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Difference in the Act ion of Acrif lavine and 
H y d r o x y u r e a  on Synthes i s  of M a c r o m o l e c u l e s  

in a M a m m a l i a n  Cell S y s t e m  in vitro 

E v e r y  b iochemica l  a c t i v i t y  of a l iv ing  cell invo lves  one  
or  more  of t he  m a c r o m o l e c u l a r  t r i n i t y ,  namely ,  deoxy-  
r ibonuc le ic  acid (DNA),  r ibonucle ic  acid (RNA) or  pro-  
teins.  The  b iosyn thes i s  of eve ry  one of t h e m  is a complex,  
m u l t i s t e p  process  wh ich  requi res  s equen t i a l  ava i l ab i l i t y  
of s imple  s u b s t r a t e s  a n d  biological ly  con t ro l led  func t ion-  
ing of a sequence  of reac t ions .  I n v e s t i g a t i o n s  in  t he  l a s t  
decade  h a v e  b r o u g h t  ou t  t he  cen t r a l  p lace  occupied  b y  
t h e  D N A  molecules  in these  processes.  A d i s t u r b a n c e  
c rea t ed  in the  process  of D N A  syn thes i s  is b o u n d  to re- 
flect,  sooner  or  later ,  in t he  syn thes i s  of o t h e r  macro-  
molecules  too. The  n a t u r e  a n d  e x t e n t  of such  s econda ry  
d i s t u r b a n c e s  would  be  inf luenced b y  t he  i n t e r d e p e n d e n c e  
of these  mac romolecu l a r  events ,  and  t h e i r  i nves t i ga t i on  
would  be he lpfu l  to  e luc ida te  t he  mode  of ac t ion  of t he  
agen t s  used. Acr i f lavine ,  a d iaminoacr id ine ,  has  been  
s h o w n  to affect  D N A  syn thes i s  in  CHANG'S l iver  cell 
l ineL I t  is also k n o w n  to affect  D N A  molecules  in  micro-  
o rgan i sms  2,3. H y d r o x y u r e a ,  chemica l ly  a m u c h  s impler  
molecule,  has  been  r epo r t ed  to  af fec t  D N A  syn thes i s  in 
H e L a  S a and  a Chinese  h a m s t e r  cell line4, bacter ia~,  and  
cell-free sys tems  6. The  p r e s en t  c o m m u n i c a t i o n  repor t s  
t h e  d i f fe ren t ia l  effects of these  2 agen t s  on  nucleic acid 
and  p ro t e in  syn thes i s  in  a m a m m a l i a n  cell l ine c u l t i v a t e d  
in vi t ro .  

Commerc ia l ly  o b t a i n e d  CHANG'S l iver  cell line, of hu-  
m a n  or ig in  ~, was  c u l t i v a t e d  in EAGLE'S basa l  m e d i u m  s 
s u p p l e m e n t e d  w i t h  15% a d u l t  h u m a n  serum.  1.2 �9 10 ~ 
cel ls /ml  pe r  t ube  were inocu la ted  in to  s t a n d a r d  L e i g h t o n  
t u b e s  c o n t a i n i n g  covers l ips  and  i n c u b a t e d  a t  37~ for 
2 4 h .  

S tock  so lu t ions  of acr i f lav ine  and  h y d r o x y u r e a  were 
f resh ly  p r epa red  in n o r m a l  sal ine a t  d i f fe ren t  concen t r a -  
t ions .  Medium f rom each  24 h i n c u b a t e d  t ube  was re- 
p laced  w i th  0.9 ml  of the  f resh m e d i u m  and  0.1 ml  of the  
s tock  so lu t ion  of desired concen t r a t i on .  The  f inal  acri-  
f l av ine  c o n c e n t r a t i o n  in each  set  of t u b e s  was 2.5, 5.0 
and  10/2g/ml  of the  med ium.  The  f inal  h y d r o x y u r e a  con- 
c e n t r a t i o n  in each  set  of t u b e s  was 25, 50, 125 a n d  250 
/~g/ml of the  med ium.  These  t ubes  were i n c u b a t e d  a t  
37 ~ for 1/2, 2 and  4 h. The  dye - t r e a t ed  t u b e s  were k e p t  
in  da rkness  d u r i n g  i n c u b a t i o n  to avo id  p h o t o d y n a m i c  
ac t ion  9. Af ter  t he  requ i red  exposure ,  each  t u b e  was 
r insed  twice w i th  n o r m a l  sa l ine  before  add i t i on  of 1 ml  
of t he  f resh med ium.  

