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Preliminary Notes 

The formation in vitro of protein-bound derivatives of aminoazo dyes 
by rat liver and its enhancement by benzpyrene pretreatment* 

Prev ious  s tud ie s  h a v e  d e m o n s t r a t e d  p ro t e i n -bound  dye  in t he  l ivers of r a t s  fed var ious  d y e s  
re la ted  to  t he  hepa toca rc inogen  4 -d i me t hy l ami noazobenzene  (DAB) and  have  ind ica ted  t h a t  t hese  
me tabo l i t e s  h a v e  a role in th i s  carc inogenic  process  1, 2. Th i s  c o m m u n i c a t i o n  repor t s  on t he  enzymic  
fo rma t ion  in  vitro of p r o t e i n - b o u n d  der iva t ives  of aminoazo  dyes ,  pr incipal ly  3 ' -me thy l -4 -mono-  
m e t h y l a m i n o a z o b e n z e n e  (3 ' -methy l -MAB) .  Slices f rom n o r m a l  adu l t  r a t  l iver i ncuba t ed  wi th  
. 3 ' -me thy l -MAB formed  twice as m u c h  p ro t e i n -bound  dye  as slices or h o m o g e n a t e s  f rom the  l ivers  
,of n o r m a l  3-week old ra t s .  L iver  slices or h o m o g e n a t e s  f rom 3-week old r a t s  in jected 20 h p rev ious ly  
w i t h  I m g  3 ,4 -benzpyrene  b o u n d  a b o u t  5 t i mes  as m u c h  dye as the  u n t r e a t e d  controls  (Table I). 

T A B L E  I 

F O R M A T I O N  OF P R O T E I N - B O U N D  D Y E  IN R A T - L I V E R  P R E P A R A T I O N S  

:Each flask con ta ined  p r e pa ra t i ons  f rom 5oo m g  of liver f rom 3-week old r a t s  in a final v o l u m e  
~f  5 ml  of o . 1 5 4 M  K r e b s - R i n g e r  b i ca rbona t e  buffer,  p H  7.4. W h e r e  indicated,  2. 5 / , m o l e s  each 
• of t he  pyr id ine  nucleot ides  were added  t oge t he r  w i t h  12o t ,moles  n ico t inamide .  2 /~moles  3 ' -me thy l -  
MAB were added  las t  in o.2 ml  ace tone ;  t he  flasks were i ncuba t ed  3 h a t  37 ° unde r  9 5 o  02- 

Benzpyrene Colaaors added Protein-bound dye, 
Liver preparation prareatment extizwtion/5omg protein 

H o m o g e n a t e  - -  D P N ,  T P N  0.04 
+ DP N,  T P N  0.24 
+ - -  0.03 

Microsome + D P N ,  T P N  o.19 
+ D P N H ,  T P N H  0.33 

5 % COy  The  reac t ion  was  s topped  
by  t he  add i t ion  of 3 vol. acetone.  
The  p ro te ins  were ex t r ac t ed  ex-  
haus t i ve ly  and  analyzed1; t he  ex-  
t inc t ion  of t h e  dye in 1. 5 ml  of 
e thanol ic  HCI was  de t e rmined  a t  
515 m/~. 3 ,4-Benzpyrene  (i mg) 
was  injected in t raper i tonea l ly  in 
o.25 ml  corn oil 2o h before assay .  

Th i s  p r e t r e a t m e n t  w i th  h y d r o c a r b o n  h a s  been  s h o w n - t o  induce  t he  syn thes i s  of t he  azo dye  
N - d e m e t h y l a s e  a n d  r educ t a se  s y s t e m s  of r a t  liver 3. No  ac t iv i ty  was  found  w h e n  N 2 replaced 
t he  O a in t he  gas  phase  or w h e n  t h e  l iver p r epa ra t i ons  were h e a t e d  for 5 m in  a t  IOO °. H o m o g e n a t e s  
requi red  d iphosphopyr id ine  nucleot ide  (DPN) and  t r i phosphopyr id ine  nucleot ide  (TPN) for 
m a x i m u m  ac t iv i ty .  Mierosomes  h a d  h igher  ac t iv i ty  when  fortified wi th  T P N H  and  D P N H  t h a n  
wi th  T P N  and  D P N .  

