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I n h i b i t i o n  o f  D N A  s y n t h e s i s  i n  B H K  f i b r o b l a s t s  t r e a t e d  i n  v i t r o  w i t h  p o t a s s i u m  d i c h r o m a t e  

A. G. LEvis ,  M. BUTTIGNOL and  L. VETTORATO 

Institute o/ Animal Biology, University o/ Padova, Via Loredan 10, 1-35100 Padova (Italy), 21 April 1976 

Summary. T r e a t m e n t  of h a m s t e r  f ib rob las t s  w i t h  p o t a s s i u m  d i c h r o m a t e  in v i t ro  s t imu la t e s  t r i t i a t e d  t h y m i d i n e  u p t a k e  
in to  t he  in t r aee l lu la r  nuc leo t ide  pool. This  effect  is due  to  t he  oxidiz ing ac t ion  of h e x a v a l e n t  c h r o m i u m  on t he  p l a s m a  
m e m b r a n e .  D i c h r o m a t e  induces  also an  i n h i b i t i o n  of D N A  repl ica t ion,  wh ich  is due to  t he  i n t e r ac t i on  of reduced  
t r i v a l e n t  c h r o m i u m  w i t h  specific biological  l igands  on t he  D N A  molecule .  

E n v i r o n m e n t a l  c o n t a m i n a n t s  c o n t a i n i n g  m e t a l  com- 
p o u n d s  h a v e  been  shown  to  be  carc inogenic  ~ and  m u t a -  
genic 2, a in  d i f fe ren t  biological  sys tems.  As for c h r o m i u m  
compounds ,  t h e y  s ign i f i can t ly  increase  lung  t u m o r  in-  
c idence in exposed workers  4, 5, are carc inogenic  in exper i -  
m e n t a l  animalsS,  6, i nduce  c h r o m o s o m e  a b e r r a t i o n s  in 
Vicia /aba cells 7, p o i n t  m u t a t i o n s  in  bac te r i aa ,  8, 9 a n d  
yeas t s  ~~ and  cell t r a n s f o r m a t i o n  in h a m s t e r  f ib rob las t s  
in  v i t ro  11, and  are able  to  i n t e r a c t  w i t h  pur i f ied  nucleic  
acids mod i fy ing  the i r  phys ico -chemica l  and  biological  
p roper t i e s  ~. These  effects h a v e  been  t e n t a t i v e l y  a t -  
t r i b u t e d  to t he  h e x a v a l e n t  or to  t he  t r i v a l e n t  c h r o m i u m  
ox ida t ion  s t a t e  3, ~, ~-~4. 

I n  o rde r  to  s t u d y  c h r o m i u m  effects on  nucleic  acid a n d  
p ro t e in  syn thes i s  in a h a m s t e r  f i b rob la s t  cell  line, we 
chose p o t a s s i u m  d ich romate ,  a n  h e x a v a l e n t  c h r o m i u m  
compound ,  wh ich  is a s t rong  oxidiz ing a g e n t  and  has  
also a g rea t  t e n d e n c y ,  w h e n  reduced  to t h e  t r i v a l e n t  
s t a t e  b y  severa l  cell me tabo l i t e s ,  to  fo rm coord ina t ion  
complexes  wh ich  m a y  invo lve  a v a r i e t y  of biological  
l igands,  a m o n g  w h i c h  are nucleic  acids ~3. 

Material and methods. E x p o n e n t i a l  cu l tu res  of a h a m -  
s ter  f ib rob las t  l ine (BHK) ,  g rown as mono laye r s  in  
Eag le ' s  basa l  m e d i u m  s u p p l e m e n t e d  w i th  10% calf  
s e rum 15, were t r e a t e d  for f rom 1 to 4 h w i th  p o t a s s i u m  
d i c h r o m a t e  (K~CrzO7, Mal l inckroo t  6770) in  comple te  
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Fig. 1. DNA content in untreated BHK cell cultures (*), and in cultures exposed for 1-4 h to different concentrations of K2Cr~07: 
10 .8 M, 1 h (t), 2 h (2), 4 h (3); 10 -5 M, 1 h (d), 2 h (5), 4 h (6); 10 .4 M, 1 h (7), 2 h (8), 4 h (9); 10 3 M, 1 h (10), 2 h ('il), 4 h (12). 
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g r o w t h  m e d i u m � 9  A t  t h e  end  of t h e  t r e a t m e n t ,  t h e  K2C%O 7- 
c o n t a i n i n g  m e d i u m  w a s  r ep laced  w i t h  n o r m a l  g r o w t h  
m e d i u m  a n d  the  cu l t u r e s  were  i n c u b a t e d  for  one  h o u r  
w i t h  ~H-dT ( t h y m i d i n e - 6 - H 3 ;  A m e r s h a m ;  2 C / m M ;  
1 ~tC/ml) a t  d i f fe ren t  i n t e r v a l s  a f t e r  K~Cr~O 7 e x p o s u r e .  
T h e  i n t r ace l l u l a r  nuc l eo t i de  poo l  a n d  t h e  D N A  were  
e x t r a c t e d  w i t h  pe rch lo r i c  acid x~. R a d i o a c t i v i t y  w a s  
d e t e r m i n e d  b y  a P a c k a r d  T r i - C a r b  2425 sc in t i l l a t ion  
c o u n t e r  a n d  D N A  w a s  m e a s u r e d  b y  U V  a b s o r p t i o n  a t  
268 n m  u s i n g  a H i t a c h i  P e r k i n - E l m e r  124 s p e c t r o p h o -  
t o m e t e r .  T h e  r a t io s  b e t w e e n  r a d i o a c t i v i t y  c o u n t s  a n d  
D N A  a m o u n t s  are  re fe r red  to  as specific ac t iv i t ies .  I n  
t h e  t r e a t e d  cu l tu res ,  specific ac t iv i t i e s  are e x p r e s s e d  as  
p e r c e n t a g e s  of con t ro l  values�9 

