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The enzymic oxidation of o-aminophenols* 
T h e  b ind ing  of a v a r i e t y  of  chemica l  ca rc inogens  or the i r  me t abo l i t e s  to cel lular  p ro te ins  is 
c u r r e n t l y  cons idered  a c a u s a t i v e  fac tor  in  t he  i n d u c t i o n  of n e o p l a s m s  1. I n  t h e  m a j o r i t y  of  i n s t ances  
t h e  reac t ive  m e t a b o l i t e s  h a v e  no t  been  identif ied.  I n  t h e  case of carc inogenic  a roma t i c  a m i n e s  t he  
s u g g e s t i o n  h a s  been  m a d e  t h a t  t h e  b i nd i ng  r eac t ion  involves ,  as i n t e rmed ia t e s ,  qu inone  imines  
which  m a y  arise f rom ox ida t ion  of a m i n o p h e n o l s  2. The  l a t t e r  c o m p o u n d s  a re  recognized as m e t a -  
bolic p r o d u c t s  of a roma t i c  a m i n e s  ~. T he  p re sen t  repor t  p rov ides  evidence  here tofore  no t  avai lable  
t h a t  o - aminopheno l s  can  be oxidized directly b y  t h e  c y t o c h r o m e  c - c y t o c h r o m e  oxidase  sy s t em.  In  
con t r a s t ,  t y r o s i n a s e  a p p a r e n t l y  does n o t  ac t  d i rec t ly  on  t h e  o -aminophenol ,  3-hydroxykynurenine, 
t h e  ox ida t i on  be ing  d e p e n d e n t  on t he  p resence  of 3 , 4 - d i h y d r o x y p h e n y l a l a n i n e  (DOPA) 4. I n  th i s  
s y s t e m ,  t he  o -qu inone  fo rmed  f rom D O P A  b y  t he  ac t ion  of t y ro s ina se  oxidizes  t h e  aminopheno l .  
I n  b o t h  s y s t e m s ,  however ,  t he  ini t ia l  ox ida t ion  p r o d u c t s  are  v e r y  l ikely o-quinone  imines .  

