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Summary. T r a n y l c y p r o m i n e  p roduces  b e h a v i o r a l  exc i t a t i on  while  pa rgy l ine  p roduces  depression.  T r a n y l c y p r o m i n e  
increased  b r a i n  t r y p t o p h a n  wh ich  led to an  a c c u m u l a t i o n  of t r y p t a m i n e .  The  levels of t r y p t a m i n e  a f t e r  t r a n y l c y p r o m i n e  
were found  to  be 3 t imes  those  found  a f t e r  pargyl ine .  

The  presence  of t r y p t a m i n e  in t he  CNS of an i m a l s  a n d  
h u m a n s  has  been  d e m o n s t r a t e d  b y  severa l  a u t h o r s  5-s a n d  
t he  possible  i n v o l v e m e n t  of th i s  a m i n e  in t h e  e t io logy  of 
a f fec t ive  i l lness ha s  been  hypo thes i zed% R e c e n t l y  t h e  
work  of Fo ldes  a n d  Costa  10 a n d  t h a t  of our  l a b o r a t o r y  11 
ha s  focused a t t e n t i o n  on t h e  poss ib i l i ty  t h a t  t r y p t a m i n e  
m a y  be  respons ib le  for t he  b e h a v i o r a l  s y n d r o m e  w h i c h  
becomes  a p p a r e n t  a f t e r  t he  a d m i n i s t r a t i o n  of t r y p t o p h a n  
in t he  presence  of a m o n o a m i n e  oxidase  i n h i b i t o r  (MAOI).  
Th i s  s y n d r o m e  inc ludes  h y p e r a c t i v i t y  a n d  h y p e r t h e r -  
m ia  I~ a n d  can  also be  el ic i ted b y  t he  in jec t ion  of 
t r a n y l c y p r o m i n e  w i t h o u t  c o n c o m i t a n t  t r y p t o p h a n  load-  
ing. I n  a p rev ious  p u b l i c a t i o n  n we d e m o n s t r a t e d  t h a t  
t r a n y l c y p r o m i n e  ra ised  t h e  endogenous  levels of t r y p t o -  
p h a n  in m o u s e  b r a i n  and  we proposed  t h a t  such  increases  
in b r a i n  t r y p t o p h a n  levels would  p r o m o t e  t h e  f o r m a t i o n  
of t r y p t a m i n e  in b ra in .  Therefore ,  i t  was  of i n t e r e s t  to  
m o n i t o r  t he  effects of t r a n y l c y p r o m i n e  on  b r a i n  t r y p t -  
a m i n e  levels,  Pa rgy l ine  was used  for c o m p a r a t i v e  purposes .  
Methods. (=E)-Tranylcypromine  was p u r c h a s e d  f rom 
S igma  Chemica l  Company .  Pa rgy l ine  was suppl ied  b y  
Saber  L a b o r a t o r i e s  a n d  L - t r y p t o p h a n  was suppl ied  b y  
Calb iochem.  Male C57B1/6  mice,  p u r c h a s e d  f rom A R S  
Sprague  Dawley,  were used as e x p e r i m e n t a l  an imals .  All 
s tudies  were in i t i a t ed  a t  10.00 a .m.  a n d  pe r fo rmed  a t  a n  
a m b i e n t  t e m p e r a t u r e  of 22 =L 1~ Drugs  were admin i s -  
t e red  i.p. in  i sotonic  sal ine in a v o l u m e  of 0.1 ml /10  g 
b o d y  weight .  Mice were d e c a p i t a t e d  45 m i n  a f t e r  t he  in-  
j ec t ion  of sal ine or t he  MAOI,  since we h a d  found  t h a t  b r a i n  
t r y p t o p h a n  levels p e a k  a t  t h i s  t i m e  a f t e r  t he  a d m i n i s t r a -  
t ion  of t r a n y l c y p r o m i n e  11. T r y p t o p h a n ,  w h e n  used, was  
in jec ted  15 min  a f t e r  pa rgy l ine  a d m i n i s t r a t i o n  a n d  t he  
an ima l s  were sacr i f iced 45 ra in  a f t e r  t he  a d m i n i s t r a t i o n  
of t he  MAOI.  B r a i n s  of all  an i m a l s  were qu ick ly  r e m o v e d  
alxd weighed w i t h i n  60 sec of d e c a p i t a t i o n  and  imme-  
d i a t e ly  f rozen on  d r y  ice. 
Ana lys i s  of t r y p t a m i n e  a n d  p - t y r a m i n e  in t h e  b ra ins  was 
i n i t i a t ed  w i t h i n  24 h a f t e r  dea th .  T h e y  were d e t e r m i n e d  
a f t e r  t he i r  i sola t ion f rom t i ssue  b y  mass  spec t ra l  ana lys i s  
as t he i r  d a n s y l a t e d  d e r i v a t i v e s  s,ls. I n t e r n a l  s t a n d a r d s  
(deu te ra t ed  p - t y r a m i n e  a n d  t r y p t a m i n e )  were added  to  
t i ssue  h o m o g e n a t e s  a t  t h e  c o m m e n c e m e n t  of t he  isola t ion 
a n d  analysis ,  a n d  t he  i n t e g r a t e d  ion c u r r e n t  profi le  
o b t a i n e d  f rom the  a p p r o p r i a t e  molecu la r  ions was used to  
ca lcu la te  t he  a m o u n t  of a m i n e  p r e s e n t  e, ~a. 
Results. Levels  of t r y p t a m i n e  found  in b r a i n s  of mice 
in jec ted  w i t h  sal ine (table) were s imi la r  to  those  pre-  
v ious ly  r epo r t ed  to be  p r e s e n t  in  r a t  b r a i n L  The  ad-  
m i n i s t r a t i o n  of pa rgy l ine  (100 mg/kg)  p roduced  a 36fold 
increase  in b r a i n  t r y p t a m i n e  levels ( table).  T r y p t a m i n e  
levels in  t r a n y l c y p r o m i n e - p r e t r e a t e d  an i m a l s  were found  
to be  96fold g rea t e r  t h a n  those  of con t ro l  an i m a l s  a n d  
s ign i f i can t ly  (p < 0.001) g rea t e r  t h a n  those  of t he  an ima l s  
rece iv ing  pargy l ine .  The  a d m i n i s t r a t i o n  of t r y p t o p h a n  to  
an ima l s  p r e t r e a t e d  w i t h  pa rgy l ine  was, however ,  found  to  
resu l t  in a s ign i f ican t  f u r t h e r  increase  in b r a i n  t r y p t a m i n e  
c o m p a r e d  to an ima l s  rece iv ing  on ly  pa rgy l ine  ( table) .  