Resu l t s  a n d  d i scuss ion .  B y  d e t e r m i n i n g  the  D N A  con-  
t e n t  in B H K  cell cu l t u r e s  t r e a t e d  w i t h  K~Cr20~ for  f r o m  
1 to  4 h, i t  c an  be  no t i ced  t h a t  10 -~ M a n d  10 -a M con-  
c e n t r a t i o n s  h a v e  l i t t le  or  no  effect  on  D N A  s y n t h e s i s  
(F igure  1). On  the  o t h e r  h a n d ,  a s ign i f i can t  D N A  syn -  
thes i s  inh ib i t ion ,  p r o p o r t i o n a t e  to  t h e  d u r a t i o n  of t r e a t -  
m e n t ,  is o b s e r v e d  w h e n  c u l t u r e s  are  e x p o s e d  to  10-* M 
K~Cr~O~. W i t h  stil l  h i g h e r  doses  (10 -~ M ) ,  a c o m p l e t e  
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Fig. 2. I<~Cr~O7 effect on aH-dT uptake into the intracellular pool and on DNA synthesis in BHK cell cultures. The cultures were 
treated with 10 a M (1), 10 ~ M (2), 10 .5 M (3) and 10 6 M (4) K2Cr207 for 1 h (filled circles), 2 h (empty circles) and 4 h (filled 
triangles)�9 After labelling with aH-dT at different times after K2Cr20 v exposure, the specific activities of aH-dT in the nucleotide 
pool (A) and of DNA (B) were determined. DNA specific activities were normalized as specified in the text in order to obtain the actual 
rates of DNA synthesis (C). 
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b lock  of D N A  synthes is ,  as well  as a de layed  cell dea th ,  
is revea led  b y  t he  progress ive  decrease  of D N A  con ten t .  

These  effects  of K2Cr20 7 on D N A  syn thes i s  in  B H K  
cu l tu res  are conf i rmed  b y  t he  va lues  for 3H-dT incor-  
p o r a t i o n  in to  D N A  on ly  a f t e r  10 .8 M a n d  10-~ M t r ea t -  
men t s ,  whi le  t h e  i n t e r m e d i a t e  doses, w h i c h  h a v e  been  
shown e i the r  to  i nh i b i t  D N A  syn thes i s  (10-~ M) or to  
leave i t  una f fec ted  (10 -5 M), lead to  a cons iderab le  in- 
crease of D N A  specific ac t iv i t i es  (Figure 2B).  T he  dis- 
c r e p a n c y  be tween  t he  two sets of d a t a  can  be overcome 
b y  t a k i n g  in to  a c c o u n t  t he  fac t  t h a t  K2CrzO 7 also in te r -  
feres w i t h  3H-dT u p t a k e  in to  t he  in t r ace l lu l a r  pool, t h a t  
is s t i m u l a t i n g  i t  w h e n  used a t  c o n c e n t r a t i o n s  h igher  t h a n  
10 -* M (Figure 2A). D N A  specific a c t i v i t y  changes  are 
the re fore  induced  (Figure 2B) which  do n o t  d i r ec t ly  
depend  on  t he  ac tua l  D N A  syn thes i s  ra tes .  

