
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 319-324.  Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Effects of Three M onoamine Oxidase 
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SANDERS, B., A. C. COLLINS, D. R. PETERSEN AND B. S. FISH. Effects o f  three monoamine oxidase inhibitors on 
ethanol preference in mice. PHARMAC. BIOCHEM. BEHAV. 6(3) 319-324,  1977. - These experiments investigated 
the effects of pargyline, N-[2-(o-Chlorophenoxy)-ethyl]-cyclopropylamine (Lilly 51641), and nialamide on voluntary 
ethanol consumption of C57BL/6J mice. Both pargyline and Lilly 51641 reduced ethanol preference; in contrast, 
nialamide did not affect preference, despite the fact that it inhibited MAO activity by more than 90%. A subsequent 
experiment determined that both pargyline and Lilly 51641 produced substantially greater elevations in acetaldehyde 
levels than did nialamide. It is suggested that increased acetaldehyde is the mechanism responsible for the reduction in 
ethanol preference observed with pargyline and Lilly 51641. 
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P R E V I O U S L Y  [ 1 5 ] ,  we r epo r t ed  t ha t  pargyl ine,  an in- 
h ib i t o r  of  m o n o a m i n e  oxidase  (MAO),  r educed  e thano l  EXPERIMENT 1 

preference  in C 5 7 B L / 6 J  mice  t h a t  were given a choice  The  p rocedures  fo l lowed in this  e x p e r i m e n t  were 
be tween  10% e thano l  so lu t ion  and water.  Our  results  similar to those of our  initial inves t iga t ion  of the effects  
suggested tha t  pargyl ine  has  relat ively specific effects  of pargyl ine  on e thano l  preference  [ 1 5 ] .  
u p o n  m e c h a n i s m s  which  med ia te  a lcohol  p re fe rence ,  since 
the drug did no t  decrease sacchar in  p re fe rence  in con t ro l  Animals  
animals  given sacchar in  versus water .  One possibi l i ty  is 
tha t  the  ef fec t  is med ia t ed  t h r o u g h  an e leva t ion  of  bra in  Animals  were 30 male  and 30 female C 5 7 B L / 6 J  mice,  

be tween  45 and 60 days of age at the  s tar t  of  the amines.  Se ro ton in ,  for  example ,  has f r equen t ly  been  im- 
pl icated in the  con t ro l  of  e t hano l  in take  [ 1 2 ] .  However ,  expe r imen t .  T w e n t y - o n e  of the animals  were ob t a ined  
we also f o u n d  tha t  pCPA, an i nh ib i t o r  of  s e ro ton in  direct ly  f rom the Jackson  L a b o r a t o r y ;  the  rest, derived 

f rom Jackson  Labora to ry  b reed ing  s tock,  were ob ta ined  synthesis ,  did no t  a l ter  e thano l  p re fe rence  in these 
f rom the  Ins t i tu te  for  Behavioral  Genet ics .  Four  animals  animals.  An a l te rna t ive  e x p l a n a t i o n  of  the  pargyl ine  resul t  

was suggested by the  f indings  of C o h e n  et al. [2] who  ( three  Lilly 51641- t r ea ted ,  and  one  saline con t ro l )  died 
r epo r t ed  t ha t  pargyl ine  raised levels of  ace ta ldehyde ,  dur ing the t r e a t m e n t  per iod and were replaced.  

The presen t  e x p e r i m e n t s  s tud ied  the  ef fec ts  of  three  
Method  MAO inh ib i to r s  on  e t hano l  p re fe rence  in C 5 7 B L / 6 J  mice.  

