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Effect of Iproniaz id  on M o n o a m i n e s  and M o n o -  
a m i n e  Oxidase  in H u m a n  Brain 

Ip ron iaz id  is k n o w n  to  be a p o t e n t  inh ib i to r  of mono-  
amine  oxidase  (MAO) bo th  in vitro and  in vivo according 
to  an imal  expe r imen t s  1-4. By following u r ina ry  excre t ion  
of m o n o a m i n e s  as well  as of the i r  end  p roduc t s ,  i t  has  been  
d e m o n s t r a t e d  t h a t  Ip ron iaz id  inhib i t s  MAO also in 
m a n  S-L Such s tudies  give, however ,  no in fo rma t ion  on 
the  effect  on bra in  MAO, which  m a y  differ  cons iderab ly  
f rom t h a t  of o the r  organs.  

Ip ron iaz id  and  o the r  MAO inhib i tors  have  been  m u c h  
used in t he  t r e a t m e n t  of pa t i en t s  wi th  depressions.  The 
drugs  have  also been  given to  pa t i en t s  wi th  angina  pec-  
toffs  and  f a r - advanced  cancer ,  in wh ich  cases t h e y  have  
been  r epo r t ed  to  be useful for the  m a n a g e m e n t  of t he  
severe pa in  s-xo. 

In  connec t ion  wi th  clinical t r ials  where  pa t i en t s  wi th  
f a r - advanced  cancer  were  t r e a t ed  wi th  MAO inhibi tors ,  i t  
was  possible  to  pe r fo rm the  inves t iga t ion  p resen ted  in th is  
paper .  We  have  found  it of use to  make  th is  examina t ion ,  
as we h e r e b y  have  a cer ta in  poss ib i l i ty  in h u m a n s  to  con- 
f i rm results ,  ob t a ined  in an imal  exper iments .  Also i t  is of 
value for t he  clinicians to ge t  i n fo rma t ion  on the  effect  of 
MAO inhib i tors  in h u m a n  brain,  w h e n  t h e r a p e u t i c  doses  
are used. 

The ma te r i a l  cons is ted  of 5 pa t i en t s  who  had  received 
Ipron iaz id  and  of a con t ro l  series of 11 pa t i en t s .  I n  t he  
Ip ron iaz id  t r e a t e d  group,  all of the  pa t i en t s  received Ipro-  
n iazid  on the  ind ica t ion  of m e t a s t a t i c  pain.  In  the  cont ro l  
series, m o s t  of the  p a t i en t s  h a d  died of cancer  or circu- 
l a to ry  disorders .  T h e y  were selected in t he  a u t o p s y r o o m  
and  some of t h e m  h a d  been  ill for a long t ime  a n d  were 
emac i a t ed  at  t he  t ime  of dea th ,  while  o thers  had  died 
sudden ly  a f t e r  a shor t  illness. In  b o t h  groups  the  p a t i e n t s  
were 40-60 years  of age. 

The body  was  sen t  to  t he  m o r t u a r y  wi th in  2 h of d e a t h  
and  was  au tops ied  wi th in  3-70 h. Bodies  no t  au tops ied  
i m m e d i a t e l y  were kep t  in a room a t  + 4 ° C. At  t he  au topsy ,  
we took  f rom the  bra in  pieces of the  cor tex  f rom the  
par ie ta l  region, the  head  of the  cauda te  nucleus  on one 
side, the  mesencepha lon ,  and  one piece f rom the  liver. The 
pieces were  s to red  a t  -- 20°C unt i l  examined  for MAO 
act iv i ty .  The cauda te  nucleus on the  o the r  side and  the  
h y p o t h a l a m u s  were excised and  p u t  in to  10 ml  of 0 .4N 
perchlor ic  acid before t h e y  were frozen. These  spec imens  
were used for examina t i on  of monoamines .  The de te r -  
mina t ions  were m a d e  w i t h o u t  undue  delay,  usual ly on the  
same day.  

