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The Suppression of Mouse Spontaneous Locomotor Activity by the Ingestion of Deuterium Oxide 

CAROL J. HAYES a n d  J.  D. PALMER1 

Department o/ Biology, St. Joseph College, Brooklyn (New York 11205, USA) ; and Department o~ Zoology, University 
o/ Massachusetts, Amherst (Massachusetts 01002, USA), 4 November 7975. 

Summary. The  s p o n t a n e o u s  locomoto r  a c t i v i t y  of t he  l a b o r a t o r y  mouse  is s ign i f i can t ly  depressed  b y  t h e  inges t ion  of 
d e u t e r i u m  oxide. The  response,  wh ich  is revers ible ,  is a r ec t i l inea r  one w i t h  up  to  70% reduc t i on  in a c t i v i t y  w i t h  t he  
a d m i n i s t r a t i o n  of 25% h e a v y  water .  

The  c i r cad ian  r h y t h m  in s p o n t a n e o u s  locomoto r  a c t i v i t y  
in  CF-1 mice has  been  descr ibed  in de ta i l  p rev ious ly  ~, as 
ha s  been  t he  effect  of d e u t e r i u m - o x i d e  inges t ion  on:  t he  
per iod  l e n g t h  of t he  r h y t h m  in c o n s t a n t  cond i t ions  ~, t he  
p h a s e  r e l a t ionsh ip  m a i n t a i n e d  w i t h  a l i g h t - d a r k  cycle, 
a n d  t h e  loss of e n t r a i n m e n t  4-6. T he  s t u d y  r epo r t ed  in th i s  
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Fig. 1. Representative individual responses of mice to deuterium 
ingestion. The Day 0 value is the average daily activity for the 10 
days preceding the introduction of deuterium. The falling arrows 
signify the beginning of D20 consumption; the ascending arrows, the 
return of the mice to plain water. 
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Fig. 2. The suppression of spontaneous locomotor activity by the 
ingestion of various concentrations of deuterium oxide. The curve 
was fitted to the data by the method of least squares. The Y inter- 
cept is 5.44, the slope is 0.278, and the Pearson coefficient of linear 
correlation is 0.918. The dashed lines on either side of the solid curve 
indicate + one standard error of the estimate (Sy.x = 2.82). 

p a p e r  descr ibes  t h e  d e u t e r i u m  caused  depress ion  of 
locomotor  a c t i v i t y  in  th i s  an imal .  

Materials. The  c o m m o n  l a b o r a t o r y  mouse  (Mus 
musculus) was m a i n t a i n e d  ind iv idua l ly  in  self-cleaning 
cages to  w h i c h  a n  a c t i v i t y  wheel  was  a t t a c h e d  ( i l lus t ra ted  
in 7). A cam a t t a c h e d  to  t he  ou te r  m a r g i n  of t he  r u n n i n g  
wheel  caused  t he  c o n t a c t s  of a mic roswi t ch  to close w i t h  
each  r e v o l u t i o n  of t he  wheel.  This,  in t u r n ,  a c t i v a t e d  a 
d ig i ta l  coun t e r  wh ich  recorded  t h e  ro t a t ion .  A t  t he  same  
t i m e  each  day,  t h e  n u m b e r  of r evo lu t ions  a c c u m u l a t e d  
on  t h e  coun t e r  was  recorded  a n d  t he  coun t e r  reset .  

The  mice  were fed ad  l i b i t u m  o n  P u r i n a  L a b  Chow, 
a n d  t h e  food and  w a t e r  reservoi rs  in each  cage c o n t a i n e d  
a 10-14 d a y  supply ,  t h u s  p e r m i t t i n g  t he  need  f o r  on ly  
occas ional  i n t e r r u p t i o n s  of t he  e x p e r i m e n t a l  cond i t ions  
for  reasons  of h u s b a n d r y .  E i t h e r  t a p  water ,  or va r ious  
a m o u n t s  of d e u t e r i u m  oxide (New E n g l a n d  Nuclear)  
m i x e d  w i t h  t a p  water ,  were offered to  t h e  mice. 

The  l i gh t ing  cond i t ions  for t h e  mice  d u r i n g  s t o r a g e  a n d  
t h r o u g h  all  of t h e  e x p e r i m e n t a t i o n  cons is ted  of 12 h of 
i l l u m i n a t i o n  (11 foot  candies  f rom 'cool whi t e '  f luores-  
cen t  bulbs)  a l t e r n a t i n g  w i t h  12 h of darkness .  The  t e m -  
p e r a t u r e  was he ld  a t  20 • 1~ in c o n s t a n t  t e m p e r a t u r e  
rooms.  

Procedure. The  mice were fed t a p  w a t e r  for a p p r o x i m a -  
t e ly  2 weeks a n d  t h e n  swi tched  to  var ious  c o n c e n t r a t i o n s  
of D~O r ang ing  b e t w e e n  6 and  30%, in r o u g h l y  2% incre-  
men t s ,  for  11-15 days.  I n  one e x p e r i m e n t a l  series, t he  
a m o u n t  of h e a v y  w a t e r  c o n s u m e d  was also measured .  
D u r i n g  t h e  f ina l  2 weeks of each  series, t h e  mice  were 
r e t u r n e d  to  o r d i n a r y  t a p  w a t e r  again.  46 ma le  mice were 
used  in t h e  s tudy .  

