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ABSTRACT 

The effect of deuterium oxide (D20) on the survival of mice inoculated 

with Ehr l ich ls  mouse asc i tes  tumor has  been studied. Mice maintained on 

25%- and 30% D P  drinking water showed an  improved survival t ime of about 

6 days whereas 40%- DZO drinking water had no effect on survival t ime. The 

effect is interpreted i n  t e r m s  of inhibition of tumor cell  division and systemic 

toxicity. 
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The improved  availabil i ty of mass -produced  deuter ium a t  reasonable  

p r i ce s  ( $28 pe r  pound for  D20)  ha s  made  i t  of i n t e r e s t  to renew the study 

of metabol ic  effects of deuter ium in  plants and an imals .  The older l i t e r a tu r e  

on th is  subject  h a s  been  ably reviewed by Chance and Allen1 and Thorn  
2 

who include s eve ra l  r e p o r t s  on the effects of deuter ium on a var ie ty  of 
5 

t umors ,  R e a  and Yuster  inoculated r a t s  with a s a r coma ,  and a f te r  the tumor 

was es tabl ished,  in jected O.110/0 D 0 in  and around the tumor e v e r y  other 2 
day fo r  t en  t r ea tmen t s .  They repor ted  no inhibition of tumor growth.  Woglom 

4 
and Weber brought the body water  of m ice  to 0.3% and then implanted s a r c o m a  

180 o r  ca rc inoma 6 3  while continuing D 2 0  t rea tment .  They a l so  r epo r t ed  no 

effect on the t umor .  

These  r e s u l t s  a r e  not surpr i s ing  in  vie.w of other  r e p o r t s  which have 

indicated that  g r e a t e r  than 570 D20 body-water concentrat ion i s  needed to 
5 

produce any g r o s s  metabol ic  changes i n  an imals .  Barbour  and Allen r epo r t  

a significant  inhibition of ca rc inoma and lymphosarcoma growth i n  m i c e  

mainta ined on 4070- D 2 0  drinking wate r .  This  produced a body- wate r  deu te r ium 

oxide concentra t ion of about 2070~ More  recent ly ,  Weibberger and P o r t e r  
6 

T 

and Holm-Hansen,  Moses ,  and Yarbe r ry  ' have demonstra ted a n  inhibition of 

algal  reproduct ion a t  deu te r ium wate r  concentrat ions over  about 3070. 

.s, "IL 
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In th is  r e p o r t  we wish to descr ibe  the effect  of D20  on the survival  of 

m i c e  with E h r l i c h ' s  a s c i t e s  t umor .  At the t ime  of our  f i r s t  r epo r t  on th i s  

work, p r e l im ina ry  r e su l t s  on a s imi l a r  study were  p resen ted  by Finkel .  9 

More  recent ly ,  a n  a r t i c l e  by Katz - e t  a1 h a s  p resen ted  these  data i n  a m o r e  

deta i led fo rm.  
10 

EXPERIMENTAL 

The body-water concentra t ion of D 0 i n  young adult ma le  and female  2 
C57-s t ra in  m i c e  was  brought up to 20 to 30% in  two days a s  follows: The 

m i c e  w e r e  in jected in t raper i toneal ly  daily with 1.5 m l  of isotonic 99 + %  D 2 0  

water .  At the  s a m e  t ime  dif ferent  groups w e r e  given 25, 30, or  40% D 2 0  in 

the drinking water ,  and food, -- a d  lib. Controls  we re  s imi l a r l y  injected and 

t rea ted ,  but  with H 2 0  ins tead  of D 2 0  On the t h i rd  day the D20- t rea ted  m i c e  

and controls  we re  e a c h  inoculated with 0.1 m l  of a tumor suspension con- * 
taining about 1 x lo6 Eh r l i ch ' s  mouse -a sc i t e s  t umor  ce l l s .  Inoculum f r o m  

the s a m e  sample  was  used fo r  e ach  group and i t s  controls .  The D20- t rea ted  

mice  we re  continued on the i r  2570, 30% o r  4070 drinking wate r .  Survival  t i m e  

a f te r  tumor  inoculation was  de te rmined .  Each  exper iment  was repea ted .  

All water  D 0 i s  exp re s sed  a s  volume percen t ,  which i s  essent ia l ly  2 
the s a m e  a s  a tom percen t .  

