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ano the r  H2-receptor  blocker,  me t i amide  ~, as well as P G E  e 
can induce equal  po t en t i a t i on  in b o t h  organs.  This 
suggests  a c o m m o n  m e c h a n i s m  for bo th  compounds .  
The f i rs t  exp lana t ion  is t h a t  P G E  2 m a y  have  a blocking 
effect  on H2-receptors.  This seems unlikely since P G E  2 
does no t  inh ib i t  the  re laxa t ion  (unpubl ished observat ion)  
induced by  h i s t amine  in the  ca t  t rachea l  muscle, which  
has been  shown to be med ia t ed  by  H2-receptors  6 

I t  has  prev ious ly  been  shown t h a t  h i s t amine  may  
s t imula te  the  gastr ic  acid secret ion 7 and hea r t  muscle  s 
s imul taneous ly  witl~ an increase ot cellular cyclic AMP 
level. B o t h  effects have  been  found to  be blocked by  
bur imamide .  I t  seems likely t h a t  the  s t imula t ion  of H e- 
receptors  in b o t h  perfused  organs can produce  the  
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vasodi la tor  effect  by  the  increase of second messenger  
sys tem,  cyclic AMP. This  specula t ion  has been  based upon  
f indings ob ta ined  wi th  theophyl l ine ,  which  has  been  
descr ibed as a p o t e n t  inhib i tor  of phosphod ies te rase  9 
Addi t ion  of theophyl l ine  to  the  perfus ion m e d i u m  causes 
an inh ib i t ion  of the  pressor  e f fec t  of h i s t amine  in bo th  
organs. This effect  is p robab ly  due to t he  accumula t ion  
of cyclic AMP which  represents  t he  s t imula t ion  of H e- 
receptors .  Since theophyl l ine  antagonizes  the  po t en t i a t i ng  
act ion of P G E  2 on h i s t amine  responses  in b o t h  organs, 
it  is h ighly  possible t h a t  P G E  2 and theophyl l ine  influence 
phosphod ies te rase  in opposi te  direct ions.  A n o t h e r  possi- 
b i l i ty  should be t aken  in to  cons idera t ion  t h a t  P G E  2 m a y  
inhib i t  adenyl  cyclase ac t iv i ty  and consequen t ly  cause an 
inh ib i t ion  of cyclic AMP in the  cellular level. This po in t  
is still  under  inves.~igation. 

Zusammen/assung. P G E  e verst~Lrkt an isoliert  perfun-  
d ie r ten  Kan inchenn ie ren  und  Meerschweinchenlungen  
die Wi rkung  von  H i s t a m i n  auf den Perfus ionsdruck.  
Gleiches wurde  auch  mi t  Met iamid,  e inem H2-Rezeptor-  
blocker,  beobach te t .  A n h a n d  dieser Befunde  wird die 
m6gliche Rolle yon  c -AMP bei dieser VerstS~rkerwirkung 
diskut ier  e. 
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The Metabolism of Phenylethylamine and O-Methylated Derivatives by Monoamine Oxidase 

P h e n y l e t h y l a m i n e  (PEA) and p a r a m e t h o x y p h e n y l -  
e thy lamine  (PMPEA) are s y m p a t h o m i m e t i c  agents  s imilar  
in s t ruc tu re  to the  catecholamines .  B o t h  compounds  cross 
the  b lood-bra in  barr ier  and  can cause cent ra l  effects. P E A  
induces a strong,  amphe tamine - l i ke  cent ra l  s~imulation 1, 
while P M P E A  admin i s t r a t i on  resul ts  in a shor t - las t ing  
ca ta tonic  s ta te  e. Similar  ca ta ton ic  responses  have  also 
been  observed following the  admin i s t r a t i on  of 3,4-di- 
m e t h y o x y p h e n y l e t h y l a m i n e  (3,4 DMPEA)  a. P re t r ea t -  
m e n t  w i th  monoamine  oxidase (MAO) inhibi tors  po ten-  
t ia tes  the  deple t ion  of cent ra l  monoamines  by  P E A  4 and  
prolonges the  effects of P2KPEA on m o n o s y n a p t i c  spinal  
reflexes 5. Thus  i t  is l ikely t h a t  PEA,  and P M P E A ,  are 
metabo l ized  in vivo by  MAO, the  enzyme responsible  for 
the  in t r aneurona l  inac t iva t ion  of biogenic amines.  In  th is  
s tudy  we have  compared  the  effects of P E A  and P M P E A ,  
as well as those  of the  d i m e t h o x y  der iva t ives  (2, 3 and 
3, 4 DMPEA)  on bra in  MAO ac t iv i ty  in vi tro.  