Results. W h e n  d r ink ing  d e u t e r i u m  and  w a t e r  combina -  
t ions ,  all of t h e  mice t e n d e d  to consume  a b o u t  t h e  same  
a m o u n t  of l iqu id  each  d a y :  12.5-16 ml.  Th i s  f ind ing  does 
n o t  agree w i t h  t h a t  of KATZ e t  al. s, who  r epo r t ed  t h a t  t h e  
a m o u n t  of f luid i n t a k e  decreased  as t h e  c o n c e n t r a t i o n  of 
d e u t e r i u m  in  t h e  d r ink ing  w a t e r  increased.  

Decrease  in t h e  a m o u n t  of da i ly  a c t i v i t y  b e g a n  to  
occur  on ly  a b o u t  2-3  days  a f t e r  t h e  onse t  of h e a v y  w a t e r  
inges t ion  (Figure 1). The  a c t i v i t y  t h e n  c o n t i n u e d  to 
decrease  over  t he  n e x t  few days  to a level  wh ich  r e m a i n e d  
essen t ia l ly  c o n s t a n t  for  each  c o n c e n t r a t i o n  of h e a v y  
w a t e r  offered d u r i n g  t he  r e m a i n d e r  of t he  t i m e  i t  was  
ingested.  The  va lues  f rom th i s  l a t t e r  s t a t e  were used in 
t he  c o n s t r u c t i o n  of F igure  2, where  i t  is seen t h a t  t he re  is 
a l inear  r e l a t i onsh ip  b e t w e e n  a c t i v i t y  depress ion  and  D~O 
concen t r a t i on .  
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U p o n  r e m o v a l  of D20  f rom t he  d r i n k i n g  reservoi r  a n d  
t he  r e s to ra t ion  of t a p  wa te r ,  t he re  was a g r adua l  recovery  
over  a pe r iod  of 3-5  days  b a c k  to  t he  p r e t r e a t m e n t  level  
of a c t i v i t y  (Figure 1). 

Discussion. I t  is k n o w n  f rom t he  work  of KATZ e t  aI.", 
who pe r fo rmed  serial  ana lyses  of u r ine  f rom mice  m a i n -  
t a i n e d  on  1 5 - 3 0 %  h e a v y  w a t e r  solut ions,  t h a t  i t  t akes  
f rom 6-8  days  a f t e r  t he  i n i t i a t i on  of D ,O dr ink ing ,  for a 
c o n s t a n t  level  of d e u t e r i u m  to be  r eached  in t h e i r  b o d y  
fluids. However ,  a t  t he  end  of t he  f i rs t  24 h,  4 5 - 6 0 %  of 
th i s  equ i l i b r ium va lue  ha s  been  a t t a ined .  F u r t h e r m o r e ,  
for a c o n s t a n t  level  of d e u t e r i u m  to  be  i nco r po r a t ed  in to  
t he  t i ssues  b y  b iosyn thes i s  a n d  exchange  w i t h  hydrogen ,  
requires  a n o t h e r  2 weeks. I n  t he  s t u d y  we r e p o r t  here,  i t  
was  found  t h a t  m a x i m u m  inh ib i t i on  of a c t i v i t y  was reach-  
ed ro ugh ly  a t  t he  t i m e  t h a t  full  d e u t e r a t i o n  of t he  in te r -  
s t i t i u m  was comple ted .  Paradox ica l ly ,  no f u r t h e r  inh ib i -  
t i on  occur red  in sp i te  of t h e  fac t  t h a t  d e u t e r i u m  bu i ld -up  
in t h e  mice c o n t i n u e d  a t  a s t e a d y  ra te ,  especia l ly  a t  t he  
h ighe r  concen t ra t ions .  W e  h a v e  no  r e a d y  answer  for th i s  
f inding.  

To t he  bes t  of our  knowledge,  th i s  is t he  f i rs t  pub l i shed  
a c c o u n t  of t he  i n h i b i t o r y  effect  of d e u t e r i u m  on spon ta -  
neous  locomotor  a c t i v i t y  (however,  in our  l abo ra to ry ,  
PALMER a n d  GOODENOUGH h a v e  found  a s imi lar  response  
in t h e  a m o u n t  of pe rch  h o p p i n g  of t h e  Af r i can  waxbil l ,  
Estrilda). In  one sense, i t  is a n  u n e x p e c t e d  f ind ing  since 
i t  is k n o w n  t h a t  a t  a s l igh t ly  h igher  concen t r a t i on ,  40% 
(which is toxic),  t he  me tabo l i c  r a t e s  and  b o d y  t e m p e r a t u -  

res of mice  are  s ign i f i can t ly  increased,  a n d  t h e y  become  
h y p e r a c t i v e  ~~ Addi t iona l ly ,  t he  decrease  we found  can-  
n o t  be a t t r i b u t e d  to  be ing  j u s t  a n  o v e r t  sign of a genera l  
mala i se  caused  b y  d e u t e r i u m  in t he  an imal ,  because  i t  is 
k n o w n  t h a t  mice  can  l ive on  D20 c o n c e n t r a t i o n s  as h i g h  
as 30% for as long as 10 m o n t h s  w i t h o u t  t he  a p p e a r a n c e  
of a n y  adverse  effects in  t h e i r  h e a l t h  n .  