RESULTS 

P re l im ina ry  expe r imen t s  on deuter ium toxicity in  mice  had shown that  

drinking wate r  of 5070 D 2 0  was  su re ly  fatal,  killing the m i c e  i n  a few days .  

However, we were  ab le  to  main ta in  mice  on 40% D 2 0  for  s eve ra l  months  

without any  deaths .  There fore ,  4070 D 2 0  was  the  highest  concentrat ion of 

drinking water  u sed  i n  our  expe r imen t s .  

In a l l  of our  expe r imen t s  the tumor ce l l s  mult iplied,  swelling the 

abdomens of the deu te ra ted  a s  well  a s  the n o r m a l  mice .  We found no 

evidence of a c tu l a r  t u m o r  r eg re s s ion .  The survival-  t ime  curves  f o r  the 

m i c e  t r ea t ed  with 2570, 30'7'0, and 40% D 2 0  drinking water a r e  given in  F i g s .  

1 to  3. Each  g roup  of an ima l s  had the i r  own controls ,  a s  t he r e  i s  some  

* 
This  t umor  h a s  been  mainta ined in C57 m i c e  i n  th is  l abora tory  fo r  m o r e  

than one y e a r .  



U C R L -  3852 

TIME AFTER TUMOR INOCULATION- DAYS 
MU-13626 

Fig .  1. Influence of 25%-D20  drinking wate r  on the survival  of m ice  
a f te r  a sc i t e  s - tumor  inoculation. The m e a n  survival  t ime  was 
i n c r e a s e d  by  6.3 * 1.4 days ,  where  1.4 days  i s  the s tandard  e r r o r  
for the difference of the mean .  



TI ME AFTER TUMQR INOCULATION-DAYS 
MU-13627 

Fig.  2. Influence of 30% drinking water  on the survival  of m ice  a f t e r  
a sc i t e s - t umor  inoculation. The mean  survival  t ime  was i n c r e a s e d  
by 6.6 i 1.9 days,  where  1.9 days  i s  the s tandard  e r r o r  for  the 
di f ference of the mean.  
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TIME AFTER TUMOR INOCULATION - DAYS 
MU-13628 

Fig.  3 .  Influence of 40% drinking water on the surv iva l  of m ice  a f t e r  
a sc i t e  s - tumor inoculation. The mean  survival  t ime  changed f r o m  
14.0 days  for the controls  to 13.5 days for  the deu te ra ted  m i c e .  



-8 -  UCRL- 3852 

variation in the lethal charac ter i s t ics  of any given sample of the tumor 

inoculum. As can be seen f rom Figs.  1 and 2, the mice given 2570-and 

30%-D20 drinking water had an appreciably longer survival t ime than their 

respective controls. In addition, the deuterated mice continued to be  bright 

and lively in spite ~f the tumor for  a longer period than the controls.  

The 40%-D20 drinking water had no inhibitory effect on the asc i tes  

tumor. It would appear  that i t  might even potentiate the lethal effect of the 

tumor. This substantiates the observation of Barbour and Allen that although 

40%-D20 in the drinking water inhibited the growth of mouse carcinoma and 

lymphosarcoma, the survival t ime of the animals  was shortened. 
5 

DISCUSSION 

The data of Holrn-Hansen, Moses, and y a r b e r r y 7  on the division of 

algae ce l l s  in D20  indicates that moderate  deuterium concentrations can 

inhibit ce l l  division. They found that in unadapted algae, 50% D 2 0  in  effect 

stopped cel l  division although the cel ls  were sti l l  alive and, in fact, g rew 

in  size.  It i s  possible that this same inhibition of cell  division by deuterium 

occurs  in  higher biological systems,  but the toxicity of the deuterium to 

these sys tems i s  such that i t  i s  difficult to r a i s e  the deuterium oxide levels 

high enough to make such inhibition truly effective. 

Our experiments  indicate that 2570- and 3070-D20 drinking water pro- 

vide a moderate  inhibition of the tumor growth and i n c r e a ~  e animal survival. 

The 4070 DZO i s  a lready a t  a 

for this type of experiment.  

our inference that increased  

and 3070- D20  drinking water  

ra ther  toxic level and 50% D20  cannot be used 
9 The data of ~ a t z ' '  and Finkel help confirm 

survival t ime of the mice  maintained on 25%- 

i s  due to a decreased r a t e  of cell  division. 
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