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Release of Deoxyuridine by Shope Virus Induced Papi l loma and Vx-2 Carcinoma Cells into the 
Incubation Medium 

In  a s t u d y  to screen the  nu t r i t i ve  p a t t e r n  of t he  t u m o r  
ce i l s  for  t he  nucleic acid precursors ,  i t  was  d iscovered  
t h a t  Shope  vi rus  induced  pap i l loma and  Vx-2 ca rc inoma  
cells release deoxyur id ine  in to  t he  incuba t ion  med ium.  
S tudies  re la ted  to  th is  f ind ing  are  r epo r t ed  here.  

Pap i l l oma  g rowths  were  induced  on  wi ld  and  domes t i c  
co t t on t a i l  r a b b i t  skin w i t h  Shope  virus  1. Vx-2 t u m o r  
in i t ia l ly  der ived  f rom pap i l loma  s was  in  i ts  162-167th  
genera t ion .  R a b b i t  e m b r y o s  used in  t h i s  s t u d y  were  in 
the i r  la te  ges ta t ion  period.  Slices of y o u n g  a n d  v igorous ly  
growing  t i ssue  f rom pap i l loma  and  Vx-2  t u m o r  was  
hashed  and  i ncuba t ed  in TC 199 m e d i u m  con ta in ing  
specific nucleic acid precursors .  I n c u b a t i o n  of 100 mg  
hashed  t issue in 3 ml  m e d i u m  a t  37 °C for  6 h was found  
m o s t  sa t i s f ac to ry  3. 

The  m e d i u m  af te r  i ncuba t ion  was  run  on Dowex  
anion exchange  resin co lumn  dev ised  4 for separa t ion  of 
bases,  nucleosides  and  nucleot ides  in a single run.  A 
single mo la r i t y  of 0 . 1 4 M  ace ta te  buffer  a t  p i t  4.4 was 
used. E f f luen t s  were  led in to  a qua r t z  f low cell of a Zeiss 
s p e c t r o p h o t o m e t e r  w i t h  0 . 2 8 m l  capac i ty  and  wave-  
l eng th  was  a d j u s t e d  a t  260 nm.  The area  unde r  each  
peak  was ca lcu la ted  and  concen t r a t i on  of the  nucleic 
acid precursor  d e t e r m i n e d  before and  a f te r  t issue incuba-  
t ion.  In  case of r ad ioac t ive  precursors ,  coun t  of t he  
af f luent  was  done  in a Tr i -carb  l iquid sc int i l la t ion 
spec t romete r .  The  rad ioac t ive  coun t  of t h e  label led 
nucleic acid p recursor  before  a n d  a f t e r  t issue incuba t ion  
gave the  a m o u n t  of t h e  label led ma te r i a l  t a k e n  up  or 
given off to  t he  m e d i u m  b y  the  cells unde r  s tudy .  Cyste ine-  
sulfuric acid reac t ion  s a n d  spec t ra l  charac te r i s t i cs  were  
used to  iden t i fy  t h e  deoxyur id ine  re leased in to  t h e  
m e d i u m  by  t h e  cells. 

Domes t i c  r a b b i t  (DR) and  wild r a b b i t  (WR) pap i l loma 
a n d  Vx-2  ca rc inoma h ashed  t i ssue  was  i ncuba t ed  in TC 
199 m e d i u m  s u p p l e m e n t e d  wi th  all deoxyr ibonuc leos ides  
a t  10 -5 mola r  concent ra t ions .  The  t i ssue  was  t h e n  spun  
d o w n  and  the  m e d i u m  c h r o m a t o g r a p h e d  to  see to  w h a t  
re la t ive  e x t e n t  these  nucleosides are t a k e n  up . .W 'h i l e  
all  t he  nucleosides  were  t aken  up to  some e x t e n t  or 
o ther ,  t h e  peak  area of deoxyur id ine  on the  t rac ing  was  
more  t h a n  in t he  media  w i t h o u t  incubat ion .  In  t he  n e x t  
e x p e r i m e n t  (Table I), t he  above  t u m o r  t issues were  
i ncuba t ed  w i t h o u t  any  deoxyribosides .  W h e n  such media  
was  c h r o m a t o g r a p h e d  the re  was  a clear peak  where  
deoxyur id ine  e lutes  on the  column.  Since e lu t ion  of 
uracil, ur idine and  deoxyur id ine  was ve ry  close, fu r the r  
s tudies  were  done  to  conf i rm t h a t  t he  e luen t  in t he  peak  
is deoxyur id ine .  The  spec t ra l  charac te r i s t i cs  of t h e  e luent  
a t  p H  2 were  280/260 n m =  0.36 and  250]260 n m  = 0.89 
ind ica t ing  t h a t  t he  e luen t  is ur idine or deoxyur id ine .  
W h e n  cys te ine  sulfuric acid  reac t ion  was carr ied  out,  
90~o of  t h e  e luen t  a c c o u n t e d  for deoxyur id ine  of t he  
a m o u n t  ca lcu la ted  f rom opt ica l  d e n s i t y  a t  262 nm.  