GARBY a n d  NORDQUIST 12 h a v e  d e m o n s t r a t e d  in ver-  
t e b r a t e s  t h a t  t h e r e  is a 20% reduc t i on  in t h e  c o n d u c t i o n  
ve loc i ty  of n e r v e  f ibres  i m m e r s e d  in 99% D~O, a n d  
KAMINERla, 14 ha s  found  t h a t  t he  force of c o n t r a c t i o n  of 
frog a n d  r a b b i t  ske le ta l  musc le  is decreased  s ign i f i can t ly  
b y  deu te r ium.  B o t h  of these  f indings,  if t h e y  ho ld  for  
mouse  ne rve  a n d  muscle  t i ssues  also, m i g h t  be  expec t ed  
to  p l a y  a n  i m p o r t a n t  role in  decreas ing  t he  levels of 
locomotor  a c t i v i t y  in d e u t e r i u m - t r e a t e d  an imals .  A t  
p resen t ,  however ,  we h a v e  no  ev idence  to  b a c k  t h i s  
specula t ion .  
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Summary. The  increased  p r o d u c t i o n  of %- fe top ro te in  in i n ju red  l iver  is p r i m a r i l y  assoc ia ted  w i t h  hepa t i c  i n j u r y  a n d  
n o t  w i t h  l iver  cell r egenera t ion .  

The  a m b i g u i t y  a b o u t  t he  m e c h a n i s m s  of increased  
%-fe topro te in  (AFP)  p roduc t ion ,  e i t he r  bY hepa toce l l u l a r  
r egene ra t i on  or i n j u r y  in d a m a g e d  liver,  m a y  ar ise  f rom 
the  fac t  t h a t  h e p a t o t o x i n s  p rev ious ly  t e s t e d : ,  such  as 
c a r b o n  t e t r ach lo r ide ,  p roduce  l iver  cell necrosis  as well  as 
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Serum AFP concentrations (shaded bar) and incorporations of 
~H-thymidine into liver DNA (open bar) after single injections of 
ethionine and thioacetamide to male rats. Animals were treated as 
described in the text. Values along the bars are the number of ani- 
mals per each group. The vertical line on each bar indicates the SEM. 

r egene ra t i on  d u r i n g  t he  process  of l iver  in ju ry .  I n  t he  
p r e sen t  s tudy ,  two  hepa t i c  poisons,  e t h ion ine  a n d  th io -  
ace tamide ,  were  used to  p roduce  one or the  o t h e r  of these  
h e p a t i c  lesions in a n  a t t e m p t  to  i nves t i ga t e  t he  associa-  
t i on  of increased  level  of s e rum A F P  and  s t i m u l a t e d  D N A  
syn thes i s  in  l iver.  

Materials and methods. A single i.p. i n j ec t ion  of th io -  
a c e t a m i d e  (5 m g  in sal ine/100 g b o d y  weight)  a n d  DL- 
e th ion ine  (100 m g  in sa l ine/100 g b o d y  wt.) was  g iven  to 
o v e r n i g h t  f a s t ed  Sp rague -Dawley  rats .  An ima l s  were 
t h e n  fas ted  a n d  g iven  on]y  w a t e r  for  2 days .  F o r  more  t h a n  
2 days  of e x p e r i m e n t a l  periods,  t he  r a t s  were  fed ad  l ibi-  
tu rn  on  L a b o r a t o r y  Chow u n t i l  sacrificed.  Cont ro l  r a t s  
rece iv ing  a n  e q u i v a l e n t  a m o u n t  of sal ine were t r e a t e d  
s imilar ly .  All  t he  t r e a t m e n t s  were des igned so t h a t  t h e  
age of r a t s  was 35 days  a f t e r  b i r t h  a t  t h e  t i m e  of sacrifice.  
The  i n c o r p o r a t i o n  of 3 H - t h y m i d i n e  in to  l iver  DNA,  s e rum 
A F P  c o n c e n t r a t i o n  a n d  h e p a t i c  glucose 6 -phospha t e  
d e h y d r o g e n a s e  (G6PD) a c t i v i t y  were d e t e r m i n e d  as 
descr ibed  p rev ious ly  2, 3. Se rum a lan ine  a m i n o t r a n s f e r a s e  
(GPT) a c t i v i t y  and  l iver  t r ig lycer ide  c o n t e n t  were 
m e a s u r e d  b y  t h e  rou t i ne  l a b o r a t o r y  me thods .  
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