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The Effect of Polycyclic Hydrocarbons on the Synthesis of DNA in Lymphoid Organs, Bone 
Marrow and Regenerating Rat Liver 

M a n y  carc inogens  i n h i b i t  D N A  syn thes i s  a n d  cell 
cycle. U r e t h a n e  ac ts  on  r egene ra t i ng  r a t  l iver  1, 2, l y m p h o i d  
organs  3, skin 4 and  lung  5 ; 7, 12 -d ime thy lbenz  (a) a n t h r a c e n e  
(DMBA) is effect ive in v ivo  on  r egene ra t i ng  and  growing 
r a t  l iver  6 s, smal l  i n t e s t i ne  e p i t h e l i u m  s a n d  o the r  
r ap id ly  d iv id ing  cells 9,10, a n d  in v i t ro  n,  12; 3-methyl -  
c h o l a n t h r e n e  (MCA) acts  on lung  5. I t  is no t  k n o w n  if a 
r e l a t ionsh ip  exis ts  b e t w e e n  i n h i b i t i o n  of D N A  syn thes i s  
and  carc inogenic  power  of t he  subs t ances  employed,  
even  t h o u g h  a ce r t a in  k ind  of co r re l a t ion  has  been  
suggested  7, s, ~3. A t  p r e s en t  too  l i t t le  d a t a  is ava i l ab le  on  
th i s  p o i n t :  a r o m a t i c  polycycl ic  hydroca rbons ,  inc lud ing  
c o m p o u n d s  of s imi lar  s t r uc tu r e  b u t  h a v i n g  ve ry  d i f ferent  
carcinogenic  indexes  w h e n  t e s t ed  on  t he  skin,  m a y  be  
chosen  for th i s  purpose .  W e  h a v e  s tud ied  the  effect  of 
DMBA,  b e n z ( a ) - a n t h r a c e n e  (BA), d ibenz(a ,  h ) a n t h r a c e n e  
(1, 2, 5, 6-DBA),  d ibenz(a ,  c) a n t h r a c e n e  (1, 2, 3, 4-DBA),  
3,4-13enzo(a)pyrene (BP), benzo(e )pyrene  (1 ,2-BP)  and  
pe ry lene  (P) on  spleen, t h y m u s ,  f e m u r  bone  m a r r o w  a n d  
r egene ra t i ng  r a t  l iver.  DMBA,  B P  and  1, 2, 5, 6 -DBA are 
h igh  oncogenic  subs t ances  (in decreas ing  order),  B A  
shows v e r y  weak  oncogenic  power,  a n d  1, 2, 3, 4-DBA, 
1 ,2 -BP  and  P are cons idered  non-oncogenic .  D M B A  is 
k n o w n  to be  ca rc inogen  for l y m p h o i d  organs  and  re- 
gene ra t i ng  liver1~,15; t he  oncogenic  index  of o t h e r  
h y d r o c a r b o n s  on  these  o rgans  is a c tua l l y  u n k n o w n .  