E m b r y o n i c ,  hype rp l a s t i c  and  n o r m a l  skin  of t h e  r a b b i t  
were  i ncuba t ed  u n d e r  t h e  s ame  condi t ions .  No deoxy-  
ur id ine  was  g iven off ind ica t ing  t h a t  deoxyur id ine  is 
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re leased only  b y  t h e  t u m o r  and  n o t  by  no rma l  cells, 
even  w h e n  t h e y  have  a rap id  g r o w t h  rate.  

Fu r the r ,  a m i n o p t e r i n  (0.25 rag/l) was added  to  t he  
m e d i u m  to  see if a n y  more  deoxyur id ine  will be released 
by  blocking deoxyur id ine  convers ion  in to  t hymid ine .  No 
such increase in deoxyur id ine  release was  seen. Simi lar ly  
folic acid and  v i t a m i n  1313 a t  5 mg/1 concen t r a t i ons  in 
the  m e d i u m  h a d  no  inf luence on deoxyur id ine  re leased 
b y  pap i l loma  cells. 

Rad ioac t i ve  orot ic  acid and  cy t id ine  (Table I I  a n d  I I I )  
were a d d e d  sepa ra te ly  to  t h e  m e d i u m  and  the  t u m o r  
t issues  were  incuba ted .  In  b o t h  cases, label led  deoxy-  
ur id ine  was  re leased in to  t h e  med ium.  W i t h  t h e  same 

Table I. Release of deoxyuridine by DR and WR papilloma and 
Vx-2 carcinoma 

Tissue Deoxyuricline 
released 
(nmoles/ml) 

DR papilloma 
1 46.24 
2 50.53 
2 • 48.51 
2 b 49.63 

WR papilloma 
1 36.34 
2 32.85 

Vx-2 carcinoma 
I 10.11 
2 8.08 

0.25 rag/1 aminopterin added. ~ 5 mgll folic acid and vitamin Bx2 
added. Conditions of the experiment were those described in the 
text. Embryonic or normal rabbit skin did not release any deoxy- 
uridine under the same conditions. 

Table II. Conversion of cytidine-2-C 14 into labelled deoxyuridine 
in DR and V~TR papilloma and Vx-2 carcinoma 

Tissue Cytidine-2-C 14 uptake Labelled deoxy- 
(nmoles/ml) uridine released 

(nmoles/ml) 

DR papilloma 
1 24.28 18.27 
2 36.61 26.18 

~VR papilloma 
1 32.69 23.10 
2 30.00 21.34 

Vx-2 carcinoma 
1 31.88 18.61 
2 18.43 13.42 

DR-embryo skin 
1 21.04 0.83 
2 17.14 0.96 

Cytidine-2-C 14 used had specific activity of 1.2 ~c/mg. While em- 
bryonic skin took up considerable amounts of labelled cytidine, 
only negligible amounts of labelled deoxyuridine were given up to 
the medium unlike tumor tissues. 
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labelled procursors and under identical conditions, em- 
bryonic or normal skin did not release any labelled deoxy- 
uridine into the medium, although comparable amounts 
of the labelled precursors were taken up by the embryonic 
skin from the medium. Normal skin took up only negli- 
gible amounts  of the label. 