The MAO ac t iv i ty  was measu red  manome t r i ca l l y  by  in- 
c u b a t i o n  in an a t h m o s p h e r e  of oxygen  a t  37°C. Homoge-  
nized t issue was  i ncuba t ed  wi th  ty ramine ,  po ta s s ium 
cyan ide  and  semicarbaz ide  according to  CREASEyll w i th  
t he  modi f ica t ion  t h a t  0.1 M Tris buffer  of p H  8.0 was used. 
The homogen iza t ion  of t he  t issues was pe r fo rmed  in an 
' U l t r a - T u r r a x '  homogen ize r  t oge the r  w i th  t h e  Tris buffer .  
Tissue spec imens  t r e a t e d  and  i ncuba t ed  in t he  same way  
b u t  w i t h o u t  t y r a m i n e  were  used as blanks .  The  difference 
be tween  the  oxygen  c o n s u m p t i o n  by  the  t issue incuba ted  
wi th  and  w i t h o u t  t y r a m i n e  was  t aken  as a measure  of t he  
MAO act iv i ty .  The  noradrena l in  (NA) and  the  5 -hydroxy-  
t r y p t a m i n e  (5-HT) c on t en t s  in the  h y p o t h a l a m u s  were 
d e t e r m i n e d  by  the  m e t h o d s  of BERTLER, CARLSSON, and  
I~OSENGREN 12 a n d  BERTLER a n d  ROSENGREN la r e s p e c -  

t i v e l y .  The d o p a m i n e  (DA) c o n t e n t  of the  cauda te  nucleus 
was  m e a s u r e d  according to  CARLSSON and  WALDECK 14. 

MAO ac t iv i ty  was  found to  be ve ry  res i s ten t  to pos t -  
mor t a l  des t ruc t ion  (Figure 1). Thus  in the  controls  no 
apprec iab le  difference was found  be tween  the  values  ob- 
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Fig. 1. Monoamine oxidase activity in /~moles/g/h in the mesen- 
eephalon and the liver plotted against interval between death and 
autopsy. Circles designate the 5 cases treated with Iproniazid; 
dots the controls. The regression of activity upon time has been 
calculated for the control group by the method of least squares. 
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Fig. 2. Concentration in flg/g o[ dopamine in the caudate nucleus 
and of noradrenalin in the hypothar .a lns  plotted against interval 
between death and autopsy. Circles designate the .5 cases treated 
with Iproniazid;  dots the controls. The regression of concentration 
upon time has been calculated for the control group by the method 

of least squares. 

ra ined  f rom pa t i en t s  no t  au tops ied  unt i l  70 h a f te r  dea th  
and  values  f rom those  an tops ied  earlier. The  m e a n  MAO 
a c t i v i t y  found  in t he  cor tex  in t he  11 controls  was 
9 ~zmoles/g/h (range 7-12 ~moles/g/h) .  The ac t iv i ty  found 
in t he  cauda te  nucleus as well  as in the  mesencepha lon  
was  a b o u t  16 ~tmoles/g/h w i th  a m o d e r a t e  range  of vari-  
a t ion.  A s o m e w h a t  g rea te r  va r i a t ion  was  observed  in the  
l iver MAO act iv i ty ,  50-100 [zmoles/g/h (mean 68 ~tmoles/ 
g/h). The lowest  values  were recorded  f rom livers wi th  
fibrosis.  Since the  range of va r i a t ion  of tile values  in the  
controls  was only  modera te ,  i t  m a y  be as sumed  t h a t  the  
diseases f rom which  the  p a t i e n t s  had  died had  n o t  sub- 
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s tan t ia l ly  in f luenced  t h e  MAO ac t iv i ty .  No s ign i f ican t  
difference could be  d e m o n s t r a t e d  b e t w e e n  t he  va lues  ob-  
ta ined f rom p a t i e n t s  w ho  h a d  died  a f t e r  a long per iod  of 
illness a n d  f rom those  who  h a d  died  sudden ly .  

