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A Histochemical Study of Succinic Dehydro~en- 
ase Activity in Rat Liver Gancerogenesis Induced 

by 3- Methyl-4-Dimethylaminoazobenzene 

The changes  in the  dehydrogenases  and c y t o c h r o m e  en- 
zyme sys t ems  in l iver t u m o u r s  induced  wi th  azo dye  are 
ex tens ive ly  inves t iga ted  b iochemica l lyL Re la t ive ly  few 
h is tochemica l  s tudies  on these  enzyme  sys t ems  in azo dye  
cancerogenesis  and  t umour s  have  been carr ied out  ~-~. The 
resul ts  ob ta ined  are still  cont rovers ia l  on some points .  In  
order  to con t r ibu te  to  the  p rob lem of the  his togenesis  of 
azo dye- induced  r a t  l iver tumours ,  we pe r fo rmed  exper i -  
m e n t s  on the  h i s tochemica l  de tec t ion  of succinic dehy-  
drogenase  ac t iv i ty  in the  course of r a t  l iver cancerogenesis  
induced  by  3 -me thy l -4 -d ime thy l aminoazobenzene  (3-Me- 
4-DAB),  as well as in p r i m a r y  liver t u m o u r s  induced  b y  
th is  cancerogen.  

E x p e r i m e n t s  were carr ied out  w i th  albino ra ts  weighing 
100-120 g, fed a semi - syn the t i c  d ie t  con ta in ing  0.06% 3- 
m e t h y l - 4 - D A B  ~. Control  an imals  were  fed the  same d ie t  
wi th  t he  cancerogen omi t t ed .  Control  and  expe r imen ta l  
animals  were killed a t  9 a.m. on the  15th, 30th, 60th, 90th, 
120th and  150th days  a f te r  the  beg inn ing  of the  exper i -  
men t .  Sect ions  of the  left lobe of the  liver and  sect ions  of 
the  l iver t umour s  were processed according  to the  m e t h o d  
O~ CHELTON a n d  SCHNEIDER 6. 

The morphologica l  changes  in the  liver in cancerogenesis  
were the  same as those  observed  by  a n u m b e r  of o the r  
au thors  ~,7. In  t he  first  15 days  of cancerogen  feeding, 
the re  were no changes  in the  succinic dehyd rogenase  pa t -  
t e rn  charac te r i s t ic  for the  no rma l  l iver:  h igh enzyma t i c  
ac t iv i ty  in liver p a r e n c h y m a  cells and  no de tec tab le  act i-  
v i t y  in cholangioepi the l ia l  cells. At  t he  end of t he  f i rs t  
mon th ,  a marked  decrease was recorded  in succinic de- 
hydrogenase  ac t iv i ty  of l iver p a r e n c h y m a  cells in the  
i n t e r m e d i a t e  por t ions  of the  l iver lobules (Figure 1). To a 
lesser degree,  such changes  were observed  in l iver sect ions  
of cont ro l  animals ,  i n  our  e x p e r i m e n t a l  series a diffuse 
g rowth  of cholangioepi the l ia l  cells was not iced  towards  
the  60th day,  fo rming  greyish nodules.  In  single cases 
larger  nodules  of 5-6 m m  in d i a m e t e r  were  obse rved  
hav ing  a s t r oma  charac te r i s t ic  for cholangiomas.  In  these  
cases d i f fe ren t ia t ion  of cholangiof ibrot ic  areas  f rom chol- 

ang iomas  proves  difficult .  Differ ing f rom norma l  bile 
duc t  cells, a pos i t ive  succinie dehydrogenase  reac t ion  was 
observed  in t he  bile duc ts  of cholangiofibrosis ,  as well as 
in cho lang ioma nodes  or ig ina t ing  f rom t h e m  (Figure 2). 
The connec t ive  t issue s t r o ma  shows a nega t ive  react ion,  
while the  hyperp las t i c  areas of l iver  p a r e n c h y m a  cells dis- 
p lay  a h igh succinic dehydrogenase  ac t iv i ty  which  does 
no t  differ  f rom t h a t  of the  no rma l  l iver p a r e n c h y m a  
(Figure 3). Towards  the  120th day,  single and  mul t ip le  

Fig. 2. Cholangiofibrosis with strongly positive succinic dehydrogen- 
ase reaction in bile ducts. × 100. 

Fig. 1. Decrease of succinic dehydrogenase activity in the inter- 
mediate portions of liver lobules. 60 days of 3'-Me-4-DAB. × 100. 