W i t h  h o m o g e n a t e s  t he  a m o u n t  of b o u n d  dye  fo rmed  was a lmos t  as g rea t  wi th  3 ' -me thy l -  
4 - aminoazobenzene  (3 ' -me thy l -AB)  as wi th  3 ' - m e t h y l - M A B ;  3 ' - m e t h y l - D A B  yielded only  one-half  
a s  m u c h .  60 to 7o % as m u c h  p r o t e i n - b o u n d  dye  was  fo rmed  f rom MAB and  AB as f rom the i r  
3 ' - m e t h y l  der ivat ives .  No  b o u n d  dye  was  fo rmed  f rom 3 -hydroxy-AB.  The  abso rp t ion  m a x i m u m  
in e thanol ic  HCI of t h e  b o u n d  dye  fo rmed  in  vitro f rom 3 ' - m e t h y l - M A B  is 5o5 m ~  as compared  
to 513 m #  for t he  p a r e n t  dye  and  524 m #  for t he  b o u n d  dye  fo rmed  in  vivo 4. E a c h  of t hese  dyes  
is yellow in neu t r a l  or  a lkal ine media .  F u r t h e r  compa ra t i ve  s tud ies  of t he  p ro t e in -bound  dyes  
fo rmed  in  vivo a n d  in  vitro are in progress .  

HULTIS 5 recen t ly  r epor t ed  t h e  b ind ing  of 14C to  p ro te in  in l iver h o m o g e n a t e s  or mic rosomes  
i ncuba t ed  w i th  M A B  labeled wi th  I4C in t he  anil ine r ing.  Two of t he  r equ i r emen t s  for b ind ing  
in  H u l t i n ' s  s y s t e m  (microsomes  a n d  T P N H )  are  also necessa ry  for t he  reduc t ion  of the  azo l inkage s 
and  t he  p a r a h y d r o x y l a t i o n  of t he  ani l ine fo rmed  7,s. Thus ,  b ind ing  of anil ine or a der iva t ive  thereof  
m a y  h a v e  occur red  in these  p repa ra t ions .  Therefore,  we incuba t ed  labeled anil ine,  MAB,  or D A B  9 
wi th  l iver mic rosomes .  T he  a m o u n t  of p ro t e i n -bound  x4C f rom ani l ine was  two  to th ree  t imes  
t h a t  ob ta ined  w i th  e i ther  dye  (Table II).  Since less t h a n  one-hal f  of  t h e  dye  was  reduced,  more  
ani l ine  shou ld  be b o u n d  if it  is a closer precursor .  T he  fo rma t ion  of p ro t e in -bound  14C unde r  
these  condi t ions  t h u s  c a n n o t  be  equa t ed  wi th  t he  fo rma t ion  of p ro t e in -bound  aminoazo  dye.  
I n  cont ras t ,  t h e  above  e x p e r i m e n t s  based  on t he  charac te r i s t ic  p ink  color of aminoazo  dyes  in 

* Th i s  i nves t i ga t i on  was  suppo r t ed  b y  G r a n t  C355 of t he  Na t iona l  Cancer  Ins t i t u t e ,  Un i t ed  
S ta t e s  Publ ic  H e a l t h  Service and  by  a g r a n t  f rom t he  J a n e  Coffin Childs Memoria l  F u n d  for 
Medical  Research .  



