUNDGREN, B. FOLKOW, Acta physiol, scand., 
in press. 

2 H.  WEISSACH, B. G. REDFIELD a n d  J. AXELROD, Bioch im.  
biophys. Acta 5d, 120 (1961). 

a D. C. KLEIN and G. R. hER% Adv. Biochem. Psychopharm. 3, 241 
(197o). 

4 T. DEGUCHI and J. AXELROD, Proe. hath. Acad. Sci., USA 69, 
2208 (1972). 

5 D. C. KLEIN and J. L. WELLER, Science 769, 1093 (1970). 
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Table II. Induction 
(SH) rat males and 
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of serotonin N-acetyltransferase by isoprotenerol in the epiphyses of normotensive (N) and spontaneously hypertensive 
females 

Group Dosage Activity of serotolfin N-acetyltransferase (pmoles of products per h/mg) 

Males N Physiological saline 258 -4- 14 
N Isoprotenerol 3405 4- 240 
SH Physiological saline 197 d= 18 
SH Isoprotenerol 6196 ~ 400 

Females N Physiological saline 183 ~= 13 
N Isoprotenerol 2588 i 340 
SH Physiological saline 162 -4- 13 
SH Isoprotenerol 4023 ~ 510 

Values given are means fronl 5-7 animals ~ SE. After administration of physiological saline there was a significantly higher activity in N 
males than in SH males (p < 0.02). in N females (p < 0.01) and SH females (p < 0.001). After administration of isoprotenerol there was a 
significantly higher activity in SH males than in N males (p < 0.001), in SH females than N females (p < 0.05), in SH males than in SH 
females (p < 0.001) and in SIt males than in N females (p < 0.001). 

descr ibed  elsewhere 6. T he  selected dose of 0.2 m g  iso- 
p rena l ine /100  g b.w., g iven  4 and  2 h before ki l l ing 
the  animals ,  p roduced  a m a x i m a l  i n d u c t i o n  of s e ro ton in  
N-aee ty l t r ans fe r a se  in  t he  ep iphyses  of no rmo tens ive ,  
91-day-old  females  (Table  I). T he  i n d u c t i o n  of N-ace ty l -  
t r ans fe ra se  b y  i sopro tenero l  was i n v e s t i g a t e d  in N a n d  
SH males  a t  age 87 days  and  in females  in  t he  age r ange  
95-100 days.  The  s ignif icance of differences be tween  
d i f fe rent  con t ro l  a nd  e x p e r i m e n t a l  groups  was t e s t ed  b y  
t he  ana lys i s  of va r i ance  a n d  S t u d e n t ' s  t - tes t ;  t h e  5% 
p r o b a b i l i t y  level  c r i t e r ion  was used for t he  ana lys i s  of 
va r iance .  

Results and discussion. T he  a c t i v i t y  of se ro ton in  N- 
ace ty l t rans fe rase ,  a f t e r  a c t i v a t i o n  b y  isoprotenerol ,  
r eached  p rac t i ca l ly  twice  t he  va lues  in t he  ep iphyses  of 
SH males  as those  in  N males,  and  more  t h a n  1.5 t i m e s  
t h e  va lues  in  t he  ep iphyses  of S H  females  as those  in  N 
females  (Table  II) .  Cont ro l  ac t iv i t i e s  a f te r  a d m i n i s t r a t i o n  
of phys io logica l  sal ine were s o m e w h a t  h igher  in t h e  
ep iphyses  of N t h a n  in SFI males,  in  t he  females  b o t h  
va lues  were t i le  same (Table  II) .  The  induced  a c t i v i t y  of 
se ro ton in  N-ace ty l t r ans f e r a se  was s igni f icant ly  h igher  in  
t h e  ep iphyses  of S H  males  t h a n  in SI-I females.  I n  
n o r m o t e n s i v e  r a t s  t h e r e  was no s ign i f ican t  sex difference.  

Exogenous ,  and  p r o b a b l y  also endogenous ,  ca techol -  
amines  a c t i v a t e  t he  a d e n y l  cyclase s y s t e m  of p inea locy tes  
b y  m e a n s  o f / / - r ecep to r s  v, s. The  increased  level  of c A M P  
induces,  b y  a st i l l  u n k n o w n  m e c h a n i s m ,  a n  increase  in t he  
syn thes i s  of se ro ton in  N-ace ty l t r ans f e r a se  a, 0. The  h igher  
degree of i n d u c t i o n  of N-ace ty l t r ans f e r a se  b y  iso- 
p ro t ene ro l  ill t h e  ep iphyses  of S H  r a t s  can  be  cond i t ioned  
b y  a h igher  a c t i v a t i o n  of /5-receptors, of t he  a d e n y l  
cyclase sys t em or a f u r t h e r  sys t em m e d i a t i n g  i n d u c t i o n  of 
t he  e n z y m e  