The first  e x p e r i m e n t  c o m p a r e d  the  effects  of  pargyl ine  The  e x p e r i m e n t  cons is ted  of  a 12-day p r e t r e a t m e n t  
wi th  those  of  Lilly 51641 .  While this  e x p e r i m e n t  was in per iod,  an 8-day drug t r e a t m e n t  per iod,  and  a 9-day 
progress,  Cohen  et al. [1] r epo r t ed  t ha t  Lilly 51641 also p o s t t r e a t m e n t  per iod.  Dur ing the  t r e a t m e n t  per iod ,  mice  
elevated ace t a ldehyde  levels, whereas  a n o t h e r  MAO in- were given daily i n t r ape r i t onea l  in jec t ions  of e i ther  par- 
h ib i to r ,  n ia lamide ,  had  very l i t t le  e f fec t  on  ace ta ldehyde ,  gyline, Lilly 51641 or saline. Ten  males and  10 females  
(Fo r  a more  c o m p l e t e  repor t  of  these f indings,  see were assigned to each t r e a t m e n t  group.  Each drug was 
Dembiec  et al. [ 3 ] . )  We the re fo re  carr ied ou t  a sub- admin i s t e red  in a saline vehicle in a dose of  50 mg/kg ;  
sequen t  e x p e r i m e n t  to d e t e r m i n e  the  effects  of  n ia lamide  cont ro l  animals  were in jec ted  with .0t  ml /g  of physio-  
on e thano l  preference .  A th i rd  e x p e r i m e n t  d e t e r m i n e d  the  logical saline, a vo lume  ident ical  to t ha t  given the ex- 
effects  of  all th ree  drugs on ace t a l dehyde  levels using per imenta l  animals.  The pargyl ine  dose was the  same as 
doses comparab le  to those  used in the p re fe rence  studies,  tha t  e m p l o y e d  previously  [ 1 5 ] .  The Lilly 51641 dose was 
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d e t e r m i n e d  on the  basis of p i lo t  work which  ind ica ted  a chosen  as a subs t ra te  because it has been impl ica ted  in 
marked  r educ t ion  in e thano l  preference  with 50 mg/kg,  a lcohol  preference ,  and because Lilly 51641 inhibi ts  its 

Mice were m a i n t a i n e d  in individual  cages and provided  ox ida t ion  more  than  that  of p h e n e t h y l a m i n e s  15] I Blank 
with an ad lib ra t ion  of  solid food  (Wayne Ster i l izable  tubes  had 0.1 ml of  0.32 M sucrose replacing the brain 
Lab Blox). They  had  con t inua l  access to two cyl inders  homogena t e .  The tubes  were i ncuba t ed  in a water  bath at 
one con ta in ing  tap water ,  and the o the r  a 10% (v/v) 37.5°C for 15 rain. Reac t ions  were t e rmina t ed  by placing 
so lu t ion  of e thano l  and  tap water.  Liquids were p re sen ted  the tubes  in boil ing water  for  3 rain. Af ter  coagula ted  
in inver ted  25-ml g radua ted  cy l inders  wi th  bal l -bearing pro te in  was p rec ip i t a ted  by cen t r i fuga t ion ,  the super- 
dr inking  tubes  which e x t e n d e d  t h r o u g h  the cage tops.  na t an t s  and two l-ml washes were placed on a 0.5 x 2.5 
Cyl inders  were read daily t h r o u g h o u t  the  expe r imen t ,  cm Amber l i t e  GC-50 co lumn.  The Amber l i t e  had been 
They were ro t a t ed  every few days accord ing  to a pre- acid and  base washed,  and the pi t  was adjusted to 6.5 
de t e rmined  sequence ,  such tha t  the  a lcohol  so lu t ion  with 1 M acet ic  acid. Eluates were col lected in seth- 
appeared  a p p r o x i m a t e l y  equal ly  o f ten  on the left  and t i l la t ion vials, 10 ml of  a Tr i ton  X-100 to luene  scin- 
right dur ing  the p r e t r e a t m e n t ,  t r e a t m e n t ,  and post-  t i l la t ion fluid was added,  and the rad ioac t iv i ty  was assessed 
t r e a t m e n t  phases  of  the expe r i m en t .  Animals  were kep t  in a Beckman LS-133 liquid scint i l la t ion counte r .  
on a 12-hr l ight-dark cycle, wi th  l ight  hours  occurr ing  Coun t ing  eff ic iency was d e t e r m i n e d  using externa l  stan- 
be tween  8 a.m. and 8 p.m. Drugs were admin i s t e r ed  dard iza t ion .  Prote in  c o n c e n t r a t i o n  was measured  by the 
be tween  4 and  6 p.m. biuret  m e t h o d ,  and data  were calcula ted in terms of  

We had  previously  n o t e d  tha t  the  effects  of pargyl ine  umoles  of  p r o d u c t  fo rmed  per  mg of p ro te in .  
persis ted t h r o u g h o u t  a 10-day p o s t t r e a t m e n t  obse rva t ion  R e s u l t s  
period.  There fore ,  in this e x p e r i m e n t ,  MAO act ivi ty  was 
assessed in 40  subjec ts  one day af te r  the  end of  the Daily e thano l  preference  ratios were c o m p u t e d  for 
p o s t t r e a t m e n t  per iod.  Thus ,  whole  bra in  MAO act ivi ty each subjec t  by dividing the a m o u n t  of e thano l  so lu t ion  
was measured  10 days af ter  the last  in jec t ion  of  pargyl ine,  consumed  each day by the an imal ' s  total  fluid intake 
Lilly 51641 ,  or saline. ( e thanol  so lu t ion  + water )  for tha t  day. Figure 1 presents  