Since t h e  in t r ace l lu la r  pool  becomes  s a t u r a t e d  w i t h  
~H-dT in a m u c h  sho r t e r  t i m e  t h a n  our  i n c u b a t i o n  
t i m e  le, t he  D N A  specific ac t iv i t ies  h a v e  b e e n  no rma l i zed  
b y  d iv id ing  t h e i r  or ig inal  va lues  b y  t he  co r re spond ing  
3H-dT specific act ivi t ies .  Such no rma l i zed  va lues  (Fig- 
ure  2C) the re fo re  express  t he  ac tua l  r a t e s  of 3H-dT in- 
co rpo ra t i on  in to  D N A  a n d  r ep re sen t  t he  ne t  levels of t he  
D N A  syn thes i s  a f te r  K~Cr207 t r e a t m e n t .  B y  th i s  proce-  
dure,  i t  becomes  ev i den t  t h a t  t he  D N A  syn thes i s  inh ib i -  
t i on  induced  b y  p r o t a s s i u m  d i c h r o m a t e  is a l m o s t  com- 
ple te  a n d  i r revers ib le  w h e n  cells are  exposed  to  10 .3 M 
concen t r a t i ons ,  whi le  on  t h e  o t h e r  h a n d  i t  is more  or less 
p r o n o u n c e d  and  revers ible ,  accord ing  to  t he  d u r a t i o n  of 
t r e a t m e n t ,  w h e n  10 -~ M c o n c e n t r a t i o n s  are used. This  
effect  on  D N A  dup l i ca t i on  can  be  a t t r i b u t e d  to t he  ac t ion  

of r educed  t r i v a l e n t  c h r o m i u m ,  as th i s  r ep resen t s  t h e  
on ly  c h r o m i u m  ox ida t i on  s t a t e  p r e sen t  inside t he  cell 
even  a f t e r  t r e a t m e n t  w i t h  h e x a v a l e n t  c h r o m i u m  com- 
p o u n d s  la, 17. Moreover ,  D N A  syn thes i s  i nh ib i t i on  is t h e  
p r i m a r y  c h r o m i u m  effect  on  cell mac romolecu l a r  syn-  
theses,  s ince h ighe r  K2Cr~O 7 doses or longer  exposures  
are requ i red  to  reduce  R N A  a n d  p ro t e in  syn theses  to  
c o m p a r a b l e  levels la. 

The  p r e s e n t  resu l t s  p o i n t  ou t  t h a t  p o t a s s i u m  dichro-  
m a t e  also i n d e p e n d e n t l y  affects  aH-dT inco rpo ra t i on  
in to  t he  in t r ace l lu l a r  pool, inc reas ing  i ts  u p t a k e  across 
t h e  p l a s m a  m e m b r a n e  and  t h e r e b y  p roduc ing  h igher  
3H-dT specific act iv i t ies .  Th i s  effect  is n o t  obse rved  
a f t e r  t r e a t m e n t  w i t h  t r i v a l e n t  c h r o m i u m  c o m p o u n d s  17 
and  is mos t  p r o b a b l y  re la ted  to  t he  oxidiz ing ac t ion  of 
h e x a v a l e n t  c h r o m i u m  on t he  p l a s m a  m e m b r a n e ,  wh ich  
leads to  coo rd ina t i on  complexes  d i rec t ly  invo lv ing  cell 
l igands.  As in t he  p r e sen t  e x p e r i m e n t a l  cond i t ions  po tas -  
s ium d i c h r o m a t e  does no t  i nh ib i t  endogenous  nuc leo t ide  
synthes is ,  un labe l l ed  t h y m i d i n e  c o n c e n t r a t i o n  in t h e  
in t r ace l lu la r  pool  t h u s  r e m a i n i n g  u n c h a n g e d  is, t h e  ob-  
served  increase  in aH-dT specific a c t i v i t y  seems to be  
due  to a n  ac tua l  s t i m u l a t i o n  of t he  m e c h a n i s m s  respon-  
sible for nuc leos ide  t r a n s p o r t  across t he  p l a s m a  m e m -  
b r a n e  is. 

lS p. V. HAUSCHKA, in Methods iv Cell Biology, vol. 7 (Ed. D. M. 
Prescott; Academic Press, New York 1973), p. 361. 

1~ G. TAMINO, Atti Ass. Genet. It., in press. 
is This work was supported by a grant fronl the National Research 

Council of Italy. 

Effect of photoperiod on early changes in the neonatal  rat pineal gland 
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Summary. I t  is conc luded  t h a t  p h o t o p e r i o d  ha s  l i t t l e  d i rec t  effect  on  t he  mi to t i c  a c t i v i t y  or morpho log ica l  d e v e l o p m e n t  
of t h e  p inea l  p a r e n c h y m a l  cell of t he  r a t  in  t he  ear ly  p o s t n a t a l  per iod.  

