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The Effect of M o n o a m i n e  Oxidase  Inhibi tors  on 

A n u m b e r  of m o n o a m i n e  o x i d a s e  i n h i b i t o r s  h a v e  b e e n  
r e p o r t e d  to  c a u s e  j aund ice ,  T h e s e  inc lude  ip ron iaz id ,  
i s o c a r b o x a z i d ,  n i a l a m i d e  a n d  p h e n e l z i n e  1. T h e  j a u n d i c e  
is s imi l a r  to  t h a t  seen  in v i ra l  h e p a t i t i s  b u t  t h e  m o r t a l i t y  
is m u c h  h ighe r .  I n  a n i m a l s  t h e  d r u g s  do  n o t  cause  h e p a t i c  
les ions  un le s s  g i v e n  in la rge  a m o u n t s  ~. S ince  t h e  cause  of  
t h e  j a u n d i c e  is n o t  k n o w n  t h e  e f fec t  of  v a r i o u s  m o n o a m i n e  
o x i d a s e  i n h i b i t o r s  o n  c o n j u g a t i o n  h a s  b e e n  s t u d i e d  in 
v i t ro .  

T h e  r a t e  of  b i l i r u b i n  g l u c u r o n i d e  f o r m a t i o n  w a s  de t e r -  
m i n e d  in r a t  l iver  sl ices a n d  r a b b i t  l iver  h o m o g e n a t e s  b y  
t h e  m e t h o d  of  LATHE a n d  WALKER 3. o - A m i n o p h e n o l  con-  
j u g a t i o n  w a s  d e t e r m i n e d  in r a t  l iver  sl ices b y  t h e  m e t h o d  
of  LEVVY a n d  STOREY4; in r a b b i t  l iver  h o m o g e n a t e s  b y  
t h e  m e t h o d  of  STEVENSON a n d  DUTTON s, I s o n i c o t i n i c  
ac id  h y d r a z i d e ,  i p ron iaz id ,  phene lz ine ,  n i a l a m i d e  a n d  
i s o c a r b o x a z i d  w e r e  a d d e d  t o  g ive  f ina l  c o n c e n t r a t i o n s  of  
0.01, 0.1, 1.0 a n d  10.0 r a M .  

T h e  a d d i t i o n  of  p h e n e l z i n e  a n d  i s o c a r b o x a z i d  lowered  
t h e  r a t e  of  c o n j u g a t i o n  of  b i l i r u b i n  b y  r a t  l iver  slices, 
w h e r e a s  i p r o n i a z i d  a n d  n i a l a m i d e  i nc reased  t h e  r a t e  of  
c o n j u g a t i o n .  I s o n i c o t i n i c  acid  h y d r a z i d e  h a d  n o  effect  on  
b i l i r u b i n  c o n j u g a t i o n  b y  r a t  l iver  s l ices (Tab le  I) .  Con-  
j u g a t i o n  of b i l i r u b i n  b y  r a b b i t  l ive r  h o m o g e n a t e s  w a s  
i n h i b i t e d  b y  ip ron iaz id ,  phene lz ine ,  n i a l a m i d e  a n d  iso- 
c a r b o x a z i d  (Tab le  I I ) .  I s o n i c o t i n i c  acid  h y d r a z i d e  did  n o t  
a l t e r  t h e  r a t e  of  c o n j u g a t i o n .  All t h e  d r u g s  t e s t e d  i n h i b i t e d  
c o n j u g a t i o n  of o - a m i n o p h e n o l  in r a t  l iver  slices (Tab le  I) 
a n d  in r a b b i t  l iver  h o m o g e n a t e s  (Tab le  I I ) .  

T h e  effect  of t h e s e  d r u g s  on  c o n j u g a t i o n  w a s  i nves t i -  
g a t e d  to  t r y  a n d  d e t e r m i n e  t h e  s i te  of a c t i o n  of t h e  m o n o -  
a m i n e  o x i d a s e  i n h i b i t o r s  c a u s i n g  j aund ice ,  T h e  ef fec t  of  

Conjugat ion  

t h e  s u b s t a n c e s  t e s t e d  on  c o n j u g a t i o n  in v i t r o  is v a r i a b l e  
d e p e n d i n g  on  t h e  s u b s t r a t e  used.  o - A m i n o p h e n o l  con-  
j u g a t i o n  w a s  i n h i b i t e d  in l iver  slices a n d  h o m o g e n a t e s .  
T h e  c o n j u g a t i o n  of b i l i rub in  is a l t e r ed  d e p e n d i n g  on  
w h e t h e r  l iver  slices or  h o m o g e n a t e s  a re  used .  