Methods o/ procedure. The me tabo l i sm  of pheny le thy la -  
mine  and its de r iva t ives  was s tud ied  indirect ly,  by  
m e a s u r e m e n t  of MAO ac t iv i ty  in v i t ro  in the  presence  of 
these  agents.  A wate r  homogena te  of ra t  b ra in  s t em (pons 
and  medulla)  was the  enzyme  source for these  in v i t ro  
studies.  MAO -was measured  by  a modi f ica t ion  of the  
micro m e t h o d  of McCAMAN6, using C ~4 t y r a m i n e  as sub- 
strafe.  For  kinet ic  analysis,  enzyme act ivi t ies  were 
measured  a t  several  subs t r a t e  concen t ra t ions  in the  
presence  of va ry ing  concen t ra t ions  of t he  c o m p o u n d  
tested.  MAO ac t iv i ty  was expressed as mill imoles of 
subs t ra te  d e a m i n a t e d / g  pro te in /h .  D a t a  were p lo t t ed  by  
the  m e t h o d  of LINEWEAVER-BURK 7 to give values  for 
Km and Vm~. Compet i t ive  inhibi t ions  is observed where 
K~,  bu t  no t  V ~ ,  is changed  as compared  to  controls.  

In  cases of compe t i t ive  inhibi t ion,  the  concen t ra t ion  of 
the  inhib i tor  necessary  to produce  hal f  max i ma l  inhibi-  
t ion (K d was calculated f rom the  slope of the  LINEWEAVER- 
BURK curves. For  non-compe t i t ive  inhib i t ion  a p p r o x i m a t e  
Ki  values have  been calculated.  

Results. The in te rac t ions  of P E A  and P M P E A  wi th  
ra t  b ra in  MAO are descr ibed in Figures  1A and 1B, 
respect ively.  Al though  b o t h  compounds  inhibi t  b ra in  
MAO wi th  t y r a m i n e  as subs t ra te ,  t he  na tu re  of the  inhi- 
b i t ion  differs. P E A  is a non-compe t i t i ve  inhibi tor  (Figure 
1 A), whereas  P M P E A  inhibi ts  in a compe t i t ive  manne r  
(Figure 1B). Qual i ta t ive ly  and  quan t i t a t i ve ly  similar  
results  were ob ta ined  wi th  sero tonin  and  dopamine  as 
subs t ra tes .  The concen t ra t ion  of P M P E A  required to  
give haK-maximal  inhib i t ion  (Ki) is 18.0 [xM. For  P E A  
a series of K,  values  are obta ined,  in the  range of 87-142 
[zM. 
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Like  P M P E A ,  the  d i m e t h o x y  de r iva t i ve s  are compet i -  
t i ve  inh ib i to r s  of r a t  b r a i n  MAO (Figures 2A a n d  213). 
The  E l  va lue  for t he  2,3 D M P E A  is a p p r o x i m a t e l y  20% 
of t h a t  observed  for t he  3,4 D M P E A .  The  c o m p e t i t i v e  
n a t u r e  of th i s  i n h i b i t i o n  is f u r t h e r  ver i f ied  b y  t he  con- 
s t a n c y  of t he  K,  values,  i r respec t ive  of t he  slope f rom 
which  these  va lues  are ca lcula ted .  

The  o - m e t h y l a t e d  p h e n y l e t h y l a m i n e  de r iva t i ve s  a p p e a r  
to  be  good s u b s t r a t e s  for r a t  b r a i n  m o n o a m i n e  oxidase.  
The  ca lcu la ted  IZ~ va lues  of 18 v M  for P M P E A  a n d  173.5 
~ M  for 3,4 D M P E A  o b t a i n e d  w i t h  r a t  b r a i n  h o m o g e n a t e s  
compa re  f a v o r a b l y  w i t h  pub l i shed  K m  va lues  of 15.1 a n d  
278 v M  for those  amines  w i t h  pur i f ied  porc ine  b r a i n  MAO 
p r e p a r a t i o n  s. I n  these  s tud ies  we obse rved  a va r i ab l e  
decrease  in I ~  va lues  w i t h  o -me thy la t ion ,  w i t h  t he  grea- 
t e s t  decrease  obse rved  for P M P E A ,  a n d  i n t e r m e d i a t e  
effects seen w i t h  t h e  two d i m e t h o x y  isomers.  Likewise,  
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Fig. 1. Effects of PEA and PMPEA on MAO activity in vitro. 
Miehaelis-Menten plot of MAO activity in rat brain homogenates at 
PEA and PMPEA concentrations of 0.05 mM (�9 and 0.1 mM (A), 
with 1-C 14 tyramine as substrate. 

t y r a m i n e  r ing  s u b s t i t u t i o n  s a n d  meta o - m e t h y l a t i o n  of 
n o r a d r e n a l i n e  as well  as adrena l ine9  increase  t he  a f f in i ty  
of these  s u b s t r a t e s  for porc ine  b r a i n  MAO. 