If  r a t s  are b l inded,  d e v e l o p m e n t  of gonads  is i m p e d e d  
in i n t a c t  an ima l s  b u t  n o t  in p inea lec tomized  an i ma l s  2. 
Th i s  ind ica tes  t h a t  p inea l  func t ion  is in f luenced  b y  t h e  
presence  or absence  of l ight .  A t  b i r th ,  t he  r a t  p inea l  is 
n o t  comple t e  in  i ts  deve l opm en t ,  since m i t o t i c  a c t i v i t y  
of p a r e n c h y m a l  ceils iS sti l l  occurr ing  3, p a r e n c h y m a l  ceils 
h a v e  n o t  r eached  t h e i r  full  size 4 a n d  do n o t  h a v e  t h e i r  
full c o m p l e m e n t  of enzym es  5-7. T he  fol lowing e x p e r i m e n t  
was  pe r fo rmed  to  d e t e r m i n e  w h e t h e r  or n o t  cond i t ions  
of l igh t ing  could inf luence  some of the  a n a t o m i c a l  aspects  
of p inea l  g l and  m a t u r a t i o n  in t h e  i m m e d i a t e  p o s t n a t a l  
pe r iod  in t h e  ra t .  

Materials and methods. N e w b o r n  a lb ino  r a t s  a n d  t h e i r  
m o t h e r s  were exposed  to  one of 3 l igh t ing  cond i t ions :  
n o r m a l  (12 h of l igh t ;  12 h of da rk ) ;  c o n t i n u o u s  l igh t  
(24 h of l ight)  or d a r k  (1 h of l igh t ;  23 h of dark) ,  All  
rooms were air  cond i t ioned  (25-26~ a n d  food a n d  
w a t e r  were p r o v i d e d  ad  l i b i t um.  T r i t i a t e d  t h y m i d i n e  
was in jec ted  i n t r a p e r i t o n e a l l y  a t  a dosage of 0.5 ~C/g 
b o d y  we igh t  on  d a y  1, 7, 14 or 21. R a t s  were kil led 6 h, 
7 or  14 days  a f t e r  in jec t ion .  A t  e u t h a n a s i a  t he  p inea l  
g l and  was  f ixed in B o u i n - H o l l a n d e  f ixa t ive  for 24 h 
a n d  t h e n  processed for  pa ra f f in  sec t ion ing  a t  5 microns .  
The  sect ions  were d ipped  in K o d a k  N T B 2  l iquid  emuls ion  
for a u t o r a d i o g r a p h y ,  exposed for 6-8  weeks, deve loped  
a n d  t h e n  s t a ined  in h e m a t o x y l i n .  

Over  6000 cells f rom sect ions  t h r o u g h  t he  midd le  of 
each  p inea l  g l and  were s tud ied  to  d e t e r m i n e  t he  pe rcen t -  
age of p a r e n c h y m a l  cells l abe led  w i t h  t r i t i u m  and  t h e  
p e r c e n t a g e  of p a r e n c h y m a l ,  neurogl ia l ,  endo the l i a l  a n d  
e p e n d y m a l  cells p resen t .  B y  c o u n t i n g  t h e  n u m b e r  of 
p a r e n c h y m a !  cells in  10 ocular  g r id  fields a n d  using t he  
p e r c e n t a g e  of p a r e n c h y m a l  cells p resen t ,  a r o u g h  e s t ima te  
of t he  ave rage  p a r e n c h y m a l  cell size was de te rmined .  
Resul t s  were t e s t e d  for s ignif icance us ing  unpa i r ed  
S t u d e n t ' s  t - tes t  and  cor re la t ion  coefficients.  

Results. R a t  pups  k e p t  in  t h e  d a r k  showed  the  be s t  
we igh t  ga in  a n d  b y  d a y  14 were  s ign i f i can t ly  (p < 0.01) 
heav ie r  t h a n  pups  f rom t h e  o t h e r  groups.  P u p s  k e p t  in 

1 Send requests for reprints to Dr V. L. Yeager, current address is 
Department of Anatomy, Saint Louis University School of Med- 
icine, 1402 South Grand Boulevard, St. Louis (Missouri 63104, 
USA). 

2 R. J. REIT~R, Fertil. Steril. 19, 1009 (1968). 
3 W. ]3. QUAY and ]3. E. LEVINE, Anat: Rec. 129, 65 (1957). 

Y. IZAWA, J. colnp. Neurol. 39, 1 (1925). 
W. I3. QUAY, Am. j .  Physiol. 796, 951 (1959). 

6 R. HAKANSON, M. N. LOMBARD DES GOUTTES and CH. 0WMAN, 
Life Sci. 6, 2577 (1967). 

7 D. C. KLEIN and S. V. LINES, Endocrinology 84, 1523 (1969). 