The  cont ro l  and  chemica l ly  t r e a t e d  cells were t h e n  ex- 
posed  to label led precursors ,  i m m e d i a t e l y  a f t e r  r e m o v i n g  
t he  i n h i b i t o r  and  r ins ing  t h e m  w i t h  saline.  H a - t h y m i d i n e  
was used as a specific p recursor  for  s t u d y i n g  D N A  syn-  
thesis.  The  c o n c e n t r a t i o n  was 0.05 Fc /ml  (specific ac- 
t i v i t y  3 c / m M )  and  the  c o n t a c t  t i m e  was 1 h. Necessary  
acid t r e a t m e n t  was car r ied  ou t  and  t he  cells f ixed and  
sub jec t ed  to a u t o r a d i o g r a p h i c  and  p h o t o g r a p h i c  proce-  
dures,  as p rev ious ly  descr ibed  1~ For  D N A  syn thes i s  % 
label led  nuclei  as well  as g ra in  d i s t r i b u t i o n  per  64 /~2 
( t aken  as un i t  area) were registered.  F igures  1 and  2 show 
H a - t h y m i d i n e  i nco rpo ra t i on  in t he  cells exposed  for 30 
ra in  to  d i f fe rent  concen t r a t i ons  of ac r i f l av ine  and  
h y d r o x y u r e a  respect ively .  F igures  3 a n d  4 show the  same  
in t he  ceils exposed for d i f fe rent  per iods  to e i the r  10/~g/ml 
acr i f lav ine  or 250 #g /ml  h y d r o x y u r e a .  

Since the  in i t ia l  e x p e r i m e n t s  showed  that  the  syn thes i s  
of R N A  and  p ro t e in  was no t  affected b y  exposure  to  
lower  c o n c e n t r a t i o n  of h y d r o x y u r e a ,  on ly  those  cells 
t r e a t e d  w i th  2 5 0 / , g / m l  h y d r o x y u r e a  a n d  the  cells t r e a t ed  

w i t h  10 /~g/ml ac r i f l av ine  were f u r t h e r  i nves t i ga t ed  for  
t h e i r  ab i l i ty  to  syn thes ize  R N A  a n d  pro te in ,  us ing  H a- 
u r id ine  a n d  C14-phenylalanine as t h e  respec t ive  precur -  
sors. Concen t r a t i ons  used were:  HS-uridine,  0.1 pc /ml  
(specific a c t i v i t y  1.22 c / m M )  and  C14-phenylalanine,  
1 . 0 / , c / m l  (specific a c t i v i t y  1 m c / m M ) .  C o n t a c t  t i m e  was  
3 h for  b o t h  t he  precursors .  Af te r  t he  requ i red  con tac t ,  
t h e  cells were sub jec t ed  to f ixa t ion,  a u t o r a d i o g r a p h i c  and  
p h o t o g r a p h i c  p rocedures  as m e n t i o n e d  above .  F o r  R N A  
a n d  p ro t e in  synthes is ,  cellwise g ra in  d i s t r i bu t i on  was 
regis tered.  The  resu l t s  are p r e sen t ed  in F igures  5 a n d  6. 

Cont ro l  va lues  are p l o t t e d  as 0 h va lues  a n d  each  p o i n t  
on  the  g raphs  r ep resen t s  a m e a n  of more  t h a n  50 samples .  
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Fig. 1. Ha-thymidine incorporation in cells exposed for 30 min to 
different concentrations of acriflavine. 
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Fig. 2. HS-thymidine incorporation in cells exposed for 30 rain to 
different concentrations of hydroxyurea. 
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Fig. 3. Ha-thymidine incorporation in cultured cells after acriflavine 
and hydroxyurea exposure. 
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Fig. 4. % labelled nuclei in cultured cells after acriflavine and hy- 
droxyurea exposure. 
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Fig. 5. Ha-uridine incorporation in cultured cells after acriflavine 
and hydroxyurea exposure. 
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Fig. 6. C14-phenylalanine incorporation in cultured cells after aeri- 
flavine and hydroxyurea exposure. 