656 PRELIMINARY NOTES VOL. 27 (I95~) 

TABLE I I  

THE INCORPORATION INTO RAT-LIVER MICROSOMES OF 14(" FROM LABELED 
DAB, MAB, AND ANILINE 

Labeled compound 
Specific activity (counts;min 'mg protein) 

Unincubated [lgsks 20 rain incubation 

[2 t  : 3 ' :  5 ' : 6 ' - 1 4 C ~ ]  DAB o z z  

[2': 3': 5': 6'A*C,] MAB o 20 
[2 : 3 : 5 : 6-14C*] Aniline 3 4 ° 

Each flask contained the micr(~- 
somes from 240 mg of normal adult  
ra t  liver, 3/*moles TPNH,  and 0.25 
/xmole of labeled compound (4.6" I o s 
counts/rain/flask). Other flask ad- 
ditions and t rea tments  were those  

described by  HULTIN 5. 

acid solution 4 unequivocally demonst ra te  the enzymic format ion of prote in-bound dye by rat  
liver preparat ions .  
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Beeinflussung der Tumorglykolyse durch Hitochondrien 
versehiedenen Ursprung$ 

Bei der Unte rsuchung  von Stoffwechselvorg~ngen an E m b r y o n e n  un te r  anaeroben Bedingungen 
zogen wir  zum Vergleich auch den Ehrl ich-Asci tes tumor der Maus heran. Dieser Tumor  ha t  wie 
andere Tumoren  nach WAREURG U. Mit, 1 eine grosse aerobe und anaerobe Glykolyse. E m b r y o n e n  
bilden dagegen nur  un te r  anaeroben Bedingungen gr6ssere Mengen Milchs/iure 2,3. 

I n  weiteren Versuchen wurde  die Glykolyse verschiedener Zellfraktionen aus Ascitestumor, 
3 ~ Tage alten I- l~hnerembryonen und MAuseleber gemessen. Nach dem Homogenisieren der 
Gewebe im Pot te r -Elveh jem-Homogenisa tor  mit  isotoner Saccharosel6sung wurden  durch frak- 
t ioniertes Zentrifugieren aus dem Homogena t  die Mitochondrien und nach dem Abzentrifugieren 
aller S t rukturbes tandte i le  die ~bers t~nde  gewonnen.  Die Ausbeute  an Mitochondrien war  bei den 
einzelnen Geweben verschieden. Bei Leber war  sie e twa 4 × gr6sser als beim Asci tes tumor und 
bei Hi ihnerembryonen.  --- Die Frak t ionen  wurden  einzeln oder in verschiedenen Kombinationen 
ffir die Unte rsuchung  verwendet.  Die Versuchsans/itze enthielten vom Tumor/ ibers tand  die ur-  
spriinglich in ioo mg intakter  Zellen enthal tene Menge ( =  o.1 g-~_quivalent), yon den Mitoehon- 
drien die in lOO-6OO mg enthal tene Menge ( ~  O.l-O.6 g-~_quivalente)*. Ausserdem wurden  
3" 1o-3 M MgC12, I .  lO -3 M ATP**, o.6-1.o, zo -8 M DPN**,  2. lO -3 M Phosphat ,  o.5" lO -4-  
1.o. lO -3 M Nicotins/~ureamid, 2. 5-1o -~ M KHCO 3 (fiir Atmungsversuche  KC1) zugefiigt und die 
L6sung durch  Zugabe yon  Saccharose isoton gemacht.  Die Versuche wurden un te r  aeroben 
Bedingungen ausgefiihrt. (Gasraum 5 % CO~]Luft). Das  Subs t ra t  war  entweder Glucose (I .  i o - I M )  
oder K-Hexosed iphospha t  (1,1o -3 M). Gesamtvolumen 2.2 ml. 

Bei allen Versuchen wurden die DruckAnderungen im W a r bu r g - Appa r a t  gemessen und die 
Reakt ion dann durch Kfihlen abgestoppt .  Nach Abzentrifugieren der Mitochondrien und Ent -  

* o. I g-~_quivalent ~ Menge an t3berstand bzw. an Mitochondrien enthal ten in I oo mg in takter  
Zellen. 

**ATP ~ Adenosint r iphosphat ;  D P N  = Diphosphopyridinnucleot id;  A D H  = Alkohol- 
dehydrogenase.  