I n  l iver  slices i n t e r f e r ence  w i t h  c o n j u g a t i o n  c a n  o c c u r  
a t  a n u m b e r  of si tes.  T h e  a g l y c o n e  m u s t  p e n e t r a t e  t h e  
l iver  cell m e m b r a n e ,  i t  is t h e n  c o n j u g a t e d  w i t h  g l u c u r o n a t e  
a n d  t h e  c o n j u g a t e  e x c r e t e d  f r o m  t h e  l iver  cell t h r o u g h  
the  s u r r o u n d i n g  m e m b r a n e .  I n t e r f e r e n c e  w i t h  t h e  p a s s a g e  
of  t h e  a g l y c o n e  o r  c o n j u g a t e  a t  t h e s e  p o i n t s  w o u l d  de-  
c rease  t h e  c o n j u g a t e  f o rmed .  I n  r a b b i t  l iver  h o m o g e n a t e s  
t h e  t r a n s f e r a s e  ( U D P  g l u c u r o n a t e  g l u c u r o n y l  t r a n s f e r a s e  
[ a c c e p t o r  unspec i f ic ]  E.C. 2.4.1.17.) s t a g e  of  c o n j u g a t i o n  
is e x a m i n e d .  I n  t h i s  p r e p a r a t i o n  t h e  e n d o p l a s m i c  ret i -  
c u l u m  of t h e  l iver  cell c o n t a i n i n g  t h e  e n z y m e  is e x p o s e d  
to  t h e  s u b s t r a t e  a n d  t h e  d r u g  a l t h o u g h  t h e  e n z y m e  is 
p r o b a b l y  s u r r o u n d e d  b y  a lipid m e m b r a n e .  F o r  c o n j u g a -  
t i o n  t o  o c c u r  t h e  s u b s t r a t e  m u s t  p a s s  t h r o u g h  t h e  l ipid 
m e m b r a n e  t o  t h e  e n z y m e  a n d  t h e  c o n j u g a t e  m u s t  p a s s  
t h r o u g h  t h e  m e m b r a n e  f r o m  t h e  e n z y m e  t o  t h e  s u r r o u n d -  
ing  m e d i u m .  I n h i b i t i o n  of  c o n j u g a t i o n  in h o m o g e n a t e  or  
m i c r o s o m e  p r e p a r a t i o n s  cou ld  o c c u r  a t  t h e  e n t r y  t o  t h e  
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Table I. Effect of monoamine oxidase inhibitors and similar drugs on bilirubin and o-aminophenol conjugation in rat liver slices 

Concentration Bilirubin conjugation 
(mU) 

0.01 0.1 

o-Aminophenol conjugation 

1.0 10.0 0.01 0.1 1.0 10.0 

Isonicotinic acid 
hydrazide (0.050) 0 0 0 0 (0.29) 0 0 0 -- 95 
Iproniazid (0.056) 0 0 + 28 + 125 (0.28) + 20 + 20 + 49 -- 37 
Phenelzine (0.036) 0 -- 29 -- 35 -- 38 (0.30) 0 -- 20 -- 74 -- 83 
Nialamide (0.044) + 18 + 32 + 76 + 99 (0.31) 0 0 0 -- 94 
Isocarboxazid (0.057} -- 30 -- 15 -- 10 -- 20 (0.30) -- 20 -- 20 -- 26 -- 83 

Conjugation in controls in parentheses (mp moles/rag wet weight/h). Results are expressed as % difference from control. Each result is the 
mean of 3 experiments. 