MAO act ivi ty was d e t e r m i n e d  using a modi f i ca t ion  of  the mean  pre fe rence  rat ios  for mice in the lhree  treat-  
the assay of  Rob inson  et  al. [14 ] .  Ten percen t  brain men t  groups  dur ing the p r e t r e a t m e n t ,  t r e a t m e n t ,  and 
h o m o g e n a t e s  were prepared  in 0.32 M sucrose,  and  p o s t t r e a t m e n t  phases  of  the expe r imen t .  The results  of 
e n z y m e  act ivi ty  was es t imated  for dupl ica te  a l iquots  of  three-way analyses of  variance tg roup  × sex x day)  of 
these homogena te s .  Each i n c u b a t i o n  tube  c o n t a i n e d  0.1 these data are repor ted  below. Since preference  was 
ml h o m o g e n a t e ,  0.1 ml of  a 1 mM ? " ~  C-5-hydroxy-  expressed as a rat io,  the same analyses were also per- 
t r y p t a m i n e  (2.0 ~(!i per  ~mole ) ,  0.1 ml of  0.5 M phos-  fo rmed  on an arcsin t r a n s f o r m a t i o n  of these scores (¢/~ = 2 
pha te  buf fe r  (p i t  7.5), and 0.2 ml water.  (5-HT was arcsin x / x ) w i t h  vir tual ly  identical  results. 
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Analysis  of  the  p r e t r e a t m e n t  p re fe rence  rat ios  d e m o n -  t rea ted  animals  as c o m p a r e d  wi th  cont ro l s ,  f (4 ,108)  = 6.0, 
s t ra ted  t h a t  there  were no  d i f fe rences  in the  e t h a n o l  p < 0.01.  T h r o u g h o u t  the e x p e r i m e n t ,  females  d rank  
pre fe rence  of  an imals  in the  th ree  groups  pr ior  to  drug more  e t h a n o l  so lu t ion ,  F (1 ,54 )  = 5.1, p < 0.05,  and less 
t r e a t m e n t .  A s ignif icant  day x sex i n t e r ac t i on  dur ing  this  water,  F (1 ,54)  = 4.6,  p < 0.05 t han  did males.  
per iod,  F ( 1 1 , 5 9 4 )  = 3.8,  p < 001,  re f lec ted  the  fact  tha t  Animals  in all three  groups  m a i n t a i n e d  b o d y  weight  
males  ini t ial ly showed  a grea ter  p re fe rence  for  e thano l  dur ing  the  t r e a t m e n t  period.  The mean  weights  on the  
than  did females,  bu t  t h a t  females  had  h igher  p re fe rence  first day of  t r e a t m e n t  were 21.5,  21.6 and 21.4 g for  
ra t ios  by the  end  of the  12-day per iod.  Af te r  the  first mice t rea ted  wi th  pargyl ine,  Lilly 51641 and  saline, 
two days, the  e thano l  p re fe rence  of males  r ema ined  respect ively.  On the  last t r e a t m e n t  day the comparab l e  
essential ly c o n s t a n t ,  and  t ha t  of  females  increased dur ing  weights  were vv-~.0, 23.1 and  21.7 g. 
the r e m a i n d e r  of  the per iod.  On the  last  p r e t r e a t m e n t  Brain MAO act ivi ty of pargyl ine-  and Lilly 51641-  
day, p re fe rence  ra t ios  were s ignif icant ly  h igher  for  females  t rea ted  animals  was s ignif icant ly  less than  tha t  of saline 
than  for  males,  t (58)  = 2.6, p < 0.05.  con t ro l  10 days af te r  the last in jec t ion .  For  pargyline-  