I t  is ev iden t  f rom Figures  1, 2 and  3 t h a t  exposure  of 
t he  cells to  acr i f lav ine  or  h y d r o x y u r e a  causes  a r ap id  in-  
h ib i t i on  of D N A  syn thes i s  as seen f rom t he  fall  in  gra ins  
pe r  u n i t  area.  T h a t  the  mode  of ac t ion  of these  2 agen t s  
on  D N A  syn thes i s  is d i f fe ren t  is i nd ica t ed  b y  the  differ- 
ence in t h e i r  ac t ion  on  % labe l led  nuclei  (Figure 4). 
T h o u g h  b o t h  t he  agen t s  d ras t i ca l ly  decrease  H3- thymi  - 
d ine  i n c o r p o r a t i o n  pe r  u n i t  area ,  on ly  h y d r o x y u r e a  ex- 
posure  causes  a s imi la r  m a r k e d  r educ t ion  in t he  % label led  
nuclei.  Acr i f l av ine  exposure  causes  a c o m p a r a t i v e l y  
s lower decrease  in t he  same.  

As regards  t he  R N A  a n d  p r o t e i n  syn thes i s ,  a s u b s t a n -  
t i a l  decrease  in b o t h  is obse rved  on ly  in t he  d y e - t r e a t e d  
cells, n o t  in  h y d r o x y u r e a - t r e a t e d  cells, in  spi te  of t he  
large a m o u n t  of t he  l a t t e r  a g e n t  used. W i t h  4 h exposure  
to  acr i f lavine,  R N A  and  p r o t e i n  syn theses  d rop  down  to  
a b o u t  27% a n d  16% of t he  co r respond ing  con t ro l  values .  
I n  the  cells t r e a t e d  w i t h  h y d r o x y u r e a  for t he  same dura -  
t ion,  these  processes come down  to  a b o u t  75~ a n d  92~ 
of the  respec t ive  con t ro l  values.  

Acr i f lav ine  ha s  been  p o s t u l a t e d  to in t e rca l a t e  w i t h  t h e  
D N A  doub le  he l ix  11. Such  i n t e r ca l a t i on  ha s  been  sug- 
ges ted  to  o b s t r u c t  D N A  rep l i ca t ion  b y  h i n d e r i n g  t he  
ac t ion  of D N A  po lymerase  1~. The  p re sen t  resu l t s  s u p p o r t  

t he  h y p o t h e s i s  t h a t  i n t e r ca l a t i on  a t  10 # g / m l  concen t r a -  
t i on  i m m e d i a t e l y  affects  t he  p r im ing  a n d / o r  t e m p l a t e  
a c t i v i t y  of t he  dye~bound D N A  molecules  for R N A  
synthes is .  W i t h  t h e  ind i spensab le  r e q u i r e m e n t  of messen-  
ger, r i bosoma l  a n d  t r a n s f e r  R N A s  for p ro t e in  syn thes i s  za, 
a decrease  in t he  p r o d u c t i o n  of these  species of R N A s  
would  lead to a l m o s t  s i m u l t a n e o u s  decrease  in  p r o t e i n  
syn thes i s  too,  as seen  in the  p r e sen t  case. 

On t he  o the r  h a n d ,  exposure  of t he  cells to  even  250 
/~g/ml of h y d r o x y u r e a  does no t  seem s u b s t a n t i a l l y  to  
affect  R N A  and  p ro t e in  synthes is ,  t h o u g h  D N A  syn thes i s  
shows a n  i n h i b i t i o n  as r e m a r k a b l e  as in  the  d y e - t r e a t e d  
cells. The  resul t s  ind ica te  t h a t  h y d r o x y u r e a - t r e a t e d  cells 
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lose t h e i r  ab i l i ty  to  syn thes ize  DNA,  whi le  t h e i r  capac i ty  
to  syn thes ize  R N A  a n d  p r o t e i n  r em a i ns  unchanged .  

The  d a t a  p r e sen t ed  b r ing  o u t  t he  dif ference in acri-  
t l av ine  and  h y d r o x y u r e a  in t h e i r  select ive ac t ion  on  in 
v i t ro  syn thes i s  of macromolecu les  in  a m a m m a l i a n  cell 
l ine ~*. 

