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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. 
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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). 

i R, VILLALOBOS-PIETRINI and A. LAGUARDA-FIGuERAS~ Radiation 
Bot. 7, 369 (1967). 

2 A. LAGUARDA-FIGUERAS and R. VILLALOBOS-PIETRINI, Proc. Soc. 
exp, Biol. Med. 126, 667 (1967). 
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The  Dose R e d u c t i o n  Fac to r  (DRF)  a t  t he  LDso/e0 level 
was  1.65, d e m o n s t r a t i n g  t h a t  5-HT fac i l i t a ted  the  p lan-  
ar ians '  r ecovery  f rom X-rays ,  

Many  r ad iop ro t ec to r s  have  been  descr ibed  in the  
l i te ra ture ,  b u t  only  a few subs tances  appl ied  a f te r  
i r r ad ia t ion  decrease the  effects  induced  b y  radia t ion.  
N~.RURKAR et  a l ) a n d  SAHASRABUDHE 4 showed t h a t  
me th ion ine  appl ied  a f te r  i r rad ia t ion  is cf fect ive  in reco- 
ve ry  of nucleic acid synthes is ,  b u t  BACQ and  BEAUMA- 
RIAG~ 5 considered it insuff ic ient ly  i m p o r t a n t  to  affect  
mor ta l i ty .  KANAZIR et  al. e and  BEdAREVld et  a l3 found  
t h a t  X- i r r ad i a t ed  ra ts  t r e a t e d  wi th  nucleic acids sur- 
v ived  le tha l  doses of radia t ion .  BEdAREVId and  his col- 
l abora tors  i n t e rp re t ed  th is  r ecovery  effect  as a depress ion  
of the  cellular me tabo l i c  ra tes  of t he  i r r ad ia t ed  ra t s  or 
as a resul t  of the  inclusion of biological ly ac t ive  nucleic 
acids which  would  p e r m i t  t he  recovery  of me tabo l i c  
processes.  

Percent of mortality in planarians at different dose of X-rays with 
and without posttreatment of serotonin-ereatinine sulfate complex 

SUGAHARA e t  al. s found  t h a t  precursors  of nucleic 
acids increase  t h e  surv iva l  t i m e  of mice  receiving r epea t ed  
sub le tha l  doses,  b u t  ti le r ecovery  effect  seemed to  be 
l imi ted  to  sub le tha l  damage .  

W h e n  dormice  (Glis glis) were  exposed  to  le tha l  dose 
of X - r a y s  dur ing  h ibe rna t i on  and  cys te ine  was  in jec ted  
w h e n  t h e  an imals  were  b r o u g h t  3 weeks a f te r  i r r ad ia t ion  
to  room t e m p e r a t u r e ,  no m o r t a l i t y  occurred  wi th in  t h e  
fol lowing 30 days  ~. Cyste ine  and  cys t eamine  appl ied  
a f te r  i r rad ia t ion  to  swell the  seeds of Vicia ]aba, r educed  
the  mi to t ic  inh ib i t ion  9. 

In  our  e x p e r i m e n t s  5-HT appl ied  a f t e r  i r rad ia t ion  in 
p l ana r i ans  d e m o n s t r a t e d  i ts  eff icacy in r e s to ra t ion  of t h e  
r ecovery  m e c h a n i s m  al tered  b y  X-rays .  

Resumen. E n  este  t raba jo ,  se d e m u e s t r a  que  el com-  
plejo de se ro ton ina-su l fa to  de c rea t in ina  (5-HT) no sola- 
m e n t e  es un  r ad iop ro t ec to r  efect ivo de las p lanar ias  
con t ra  los rayos  X, sino qne  t a mb i 6 n  in te rv iene  en la 
res taurac i6n  de los mecan i smos  de recuperac idn  cuando  
se apl ica  como p o s t r a t a m i e n t o  a la irradiaci6n.  

1~. VILLALOBOS-PIETRINI 
and  A. LAGUARDA-FIGUERAS 

Mortality (%) 
Exposure 
in Roentgens Control Post- 
(R) treated 

300 0 0 
400 5 0 
500 10 0 
600 25 2 
700 60 2 
800 72 5 
900 82 22 

1000 92 22 
1100 95 42 
1200 97 52 
1300 97 77 
1400 100 82 
1500 100 85 
1600 100 90 
1700 100 95 
1800 100 100 
2000 100 100 
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G r o w t h  I n h i b i t o r y  E f f e c t s  of  A d e n o s i n e  3 " , 5 " - M o n o p h o s p h a t e  o n  M o u s e  L e u k e m i a  L - 5 1 7 8 - Y - R  C e l l s  
in  C u l t u r e  

The  i m p o r t a n c e  of adenos ine  3 ' , 5 ' - m o n o p h o s p h a t e  
(cyclic AMP) in no rma l  cell func t ions  and  me tabo l i sm 
is becoming  increas ingly  a p p a r e n t  in m a n y  t issues and  
organs  1,2 and  i t  has  been  r ecen t ly  r epo r t ed  to  inh ib i t  
t h e  g rowth  of t r a n s p l a n t e d  N K L - l y m p h o s a r c o m a  in mice  
and  the  mul t ip l ica t ion ,  as measu red  b y  viable  counts ,  
of tumor igen ic  cell l ines in v i t ro  3-5. However ,  t he  mecha-  
n ism b y  which  cyclic A M P  inhib i t s  t h e  cancer  cells is a t  
p r e s e n t  unknown .  

Dur ing  our  s t u d y  of t he  inh ib i to ry  ac t ion  of hea t -  
i nac t iva t ed  ant isera ,  in the  absence  of complemen t ,  on 
mouse  leukemia  L-5178-Y-R ceils in cul ture,  we found  
cause to  specula te  t h a t  some ind i rec t  m e c h a n i s m s  t r ig-  
gered as a resul t  of a n t i b o d y - a n t i g e n  reac t ions  on t h e  
cell m e m b r a n e  m i g h t  be involved% Growth  inh ib i to ry  
effects  of the  an t i se ra  are of a r a t he r  s low process,  as 

are those  of h o r m o n a l  effects  on the  cells, s t a r t i ng  a t  
4 to  6 h a f te r  t he  e x p e r i m e n t ,  w i t h  m a x i m a l  effects  a t  
24 to  48 h. Sy s t e ms  a round  py ruv ic  acid cycle seem to 
be involved.  Glucose, succinate ,  n ico t inamide ,  b u t  no t  
inmate ,  are  able to  al leviate,  a t  least  par t ia l ly ,  t he  h a r m -  
ful effects  of ant isera .  These  p h e n o m e n a  are ve ry  re- 
min i scen t  of the  second messenger  effect  found  in 
h o r m o n a l  sys tems .  F u r t h e r m o r e ,  ac t iva t ion  of a d e n y l _  
cyclase in t he  sea urch in  egg m e m b r a n e s  has  been  re- 
p o r t e d  a t  f e r t i l i za t ionL We,  therefore ,  i nves t iga ted  
w h e t h e r  cyclic A M P  would  mimic  the  effects  of an t i se ra  
on L-5178-Y-R cells. The  resul ts  are r e m a r k a b l y  similar.  

We  now repor t  t he  effects  of cyclic A M P  on the  mouse  
l eukemia  L-5178-Y-R cells in cul ture.  The e x p e r i m e n t a l  
m e t h o d  used was  the  c o m b i n a t i o n  of t he  previous ly  
r epo r t ed  s and  t h a t  of t h e  modi f ied  BOLLUM'S 8'9. TWO 