A l t h o u g h  t h e  levels of p - t y r a m i n e  were ra ised  more  t h a n  
2fold b y  t he  a d m i n i s t r a t i o n  of MAOI ' s ,  no s ign i f ican t  
differences  in  levels of th i s  a m i n e  were found  b e t w e e n  
an ima l s  t r e a t e d  w i t h  t r a n y t c y p r o m i n e ,  pa rgy l ine  or pa r -  
gyl ine  a n d  t r y p t o p h a n  (p > 0.05). 
Discussion. Our  p rev ious  w o r k n  d e m o n s t r a t e d  a n  
e q u i v a l e n t  i n h i b i t i o n  of m o n o a m i n e  oxidase  (using sub-  
s t r a t e s  for b o t h  A a n d  B fo rms  of t he  enzyme)  and  s imi la r  
r a t e s  of a c c u m u l a t i o n  of s e ro ton in  in b r a i n s  of an ima l s  
t r e a t e d  w i t h  e i the r  t r a n y l c y p r o m i n e  or pargyl ine .  Al-  
t h o u g h  se ro ton in  levels  in  t he  b ra ins  of b o t h  t he  t r a n y l -  
c y p r o m i n e  a n d  pa rgy l ine  t r e a t e d  an ima l s  were s imi la r  
( ~ 4 0 %  increase) a f t e r  45 rain,  t he  b e h a v i o r a l  prof i le  of 
t he  an ima l s  was s ign i f i can t ly  d i f fe ren t  n.  The  an ima l s  
t r e a t e d  w i t h  t r a n y l c y p r o m i n e  were h y p e r a c t i v e  whi le  
t he  genera l  a c t i v i t y  of those  a n i m a l s  receiving pa rgy l ine  
was depressed.  Such  resu l t s  h a v e  also been  r epo r t ed  b y  
o the r s  1~ Since t r a n y l c y p r o m i n e  was found  to  e l eva te  
b r a i n  t r y p t o p h a n  levels whi le  pa rgy l ine  did  no t  n ,  we 
p o s t u l a t e d  t h a t ,  cons ider ing  t he  k ine t ic  cha rac te r i s t i c s  of 
t r y p t o p h a n  h y d r o x y l a s e  and  a r o m a t i c  amino  acid de-  
decarboxylase ,  t r y p t o p h a n  m a y  be  d e c a r b o x y l a t e d  to  
t r y p t a m i n e ,  a n d  t r y p t a m i n e  would  be  respons ib le  for  
some of t he  b e h a v i o r a l  effects  seen a f t e r  t r a n y l c y p r o m i n e  
a d m i n i s t r a t i o n .  Our  c u r r e n t  work  d e m o n s t r a t e d  a 
s ign i f i can t ly  g rea te r  increase  in t r y p t a m i n e  level  in  
b ra ins  of t r a n y l c y p r o m i n e - t r e a t e d  an ima l s  c o m p a r e d  to  
those  t r e a t e d  w i t h  pargy l ine .  
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Brain tryptamine and tyramine after treatment with MAOI's and 
tryptophan 