Mater ials  and methods. W i s t a r  o u t b r e d  male  r a t s  
were used:  y o u n g  adu l t  (180-200 g) ill t h e  case of t he  
e x p e r i m e n t s  on  l y m p h o i d  organs  and  bone  marrow,  and  
a d u l t  (280-300 g) in  t he  case of t he  e x p e r i m e n t s  on  
r egene ra t i ng  liver.  C o m p o u n d s  were i.p. in jec ted  in s ter i le  
ol ive oil (0.19 tzmole of c o m p o u n d  pe r  g of b o d y  weight ,  
co r re spond ing  to 50.8 ~g/g of DMBA,  in 0.25 mI/100 g 
b o d y  wt.  of oil). Th i s  is the  m a x i m a l  dose which  can  be  
employed  w i t h o u t  p r o d u c t i o n  of asci te  l a te r  one% I n  
some cases a so lu t ion-suspens ion  was o b t a i n e d  b y  
h o m o g e n i z a t i o n  an d  b y  warming .  P a r t i a l  h e p a t e c t o m y  
was pe r fo rmed  accord ing  to~7; SH- thymid ine  (18.4 Ci/ 
mmole ,  25 ~Ci/100 g b o d y  wt.) was i.m. in jec ted  30 m i n  
before kill ing. As regards  spleen, t h y m u s  a n d  bone  marrow,  
5 an ima l s  were ki l led a t  8, 24, 48 h and  4, 8, 12 days  a f te r  
in j ec t ion  and  processed separa te ly .  Concern ing  t he  
r egene ra t i ng  liver,  h y d r o c a r b o n s  were in jec ted  2 h a f t e r  
h e p a t e c t o m y  and  an ima l s  (in groups  of 5) ki l led 22 h la te r  
a n d  processed separa te ly .  A group  of 18 an ima l s  was 
used as con t ro l :  6 u n t r e a t e d  and  12 o i l - t rea ted  (8 and  24 h 
a f t e r  t he  in ject ion) ,  in t he  case of l y m p h o i d  organs  and  
bone  mar row,  no  s ign i f ican t  difference h a v i n g  been  
found.  I n  t he  case of h e p a t e c t o m y z e d  rats ,  con t ro l s  
(20 animals)  were oi l - injected.  Mor t a l i t y  was on ly  
obse rved  w i t h  pery lene  which  d id  no t  al low d a t a  b e y o n d  
24 h a f t e r  in j ec t ion  to  be  ob ta ined .  The  D N A  was de- 
t e r m i n e d  in t issue h o m o g e n a t e s  accord ing  to TM a n d  i ts  
label l ing  was measu red  b y  a l iquid sc in t i l l a t ion  spectro-  
meter .  

Results.  A c o n s t a n t  depress ion  is observed,  no t  cor- 
re la ted  to t he  oncogenic  power  of t he  subs t ances  used 
(Table  I). The  m a x i m a l  effect  is exer ted  b y  1, 2, 3, 4 -DBA 
and  DMBA.  The  s t rong  i n h i b i t i o n  b y  D M B A  is more  
las t ing  in l y m p h o i d  o rgans  t h a n  in bone  m a r r o w  ; 1, 2 -BP 
and  B A  affect  t h y m u s  and  spleen more  t h a n  bone  mar row;  
more  m a r k e d  t he  depress ion  of D N A  synthes is ,  c learer  
t i le increase  in t he  D N A  syn thes i s  wh ich  t akes  place l a t e r  
on. I n f l a m m a t o r y  a n d  in fec t ive  even t s  r a n d o m l y  d is t r ib-  
u t e d  in i m m u n o s u p p r e s s e d  an imals ,  m a y  exp la in  t he  
no t i ceab le  v a r i a b i l i t y  in  our  expe r imen t s .  I n  Tab le  I I  t he  

effect  on t he  D N A  labe l l ing  in r egene ra t i ng  r a t  l iver  is 
repor ted .  A s t rong  i n h i b i t i o n  is exer ted  b y  D M B A  a n d  
BP,  whi le  1, 2 -BP is less effect ive  and  t he  effect  of B A  is 
no t  s ignif icant .  I n  th i s  case a cor re la t ion  seems to  exis t  
be tween  the  i n h i b i t i o n  of D N A  syn thes i s  a n d  t he  carcino-  
genic index.  H o w e v e r  1, 2, 3, 4 - D B A  is b y  far  more  ac t ive  
t h a n  1, 2, 5, 6-DBA. 