Table II .  Effect of monoamine oxidase inhibitors and similar drugs on bilirubin and o-anfinophenol conjugation ill rabbit liver homogenates 

Concentration Bilirubin conjugation 
(raM) 

0.01 0.1 

o-Aminophenol conjugation 

1.0 10.0 0.01 0.1 1.0 10.0 

Isonicotinic acid 
hydrazide (0.47) 0 0 0 0 (6.3) + 24 + 13 -- 28 -- 100 
Iproniazid (0.35) 0 0 --12 -- 44 (5.8) 0 0 -- 8 -- 83 
Phenelzine (0.52) 0 -- 13 -- 54 -- 83 (7.2) 0 0 -- 20 -- 27 
Nialamide (0.40) -- 20 -- 27 -- 20 -- 100 (6.3) 0 0 -- 40 -- 100 
Isocarboxazid (0.46) 0 -- 17 -- 25 -- 100 (6.7) 0 -- 10 -- 20 -- 52 

Conjugation in controls in parentheses (in/* moles/mg wet weight/h). Results are expressed as % difference from control. Each result is the 
mean of 3 experiments. 
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microsome,  at  the  enzyme  or a t  the  exi t  f rom the  micro-  
some. 

Isonicot inic  acid does no t  a l ter  the  ra te  of bi l i rubin 
format ion.  Phenelz ine  and isocarboxazid decrease the  ra te  
of con juga t ion  of bi l i rubin in slices and the  effect  could 
be expla ined by  enzyme  inhibi t ion.  The  s t imula t ion  of 
bi l i rubin conjuga t ion  in slices by  iproniazid and n ia lamide  
and the  inhibi t ion of con juga t ion  in homogena tes  is more  
diff icult  to  explain.  I t  m a y  be t h a t  t he  drug faci l i ta tes  
the  passage of bi l i rubin th rough  the  slice to the  enzyme  
site, a process which i t  canno t  do in homogenates .  An 
a l t e rna t ive  exp lana t ion  is t h a t  since the  re la t ionship  be- 
tween enzyme  inhibi t ion  and s t imula t ion  is so close, 
condi t ions  in the  slice m a y  faci l i ta te  enzyme s t imula t ion  
ra ther  t han  enzyme  inhibi t ion.  

The  exper iments  show t h a t  the  t ranferase  con juga t ing  
o-aminophenol  is usual ly  inhibi ted whereas  the  effect  of 
t he  drugs  on bi l i rubin conjuga t ion  is var iable .  Since the  
l iver  slice more  closely resembles t he  in t ac t  l iver  r a the r  
t h a n  the  homogena t e  prepara t ions  t he  cause of mono-  
amine  oxidase  inhibi tor  jaundice  canno t  be expla ined  on 
inhibi t ion  of bi l i rubin g lucuronyl  t ransferase  alone. The  
process causing the  j aundice  is p robab ly  complex  and i t  
m a y  be  t h a t  fo rmat ion  of hepa to tox ic  in te rmediar ies  by  

metabo l i sm of the  drug  in the  endoplasmic  re t i cu lum 
m a y  p lay  a pa r t  as well  as possible a l te ra t ions  in cell 
pe rmeab i l i ty  and an effect  on the  enzyme  s. 

Zusammen/assung. Die \Virkung yon  Monoamino-  
Oxidase-Blockern  in Verb indungen  ist  in v i t ro  ver / inder-  
l ich und hgng t  v o m  benu tz t en  Subs t r a t  und  Gewebe  ab. 
I m  Mlgemeinen wird  die o-Aminophenol -Verb indung 
blockiert ,  wghrend  die Bi l i rub inverb indung  ve rh inde r t  
oder  auch angeregt  werden  kann.  Die verschiedenen 
W i r k u n g e n  k6nnen  yon  Var ia t ionen  yon  der  Verf i igbar-  
ke i t  des Subs t ra t s  fiir die E n z y m e  abh~tngen. Es  ist  sehr  
unwahrscheinl ich,  dass die Monoamino-Oxidase-Blocker -  
Gelbsucht  aus der  Blockierung der  Glucuronyl -Trans-  
ferase allein zu erkliiren ist. 
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Norepinephrine Depleting and Antihypertensive 