The  p a r e n t  amine ,  P E A ,  a n d  t h e  pars o - m e t h y l a t e d  
d e r i v a t i v e  are of pha rmaco log ica l  in te res t ,  in t h a t  b o t h  
are s y m p a t h o m i m e t i c  amines .  P E A  deple tes  cent ra l  
n o r e p i n e p h r i n e  (NE) s tores  4, whereas  P M P E A  deple tes  
b o t h  N E  a n d  5HT 1~ The  3,4 d i m e t h o x y  d e r i v a t i v e  is of 
biological  in te res t ,  in  t h a t  i t  is a possible  a b n o r m a l  
m e t a b o l i t e  in  s ch izophren ia  8. 

Tile 2,3 D M P E A  has  been  inc luded  in these  s tudies  to  
i l lus t ra te  t he  effects  of pos i t iona l  r ing  s u b s t i t u t i o n  clear ly 
seen ill t h e  large increase  in t h e  Ks va lue  of t h a t  a m i n e  as 
c o m p a r e d  to 3,4 D M P E A .  2,3 D M P E A  p r o b a b l y  is no t  
fo rmed  in vivo,  and  has  been  found  to be  e x t r e m e l y  tox ic  
in ref lex e x p e r i m e n t s  in t he  a n e s t h e t i z e d  ca t  (WILLIS eL 
al., unpub l i shed) .  

I n  th i s  in  v i t ro  s t u d y  only  t he  o - m e t h y l a t e d  de r iva t i ve s  
h a v e  been  found  to  be  c o m p e t i t i v e  inh ib i tors .  I t  is 
suggested  t h a t  P E A ,  P M P E A  and  3,4 D M P E A  can  in te r -  
fere w i t h  t he  i n a c t i v a t i o n  of biogenic  amines ,  b y  com- 
pe t ing  w i t h  n a t u r a l l y  occur r ing  s u b s t r a t e s  for MAO. 

The  biological  ha l f  life and  pha rmaco log ica l  effect ive-  
ness of these  d rugs  is in  p a r t  d e t e r m i n e d  b y  t h e  r a t e  of 
t he i r  i n a c t i v a t i o n  b y  MAO. T h a t  these  amines  are in  fac t  
s u b s t r a t e s  for MAO in v ivo  is s u p p o r t e d  b y  t he  fol lowing 
o b s e r v a t i o n :  ~ A O  i n h i b i t i o n  enhances  the  effect iveness  
of P E A  and  pro longes  the  d u r a t i o n  of t h e  P M P E A  e n h a n -  
c e m e n t  in t he  size of t he  m o n o s y n a p t i c  ref lex in t h e  ca t  
l umbosac ra l  cord  zl. The  t r a n s i e n t  effects of P M P E A  on 
tile size of t h e  m o n o s y n a p t i c  ref lex are read i ly  exp la inab le  
b y  t h e  r ap id  i n a c t i v a t i o n  of t h a t  a m i n e  b y  MAO. 

On t he  basis  of t he  k ine t ic  d a t a  o b t a i n e d  in th i s  s tudy ,  
i t  is suggested  t h a t  P M P E A  effects  on  the  m o n o s y n a p t i c  
ref lex would  differ  in  d u r a t i o n  f rom those  of t i le p a r e n t  
amine  a n d  t h a t  of t he  d i m e t h o x y  de r iva t i ve s ;  ref lex 
expe r imen t s  to  t e s t  t h i s  sugges t ion  are in progress.  

Zusammen/assung. Nachweis ,  dass  P h e n y l e t h y l a m i n  
u n d  P a r a m e t h o x y p h e n y l e t h e r a m i n  wi rkungsvo l l e  Sub-  
s t ra fe  fiir die M o n o a m i n o x y l a s e  im h o m o g e n i s i e r t e n  
1Rattenhirn in v i t ro  sind, w~ihrend 3, 4 - D i m e t h o x y d e r i v a t  
weniger  wi rkungsvo l l  als das  M o n o a m i n s u b s t r a t  ist. Die 
biologische W i r k u n g  dieser  Drogen  sche in t  yon  der  Ge- 
schwind igke i t  ihrer  I n a k t i v i e r u n g  der  iVionoaininoxydase 
in v ivo  abh~ingig zu sein. 
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Fig. 2. Effects of 2,3 and 3,4 DMPEA on MAO activity in vitro. 
Michaelis-Menten plot of MAO activity in rat brain homogenates at 
2.3 DMPEA and 3,4 DMPEA concentrations of 0.05 mM (�9 and 
0.1 mM (A), with 1-C 14 tyramine as substrate. 
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