In  t he  5 cases t r e a t e d  w i th  Ip ron iaz id  t he  va lues  found  
were m u c h  lower  t h a n  those  obse rved  in t he  con t ro l s  
(Figure 1). T h u s  in 3 cases (Nos. 3, 4, 5) t r e a t e d  1-3 weeks 
before d e a t h  w i th  75-125 m g  dai ly ,  t he  MAO a c t i v i t y  was 
less t h a n  5 %  of t h e  m e a n  con t r o l  va lue .  I n  one  case (No. 1), 
t h a t  h a d  b e e n  t r e a t e d  w i t h  I p r o n i a z i d  on ly  on  t h e  l a s t  
4 days  before  d e a t h  wi th  a dose of 50 m g  da i ly  i n t r a -  
muscular ly ,  t h e  a c t i v i t y  in  t he  p a r t s  of  t h e  b r a i n  s t ud i ed  
was 15% of t h e  m e a n  con t r o l  values .  The  i n h i b i t i o n  of t h e  
l iver  MAO in t h i s  case  was s t i l l  more  p r o n o u n c e d  desp i t e  
the  smal lness  of t h e  dose of Ip ron iaz id ,  t he  a c t i v i t y  b e i n g  
less t h a n  3% of t h e  m e a n  con t ro l  va lue .  Th i s  i nd i ca t e s  
t h a t  t h e r e  m a y  be  a d i f ference b e t w e e n  t h e  degree of MAO 
inh ib i t i on  in d i f fe ren t  o rgans  a f t e r  t r e a t m e n t  w i t h  MAO 
inhib i tors .  The  p r e s e n t  e x p e r i m e n t s  i nd i ca t e  t h a t  t h e  
MAO of t h e  l iver  is more  accessible  to  Ip ron iaz id  t h a n  t h a t  
of t he  b ra in .  S imi la r  o b s e r v a t i o n s  h a v e  been  m a d e  in 
an imals  15. I t  shou ld  be  obse rved  t h a t  in  t h e  case men-  
t ioned a b o v e  t he  p a t i e n t  h a d  rece ived  t h e  I p r o n i a z i d  
pa ren te ra l ly .  I n  a n o t h e r  case (No. 2), wh ich  h a d  been  
given I p r o n i a z i d  in  a dose of 50-100 m g  da i ly  for  4 weeks 
unt i l  6 days  before  dea th ,  t he  a c t i v i t y  in  t h e  b r a i n  was  
15% of t h a t  in  t he  controls ,  t he  co r r e spond ing  v a l u e  in t h e  
l iver be ing  a b o u t  25%.  i n  t h i s  case, t hen ,  t h e  i n h i b i t i o n  
was more  m a r k e d  in  t h e  b ra in ,  w h i c h  m i g h t  i nd i ca t e  a less 
rapid  t u r n o v e r  of t he  b r a i n  MAO. T h e  resu l t s  f rom a more  
recen t  case, no t  i nc luded  in t h e  Figures ,  were in  a g r e e m e n t  
w i th  t he  l a t t e r  o b s e r v a t i o n .  

The  r a n g e  of v a r i a t i o n  of t h e  m o n o a m i n e s  in t he  b r a i n  
was s o m e w h a t  wide r  t h a n  t h a t  of t h e  MA O  a c t i v i t y  
(Figure 2). A s low decrease  of t he  c o n c e n t r a t i o n  of ca te -  
cho lamines  d u r i n g  t he  i n t e r v a l  b e t w e e n  d e a t h  a n d  nec ropsy  
was no ted .  T h e  va Iues  obse rved  for t h e  D A  a n d  N A  con-  
c e n t r a t i o n s  will  a p p e a r  f rom F igure  2. T he  m e a n  v a l u e  
found for  t h e  5 - H T  c o n c e n t r a t i o n  in t h e  h y p o t h a l a m u s  
was 0.16 ~g/g. Thi s  m e a n  was o b t a i n e d  f r o m  cases a u t o p -  
sled 10-15 h a f t e r  dea th .  T he  n u m b e r  of 5 -HT de t e r -  
m i n a t i o n s  in  t he  con t r o l  g roup  was n o t  e n o u g h  to  assess 
the  r a t e  of fall, if any,  b e t w e e n  d e a t h  a n d  necropsy .  

A d m i n i s t r a t i o n  of Ip ron iaz id  caused  a h i g h e r  mono-  
amine  level  in  t h e  b ra in ,  T he  m e a n  c o n c e n t r a t i o n  of DA in 

t h e  c a u d a t e  nuc l eus  a n d  of N A  a n d  5 -HT in t he  h y p o t h a l a -  
mus  was a b o u t  twice  as h i g h  in t he  cases which  h a d  rece ived  
Ip ron iaz id  as in  t he  con t ro l s  (Figure  2). T h e r e  appea r s  to  
be  no  reason  to  be l ieve  t h a t  the  m o n o a m i n e  levels ob-  
se rved  d id  n o t  ref lect  t h e  c o n c e n t r a t i o n s  p r e s e n t  before  
dea th .  The  a s s u m p t i o n  is s t r e n g t h e n e d  b y  ear l ier  obser-  
va t i ons  m a d e  in some cases t h a t  t h e  a m o u n t  of 3 ,4-di-  
h y d r o x y p h e n y l a c e t i c  acid,  t h e  e n d  p r o d u c t  a f t e r  o x i d a t i v e  
d e a m i n a t i o n  of DA, was low in h u m a n  b ra in .  Th i s  in-  
d ica tes  t h a t  no  apprec i ab le  b r e a k d o w n  of DA b y  m e a n s  of 
MAO takes  place  a f t e r  d e a t h .  I t  is also in a g r e e m e n t  w i t h  
t he  resu l t s  f rom s imi la r  e x p e r i m e n t s  m a d e  on  r a t s  in  wh ich  
t he  d e t e r m i n a t i o n s  could b e  m a d e  i m m e d i a t e l y  a f t e r  
d e a t h  3. The  increase  of c a t e c h o l a m i n e s  a n d  of 5 - H T  a f t e r  
i n h i b i t i o n  of MAO the re fo re  seems  to  i n d i c a t e  t h a t  t h i s  
e n z y m e  is of i m p o r t a n c e  for t h e  m e t a b o l i s m  of b o t h  ca te -  
c h o l a m i n e s  and  5 -HT in the  h u m a n  b ra in .  