If  t he re  was a h igher  a c t i v a t i o n  o5 / / -receptors  of 
p inea locy tes  b y  ca t echo lamines  in  S H  rats ,  t h i s  increased  
a c t i v a t i o n  could be  p roduced  e i the r  b y  a change  in  t h e  
sens i t i v i ty  of S H  r a t s  to  ca techo lamines -  a n d  the re fore  b y  
a n  a l t e red  c o n f o r m a t i o n  of/~-receptors ,  or b y  a n  increase  
in t h e  n u m b e r  of/~-receptors .  T he  dosage of i sopro tenero l  
used, 0.2 mg/100  g b.w. p roduced ,  however ,  m a x i m a l  
i n d u c t i o n  of serotoniI1 N - a c e t y l t r a n s i e r a s e  in  N ra ts .  
Desp i te  this ,  i n d u c t i o n  in S H  , ra ts  was  st i l t  h igher .  I t  
would  appear ,  therefore ,  t h a t  in t h e  ep iphyses  of S H  r a t s  
t h e r e  is an  increased  dens i ty  of /3-receptors. This  f ind ing  
of a n  a l t e red  m a x i m a l  response  ill i n d u c t i o n  of N-ace ty l -  
t r ans fe r a se  is i n t e r e s t i ng  i a  t h e  l igh t  of t h e  work  of 
DEGUC~I and  AXELROD ~~ who  showed t h a t  va r ious  
a m o u n t s  of endogenous  or exogenous  /~-agonists could 

change  t h e  s ens i t i v i t y  of' i n d u c t i o n  to var ious  doses of 
i soprotenerol ,  b u t  m a x i m a l  responses  r e m a i n e d  un-  
changed .  I t  is possible,  therefore ,  t h a t  SH r a t s  h a v e  a 
he r ed i t a r i l y  increased  t e n d e n c y  to  a g rea t e r  s e ro ton in  
N-ace ty l t r ans f e r a se  induc t ion ,  and  poss ib ly  a h igher  
t i ssue  dens i t y  of b e t a  recep tors  in t he  epiphysis .  

The  r e p o r t e d  sex di f ferences  in  i n d u c t i o n  of N-ace ty i -  
t r ans fe ra se  in  t he  ep iphyses  of S H  rats ,  a n d  t he  in- 
s ign i f ican t  d i f ference in N ra ts ,  could be  exp la ined  b y  
va r ious  s tages  of t he  oes t rus  cycle of t h e  females  a t  t he  
t ime-o f  t he  expe r imen t .  The  degree to  wh ich  ep iphysea l  
adeny lcyc lase  can  be  a c t i v a t e d  b y  n o r e p i n e p h r i n e  de- 
p e n d s  u p o n  p l a s m a  levels of oes t rogens ;  w i t h  h i g h  b lood  
levels  t he  degree of a c t i v a t i o n  is v e r y  low or nu l l  11. I f  
i n d u c t i o n  of N-ace ty l t r an s f e r a se  is a f u n c t i o n  of adenyl -  
cyclase a c t i v a t e d  b y  no rep inephr ine ,  t h a n  a s imi la r  
d e p e n d e n c e  upoI1 oes t rogen  levels shou ld  a p p l y  for  
a c t i v a t i o n  of adeny lcyc lase  a n d  i n d u c t i o n  of N-ace ty l -  
t rans fe rase .  Such  a re la t ion ,  however ,  ha s  n o t  been  
conf i rmed  12. 

Zusammen/assung. V e r a b r e i c h u n g  v o n  I sopro tenero l ,  
eines /3-adrenergen Agonis ten ,  i n d u z i e r t  e inen  s ign i f ikan t  
h6he ren  Ans t i eg  de r  A k t i v i t ~ t  der  Se ro ton in -N-Ace ty l -  
t r ans fe r a se  in  der  E p i p h y s e  yon  s p o n t a n  h y p e r t e n s i v e n ,  
im Vergle ich  m i t  n o r m o t e n s i v e n ,  R a t t e n m ~ n n c h e n .  
Derse lbe  U n t e r s c h i e d  wurde  a u c h  bei  W e i b c h e n  beob-  
ach te t ,  j edoch  l iegen die A k t i v i t g t s w e r t e  bei  s p o n t a n  
h y p e r t e n s i v e n  M~Lnnchen a l lgemein  h6her .  Die d u r c h  
I sop ro t ene ro l  e rh6h t e  I n d u k t i o n  der  Se ro ton in -N-Ace ty l -  
t r an s i e r a se  e rzeugt  h in s i ch t l i ch  der  Ca t echo l amine  in  dell 
P i n e a l o z y t e n  yon  s p o n t a n  h y p e r t e n s i v e n  R a t t e n  eine 
v e r g n d e r t e  R e a k t i v i t i t  der  Achse jh-Rezeptor-Adenyl-  
zyk lasesys tem-  Se ro ton in -N-Ace ty l  t ransferase .  
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