Discussion.  A cor re la t ion  be tween  oncogenic  power  a n d  
i n h i b i t i o n  of D N A  syn thes i s  has  no t  been  shown.  There -  
fore t he  depress ion  of D N A  syn thes i s  does no t  seem to  be  a 
necessary  a n d  specific s tep for the  ac t ion  of chemica l  
carcinogens.  P r o b a b l y  t he  decreased  t h y m i d i n e  incorpora-  
t ion  mere ly  reflects  a tox ic  ac t ion  of t he  c o m p o u n d s  
used. I t  shou ld  be  considered,  however ,  t h a t  the  indexes  
of carc inogenic  or i n i t i a t i n g  power  in t he  o rgans  e x a m i n e d  
are no t  avai lable .  I n  absence  of m e a s u r e m e n t  of t h y m i d i n e  
u p t a k e  in to  t he  cy top l a smic  pool, t he  a l t e red  t h y m i d i n e  
i nco rpo ra t i on  in to  D N A  could no t  necessar i ly  ref lect  the  
D N A  syn thes i s ;  t he  p r o b a b l e  presence  of unschedu led  
D N A  syn thes i s  shou ld  be  t a k e n  in to  account .  The  
i n h i b i t i o n  of D N A  syn thes i s  c a n n o t  be  a t t r i b u t e d  to  
cova l en t  b i n d i n g  of h y d r o c a r b o n s  to  D N A  (even t h o u g h  
the  on ly  ava i l ab le  d a t u m  concern ing  t he  b i n d i n g  of B P  
a n d  D M B A  to  r a t  sp leen D N A  29 m a y  be in a g r e e m e n t  w i t h  
th i s  possibi l i ty)  : in  fac t  t he  b i n d i n g  seems to be  cor re la ted  
to t h e  oncogenic  p o t e n c y  of the  subs t ances  t e s t e d  2~ 
Moreover  t h e  a m o u n t  of c o m p o u n d  l inked  c o v a l e n t l y  to  
D N A  is ve ry  smal l  also in t he  case of powerfu l  carcinogens,  
and  i t  can  h a r d l y  exp la in  t h e  mass ive  effect  on  D N A  
synthes is .  The  i n h i b i t i o n  of D N A  syn thes i s  m a y  be  
exe r t ed  t h r o u g h  weak  i n t e r ac t i ons  a n d  in te rca la t ions ,  
no t  cor re la ted  to  the ' -oncogen ic  power.  However ,  t he  
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inhibi t ion of DNA synthes is  can affect  the  carcinogenic 
power  t h rough  an immunosuppres s ive  effect  leading to a 
decreased immunosurve i l l ance  ~1-~3. 

Riassunto. E esamina to  l ' e f fe t to  di se t te  idrocarbur i  
policiclici, a diverso potere  oncogeno, sulla s intesi  del 
D N A  nel t imo,  milza, midollo e Iegato r igeneran te  di 
ra t to .  I1 DMBA ~ in ibente  in t u t t i  i t essu t i  esaminat i ,  

come pure  il 1, 2, 3, 4-DBA. I1 B P  ha un notevole  effet to  
solo sul legato  r igenerante  men t r e  il 1, 2, 3 ,4-DBA @ pig 
efficaee d e l l ' I , 2 , 5 , 6 - D B A  in ogni caso. Non  6 s t a t e  
s tabi l i ta  una  correlazione t r a i l  po tere  oncogeno delle 
sostanze esamina te  e la inibizione della s intesi  del DNA. 
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Cytoplasmic DNA of Hepatoma Tumor Cells Studied by aH-Actinomycin D Binding 

In  th is  s tudy  the  cy toplasmic  D N A  con ten t  of mouse  
h e p a t o m a  t u m o r  cells was compared  wi th  t h a t  of normal  
mouse  l iver cells. The m e t h o d  chosen was t h a t  of 3H- 
ac t inomyc in  D (aH-AD) incuba t ion  followed by  radio- 
au tography .  Since aH-AD binds  specifically to  D N A  1, it 
can be used to localize small  amoun t s  of DNA wi th  a h igh 
degree of specifici ty in rad ioau tographic  p repara t ions  a t  
the  l ight  microscope level ~-6. 

Materials and methods. The t u m o r  used in th is  s tudy  was 
a mouse  h e p a t o m a  (Jax Code BW7756), ob ta ined  f rom 
the  Jackson  Labora tory ,  Bar  Harbor ,  Maine and main-  
ra ined by  serial t r a n s p l a n t  in C57L/J mice. Livers  f rom 
normal  C57L/J mice served as controls  All t issues were 
f ixed for 2 h in g lu ta ra ldehyde  v, pos t - f ixed  for 1 h in 
osmium te t rox ide  s, e m b e d d e d  in Araldi te  9, and sect ioned 
a t  0.5 ~m Control  sect ions f rom b o t h  the  h e p a t o m a  
and the  normal  l iver were incuba ted  in DNase  or RNase  10. 
All t issues t hen  were incuba ted  in 3H-AD (Schwarz 
Bioresearch I n c ,  Orangeburg,  N.Y., specific ac t iv i ty  
8.4 Ci/mM) using me thods  descr ibed in the  l i te ra ture  2-4, ,. 
Three  exper imenta l  me thods  differing in the  sequence of 
f ixa t ion  and  aH-AD incuba t ion  were used. These methods ,  
as well as the  me thods  of l ight  microscope r ad ioau tog raphy  
and  Toluidine Blue s ta ining are thorough ly  descr ibed 
elsewhere 6. 

