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Abstract--Monoamine oxidase (MAO) activity in mouse neuroblastoma homogenates was preferen- 
tially inhibited by Nl2-(o-chlorophenoxy)-ethyl]cyclopropylamine (L-51641 ) and a series of structurally 
related compounds. Two other congeners (L-54761 and L-54748) from this series, however, demon- 
strated preferential inhibition of MAO in human platelet homogenates. As neuroblastoma and human 
platelet cells have been identified as possessing apparently exclusive MAO-A and MAO-B charac- 
teristics, respectively, L-54761 and L-54748 appear to be preferential MAO-B inhibitors. In keeping 
with this conclusion, a greater proportional inhibition of phenylethylamine oxidation than serotonin 
oxidation by these two compounds was found in rat brain homogenates, while contrasting results were 
obtained with L-51641. Preferential effects of L-54761 and L-51641 on phenylethylamine oxidation and, 
to a lesser extent, on serotonin oxidation were also observed in vivo. 

The observation that tyramine deamination was inhi- 
bited in a biphasic fashion by clorgyline [ 1 ] led to the 
recent delineation of two forms of monoamine 
oxidase (MAO) activity on the basis of differences 
in substrate specificity and sensitivity to 
inhibitors[2, 3]. Most MAO inhibitors, however, 
including all but one of those currently approved in 
the U.S. for clinical use, are non-selective and 
inhibit the MAO-A and MAO-B forms approxim- 
ately equally. 

A series of N-substituted cyclopropylamines, es- 
pecially N[2-(o-chlorophenoxy)-ethyllcyciopropyi- 
amine (L-51641) have also been reported to be 
irreversible MAO inhibitors with clorgyline-like 
MAO-A specificity[4,5]. L-51641 inhibited the 
deamination of serotonin (an MAO-A substrate) in 
rat liver mitochondria at concentrations 400 times 
lower than those required to inhibit the deamination 
of phenylethylamine, an MAO-B substrate. We 
have now examined a series of N-substituted cyclo- 
propylamines with side chain modifications and 
report comparative studies of L-51641 and L-54761 
(N-phenacyl-cyclopropylamine), the latter com- 
pound exhibiting some measure of MAO-B-selective 
inhibitory properties. For these studies, mouse 
neuroblastoma and human platelets were used as 
sources of M A O - A  and MAO-B enzyme, respec- 
tively, following previous data from multiple sub- 
strate and inhibitor comparisons indicating that 
these two tissues manifest apparently exclusive 
MAO-A or MAO-B characteristics [6, 7]. 

METHODS 

Mouse neuroblastoma NIE- I I5  cells, human 
platelet concentrates, and rat brain homogenates 
were prepared and sonicated as described pre- 
viously [6, 7]. Monoamine oxidase activity was 
assayed in these tissues in duplicate or triplicate 
using [~4C]tyramine HCI, [t4C]5-hydroxytryptamine 

creatinine sulfate or [14C]fl-phenylethylamine HCI 
as substrates and incubation conditions and column 
separation procedures identical to those reported in 
our earlier studies [6, 7]. 

In the studies in vitro, all inhibitors were prein- 
cubated for 30 rain at 25 °C prior to the addition of 
substrate. The pIs0 values (the negative logarithm of 
the molar concentrations producing 50 per cent 
enzyme inhibition) were obtained using seven con- 
centrations of each inhibitor. Most of the inhibitors 
studied were synthesized in the Lilly Research Lab- 
oratories, Indianapolis, IN. Other inhibitors were 
kindly supplied by Prof. J. Knoll, Semmelweis 
University of Medicine, Budapest, Hungary (de- 
prenyl) and May & Baker, Ltd., Essex, England 
(ciorgyline). 

RESULTS 

Among the various N-substituted cyclopropylam- 
ines with side chain modifications examined, most 
resembled L-51641 in more effectively inhibiting 
mouse neuroblastoma (MAO-A) activity than 
human platelet (MAO-B) activity, when tyramine 
was used as substrate (Table 1). None showed 
greater specificity for MAO-A than L-51641. Two 
compounds, L-54761 and L-54748, showed some 
evidence of reverse specificity in inhibiting the 
platelet enzyme at lower concentrations than the 
neuroblastoma MAO. 