Animals  t r ea ted  wi th  pargyl ine  or wi th  Lilly 51641 t rea ted  animals ,  MAO act ivi ty was 32% less than  tha t  of  
decreased the i r  p re fe rence  for  e t h a n o l  dur ing  the  per iod  cont ro l s ,  t ( 26 )  = 3.8, p < 0 .01;  a 46%, r educ t i on  was 
of  drug admin i s t r a t i on ,  whereas  an imals  in jec ted  wi th  observed in the  Lilly 51641- t r ea t ed  animals,  t (22)  = 4.3,  
saline did not .  The group x day in t e r ac t i on  was statis- p < 0.01.  E n z y m e  activit ies for this e x p e r i m e n t  are 
tically s ignif icant ,  F ( 1 4 , 3 7 8 )  = 3.2,  p < 0 .001.  Neuman-  presen ted  in Table  1. 
Keuls tests  of this  i n t e r ac t i on  d e m o n s t r a t e d  tha t  sig- 
n i f ican t  d i f ferences  b e t w e e n  the  drug- in jec ted  g roups  and 
the sal ine- injected con t ro l  group emerged  af ter  four  days T A B L E  l 

of  drug admin i s t r a t i on .  Females  c o n t i n u e d  to s h o w  a MAO ACTIVITY l0 DAYS AFTER TREATMENT WITH PARGYLINE, 
greater  p re fe rence  for  e t h a n o l  t han  did males,  F (1 ,54)  = LILLY 51641, OR SALINE 
8.2, p < 0.01. A c o m p a r i s o n  of  the  e t hano l  p re fe rence  
rat ios  of d rug- t rea ted  groups  on the day pr ior  to  t reat-  
m e n t  wi th  those  af te r  e ight  drug t r e a t m e n t s  d e m o n s t r a t e d  /xmoles Product Formed (gmoles)/ 

Protein (mg) 
tha t  Lilly 51641 had  a s igni f icant ly  grea ter  ef fec t  u p o n  Treatment X SD N 
e thano l  p re fe rence  than  did an equal  dose of  pargyl ine  (t  

= 2.9, p < 0.01).  A sex d i f fe rence  in response  to the  Lilly Pargyline .0024 .0004 15 
c o m p o u n d  was also no ted .  Males showed  a 68% r e d u c t i o n  

Lilly 51641 .0019 .0005 9 
in e t h a n o l  p re fe rence ,  whereas  females  showed  only  a Saline .0035 .0010 13 
28% reduc t ion .  S u b s e q u e n t  analyses d e m o n s t r a t e d  tha t  
the  drug had  a more  i m m e d i a t e  ef fec t  u p o n  males t han  
females. The p re fe rence  of  males  decreased a p p r o x i m a t e l y  
28% af ter  a single a d m i n i s t r a t i o n  of  Lilly 51641 (t = 2.8, EXPERIMENT 2 
p < 0.01),  while females  were no t  s ignif icant ly  af fec ted  Animals  and  M e t h o d  
by one t r e a t m e n t .  

The  e t h a n o l  p re fe rence  of the  drug- in jec ted  animals  This e x p e r i m e n t  assessed the effects  of  two doses of  
r ema ined  depressed b e y o n d  the  per iod of  drug adminis -  n ia lamide  (10 mg/kg  and 30 mg/kg)  on MAO activi ty and 
t ra t ion .  Analysis  of the  p o s t t r e a t m e n t  p re fe rence  rat ios  e thano l  preference  in C 5 7 B L / 6 J  mice. Bo th  doses were 
revealed a s ignif icant  ef fec t  for  group,  F ( 2 ,54 )  = 3.5,  p < expec ted  to p roduce  cons iderable  inh ib i t i on  of MAO. For  
0.05)  and  a s ignif icant  group x day in te rac t ion ,  example ,  F u n d e r b u r k  [7] r epo r t ed  a 100% r e d u c t i o n  in 
F ( 1 6 , 4 3 2 )  = 2.9, p < 0 .001.  Neuman-Keu l s  tests  of the  MAO act ivi ty in rats  af ter  30 mg/kg  of  n ia lamide ,  and a 
i n t e r ac t i on  d e m o n s t r a t e d  tha t  the  p re fe rence  ra t ios  of  90% reduc t i on  af ter  10 mg/kg. 
mice tha t  had been  in jec ted  wi th  Lilly 51641 were lower  Animals  were 20 male mice, 50 59 days old, ob t a ined  
than  those  of  con t ro l  animals  t h r o u g h o u t  the  9-day f rom the  Ins t i tu te  for Behavioral  Genet ics .  Fol lowing a 
p o s t t r e a t m e n t  per iod ,  whereas  the  d i f fe rence  be tween  the  12-day p r e t r e a t m e n t  per iod  in which  basel ine levels of 
pargyl ine group and  con t ro l s  was s ignif icant  only  on the  e thano l  c o n s u m p t i o n  were assessed as in the previous  
first four  p o s t t r e a t m e n t  days (p < 0.01).  Females  con- expe r imen t ,  mice were given daily i n t r ape r i t onea l  injec- 
t inued  to have higher  p re fe rence  rat ios  than  males,  t ions  of n ia lamide  dur ing an 8-day t r e a t m e n t  per iod.  
F (1 ,54 )  = 4.9,  p < 0.05.  Nialamide was dissolved in a slightly acidic saline vehicle 