Conversion of deoxyuridine into thymidine involves 
several factors and  these studies do not clearly indicate 
what  causes deoxyuridine release into the medium. The 
observation tha t  either aminopterin or BI~ and folic acid 

Table I I I .  De novo formation of labelled uridine from orotic acid- 
2-C 14 in DR- and WR-papil loma and Vx-2 carcinoma 

Tissue Orotic acid-2-C a~ uptake Labelled 
(nmoles/ml) uridine released 

(nmoleslml) 

DR-papilloma 
1 4.67 0,359 
2 4.48 0.307 

WR-papilloma 
1 5.73 0.703 
2 5.82 0.89 
Vx-2 carcinoma 
1 5.72 0.042 
2 6.34 0.019 

~ t i c  acid-2-C 1. used had specific act ivi ty  of 7.2 [zc/mg. 

do not change the magnitude of deoxyuridine released 
into the medium, however, suggests tha t  the enzyme 
which converts deoxyuridine into thymidine is lost in 
these tumor  cells. 

In chemotherapy of tumors only those antimetabolites 
can be used whose normal counterparts are extensively 
utilized by the tumor  but  not by normal cells. A search 
for such agents can be done by a chromatographic 
system which has been adopted in this s tudy and which 
is simple and rapid. A study of al ternate pathways and 
evaluation of their relative importance is vital  for selec- 
ting a step in a biosynthetic pathway where the chemo- 
therapeutic agent will be most effective. For example, 
the folly of use of deoxyuridine or uridine antimetabolites 
for chemotherapeutic purpose in case of tumors which 
release or do not use these precursors for DNA synthesis 
is demonstrated by these studies. 

Zusammenfassung. Virusinduzierte Tumorzellen geben 
im Gegensatz zu normalen Hautzellen Deoxyuridin ins 
Medium ab. 

P. R. RAO e,~ 

Department o/Zoology, Post-Graduate Centre, 
Warangal ? (A.P., India), 21 July 1970. 

6 This work forms part of the dissertation submitted by the author 
to the University of Tennessee, USA, in par t ia l  fulfilment of the 
requirements for the degree of doctor of philosophy. 

7 The author  is grateful to Dr. ST. RO~ERS for his guidenee and 
help in this work. 

R e c o v e r y  Ef fec t  o f  S e r o t o n i n - C r e a t i n i n e  S u l f a t e  C o m p l e x  o n  X - I r r a d i a t e d  P l a n a r i a n s  

Several hypotheses have been proposed to explain the 
radio-protection afforded by serotonin-creatinine sulfate 
complex (5-HT)I, 2. Since radiosensitivity in organisms 
depends as much on the alteration of critical structures 
as on the restoration of recovery mechanisms, in this 
communication it is shown tha t  5-HT may play an 
important  role not  only in radio-protection, but  in the 
restoration of recovery mechanisms. The planarians 
(Dugesia dorotocephala) used in the experiments were 
collected from a pond on the grounds of the botanical 
garden of the Universidad Nacional Aut6noma de M~xico. 
Planarians were maintained at room temperature in 
dishes containing electro-purified water and were fed 
fresh liver twice a week. No natural  deaths were recorded. 

The control (C) and posttreated (P) groups were irra- 
diated in small petri dishes containing electro-purified 
water. Alter  irradiation, P-planarians were submerged 
for t h in a solution of serotonin-creatinine sulfate com- 
plex (Hycel, Houston, Texas) at  a concentration of 
3.14×10-s2¢1 and were then transferred to electro- 
purified water  in regular dishes. After irradiation, 
C-ptanarians were returned to electro-purified water in 
regular dishes too. 

Total  exposures from 300 to 2000 Roentgens (R)were  
applied to groups of 40 planarians. Mortali ty data  were 
recorded daily for 60 days. A Siemens Stabilipan appa- 
ratus was used as a source of X-irradiation. Operating 
at 250 KV and 15 mA and with a 0.5 mm Cu filter at 
a distance of 40 cm from the subject, i t  gave a dosage 
rate of 117 R/min. 

The mortal i ty  data  of C and P groups are illustrated 
in the Table. The usual sigmoidal dose-mortality curve 

was obtained. The dose giving 50% mortal i ty  in 60 days 
(LDb0/60) for group C was 676.1 R (limits 646.5-707.1) 
and for group P was 1140 R (limits 1104-1177), obtained 
by Probit  analysis (Figure). 
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Probit analysis of X-rays i rradiated planarians with and without 
posttreatment of serotonin-creatinine sulfate complex (5-HT). 
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