Comparisons of the inhibition of mouse neuro- 
blastoma and human platelet MAO activity by 
L-51641 and L-54761 are presented graphically in 
Fig. 1. As indicated, L-51641 inhibited neuroblas- 
toma MAO activity at concentrations over ! 000-fold 
lower than those required for inhibition of the 
platelet enzyme; in contrast, the platelet enzyme 
was inhibited at approximately 15-fold lower con- 
centrations by L-54761 than those required to inhibit 
neuroblastoma MAO. Generally similar differential 
effects were also observed for rat brain MAO when 
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Table I. Inhibition by N-substituted cyclopropylamines of MAO activity in mouse neuro- 
blastoma and human platelet homogenates 

Drug 
structure Inhibition of tyramine deamination 

~ - - - X - - N H - ~  (pi.~,,)* 
Drug Mouse Human 

number X = neuroblastoma platelet Difference 

L-51641 --OCH~CH~--+ 8.3 5.7 2.5 
L-49393 --SCHzCHz-- 8.0 6.2 1.8 
L-54746 --OCH~CH~-- 6.6 5.0 1.6 
L-54810 --CH.2CH~-- 5.9 4.5 1.4 
L-54922 --CH2CH~CH2-- 6.3 5.0 1.3 

O 
II 

L-51988 ---C---C H~C H2-- 6.5 5.3 1.2 
L-54748 ---CH~CH-- 4.5 5.6 - I. I 

I 
CH:~ 

O 
II 

L-54761 --C---C H2-- 4.5 5.7 - 1.2 

* pls,, is the negative log of the molar concentration of the drug producing 50 per cent 
inhibition. Specific activities for tyramine deamination were 32 and 36 nmoles/mg of pro- 
tein/hr for neuroblastoma and platelet respectively. The means from three experiments are 
presented. 

+ o-Chloro substituent on the phenyl ring. 

the M A O - A  select ive  substrate ,  5-hydroxytrypta-  
mine,  was compared  to the MAO-B se lec t ive  sub- 
strate,  phenyle thylamine  (Table 2), al though the 
di f ferences  be tween  the effects  of  the two drugs 
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Fig. I. L-51641 and L-54761 inhibition of MAO activity 
using 10 -:~ M tyramine as substrate in neuroblastoma 
N IE - ]  15 cells (V -  - • )  and human blood platelets ( H ) .  
Specific activities for tyramine deamination were 32 and 
36 nmolcs/mg of protein/hr for neuroblastoma and platelet 

respectively. 

were  somewhat  less marked than in the compar isons  
of  neuroblas toma and platelet M A O  with tyramine 
as substrate .  

Table  3 shows that M A O  act ivi ty  in brain homo-  
genates  was select ively  inhibited when L-51641 and 
L-54761 were  given to rats in vivo. L-54761 caused 
markedly  greater  inhibition of  phenyle thylamine  
oxidat ion than did L-5164 i, whereas  L-51641 caused 
somewhat  greater  inhibition of  serotonin oxidat ion 
than did L-54761. Thus,  L-51641 showed marked 
preferent ial  inhibition of  serotonin oxidat ion over  
phenyle thylamine  oxidat ion,  whereas  L-54761 
showed only slight preferential  inhibition of  phenyl-  
e thylamine  oxidat ion,  in keeping with the differ- 
ences  observed  in vitro with these two inhibitors. 

DISCUSSION 

Among  drugs with some specificity for MAO-A 
vs MAO-B activi ty,  clorgyline,  L-51641, harmine,  
harmaline,  ct-ethyltryptamine and PCO [5-phenyl- 
3- (N-cyclopropyl) -e thylamine ,  1,2,4-oxadiazole] in- 
hibit M A O - A  select ively, '  while deprenyl  and par- 
gyline are preferent ial  inhibitors of  MAO-B [2 ,  3 . 8 ,  
9]. Limited data  have suggested that the differential 
effects  of  some of  these drugs are maintained with 
administrat ion in vivo [4, 5, 10-12]. Deprenyl  {12], 
L-51741 (J. C. Gillin, personal commun ica t i on )and  
clorgyl ine [13] are all current ly  being used in clinical 
trials to eva lua te  whether  se lect ive  inhibition of  
M A O - A  or MAO-B may be of  greater  benefit  or  may 
decrease  side effects  in the t rea tment  of patients 
with neurologic,  psychiatr ic  and other  disorders  
such as hyper tens ion.  

In the present  s tudy,  two N-subst i tuted cyclo-  
propylamines  (L-54761 and L-54748), which are 
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Table 2. Comparison in vitro of L-51641 and L-54761 as inhibitors of 
rat brain MAO activity using different substrates* 

p150 
Serotonin Phenylethylamine Tyramine 

L-51641 8.7 5.4 7. I 
L-54761 4.8 5.8 5.6 

* Specific activities for the substrates in nmoles/mg of protein/hr 
were: serotonin, 158: phenylethylamine, 36; and tyramine. 172. The 
means from three experiments are presented, 

Table 3. Comparison in vivo of L-51641 and L-54761 
as inhibitors of rat brain MAO activity using different 

substrates* 

MAO activity (nmoles/min/g brain) 
Treatment 

group Phenylethylamine Serotonin 

Control 59 ~ I 43 ~- I 
L-51641 35_  + 1 ( -41%)  1 20.1 ( -98%1 
L-54761 6 ± 0.2 ( - 90%) 6 -+ 0.2 ( - 86%1 

