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Inhib i t ion  of Nuc l e i c  Ac ids  S y n t h e s i s  in Ehr l i ch  Asc i t e  T u m o r  Cel ls  by Irrad ia t ion  in v i tro  in the  
P r e s e n c e  of S k i n - P h o t o s e n s i t i z i n g  F u r o c o u m a r i n s  

We have  a l ready repor ted  t h a t  mouse  Ehr l i ch  ascite 
t umor  ceils lose the i r  in v ivo abi l i ty  to  induce t umo r s  
when  i r rad ia ted  at  365 n m  (on i ts  own inactive) in t he  
presence  of sk in-photosens i t iz ing  furocoumar ins  (pso- 
ralens) 1. These subs tances  are  so-called for the i r  well- 
known  capac i ty  to p roduce  cutaneous  e ry themas  b y  
act ion of long wave leng th  ul t raviole t  l ight  3. 

I t  has  been  ascer ta ined  t h a t  t hey  pho to reac t  w i t h  
nucleic acids, giving place to a C4-cyclo-addition to  t he  
pyr imid ine  bases 8-~ behav ing  bo th  as a monofunc t iona l  
and b i func t iona l  reagent% 

Besides, Ehr l i ch  asci~e cells, i r radia ted  a t  365 n m  in the  
presence of psora len  or 8-methylpsora len ,  are able to  
reduce p ro tec t ion  in animals  against  graf t  of the  tun lor  
cells 7. 

We have  s tudied  the  consequences  of the  act ion of t he  
sk in-photosens i t iz ing  furocoumar ins  and  therefore  in- 
ves t iga ted  the  differences be tween  t r ea t ed  and un t r ea t ed  
cells. 

We had  previous ly  d e m o n s t r a t e d  the  fo rmat ion  of 
cova len t  l inkages be tween  psoralen-SH and DNA by  
i r radia t ion  in v i t ro  of Ehr l i ch  ascite cells 8, and the  behav-  
iour of these  as u n t r e a t e d  t u m o r  cells w i th  regard to 
Wr igh t ' s  liquid, t r y p a n  blue and oxygen u p t a k e L  

In  th is  paper  we have  s tudied  nucleic acids synthes is  and  
the  furocoumar ins  psoralen,  x a n t h o t o x i n  (8-methoxy-  
psoralen),  be rgap t en  (5-methoxy-psoralen)  and  x a n t h o -  
toxol  (8-hydroxy-psoralen) .  

Cell suspensions  (2-3 • 108 cells/0.1 ml) in saline solut ion 
conta in ing  the  fu rocoumar in  were i r rad ia ted  in Pe t r i  
dishes w i th  a Phi l ips  H P W  125 lamp (365 nm;  i r radia t ion 
in t ens i ty  1.07 • 1015 quanta/cm~/sec, de te rmined  wi th  a 
chemical  ac t inomete r  9). 

The ceils, washed  3 t imes  wi th  ice-cold Krebs -Ringer  
p h o s p h a t e  buffer, p H  7.2, and suspended  in the  same 
buffer  (4.5 • 108 cells/0.1 ml) were incuba ted  for 30 min  at  
37~ in the  presence  of the  rad ioac t ive  precursor  (3.3 
txCi/ml; thymid ine-methy l -~H,  2 Ci/m M ;  uridine-3H, 
6 C i / m M ;  Radiochemica l  Centre,  Amersham,  England) .  

Af ter  3 washes  w i th  Krebs -Ringer  phospha t e  buffer  
conta in ing  the  unlabel led precursor  (5 • 10-8M), the  cells 
were t r e a t ed  wi th  ho t  80% aqueous  e thanol  for 5 min.  
Bo th  nucleic acids were ex t rac ted  wi th  ho t  10% sodium 
chloride solution, p rec ip i t a t ed  wi th  e thanol  and  dissolved 
in 3 N a m m o n i u m  hydrox ide  10. These solut ions were 
used to de te rmine  the  D N A  con ten t  according to BuR- 
TON. ~1 and the  r ad ioac t iv i ty  w i th  a Beck man  LS-150 
l iquid scint i l la t ion spec t romete r  using a modif ied Bray ' s  
solution10,12 (efficiency 35-37~o). The results  were calcu- 
la ted  on the  basis  of d p m / m g  DNA. Specific ac t iv i ty  of 
t he  controls  was 13-16 • 104 d p m / m g  D N A  wi th  t h y mi -  
dine-3H and  22-29 • 104 d p m / m g  D N A  wi th  uridine-SH. 
The da ta  are summar i zed  in the  Table,  and are the  average 
of var ious  exper iments .  

A considerable  inh ib i t ion  of nucleic acids synthes is  
par t i cu la r ly  w i th  psoralen,  which  depresses  the  D N A  
synthes is  even wi th  small  doses of UV-light ,  is noted.  
The R N A  synthes i s  decreases only for re la t ively  prolonged 
i r radiat ion.  

The long-wave UV-l igh t  by  itself and  t r e a t m e n t  w i th  
furocoumar ins  in t he  dark  have  no effect.  One mus t  also 
note  t h a t  xan tho toxo l ,  free f rom skin-photosens i t iz ing  
ac t iv i ty  and  no t  pho to reac t ing  wi th  nucleic acids, is no t  
able to inhibi t  incorpora t ion  of labelled precursors.  

In  conclusion, these  da t a  indicate  t h a t  t he  observed 
inhib i t ion  of the  nucleic acids synthes is  in Ehr l ich  ascite 
cells is to  be re la ted  to the  capac i ty  of t he  sk in-photo-  
sensi t iz ing Iurocoumar ins  to react  by  UV-i r rad ia t ion  
wi th  nucleic acids. 

The results  r epor ted  here are in ag reemen t  wi th  those  
ob ta ined  by  TROSKO and ISOUN 1~, with  4.5', 8- t r imethyl-  
psoralen and  h u m a n  amnion  (AV3) cells in culture.  

Riassunto. La sintesi  degli acidi nucleici nelle cellule 
del t umore  ascit ico di Ehr l ich  viene inibi ta  dal l ' i r radia-  
zione a 365 n m  in v i t ro  in presenza  di  furocumar ine  foto- 
sensibi l izzatr ici  cu tanee  (psoralene, be rgap tene  e xan to-  
tossina).  
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Inhibition of the nucleic acids synthesis in Ehrlich ascite cells after 
irradiation in vitro in the presence of skin-photosensitizing furo- 
coumarins 

Furocoumarin ~xg/106 cells Quanta Percent inhibition 
• I0 -~s DNA RNA 

Psoralen 1 0 0 -- 
1 2.93 70 - 
i 4.86 80 -- 

1 9.73 93.5 -- 
0.12 0 0 0 
0.12 1.46 20 5 
0.12 2.93 24 7 
0.12 4.86 35 10 
0.12 9.73 51 29 
0.12 19.4 68 71 

Bergapten 0.12 0 0 0 
0.12 19.4 45 20 

Xanthotoxin 0.12 0 0 0 
0.12 19.4 52 40 

Xanthotoxol 0.12 0 0 0 
0.12 19.4 0 0 

The cell suspensions, containing the furocoumarin, have been irra- 
diated at 365 nm and thus incubated with thymidine-~H or uridine- 
8H; nucleic acids were extracted with NaC1 10% and the radioacti- 
vity determined. 
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