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Highly pur i f ied spec imens  of monoamine oxidase  were  obtained f r o m  bovine l i ve r  mi tochon-  
dr ia .  Pyronine  G and acr id ine  orange NO in low concent ra t ions  were  shown to se lec t ive ly  
inhibit oxidative deaminat ion of t y r amine  o r  sero tonin  by the p r e p a r a t i o n s  of pur i f ied  mono-  
amine oxidase.  These  t r i cyc l i c  dyes,  in expe r imen t s  in v i t ro ,  inhibit  monoamine  oxidase 
act ivi ty of r a t  o r  human l ive r  mi tochondr ia  to a much g r e a t e r  deg ree  than that  of bovine l i ve r  
mitochondria .  The abili ty of pyronine  G and acr idine  orange  NO to inhibit monoamine oxidase 
act ivi ty under  the expe r imen ta l  conditions in vivo was conf i rmed  by a r a d i o m e t r i c  method. 

P rev ious  work in the w r i t e r s '  l abo ra to ry  showed [1, 3, 4, 6, 9] that  some  t r i cyc l i c  compounds in low 
concentra t ions  inhibit monoamine  oxidase act ivi ty of r a t  l i ve r  mi tochondr ia  and can se lec t ive ly  b lock the 
deaminat ion of ce r t a in  biogenic amines  [4, 6, 9]. These  e f fec ts  a r e  a lso  exhibited in e x p e r i m e n t s  in 
vivo [8]. 

The object  of the p r e s e n t  invest igat ion was to d i s cove r  whether  the enzyme act ivi ty  of  highly pur i f ied 
spec imens  of mi tochondr ia l  monoamine  oxidase can be inhibited by t r i cyc l i c  dyes. Since a modified method 
of isolat ing and purifying this enzyme,  developed in the w r i t e r s '  l a b o r a t o r y  by Zh. L Akopyan, was used  on 
bovine l i ve r  mitochondria ,  i t  was  also decided to study the sens i t iv i ty  of the mi tochondr ia l  monoamine oxi -  
dase  act ivi ty in the l i v e r  of d i f ferent  spec ies  of an imals  to the inhibi tory act ion of t r i cyc l i c  dyes.  The final 
purpose  of the invest igat ion was to use  a r ad iome t r i c  method of de te rmin ing  monoamine  oxidase act ivi ty 
[11] to study the action of t r i cyc l i c  dyes in vivo as  monoamine oxidase  inhibi ters .  

E X P E R I M E N T A L  M E T H O D  

The l ive r  of a p e r s o n  dying accidental ly  was obtained 12 h a f t e r  death f r o m  the mor tua ry  of the De-  
p a r t m e n t  of  Pathological  Anatomy,  F i r s t  Moscow Medical  Insti tute.  

The sources  of the o ther  m a t e r i a l s  and methods used  to i so la te  the mi tochondr ia  were  desc r ibed  
p rev ious ly  [6]. 

In the course  of pur i f ica t ion  of the enzyme,  monoamine oxidase  act ivi ty  was de te rmined  c o l o r i m e t r i -  
ea l ly  with p -n i t ropheny le thy lamine-  HCI as subs t ra t e  [7]. The ra t e  of  deaminat ion  of t y r a m i n e -  HC1 or  
serotonin c rea t in ine - su l fa t e  was inves t iga ted  as desc r ibed  p r ev ious ly  [6]. In the e x p e r i m e n t s  in vivo, the 
t e s t  compounds were  in jected subcutaneously  into r a t s  60 man be fo re  decapitat ion.  Monoamine oxidase  
act ivi ty was de te rmined  in 10% homogenates  r ad iome t r i c a l l y  [11] with t y r a m i n e - C  14 (New England Nuclear  
Corp. ,  specif ic  act ivi ty  5.3 ~ C i / m m o l e )  as subs t ra te .  The control  s a m p l e s  contained the boi led homogenate.  
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Fig. 1. Inhibition of deaminat ion of ty ramine  (1) and serotonin (2) by pur i f ied  spec i -  
mens of mitochondria l  monoamine oxidase f r o m  bovine l i ve r  by pyronine G (A) and 
acr idine  orange NO (B). Absc i s sa ,  negative logar i thm of final concentra t ions  (IV[) of 
inhibi tors  in samples ;  ordinate ,  a r i thmet ic  means values  (resul ts  of 4-6 exper iments )  
with s tandard deviation,  express ing  degree  of inhibition of deaminat ion of t y r amine  
serotonin.  All s amples  contain 0.025 {experiments  with tyramine)  o r  0.06 mg (exper i -  
ments  with serotonin  and subst ra te)  pro te in  of pur i f ied enzyme p repa ra t i ons  (speci -  
fic activity 580-600). Other  components  of samples  and exper imen ta l  conditions de-  
sc r ibed  prev ious ly  (1, 6). 

Fig. 2. Species d i f fe rences  in inhibition of deaminat ion of monoamines  by pyronine 
G (A) and acridine orange NO (B): 1) r a t  l ive r  mitochondria;  2) bovine l i ve r  mi to -  
chondria;  3) human l i ve r  mitochondria .  Continuous l ines  r e p r e s e n t  t y ramine ,  b r o -  
ken l ines serotonin.  Rema inde r  of  legend as in Fig. 1. All s amples  contain 2.5 mg 
(exper iments  with bovine o r  r a t  l i ve r  mitochondria) o r  6 mg (exper iments  with human 
l ive r  mitochondria)  mi tochondr ia t  protein.  