Amongs t  several  amino  acids s tudied as po ten t ia l  
metabol ic  precursors  of false adrenergic  t ransmi t te rs ,  
5 -hydroxydopa  (5-HO-dopa) was found to induce a marked  
norepinephr ine  deple t ion  in per ipheral  sympa the t i ca l ly  
inne rva ted  organs of var ious  species 1. Adrenergic  t rans-  
mission in cats p re t rea ted  wi th  5-HO-dopa  was grea t ly  
impai red  1,2. 5 - H y d r o x y d o p a m i n e  and its O-me thy la t ed  
and /or  f l -hydroxyta ted  metabol i tes  were found to be 
s tored  in adrenergic  nerves  and l ibera ted  as false adren-  
ergic t r ansmi t t e r  substances  1-S 

In  t he  course of fur ther  s tudies t he  pa ra -O-me thy l a t ed  
de r iva t ive  of 5 -HO-dopa  proved  to be an even  more 
po t en t  deple tor  and showed in teres t ing  an t ihyper t ens ive  
proper t ies  in renal  hyper tens ive  rats.  

The  norepinephr ine  deple t ing  act ion of 4 -methoxy-  
3, 5 -d ihydroxyphenyla lan ine  was s tudied  in ra ts  which 
were  p re t rea ted  wi th  e i ther  100, 50, 25 or  12.5 m g / k g  20 
and 4 h before sacrifice. The  compound  was given as 
aqueous  suspension by  s tomach  tube.  The  norepinephr ine  
con ten t  of hear t  and bra in  was de te rmined  according to 
the  m e t h o d  of BERTLER et  al. 4. The  norepinephr ine  values  
are  expressed in % of cont ro l  va lues  ob ta ined  in ra ts  
which  were  g iven  saline ins tead of the  drug.  

As shown in t he  Table,  there  is a c lear-cut  dissociat ion 
be tween  the  norepinephr ine  deple t ing  effect  in bra in  and 
hear t .  The  dissociat ion seems to be somewha t  smaller  t h a n  
in the  case of 5-HO-dopa.  However ,  a t  t he  doses used in 
these exper iments  the  animals  showed no not iceable  
changes in gross behaviour ,  especial ly no sedat ion.  

I n  a second series of exper iments  the  effect  of p re t rea t -  
m e n t  wi th  4-methoxy-3 ,  5 -d ihydroxyphenyla lan ine  on the  
blood pressure of renal  hype r t ens ive  ra ts  was studied.  
Systolic blood pressure was measured  according to  the  
m e t h o d  descr ibed by  GEROLD et  al. 5. Af te r  3 control  days  
t h e  ra ts  were g iven  100 mg/kg  twice dai ly  for 21/~ days  (a 
to ta l  of 5 doses) e i ther  by  s tomach  tube  or  i.p, As shown 
in the  Figure,  4 -me thoxy-3 ,5 -d ihydroxypheny la l an ine  

Effect of 4 - M e t h o x y - 3 , 5 - d i h y d r o x y p h e n y l a l a n i n e  

marked ly  reduced the  e leva ted  blood pressure bo th  a f te r  
oral  and i.p. adminis t ra t ion .  

I n  exper iments  wi th  isolated perfused spleens of pre- 
t r ea ted  cats  t he  norepinephr ine  o u t p u t  and  the  cont rac t i le  
response to  sympa the t i c  ne rve  s t imula t ion  were  g rea t ly  
reduced and 4 -me thoxy -3 ,5 -d ihyd roxyphene thy l amine  
was l iberated as a false sympa the t i c  t r ansmi t t e r .  The  
detai led results  of these exper iments  will be publ ished 
elsewhere. 

The  effect  of 4 - m e t h o x y - 3 , 5 - d i h y d r o x y p h e n y l a l a n i n e  on the  nor -  
epinephrine content of heart and brain of the rat 

Doses of 4-methoxy- % Controls 
3, 5-dihydroxyphenyl- 
a lan ine  ~ H e a r t  B r a i n  

2 × 100 m g / k g  2.8 =t= 1.4 26.6 -4- 2.2 
2 x 50 m g / k g  13.5 i 2.1 36.2 q- 2.5 
2 x 25 mg]kg 45.7 4- 7.8 67.0 + 3.0 
2 x 12.5 mg/kg 55.8 ! 7.5 80.5 4- 4.2 

The single doses were given by stomach tube 20 and 4 h before 
sacrifice. 
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