Analysis  of  the abso lu te  a m o u n t s  of  e t hano l  so lu t ion  and the  pH ad jus ted  to neu t ra l i ty .  Seven mice were 
and of  wate r  c o n s u m e d  dur ing  the  th ree  e x p e r i m e n t a l  t rea ted  wi th  10 mg/kg  of n ia lamide ,  seven wi th  30 mg/kg,  
per iods  by the  mice in the  three  t r e a t m e n t  groups  and six wi th  an equiva lent  vo lume  of saline (0.01 ml/g) .  
revealed s ignif icant  group x per iod  in te rac t ions ,  F ( 4 , 1 0 8 )  Five of the  seven animals  in the 30 mg/kg  n ia lamide  
= 9.6, p < 0.01 for  e t h a n o l ;  F ( 4 , 1 0 8 )  = 7.0, p < 0.01 for  group died. One was found  dead on the  last t r e a t m e n t  
water.  During the  per iod of  drug t r e a t m e n t ,  b o t h  drug- day;  the  o thers ,  on the m o r n i n g  af ter  the last t r e a t m e n t  
t rea ted  groups  d rank  less e t hano l  than  dur ing  the  pre- day. 
t r e a t m e n t  per iod ,  while con t ro l  an imals  increased the i r  Assays for  MAO act ivi ty ,  using the  same p rocedure  as 
e t hano l  c o n s u m p t i o n .  The  con t ro l s  also showed  a cor- in E x p e r i m e n t  1, were carr ied ou t  on all surviving mice 
r e spond ing  decrease in wate r  c o n s u m p t i o n  dur ing  the  on the day af ter  the last in jec t ion  day. The  purpose  of  
t r e a t m e n t  per iod ,  whereas  the a m o u n t  of  wate r  c o n s u m e d  these assays was to de t e rmine  w h e t h e r  n ia lamide  had,  in 
by the  drug- t rea ted  an imals  r ema ined  essent ial ly  cons t an t ,  fact,  i nh ib i t ed  the act ivi ty of MAO. The  assays were 
This resul ted  in a s ignif icant  d rop  in to ta l  fluid con-  p r o m p t e d  by a p re l iminary  e x a m i n a t i o n  of the  preference  
s u m p t i o n  dur ing  the  per iod  of drug t r e a t m e n t  for  the  data,  while the  e x p e r i m e n t  was still in progress,  which  
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ind ica ted  t ha t  t r e a t m e n t  wi th  n ia lamide  was no t  a l ter ing EXPERIMENT 3 

e thano l  preference .  E x p e r i m e n t  3 was carr ied ou t  to  de t e rmine  w h e t h e r  a 

Resu l t s  dif ferent ia l  effect  of  the three  MAO inh ib i to r s  on  
ace t a ldehyde  me tabo l i sm might  explain  the observed 

During the p r e t r e a t m e n t  per iod,  the  m e a n  e thano l  effects  on  preference .  Dembiec  et al. [3] had n o t e d  tha t  
preference  ra t ios  for  the three  groups  were 0 .58,  0 .57 and  a 100 mg/kg  dose of  Lilly 51641 or pargyl ine  caused 
0.59 for  the  10 mg/kg  n ia lamide ,  30 mg/kg  n ia lamide  and  subs tan t ia l  e levat ions  of b lood  ace t a ldehyde  fo l lowing a 4 
con t ro l  groups ,  respect ively.  The  m e a n  pre fe rence  ra t ios  g/kg e thano l  dose, while the same dose of n ia lamide  had  
dur ing the  t r e a t m e n t  per iod  were 0.48 for  the  10 mg/kg  very l i t t le  effect .  We invest igated the  ef fec t  of  these drugs 
n ia lamide  group,  0 .49 for  the  30 mg /kg  group,  and 0.52 on a d e t a l d e h y d e  levels using a dose more  similar to the 
for the  sal ine- injected cont ro ls .  The  e t hano l  p re fe rence  of  ones used in E x p e r i m e n t s  1 and  2. 
n i a l amide- t r ea ted  animals  did no t  differ  s ignif icant ly  f rom 
tha t  of  con t ro l s  dur ing  the  t r e a t m e n t  per iod.  A two-way  A n i m a l s  