Fig. 3. Hyperplastic liver parenchyma nodule, positive reaction in 
parenchyma cells. Negative reaction in cystic bile ducts, x 100. 
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large t u m o u r  nodes  occur red  which ,  accord ing  to t h e i r  
h is to logical  s t ruc tu re ,  m a y  be d iv ided  in to  h e p a t o m a s  and  
cho lang iomas ,  In  t he  t u r n o u t s  w i t h  c h o l a n g i o m a  s t ruc tu re ,  
a pos i t ive  r eac t i on  for succinic  d e h y d r o g e n a s e  ac t i v i t y  is 
obse rved  in a c c o r d a n c e  w i t h  t he  resu l t s  of PEARSON et  al., 
o b t a i n e d  b y  a d i f fe ren t  m e t h o d  3. F o r m a z a n  c rys ta l s  are 
de t ec t ed  in t h e  o u t g r o w n  ducts ,  succinic  d e h y d r o g e n a s e  
a c t i v i t y  be ing  increased  w i t h  t h e  n u m b e r  of layers  of the  
e p i t h e l i u m  of t h e i r  walls  as well  as w i t h  increas ing  of 
cel lular  cy top l a sm.  In  t h e  large cys t ic  fo rmat ions ,  no posi- 
t i ve  r eac t i on  is obse rved  (Figure  3) w i t h  t he  excep t ion  of 
some ra re  cases, w h e n  the  e p i t h e l i u m  s t a r t s  g rowing  and  
d e s t r o y i n g  t he  s t r u c t u r e  of t he  cys t s  a n d  t he  a d j a c e n t  
t issues.  Di f fer ing  f rom cho lang iomas ,  solid t u m o u r s  of t he  
h e p a t o m a  t y p e  show a nega t i ve  succinic  d e h y d r o g e n a s e  
r eac t i on  (Figure  4). I n  single cases (3 an imals ) ,  we ob-  

se rved  solid t u m o u r s  w i th  nuc l ea r  h is togenesis ,  wh ich  
showed  a pos i t ive  succinic  d e h y d r o g e n a s e  r e a c t i o n - - l e s s  
i n t ens ive  t h a n  t h a t  of n o r m a l  l iver  p a r e n c h y m a .  P r o b a b l y  
these  t u r n o u t s  r e p r e s e n t  a t r a n s i t i o n  to  a hepa toca r c i -  
noma ,  wh ich  l a t e r  on  m a y  d i sp lay  a n e g a t i v e  succinic  de-  
h y d r o g e n a s e  r eac t ion .  The  poss ib i l i ty  exis ts  too  t h a t  these  
t u m o u r s  are  c h o l a n g i o c a r c i n o m a s  in a s tage  of dedi f fe ren-  
t i a t i on  a n d  para l le l  loss of succinic  d e h y d r o g e n a s e  ac t iv i ty .  

The  resu l t s  of our  e x p e r i m e n t s  show t h a t ,  in the  course  
of azo-dye  i nduced  r a t  l iver  cancerogenesis ,  t he  succinic  
d e h y d r o g e n a s e  a c t i v i t y  in  p a r e n c h y m a  a n d  bile d u c t  cells 
follow a def in i te  p a t t e r n .  I n  t yp i ca l  h e p a t o m a ,  t he  ac t i -  
v i t y  is m a r k e d l y  lower  t h a n  in n o r m a l  p a r e n c h y m a  cells 
and  in h y p e r p l a s t i c  p a r e n c h y m a  cell nodules .  The  nega-  
t ive  r eac t ion  in n o r m a l  bi le  d u c t  cells becomes  pos i t ive  in 
cholangiof ibros is  a n d  c h o l a n g i o m a s  w i t h  a possible  subse-  
q u e n t  decrease  in more  d e d i f f e r e n t i a t e d  cholangiocarc i -  
nomas.  

The  ' t issue d i lu t ion  a r t e f a c t '  as c o m m e n t e d  on  b y  
JONES et  al. s shou ld  be  t a k e n  in to  a c c o u n t  in  t he  eva lu-  
a t ion  of b iochemica l ly  o b t a i n e d  d a t a ,  b u t  our  h i s tochemi -  
cal resul ts  conf i rm the  b i o c h e m i c a l l y  o b t a i n e d  resul ts ,  
showing q u a n t i t a t i v e  changes  in l iver  succinic  d e h y d r o -  
genase ac t iv i ty  in azo-dye  cancerogenes i s .  