Amine levels (ng/g brain) 
Treatment Tryptamine p-Tyramine 

Saline 0.19-90.04 3.244-0.29 

Tranyleypromine 
(25 mg/kg) 18.204-2.21" 7.944-0.68 

Pargyline (100 mg/kg) 6.934-1.29 6.804-0.49 

Pargyline (100 mg/kg) and 
tryptophan (50 mg/kg) 32.70-t-5.55" 6.994-0.94 

Amine levels were determined as noted in the text. Control values 
were derived from 4 groups of saline-injected mice: each group con- 
sisted of brains from 7 animals. Each of the other values was cal- 
culated from 5 groups of animals ; each group consisted of 5-7 brains. 
Values are means 4- SD. 

*Significantly greater compared to pargyline-treated animals, 
p < 0.001, t-test. 

Pargy l ine  and  t r a n y l c y p r o m i n e  did no t  exh ib i t  differen-  
t ia l  effects  on the  levels of p - t y r a m i n e  in brain,  and one 
m a y  suppose t h a t  ty ros ine  levels are n o t  d i f ferent ia l ly  
af fec ted  by  these MAOI 's .  One should,  however ,  cons ider  
t h a t  p - t y r amine  can be formed in bra in  b y  h y d ro x y l a t i on  
and  dehydroxy la t i on  of p h e n y l e t h y l a m i n e  and  dopamine  
as well as b y  the  p r i m a r y  deca rboxy la t ion  of tyros ine  20-22. 
Trany lcyp romine  is used cl inically as an an t idep res san t  33, 
and the  beneficial  effects  of th i s  drug have  been ascr ibed 
to its act ions in blocking the  up take  of ca techolamines  19 
as well as its ac t ion as an MAOI.  However ,  the  effect  of 
t r an y l cy p ro mi n e  on bra in  t r y p t a m i n e  levels h a d  no t  
prev ious ly  been inves t iga ted .  T r y p t a m i n e  o u t p u t  in the  
urine of depressed pa t i en t s  has  been c la imed to be below 
the  levels found in normal  individuals ,  and  these  levels 
were repor ted  to r e tu rn  to the  no rma l  range upon  re- 
mission of the  illnessL Several  repor t s  24,25 have  also 
c la imed t h a t  the  t r e a t m e n t  of depress ion b y  a combined  
t h e r a p y  wi th  t r y p t o p h a n  and  MAOI is super ior  to  
MAOI alone. Our resul ts  on the  effects of t r a n y l c y p r o m i n e  
and  pargyl ine  plus t r y p t o p h a n  on increasing bra in  t r y p t -  
amine  levels should encourage  a fu r the r  examina t i on  of 
the  role of th is  amine  in the  e t iology of depress ive  illness 
and  i ts  remission.  