analysis of  var iance  (drug group × day)  was also carried Animals  were 34 male C57BL/6J  mice,  5 0 - 6 0  days of 
ou t  on the  p re fe rence  rat ios dur ing  the  t r e a t m e n t  per iod  age, ob t a ined  f rom the Ins t i tu t e  for  Behaviora l  Genet ics .  
in o rder  to com pa r e  daily changes  in the e t h a n o l  
preference  of drug- t rea ted  animals  wi th  those  of  cont ro ls .  M e t h o d  
The two n ia lamide  groups  were c o m b i n e d  for  this  analysis  
and, in o rder  to equal ize the  n u m b e r s  of  con t ro l  and Dembiec  et al. [3] observed an effect  of pargyl ine,  
drug- t rea ted  animals ,  data  f rom eight  r a n d o m l y  selected Lilly 51641,  and  n ia lamide  on  ace t a ldehyde  levels when  
con t ro l  males  f rom the previous  e x p e r i m e n t  were in- they  used a dose (100  mg/kg)  cons iderab ly  grea ter  than  
cluded. This  analysis  d e m o n s t r a t e d  tha t  there  was no  those  used in our  studies.  The presen t  e x p e r i m e n t  assessed 

the effect  of  a 40  mg/kg  dose of  each of  the  three  MAO dif ference in the pa t t e r n  of e thano l  c o n s u m p t i o n  of the  
inh ib i to r s  on b lood  ace t a ldehyde  c o n t e n t  fo l lowing intra- two groups  dur ing  the  course  of the t r e a t m e n t ,  no r  was 

there any d i f fe rence  in the average e t hano l  p re fe rence  per i tonea l  in jec t ion  of  e thano l .  One of  the three  drugs 
rat ios of the  groups  dur ing  this per iod,  was in jec ted ,  in saline, 1.5 hr  before  admin i s t r a t i on  of 3.0 

Body weights  r emained  essent ial ly  c o n s t a n t  dur ing  the  g/kg e thanol .  A 40-~1 b lood  sample  was ob t a ined  form 
the re t ro -orb i ta l  sinus 2.5 hr  af ter  e thano l  in ject ion.  It t r e a t m e n t  per iod.  On the first day of t r e a t m e n t ,  the  
was added  to 0.96 ml  of a 0.01 mg% isopropyl  a lcohol  average weights  were 24.5, 23.7 and  25.5 g for  animals  

t rea ted  wi th  saline, 10 mg/kg  n ia lamide  and  30 mg/kg  so lu t ion  in a 16 × 100 m m  tube.  The  i sopropyl  a lcohol  
served as an in te rna l  s tandard .  To avoid the  possibi l i ty  of  n ia lamide,  respect ively.  On the last day of  t r e a t m e n t  the 

co r re spond ing  weights  were 24.3,  24.1 and 25.5 g. Sire- s p o n t a n e o u s  ace t a ldehyde  f o r m a t i o n  in b lood  hemo-  
ilarly, drug t r e a t m e n t  did no t  apprec iab ly  a l te r  fluid lysates, the i sopropyl  a lcohol  so lu t ion  con t a ined  25 mM 

th iourea  [4 ] .  Immed ia t e ly  af ter  the  b lood  sample was intake.  For  example ,  the saline, 10 mg/kg  and 30 mg /kg  
n ia lamide  groups  drank a m e a n  of 2.36, 2.01 and 2.51 ml placed in the tube ,  the tube  was sealed with a rubbe r  
of water  per  day, respect ively,  dur ing  the p r e t r e a t m e n t  s topper  and placed on ice unt i l  d e t e r m i n a t i o n  of  the  
period.  Dur ing the  t r e a t m e n t  per iod,  these same an imals  ace t a ldehyde  c o n t e n t  by head-space gas c h r o m a t o g r a p h y .  
d rank  a mean  of 2.65,  2.53 and  2.38 ml per  day.  E t h a n o l  The tubes  con ta in ing  the b lood  samples  were i n c u b a t e d  
c o n s u m p t i o n  also was no t  apprec iab ly  a f fec ted  by saline at 65°C for  15 rain. A 1.0 ml a l iquot  of  head space gas 
or n ia lamide  t r e a t m e n t ,  was in jected in to  a Beckman  GC-45 gas c h r o m a t o g r a p h  