* Inhibitors were injected i.p. at 30 mg/kg 8 hr before 
groups of five male Wistar rats (130-150 g) were killed. 
MAO activity in whole homogenates was measured with 
[~4C]phenylethylamine (80/tM) or [~4C]serotonin (100/tM) 
as substrate. Mean values ± standard errors are shown. 
Differences from control were significant at the P < 0.00 I 
level. 

k y n u r a m i n e  deamina t i on  e i ther ,  a l though  the  cen-  
tral n e r v o u s  sys tem (CNS)  s t imulan t  e f fec ts  of  
L-dopa were  marked ly  more  po ten t i a t ed  by L-51641 
than  by L-54761 and  pargyl ine  [15]. 

It has  been  r e c o m m e n d e d  by  T ip ton  et al. [ 16] tha t  
the  t e rms  M A O - A  and  M A O - B  be r e se rved  for  the  
desc r ip t ion  of  c lo rgy l ine-sens i t ive  vs  c lorgyl ine-  
insens i t ive  M A O  forms ,  as original ly sugges ted  by 
J o h n s t o n  [ 1 ]. The  two pure  cell l ines c o m p a r e d  here ,  
the  m o u s e  n e u r o b l a s t o m a  and  the  h u m a n  platele t ,  
have  p rev ious ly  been  identif ied as exh ib i t ing  a 
c lear  d i f fe ren t ia t ion  b e t w e e n  M A O - A  and  MAO-B 
cha rac t e r i s t i c s  wi th  bo th  subs t r a t e s  and  inhib i tors  
[6, 7]. In the  p resen t  s tudy,  they  p rov ided  the  
g rea tes t  d i s t inc t ion  be tween  the d i f ferent  N-sub-  
s t i tu ted  cyc lop ropy lamines .  

Acknowledgement--We thank Nancy Garrick for valuable 
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s t ruc tura l ly  s imilar  to  L-51641, were  identif ied as 
re la t ive ly  se lec t ive  M A O - B  inhib i tors .  It is of  note  
tha t  these  two  agen t s  are  re la t ive ly  less se lec t ive  for  
M A O - B  than  L-51641 is for  M A O - A .  This  a lso 
a p p e a r s  to be the  case  a m o n g  the  p r opa r gy l am i ne  
M A O  inh ib i to rs ,  w h e r e  c lorgyl ine  inhib i t s  M A O - A  
in 400-fold lower  c o n c e n t r a t i o n s  than  requ i red  for  
M A O - B ,  whi le  d e p r e n y l  inhib i t s  M A O - B  c o m p a r e d  
to M A O - A  with  only  a 60-fold c o n c e n t r a t i o n  
d i f fe rence  [6, 7]. 

A l though  c lose  r e l a t ionsh ips  b e t w e e n  inhib i tor  
sens i t iv i ty  and  s u b s t r a t e  specif ici ty for  M A O - A  and  
M A O - B  h a v e  been  o b s e r v e d  in m a n y  roden t  t i s sues  
and  also ac ros s  severa l  o t h e r  spec ies ,  a n u m b e r  of  
d i s c r e p a n c i e s  ind ica t ive  of  g rea t e r  complex i ty  have  
been  r epo r t ed  recen t ly  [3]. Fo r  example ,  in bov ine  
hea r t  and  in l iver  f rom var ious  spec ies ,  5- 
h y d r o x y t r y p t a m i n e  d e a m i n a t i o n  has  been  r epo r t ed  
to be  par t ia l ly  sens i t ive  to low c o n c e n t r a t i o n s  of  
dep reny l ,  and  h e n c e  it has  been  sugges ted  tha t  5- 
h y d r o x y t r y p t a m i n e  d e a m i n a t i o n  is c o n t r i b u t e d  to by 
M A O - B  ac t iv i ty ,  r a t h e r  t han  r e p r e s e n t i n g  a p rope r ty  
of  M A O - A  exc lus ive ly  [ 14]. In our  s tudy ,  the  resu l t s  
f rom the  c o m p a r i s o n  of  5 - h y d r o x y t r y p t a m i n e  and  
p h e n y l e t h y l a m i n e  as s u b s t r a t e s  in rat  bra in  were  in 
genera l  a g r e e m e n t  wi th  the  s tud ies  with  t y r a m i n e  in 
the  o the r  t i ssues .  

In one  p r e v i o u s  c o m p a r i s o n  of  L-51641 wi th  
L-54761, these  d rugs  did  not  differ  in the i r  inh ib i to ry  
ef fec ts  on  rat  l iver  M A O  m e a s u r e d  wi th  k y n u r a m i n e  
as the  s u b s t r a t e  [ 15], I t  is of  no te  tha t  c iorgyl ine  and  
pargyl ine  did  not  h a v e  d i f ferent ia l  e f fec ts  on  
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