T r y p t a m i n e  admin i s t r a t i on  has been shown to p roduce  
h y p e r a c t i v i t y  in ra t s  1~ and recen t  work  by  Marley and  
Nistico 14 has d e m o n s t r a t e d  t h a t  behaviora l  arousal  a f te r  
sys temic  admin i s t r a t i on  of t r y p t a m i n e  14,16 is due to  
t r y p t a m i n e ' s  ac t ion  in t he  CNS. T r y p t a m i n e  has  also 
been shown to act  w i th in  t he  CNS and produce  facil i ta-  
t ion  of spinal  reflexes 17. Thus,  cer ta in  behaviora l  and  
physiologic concomi tan t s  of the  admin i s t r a t ion  of t r any l -  
cypromine  m a y  be med ia t ed  by  the  associated increases in 
bra in  t r y p t a m i n e  levels. 
On the  o ther  hand ,  the  pharmacologic  effects of t r any l -  
cypromine  m a y  be media ted ,  pr imari ly ,  by  di rect  
in te rac t ion  of th is  drug  wi th  ca techolaminerg ic  neurons .  
T rany lcypromine  is a s t ruc tu ra l  analogue of a m p h e t a m i n e  
and  has  been shown to  release 18 and  block the  up take  is, 19 
of norepinephr ine .  Prev ious  work  by  Foldes  and Cos ta l~  
d e m o n s t r a t e d  the  necess i ty  of ca techolaminergic  sys t ems  
in the  express ion of the  t r any l cyp romine - induced  syn-  
d rome of h y p e r a c t i v i t y  since p r e t r e a t m e n t  of the  an imals  
w i th  6 -hydroxydopamine  b locked  the  appearance  of the  
syndrome .  I t  is however  possible  t h a t  the  increased t r y p t -  
amine  levels p roduced  by  t r a n y l c y p r o m i n e  admin i s t r a -  
t ion  m a y  also affect  ca techo lamine  neurons  (eg., by  
p r o m o t i n g  release). Our pos tu la te  t h a t  some of the  effects  
of t r any l cyp romine  are med i a t ed  by  the  increased bra in  
t r y p t a m i n e  levels is fu r the r  suppor t ed  by  the  observa-  
tions10 t h a t  the  behaviora l  depress ion  seen in pargyl ine-  
t r e a t ed  animals  could be reversed  by  concomi t an t  ad-  
min i s t ra t ion  of t r y p t o p h a n  which  we have  d e m o n s t r a t e d  
to  fu r ther  raise the  bra in  t r y p t a m i n e  levels in the  par -  
gy l ine -pre t rea ted  animals  (table). However ,  since in- 
creases in bra in  t r y p t a m i n e  levels af ter  admin i s t r a t i on  of 
pargyl ine  alone (see table) did no t  resul t  in behaviora l  
arousal,  it  is ev iden t  t h a t  re la t ively  large increases in 
bra in  t r y p t a m i n e  levels would  be necessary  to  ob ta in  
pharmacologic  effects.  These effects  could be more  ev iden t  
in the  presence  of a d imin ished  up take  of the  catechol-  
amine  t r a n s m i t t e r s  in the  presence  of t r any lcypromine .  
Pargyl ine  in con t r a s t  to t r a n y l c y p r o m i n e  has  l i t t le effect  
on blockade of ca techolamine  up take  is, 19. 
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