Rdsumd. L ' a u t e u r  a 6 tudi6  h i s t o c h i m i q u e m e n t  l ' ac t iv i t6  
de la succine d~hydrog~nase  lors de  la canc~rog6nSse ex-  
p6 r imen ta l e  du foie des r a t s  i n d u i t e  p a r  le 3 ' -m6thy l -4 -  
d im6 thy l aminoazobenz~ne .  On  a obse rv6  une  a u g m e n t a -  
t ion  de l ' ac t iv i t6  e n z y m a t i q u e  d a n s  les s t ades  pr6canc6-  
r eux  (cholangiof ibrose e t  h y p e r t r o p h i e  p a r e n c h y m a t e u s e )  
suivie  d ' u n e  d i m i n u t i o n  e t  d i s p a r i t i o n  de ce t t e  ac t iv i t6  
d a n s  los t u m e u r s  d6velopp6s.  

D .  C. HADJIOLOV 

Department o/ Pathology, Oncological Rvsearch Institute, 
Sofia (Bulgaria), December 27, 1963. 

Fig. 4. Solid t umour  node of the h e p a t o m a  type,  no succinic de- 
hydrogenase  ac t iv i ty .  Posi t ive  reac t ion  in the ad jacent  l iver  paren- 

chyma,  x 100. 
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Progressive Localization of Neutral-Red Positive 
Region with Morphogenesis in Limnaea  

The  classical  m e t h o d  of v i t a l  s t a i n i n g  in e x p e r i m e n t a l  
e m b r y o l o g y  was  g iven  a s h a r p  i m p e t u s  b y  REVERBERI e t  
al. REVERBERI 1 had ,  for example ,  po i n t ed  ou t  a f ru i t fu l  
m e t h o d  of d e t e c t i n g  t he  loca l iza t ion  of m i t o c h o n d r i a  in 
Asc id ian  eggs b y  m e a n s  of v i t a l  s t a in ing  w i th  J a n u s  green.  
This  a n d  m a n y  o t h e r  a t t e m p t s  to  follow t he  r e o r i e n t a t i o n  
a n d  r e d i s t r i b u t i o n  of t ang ib l e  subs t ances ,  wh ich  go h a n d  
in h a n d  w i th  chemod i f f e r en t i a t i on ,  h a v e  been  ab ly  
s u m m e d  up  b y  REVERBERI 2 I t  is obv ious  t h a t  t h e  chang-  
ing p a t t e r n  of loca l iza t ion  of m i t o c h o n d r i a  (which  houses  
the  m a n y  i m p o r t a n t  enzymes)  a n d  o t h e r  subs t ances ,  fol- 
lowing fer t i l iza t ion ,  closely ref lects  t he  c h a n g i n g  sub-  
s t r a t u m  wh ich  c u l m i n a t e s  in to  chemod i f f e r en t i a t i on .  

W e  h a v e  the re fo re  followed th i s  m e t h o d ,  wh ich  REVER- 
BERI e t  al. h a v e  so f ru i t fu l ly  e m p l o y e d  in t he  case of 
m a r i n e  mol luscs  a n d  ascidia ,  in  ou r  work  on  f resh w a t e r  
mol lusca ,  s t a i ned  w i t h  J a n u s  green  a n d  t he  s u p r a  v i t a l  
s ta in ,  n e u t r a l  red. As n e u t r a l  red  in v e r y  d i lu te  so lu t ion  
has  abso lu t e ly  no  tox ic  effect  on  Limnaea e m b r y o s  (in 

fact,  t hey  can  be k e p t  in n e u t r a l  red  for 48 h a n d  st i l l  
h a t c h  ou t  in to  l iving snails) ,  i t  is a p a r t i c u l a r l y  c o n v e n i e n t  
a g e n t  for th i s  sor t  of work.  T h e  Limnaea e m b r y o s  are,  
however ,  far  f rom be ing  ideal  m a t e r i a l  for s tudy ,  name ly ,  
glass-clear  e m b r y o s  w i th  l i t t le  or  no  co lour ing  m a t t e r .  
Actual ly ,  t he  f resh w a t e r  molluscs,  i nc lud ing  Limnaea, 
h a v e  a r e g i m e n t  of n a t u r a l  co lour ing  subs t ances ,  as COM- 
FORT z has  po in t ed  out ,  some U-V f luoresc ing  c o m p o n e n t s  
of which  are  m a n u f a c t u r e d ,  as we h a v e  found  4, before  
ha t ch ing .  Never the less ,  t he  vis ible  n a t u r a l  co lour  in the  
e m b r y o s  is no t  too in t ense  to  m a s k  the  b r i l l i a n t  hue  due  
to  n e u t r a l  red. T h u s  a w o r t h w h i l e  s t u d y  can  be  ca r r ied  
ou t  un t i l  j u s t  a f t e r  h a t c h i n g ,  w h e n  t he  o u t e r  shel l  beg ins  
to  th icken .  
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