Add i t i on  of e q u i m o l a r  a m o u n t s  of oxidized c y t o c h r o m e  c to x -hyd roxy -z - amino f luo rene  (I) 
in o.1 M p h o s p h a t e  buffer ,  p H  7.4, r e su l t ed  in  t h e  i n s t a n t a n e o u s  r e d u c t i o n  of c y t o c h r o m e  c, as  
s h o w n  b y  t h e  a p p e a r a n c e  of t he  a b s o r p t i o n  b a n d s  of r educed  c y t o c h r o m e  c. W h e n  m i t o c h o n d r i a  
f r om r a t - k i d n e y  co r t ex  were  i n c u b a t e d  in a buffered  m e d i u m  wi th  I a n d  ca ta ly t i c  a m o u n t s  of 
c y t o c h r o m e  c, ox i da t i on  of t h e  aminof luoreno l  was  comple t e  in 6o rain, as ind ica ted  by  t he  dis- 
a p p e a r a n c e  of t h e  aminof luoreno l  b a n d  a t  280 m/x. No  ox ida t ion  was  de tec tab le  b y  spec t ropho to -  
me t r i c  m e a s u r e m e n t s  in  t h e  absence  of c y t o c h r o m e  c. E n z y m i c  ox ida t ion  of o - aminopheno l  (II), 
3 - h y d r o x y - 4 - a m i n o b i p h e n y l  (III) ,  a n d  I by  c y t o c h r o m e  c a n d  a soluble  p r e p a r a t i o n  of c y t o c h r o m e  
ox idase  5 gave  ox i da t i on  p r o d u c t s  which ,  w h e n  e x t r a c t e d  in to  su i t ab le  organic  so lvents ,  exh ib i t ed  
cha rac te r i s t i c  vis ible  ab so rp t i on  spec t ra .  T he  ox ida t ion  p r o d u c t  of I I  gave  a s p e c t r u m  wi th  tw in  
peaks  a t  422 and  437 m # .  T h i s  s p e c t r u m  p r o v e d  to be ident ica l  w i th  t h a t  of 2 -amino-3H- iso-  
phenoxaz in -3 -one  s**, m.p .  255-256° ,  ~ma* 422 ,437  m/x (e = 24,400; 25,ooo) in e thanol ,  wh ich  was  
p r e p a r e d  b y  t r e a t m e n t  of  I I  w i t h  a c t i v a t e d  lead dioxide.  Ascend ing  pape r  c h r o m a t o g r a p h y  on 
W h a t m a n  No. i p ape r  us ing  as  so lven t  t he  lower phase  of b u t a n o l - e t h a n o l  wa te r  (5 : 2 : io) gave  
iden t ica l  Rv va lues  (0.4 o) for b o t h  t he  e n z y m i c  a n d  t h e  s y n t h e t i c  ox ida t ion  p roduc t s .  C y t o c h r o m e  
c - c y t o c h r o m e  ox idase  oxidized I I I  to  a p r o d u c t  wh ich  abso rbed  m a x i m a l l y  a t  413 m # .  The  ident ical  
s p e c t r u m  was  exh ib i t ed  b y  1 ,7 -d ipheny l -4 -amino-3H- i sophenoxaz in -3 -one  (IV). This  new com-  
p o u n d  was  s y n t h e s i z e d  b y  fe r r i cyan ide  ox ida t ion  of I I I  in o. i  M p h o s p h a t e  buffer,  p H  7.4; 
ye l low-orange  need les  f r om e t h a n o l - w a t e r ,  m .p .  I 9 4 - I 9 6  ° decomp.  Calcula ted  for C24HzsNzOz: 
C, 79.1; H ,  4.43; N, 7.69; mo lecu la r  wt .  364; for Cz4HzeNzOz-HzO:  C, 75-3; H,  4.74; N, 7.34- 
F o u n d :  C, 75.3; H ,  4.85; N,  7.62. Af t e r  c h r o m a t o g r a p h y  on ac id-washed ,  a c t i v a t e d  a l u m i n a  and  
rec rys ta l l i za t ion  f rom e t h y l  a c e t a t e - l i g h t  pe t ro l eum,  found :  C, 78.6; H.  4.87; N, 7.47; molecular  
wt .  (cryoscopic,  benzene)  354; ~max 413 m/z (e = 21,1oo) in chloroform.  Pape r  c h r o m a t o g r a p h y  in 
b u t a n o l - a c e t i c  a c i d - w a t e r  ( i : I : 7 )  a g a i n  conf i rmed  t h e  i den t i t y  of  t h e  s y n t h e t i c  a n d  enzymic  
p roduc t s  (RFo .8I ,  o.8o). L ead  dioxide ox ida t ion  of I I I  did no t  give IV, b u t  a b lue-viole t  c o m p o u u d  
V wh ich  was  c o n t a m i n a t e d  w i t h  lead, $max 555 m/x in e thy l  ace ta te .  A t t e m p t s  to pu r i fy  V by  
c o l u m n  c h r o m a t o g r a p h y  on  a l u m i n a  conve r t ed  i t  to  a large e x t e n t  to IV. IV was  also ob ta ined  w h e n  
V was  w a r m e d  in o.I M p h o s p h a t e  buffer,  p H  7.4. 

I, w h e t h e r  oxidized enzymica l ly  or  by  lead 
dioxide,  gave  a p r o d u c t  abso rb ing  m a x i m a l l y  a t  
585 m/, .  On  the  bas is  of molecu la r -we igh t  de te rmi -  
na t i ons  and  t he  s imi l a r i ty  of i t s  visible s p e c t r u m  
wi th  t h a t  of  V a n d  t h a t  of t he  air ox ida t ion  p roduc t  
of 2 - a m i n o - i - n a p h t h o P ,  s t r u c t u r e  VI h a s  been t e n t a -  
t ive ly  a s s igned  to th i s  p roduc t .  