A l though  n ia lamide  exer ted  no  inf luence  on e thano l  equ ipped  wi th  a Porapak  Q co lumn  and f lame ion iza t ion  
preference ,  a m a r k e d  inh ib i t i on  of  MAO act ivi ty  was seen de tec tor .  The inlet  t e m p e r a t u r e  was m a i n t a i n e d  at 150"C, 
when  it was assessed one day af ter  the  last in jec t ion .  The  while the  co lumn  and de t ec to r  t empe ra tu r e s  were I 3 7  

o~, ,  and 173",  respect ively.  Hel ium served as the carr ier  gas 10 mg/kg  dose caused a . . . . .  ~ r educ t i on  in MAO act iv i ty ;  
the r educ t ion  in the two surviving 30 mg/kg  animals  was with a f low rate of 55 ml /min .  Hydrogen  and air flow 
96%. Enzyme  activit ies for  this  e x p e r i m e n t  are p resen ted  rates were 44 and 300  ml /min ,  respect ively.  Peak areas 
in Table  2. were c o m p u t e d  with a Hewle t t -Packard  3373B in teg ra to r  

and c o m p a r e d  wi th  ace t a ldehyde  con t en t .  Ace t a ldehyde  
c o n t e n t  of the  s tandard  so lu t ions  was d e t e r m i n e d  spect ro-  
pho tome t r i c a l l y  each day by adding yeast  a lcohol  de- 

T A B L E  2 hydrogenase  ( .002 uni t s )  and 0.35 mM NADH in 40  mM 
sodium p h o s p h a t e  buffer ,  pH 7.4. Reac t ions  p roceeded  to 

MAO ACTIVITY ONE DAY AFTER T R E A T M E N T  WITH N I A L A M I D E  
OR SALINE comple t i on ,  and  the c o n c e n t r a t i o n  of  ace t a ldehyde  was 

calculated by de t e rmin ing  the  a m o u n t  of NADH oxidized  
to NAD as ace t a ldehyde  was reduced  to e thanol .  

/zmoles Product Formed (/xmoles)/ 
Protein (nag) Resu l t s  

Treatment X SD N 
Table 3 presen ts  b lood  ace t a ldehyde  levels 2.5 hr  a f te r  

10 mg/kg Nialamide .0003 .00006 7 in jec t ion  of e t hano l  in animals  p re t r ea t ed  with pargyl ine,  
30 mg/kg Nialamide .0001 - -  2 Lilly 51641 ,  or nia lamide.  A l though  all three  drugs caused 
Saline .0039 .00047 6 e levat ions  in c i rcula t ing ace t a ldehyde  levels, a clear 

di f ference in the effects  of  Lilly 51641 and pargyl ine 
versus tha t  of n ia lamide  was seen. Lilly 51641 and 
pargyline increased ace t a ldehyde  levels by factors  of 8.4 
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TABLE 3 ulation of ethanol intake [13].  According to this hypo- 

BLOOD ACETALDEHYDE LEVELS 2.5 HR AFTER ETHANOL IN- thesis, raising 5-HT levels should decrease ethanol 
JECTION IN ANIMALS PRETREATED WITH PARGYLINE. LILLY preference. Such results have indeed been obtained, for 

51641, OR NIALAMIDE example, following intraventricular injections of 5-HT [9] 
or introduction of 5-HTP, the metabolic precursor of 
5-HT. However, in the present experiments, elevating 

Mean Blood Acetaldehyde brain 5-HT levels with nialamide did not alter ethanol Treatment (N) - SE (/xg/ml) 
preference. Although it is, of course, possible that a 

Control (16) 1.9 _+ 0.5 necessary minimal level of 5-HT was not achieved with 
the nialamide treatment, the nialamide result, as well as Pargyline (18) 13.0 _+ 1.3" 
the inconsistent results which have been obtained with Lilly (16) 16.1 ± 5.1" 

Nialamide(16) 5.0 ±0.91 pCPA (see [16]),  indicate that further investigation is 
necessary. 