Rdsumg. L ' i n c o r p o r a t i o n  a u t o r a d i o g r a p h i q u e  des d ivers  
pr6curseurs  rad ioac t i f s  (Ha- thymid ine ,  Ha-ur idine ,  C ~-  
ph6ny la lan ine )  a 6t6 6tudi6e d a n s  les cellules du  foie 
h u m a i n  p r6 t ra i t6  avec  acr i f lav ine  ou h y d r o x y u r 6 a  pen-  
d a n t  d i f f6rentes  periodes.  Les c o n c e n t r a t i o n s  util is6es 
o n t  d 6 m o n t r 6  une  i nh ib i t i on  r e m a r q u a b l e  de la  syn th~se  
d ' A D N .  Mais l ' e f fe t  des deux  s u b s t a n c e s  sur  le h o m b r e  
de cellules s y n t h 6 t i s a n t  de I ' A D N  n ' e s t  pas  ident ique .  

Aussi  l ' e f fe t  des deux  agen t s  sur  la syn th~se  d ' A R N  et  de 
pro t6 ine  es t  d i f f6rent  q u a l i t a t i v e m e n t .  
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S u r  l a  b i o s y n t h 6 s e  d e s  c o n s t i t u a n t s  a m e r s  d e s  

S i r n a r u b a c 6 e s  

aux  compos6s  en  C2~ , C20 et  Ctg. Cet te  hypo th~se  es t  
6tay~e p a r  l ' i den t i t 6  de la s t6r~ochimie  de ces s u b s t a n c e s  
e t  de celle du  p r6curseur  postul6.  

Au cours  des derni~res ann6es,  de n o m b r e u x  const i -  
t u a n t s  amer s  on t  6t6 isol6s ~ p a r t i r  de d i f f6rentes  esp~ces OH' 
de S imarubac6es .  Ils poss~dent  des carac t~res  s t r u c t u r a u x  HO 
c o m m u n s  e t  f o r m e n t  une  nouve l le  famil le  de corps  ,OH' 
na ture l s .  Les s t r u c t u r e s  des m e m b r e s  de ce t te  f a m i l l e H 0 - / ' y  
6 tabl ies  j u squ '~  ce jour  fon t  a p p a r a i t r e  t ro is  sque le t t e s  de ~,, ~ 
base  diff~rents,  en  C,9, C20 et  C25, repr6sent6s  respec t ive-  - ~  v 
m e n t  p a r  la samaddrine C (I)t ,  la glaucarubine (II)2 et  le /r 
simarolide ( I I I )  ~ : 

OH 
H 0 ~ ' s ' \ n  HO-. % .... 

18'0' H 

H~  02--6 

/ 

OCH s 

H3GO ~ ~ 0 ~  ~ 

g 

Nous  r a p p o r t o n s  dans  la p r6sen te  no te  les p remie r s  
r6su l t a t s  d ' u n e  6 tude  exp6r imen ta l e  de ce probl~me.  

Apr~s i n c o r p o r a t i o n  de la l ac tone  DL-[2-'~C] m6va lon i -  
que (VII I )  dans  de jeunes  pousses  de Simaruba glauca 7, 

La  s imi l i tude  s t ruc tu ra l e  6v iden te  des d i f f6rents  cons t i -  
t u a n t s  amers  des S imarubac6es  condu i t  ~ env i sager  u n  
m~me mode  de biogen~se pou r  t o u s l e s  r e p r 6 s e n t a n t s  de 
ce t t e  famille.  

Apr~s avo i r  d6 te rmin6  en  1962 la s t r u c t u r e  de la quas- 
sine (V), VALENTA et  al.4 on t  envisag6 p o u r  ce compos6 
deux  voies de b iosyn th~se :  l ' une  m e t t a n t  en  jeu u n  
couplage oxyda t i f  de deux  uni t6s  ph6no l iques  en C10, te l  
que  (IV);  l ' a u t r e  p o s t u l a n t  le r 6 a r r a n g e m e n t  d ' u n  d i te r -  
p~ne du  t y p e  pimarane (VI). 

P lus  r 6 c e m m e n t  une  t rois i~me h y p o t h g s e  a 6t6 pro-  
pos6e~,5: le p r6curseur  b iog6n6t ique  des c o n s t i t u a n t s  
amer s  des S imarubac6es  sera i t  - c o m m e  darts le cas des 
(~triterp6noides~> en  C26 du groupe  de la l imonine  6 - u n  
t r i t e rp~ne  t6 t r acyc l ique  du t y p e  apoeuphol (VII)  qui, p a r  
d6g rada t ion  o x y d a t i v e  plus ou moins  pouss6e, condu i r a i t  
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