TABLE 1. Pur i f ica t ion of Monoamine Oxidase f r o m  Bovine L ive r  Mitochondria 

Stage of pur i f ica t ion 

Suspension of mi toehondr ia  . . . . . .  
Solubiliz ation . . . . . . . . . . . . . . . . .  
T r e a t m e n t  with a lumJnumhydroxide .  
Prec ip i ta t ion  with ammonium sulfate. 
T r e a t m e n t  with de tergent  O P - 1 0 . . .  

Volume 
(in ml) 

4 0  
36 
74 
15 

14.5 

Activity 
(in units 
p e r  ml) 1 

230 
190 
35 

110 
80 

Total  
act ivi ty 
(in units) 

9 200 
6 840 
2 590 
1 683 
1 120 

Pro te in  
content 
(in mg/ml)  

18.1 
14.7 

0.28 
0.79 
0.13 

Specific 
act ivi ty 
(in units 
p e r  mg 
protein)  

12.7 
12.9 
126 
139 
608 

Yield (in Degree of 
percent)  pur i ty  

100 1 
74 1 
28 10 
18 11 
12 48 

IThe unit of enzyme activity was taken as the amount of enzyme catalyzing l ibera t ion  of 1 m~ mole ammonia  
in 1 min under  s tandard  incubation conditions [7]. 

E X P E R I M E N T A L  R E S U L T S  

An example  of a typical  expe r imen t  to pur i fy  monoamine oxidase is  shown in Table 1. 

Mitochondria  were  i so la ted  as desc r ibed  p rev ious ly  [2]. Solubilization of the mi toehondr iaI  suspen-  
sions in disti l led water  (20 mg p ro te in /ml )  was ca r r i ed  out by adding benzylamine  base  to the final concen-  
t r a t ion  14 mmoles  and de tergent  OP-10 (final concentra t ion 0.75%). The suspens ion (pH 8.6) was cen t r i -  
fuged (40000 g, 20 rain) and the res idue discarded.  

The resul t ing supernatant  was kept for  16-18 h at 4 ~ (during which t ime  the pH fell  to 7.8) and was 
then t r ea t ed  with a luminum hydroxide C gel with a ra t io  of p ro te in  to gel (calculated as dry  weight) of  1:6. 
After  centr i fugat ion (8000 g, 2 min) the res idue  was discarded.  
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TABLE 2. Inhibition of Monoamine Oxidase Activi ty by T r i cyc l i c  
Dyes in Vivo (mean re su l t s  of 6 exper iments )  

Compound 

Pyronine  G 

Acridine orange NO 

Dose (in mg/kg)  

10 
20 
50 
10 
20 
50 

inhibition of deaminat ion (in 
percent)  of t y r a m i n e - C  14 

l i ve r  b r a in  

0 0 
0 5.2 

15.5 11.2 
34.0 10.0 
34.0 I0.0 
38 45.0 

Pro te ins  were  p rec ip i t a ted  f r o m  the supernatant  with ammonium sulfate  at pH 7.3. Af ter  a degree  of 
sa tura t ion of 0.4 had been reached  {by the addition of d ry  ammonium sulfate),  the mix tu re  was left  for  2 h 
at 4 ~ and then centr i fuged (8000 g, 10 rain). The floating res idue  was suspended in a smal l  volume of 1 
mmole  phosphate  buffer  (pH 7.4) and dialyzed against  this  buffer  until all ammonium ions were  comple te ly  
removed.  

T r e a t m e n t  of the resul t ing  dia lyzate  with OP-10 de te rgen t  (final concentra t ion  2%) followed by e e n t r i -  
fugation (8000 g, 10 min) yielded a t r a n s p a r e n t  yel lowish solution containing the enzyme pur i f ied  on the 
average  by 40 t imes  com pa red  with the or iginal  mitochondria l  suspension.  

In i ts  degree  of purif icat ion,  the resul t ing  spec imen  could not be  dis t inguished f r o m  the highly p u r i -  
fied monoamine oxidase obtained by o ther  worke r s  f r o m  bovine l i ve r  [10]. 

Pyronine  G and acr idine  orange NO, in low concentra t ions ,  inhibited the deaminat ion  of t y r a m i n e  and, 
in pa r t i cu la r ,  of serotonin  by pur i f ied  p repa ra t ion  of mi tochondr ia l  monoamine oxidase  f r o m  bovine l ive r  
(Fig. i). 

R is in te res t ing  to note that  the mitochondria l  monoamine oxidase  act ivi ty of bovine l i ve r  was much 
less  sensi t ive  to the inhibi tory action of acr idine orange NO {but not of pyronine  G) than the mi tochondr ia l  
monoamine oxidase act ivi ty of r a t  or  human l ive r  measu red  for  c o m p a r i s o n  (Fig. 2). These  r e su l t s  a re  
in full ag reemen t  with spec ies  d i f fe rences  found in the sensi t iv i ty  of  the mi tochondr ia l  monoamine oxidase 
to the inhibi tory action of the na tura l  t r i cyc l ic  compound ha rmine  [5, 6, 9]. In the course  of i ts  pu r i f i c a -  
tion, the sens i t iv i ty  of this enzyme to the inhibi tory action of pyronine  G and acr idine  orange NO inc reased  
(Figs. 1 and 2). 

The activity of the purified monoamine oxidase from human or rat can be assumed to be blocked by 
particularly low concentrations of the tricyclic compound. 

It follows from the results given in Table 2 that pyronine G and, in particular, acridine orange NO, 
under experimental conditions in vivo, inhibit the reaction of deamination of tyramine-C 14, recorded by a 
radiometric method [11]. This conclusion is supported by results obtained in the writers' laboratory pre- 
viously by a different method. 
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