Silver grains, indica t ing  the  sites where  aH-AD had  
bound  to  DNA,  were counted  per  uni t  area (123.4 am 2) of 
cytoplasm,  using a ca l ibra ted  grid placed in the  ocular. 
Grain counts  were carried out  over  20 r a n d o m l y  selected 
areas of cy top la sm per  animal.  The mean  grain concentra-  
t ions  thus  ob ta ined  were conver ted  to  a s t a n d a r d  value:  
grain counts  per  100 am ~ cy toplasmic  area. S t a n d a r d  
errors of the  means  were calcula ted for all data .  

Background  counts  were made  on 'cold'  control  
sections, which  were d ipped,  exposed,  developed,  f ixed 

and s t o n e d  in a m a n n e r  ident ical  to  t he  exper imen ta l  
slides, bu t  which  were no t  subjec t  a t  any  poin t  to  incuba-  
t ion  in the  radioact ive  co mp o u n d  lL Background  values  
were t h e n  sub t r ac t ed  from the  expe r imen ta l  grain count  
data.  

Results and discussion. The results  p resen ted  in the  
Table conf i rm t h a t  in this  sys tem atI-AD binds  specifically 
to DNA. No s ignif icant  differences were observed 
be tween  RNase  t r ea t ed  sect ions and non- t r ea t ed  sections,  
indica t ing  t h a t  the  presence or absence  of R N A  has no 
effect  on aH-AD binding.  On the  o ther  hand ,  af ter  DNase  
extract ion,  no aH-AD b ind ing  occurred.  

The Table shows t h a t  ~H-AD b ind ing  is more  t h a n  
2 t imes  greater  in the  cy top la sm of h e p a t o m a  cells (an 
average of 27 grains per  100 ~m 2) t h a n  it is in the  cy top lasm 
of normal  liver cells (an average of 12 grains per  100 ~m2). 
This  mode  of p resen t ing  the  da t a  compensa tes  for differ- 
ences in cell size. The Table also shows t h a t  the resul ts  
ob ta ined  by  all 3 expe r imen ta l  procedures  are a lmost  
identical .  This  un i fo rmi ty  suggests  t h a t  we had  ob ta ined  
max ima l  b ind ing  to  D N A  in all 3 expe r imen ta l  m e t h o d s  
used. 

Mi tochondr ia l  D N A  (m-DNA) is t he  bes t  d o c u m e n t e d  
class of cy toplasmic  DNA. Different ia l  H3-AD b ind ing  to 
the  m - D N A  of t u m o r  or an increase in a m o u n t  of m - D N A  
in the  h e p a t o m a  could account  for t he  resul ts  r epor ted  
here, especially since the  m - D N A  of t umors  is s ignif icant ly  
d i f ferent  f rom the  m - D N A  of normal  ceils. 

The m - D N A  molecules f rom normal  t issues are circular 
monomers  of double  s t r anded  D N A  wi th  a r emarkab ly  
cons is ten t  contour  l eng th  of 5 tzm 2 ~,~3 In  contras t ,  

Mean grain concentration per 100 Dm 2 cytoplasmic area, representing 
the amount of aH-actinomycin D binding to cytoplasmic DNA in 
normal hepatic cells and hepatoma tumor in 18 mice 

Liver Hepatoma 

Experiment 1 12.41 ~ 0.20 27.03 4- 0.18 
Experiment 2 12.31 j= 0.19 27,00 =tz 0.16 
Experiment 3 12.35 4- 0.19 27.00 ~ 0.16 
Experiment 1 RNase 12.41 • 0.18 26.97 i 0.18 
Experiment 1 DNase 0.10 i 0.04 0.11 4- 0.04 

Each value represents the average of 120 areas. 
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