The  obse rva t ions  m a d e  in t h e  p r e s e n t  i n v e s t i g a t i o n  
sugges t  t h a t  t r e a t m e n t  w i th  Ip ron iaz id  in o r d i n a r y  t h e r a -  
peu t i c  doses ha s  a n  i n h i b i t o r y  effect  on  t he  MAO in  t h e  
b r a i n  and  in the  liver,  a n d  t h a t  i t  increases  t h e  concen-  
t r a t i o n  of monoamines .  The  p s y c h o s t i m u l a t i n g  effect  of 
m o n o a m i n e  oxidase  inh ib i to r s  m i g h t  t he re fo re  be  due  to  
a n  increase  of b ra in  m o n o a m i n e  levels ~8. 

Zusammen/assung. Ip ron iaz id  in t h e r a p e u t i s c h e n  Dosen  
v e r u r s a e h t  be im Menschen  eine a u s g e s p r o c h e n e  H e m m u n g  
de r  G e h i r n - M o n o a m i n o x i d a s e  u n d  eine V e r d o p p e l u n g  des  
G e h a l t s  a n  3 - H y d r o x y t y r a m i n ,  N o r - a d r e n a l i n  u n d  5-Hy-  
d r o x y t r y p t a m i n .  
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Conversion of  ] ] - M e r c a p t o p y r u v a t e  

to 2-Mercaptoethanol  by Yeast E n z y m e s  1 

/3-Mercaptopyruvic  acid ar ises  in  a n i m a l  t i ssues  b y  t he  
t r a n s a m i n a t i o n  of cys te ine  w i t h  a n  ~-ke to  acid 2. The  
me tabo l i c  f a t e  of  f l - m e r c a p t o p y r u v a t e  in  a n i m a l  t i ssues  
has  been  i n v e s t i g a t e d  ex tens ive ly .  T h e  m e c h a n i s m  of 
enzymic  r e m o v a l  of sulfur ,  a r e a c t i o n  f i r s t  obse rved  b y  
MEISTER 2, h a s  b e e n  s t u d i e d  in d e t a i l  in  ou r  l a b o r a t o r y ~ - L  
A l t h o u g h  t h i s  r eac t ion  p r o b a b l y  is t h e  m o s t  i m p o r t a n t  
p a t h w a y  for  enzymic  d e g r a d a t i o n  of f l - m e r c a p t o p y r u v a t e  
in a n i m a l  t issues,  i t s  r e d u c t i o n  b y  d i h y d r o  d iphospho-  
pyr id ine  nuc leo t ide  ( D P N H )  and  lac t i c  d e h y d r o g e n a s e  to  
mercap to t ac t i c  acid s,9 is suf f ic ien t ly  r ap id  to be  of phys io-  
logical i m p o r t a n c e .  However ,  c e r t a i n  cells (e.g. yeas t )  do 
not  c o n t a i n  app rec i ab l e  a m o u n t s  of t he  su l fur  r e m o v i n g  
enzyme  a n d  p y r i d i n e  nuc leo t ide - l inked  l a c t a t e  dehyd ro -  
genase. A l t e r n a t e  p a t h w a y s  for t he  d e g r a d a t i o n  of /3- 
m e r c a p r o p y r u v a t e  m a y  the re fo re  a s sume  g r ea t e r  signifi-  

cance.  I t  was  indeed  obse rved  t h a t  y e a s t  e x t r a c t s  p r o d u c e  
COz w h e n  i n c u b a t e d  w i t h  f l - m e r c a p t o p y r u v a t e  s. 

We  have  pu r sued  t he  p r o b l e m  of t h e  e n z y m a t i c  de-  
c a r b o x y l a t i o n  of f l - m e r e a p t o p y r u v a t e  in  o r d e r  to  e s t a b -  
l ish t h e  r eac t i on  sequence  in a y e a s t  e n z y m e  sys t em,  
c apab l e  of m e t a b o l i z i n g  t h i s  ac id  to  2 - m e r c a p t o e t h a n o l .  
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