*Significantly different from control at p<0.01. The failure of nialamide to reduce ethanol preference 
tSignificantly different from control at p<0.05, is particularly striking in view of the fact that five of the 

seven animals injected with 30 mg/kg of the drug died 
after 7 or 8 days of treatment. This increases the 

and 6.8, respectively, whereas nialamide caused a much importance of the positive results obtained with pargyline 
more modest increase. Thus, the two drugs found to and Lilly 51641, since it suggests that a decrease in 
decrease ethanol preference produced a much greater ethanol preference under the conditions of our ex- 
increase in acetaldehyde levels than the drug which did periments is not produced simply by the general 
not affect preference. It should be pointed out that the noxiousness of the treatments. Rather, both pargyline and 
dose of Lilly 51641 and pargyline used in this study (40 Lilly 51641 appear to have relatively specific effects on 
mg/kg) was less than that used in the preference study ethanol intake control mechanisms. 
(50 mg/kg), whereas the opposite was true for nialamide Dembiec et  al. [3] observed that Lilly 51641 and 
(for which the maximum dose was 30 mg/kg in the pargyline, at 100 mg/kg doses, caused large increases in 
preference experiment), circulating acetaldehyde levels, whereas nialamide pro- 

duced a more modest effect. Our results are in excellent 
DISCUSSION agreement with these findings. The conclusion that an 

elevation in acetaldehyde is the mechanism by which Lilly 
The results of these experiments provide strong 51641 and pargyline decrease preference should be viewed 

evidence that inhibition of MAO per  se is not responsible with some caution, however. The blood alcohol levels 
for the reduction in alcohol preference produced by found in Experiment 3 at 2.5 hr after ethanol injection 
pargyline or Lilly 51641. This conclusion is based on the were about 200 rag%. Such a concentration may not be 
observation that nialamide did not decrease preference, achieved during voluntary consumption. It is interesting 
although it did decrease MAO activity by almost 100%. to note that Lilly 51641 increased acetaldehyde more 
Johnston [I0]  has suggested that more than one form of than did pargyline and also influenced preference to a 
MAO exists. These forms, designated A and B, have been greater degree. Nialamide caused a modest increase in 
shown to differ in substrate specificity and inhibitor acetaldehyde, but did not influence preference at all. This 
sensitivity. Lilly 51641 appears to be relatively specific may indicate that some threshold value of acetaldehyde 
for MAO-A, whereas pargyline affects MAO-B to a greater must be exceeded before alcohol c o n s u m p t i o n  is affected. 
extent [6].  Nialamide does not appear to exert any Although we previously observed that the effects of 8 
specificity [13];  it inhibits both forms of MAO equally, days of treatment with 50 mg/kg of pargyline persisted 
It should be pointed out that specificity has been ob- throughout a 10-day posttreatment observation period 
served at doses much lower than those used in the current [16], in the present study pargyline continued to inhibit 
study. However, even if this specificity does exist at the ethanol intake for only 4 days after the treatment period. 
doses used, it would not be possible to attribute the The effects of Lilly 51641 did persist throughout the 
decreased preference to MAO inhibition, since both Lilly 9-day posttreatment period, although animals gradually 
51641, which inhibits MAO-A, and pargyline, which in- increased their consumption of ethanol during this time. 
hibits MAO-B, decreased alcohol preference, whereas Biochemical assays indicated that MAO activity was still 
nialamide, which inhibits both A and B, did not influence inhibited in both drug-treated groups at the end of the 
preference. With regard to substrate specificity, the assay posttreatment period. The activity of the enzyme in the 
which we utilized to assess MAO inhibition used serotonin pargyline-injected group was slightly greater than in the 
as a substrate. Serotonin is believed to be a substrate for group treated with the Lilly compound. Since our results 
MAO-A only [10]. Using serotonin as a substrate, we suggest that acetaldehyde may be responsible for the 
demonstrated that nialamide, which had no effect on reduction in ethanol preference produced by these two 
alcohol preference, caused nearly a 100% inhibition of drugs, it would be expected that levels of this substance 
MAO activity. It therefore appears unlikely that inhibition might exhibit a closer relation to ethanol preference than 
of MAO-A was directly responsible for the decreased MAO activity both during treatment and after treatment. 
ethanol preference produced by Lilly 51641. We are currently exploring the time course of MAO 

Since brain levels of 5-HT are elevated when MAO is inhibition and of acetaldehyde elevation following treat- 
inhibited, our nialamide results are relevant to the hypo- ment with MAO inhibitors. 
theses that serotonergic systems are involved in the reg- 
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