The  p roduc t s  fo rmed  in these  enzymi c  and /o r  
chemica l  ox ida t ions  of o -aminopheno l s  can  readi ly  
be a c c o u n t e d  for by  a m e c h a n i s m  invo lv ing  o- 
qu inone  imine  i n t e rmed i a t e  s. Since t he  enzymic  
ox ida t ions  in th i s  work  were carr ied ou t  wi th  a 
soluble  sy s t em,  the  ques t ion  m a y  be raised w h e t h e r  
tile ox ida t ion  p r o d u c t s  i sola ted unde r  these  con- 
d i t ions  indeed rep resen t  end  p r o d u c t s  of t he  cellular 
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metabol ism of o-aminophenols.  Fu r t he r  studies are required to settle this point.  If  o-aminophenols 
are fur ther  oxidized within the cell th rough  the mechanism suggested by  the present  experiments ,  
an  appreciable fraction of the generated o-quinone imines might  be expected to bind free functional  
groups of protein  side chains in a manner  analogous to o-quinones 9. 
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Metabolism of 2-z4C-myo-inositol in the rat* 

Several workers  have  demons t ra ted  the  conversion of myo-inositol to  glucose in the  ra t  1, 2, ~, 4, and 
a recent repor t  has  indicated t ha t  kidney extracts  are capable of convert ing inositol** to DL- 
glucuronic acid 5. The availability, in our  laboratory,  of 2-14C-myo-inositol *** has  j x(  
made  it possible fur ther  to invest igate the metabolic p a t h w a y s  involved. / 1 -  

"Physi° l°gical"d°ses° f2- laC-in°s i t° l (° '7 t°3mg'° '86t°3"7"I°ec°unts[min '  ~ 
I / I o  of the  normal  daily intake) were injected intraperi toneal ly into well-fed, 

adul t  male rats.  Useful act ivi ty (I. 5 to  3 % of the  dose) could be recovered f rom the xq ~ , /  
liver glycogen 8 to 12 h after  the  injection. The glycogen, isolated f rom liver and 1 
muscle by  the  method of STETTEN AND BOXER e, was  hydrolyzed to glucose, and this  myo-Inositol 
was  degraded carbon by  carbon via Leuconostoc fermentat ionL The results are shown in Table I. 

In  all cases, whe ther  the glucose was  
T A B L E  I 

14C DISTRIBUTION IN GLUCOSE FROM GLYCOGEN AFTER 
INJECTION OF 2-14C-myo-INOSITOL 

All samples were counted as ba r ium carbonate  after  
plat ing on copper planchets.  The figures are cor- 

rected for self-absorption. 

Counts/min]mmole/C 

Expt. z Expt. 2 

Liver Muscle Liver 

Whole glucose 429 21o 2457 
Carbon I 1285 633 6800 
Carbon 2 89 95 691 
Carbon 3 62 34 612 
Carbon 4 84 62 590 
Carbon 5 87 83 818 
Carbon 6 1339 478 5262 

derived f rom liver or f rom muscle 
glycogen, over 80 % of the radioact ivi ty  
was  found in posit ions I and 6, which were 
abou t  equally labeled. These results 
parallel those of POSTERNAK et al. 2, who 
found tha t  2-2H-myo-inositol was con- 
ver ted to 6-2H-D-glucose by  a phlori- 
zinized rat .  The appearance  of label in the 
I-posi t ion of the  glucose is, however,  a 
new finding. No deuter ium was  found 
there by  the Swiss workers ;  p resumably  
carbon destined for this posit ion lost its 
deuter ium in the conversion process. 

The present  data  are consistent  wi th  
the hypothes is  t ha t  5-14C-D-glucuronic 
acid, formed by cleavage of the inositol 
between carbons I and 6, is an inter- 
mediate in the conversion to glucose. 
According to the scheme of BURNS AND 
KaNFER 8, 5-14C-D-glucuronic acid would 
be converted to 5-14C-D-xylulose. This, 

after  phosphorylat ion,  would yield 3-14C-3-phospho-D-glyceraldehyde, which would account  for 
the  label in posit ion 6 of the glucose, and for a good deal of tha t  in posit ion i. The exact  a m o u n t  
would depend on the degree of isomerization of the  triose phosphate .  I f  L-glucuronic acid is 

* Published wi th  the approval  of the Director  of the Wisconsin Agricultural Exper imen t  
Station. Suppor ted  in p a r t  by  a grant  f rom the Nat ional  Vitamin Foundat ion ,  and in pa r t  b y  a 
fellowship, CF 7134, f rom the  Nat ional  Cancer Ins t i tu te ,  Public Heal th  Service. 

** Whenever  the  t e rm "inositol" is used, the myo-isomer is implied. 
*** The synthesis  will be described in a later publicat ion.  


