
470 Specialia EXPERIENTIA 32/4 

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 .  

: R. BAKmOV, Bull. exp. Biol. Med. 65, 45 (1965). 
2 K. TAKETA, A. WATAIgABE and K. KOSAKA, Ann. N.Y. Acad. Sci. 

259, 80 (1975). 
3 A. WATA~AB~ and K. TAKE,A, J. Biochem. 73, 777 (1973). 



15.4. 1976 Specialia 471 

Results and discussion. T he  se rum A F P  level  of e th io -  
n i n e - t r e a t e d  r a t s  increased  s h a r p l y  a f t e r  2 days  lag. The  
increases  in  s e r u m  A F P  level  and  l iver  t r ig lycer ide  con-  
t e n t  ill female  r a t s  were  iden t i ca l  w i t h  those  of male  r a t s  
w h e n  t e s t e d  a t  t i le age of 35 days .  However ,  t h e  e x t e n t  
of t he  increases  in  a d u l t  r a t s  were more  p r o m i n e n t  in t h e  
female  ra ts .  A l t h o u g h  no  s ign i f i can t  e l eva t ion  of s e r u m  
G P T  a c t i v i t y  was found  d u r i n g  t he  en t i r e  course  of e th io -  
n ine  t r e a t m e n t ,  r ises of l iver  t r ig lycer ide  c o n t e n t  a n d  
G 6 P D  a c t i v i t y  i nd i ca t e  t he  ex is tence  of l iver  cell i n j u r y  ~. 
The  i n c o r p o r a t i o n  of a H - t h y m i d i n e  in to  l iver  D N A  was 
r a t h e r  d i m i n i s h e d  up  to  2 days,  fol lowed b y  a g r a d u a l  
a n d  smal l  increase  a t  3 to  4 days  a f t e r  t he  t r e a t m e n t  
(Figure) .  A d m i n i s t r a t i o n  of A T P  to e t h i o n i n e - t r e a t e d  
ma le  as well  as female  r a t s  e f fec t ive ly  i n h i b i t e d  t he  rise of 
n o t  on ly  s e rum A F P  c o n c e n t r a t i o n  b u t  also l iver  t r ig ly-  
ceride c o n t e n t  a n d  G 6 P D  ac t iv i ty .  These  o b s e r v a t i o n s  
sugges t  t h a t  t he  e l eva t i on  of s e rum A F P  in e th ion ine -  
t r e a t e d  r a t s  i s  n o t  d i r ec t ly  r e l a t ed  to t h e  s t i m u l a t e d  
syn thes i s  of h e p a t i c  DNA.  

A c o m p a r a t i v e l y  lower  dose of t h i o a c e t a m i d e  ha s  been  
r e p o r t e d  to p roduce  increased  h e p a t i c  D N A  syn thes i s  and  
l iver  cell p ro l i f e ra t ion  w i t h o u t  a n y  d e t e c t a b l e  cell d a m a g e  ~. 
Changes  of these  b iochem i ca l  p a r a m e t e r s  for l iver  cell 
i n j u r y  in r a t s  t r e a t e d  w i t h  a lower  dose of t h i o a c e t a m i d e  

were  also fodnd  to be min imal .  The  increase  in s e rum A F P  
c o n c e n t r a t i o n  was ins igni f ican t ,  even  a f t e r  a m a r k e d  
s t i m u l a t i o n  of l iver  D N A  syn thes i s  w h i c h  r eached  a 
m a x i m u m  level  in  2 days  a f t e r  t h e  t r e a t m e n t .  The  
resu l t s  i nd i ca t e  t h a t  t h e  low dose of t h i o a c e t a m i d e  caused  
n e i t h e r  a n y  ev idence  of l iver  cell i n j u r y  no r  increased  
p r o d u c t i o n  of A F P ,  even  in t he  presence  of acce le ra ted  
D N A  syn thes i s  in  l iver.  

Our  r ecen t  s tud ies  h a v e  s h o w n  t h a t  t he  increase  in 
s e r u m  A F P  level  fol lowing p a r t i a l  h e p a t e c t o m y  is rela-  
t i v e l y  smal l  as c o m p a r e d  w i t h  t h a t  a f te r  CCI~ t r e a t m e n t ,  
a n d  t h a t  t he  u n d e r l y i n g  m e c h a n i s m s  are also d i f fe ren t  ". 
Accordingly ,  t he  derepress ion  of A F P  genome assoc ia ted  
w i t h  l ive r  cell i n j u r y  i tself  appea r s  to  p l a y  a m a j o r  role 
in  t h e  increased  A F P  p r o d u c t i o n  in i n ju r ed  liver.  Th i s  
h y p o t h e s i s  is in  accord  w i t h  t he  resu l t s  of our  p rev ious  
s tud ies  of key  c a r b o h y d r a t e - m e t a b o l i z i n g  enzymes  in 
d a m a g e d  l ivers  in t h e  sense t h a t  t h e  e x t e n t  of e n z y m e  
d e v i a t i o n  in i n iu r ed  l ivers  is closely s imi la r  to  t h a t  in 
u n d i f f e r e n t i a t e d  h e p a t o c y t e s  ~. 

4 J. REDDY, .'~[. CHIGA and D. SVOBODA, Lab. Invest. 20, 405 (1969). 
t{. TAI<ETA, A. TANAKA, A. WATt, ABe, A. TAK~SlJ~, H. Ao~ 
and K. KOSAKA, Enzyme, in press (1975). 
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Summary. I t  is shown  t h a t  e x c i t a t i o n  of t he  e~ or /3-adrenoceptors in  mouse  p a r o t i d  ac ina r  cells causes a m a r k e d  re- 
d u c t i o n  of surface  cell m e m b r a n e  res is tance.  The  ~ -adrenocep to r  i nduced  m e m b r a n e  effect  is an  increase  ill K conduc-  
tance .  The  /3-adrenoceptor  i nduced  m e m b r a n e  effect  does n o t  seem to  be  m e d i a t e d  b y  cyclic AMP.  

Us ing  in t r ace l lu l a r  mic ro-e lec t rode  record ing  f rom 
p a r o t i d  acini  i t  h a s  r ecen t l y  been  s h o w n  t h a t  t he re  are 
t h r e e  d i s t i n c t  r ecep tors  in f luenc ing  t h e  ac ina r  cell m e m -  
b r a n e  po ten t i a l .  E x c i t a t i o n  of a chol inergic  (muscar inic)  
r ecep to r  or  a n  ~ -ad renocep to r  causes  h y p e r p o l a r i z a t i o n  
whereas  e x c i t a t i o n  of a ~ - ad renocep to r  resu l t s  in  depo-  
l a r i za t ion  ~. The  m e c h a n i s m  of ac t ion  of ace ty lcho l ine  on  
s a l i va ry  ac ina r  cells ha s  been  t h o r o u g h l y  i n v e s t i g a t e d  a n d  

the re  is l i t t le  d o u b t  t h a t  ACh acts  b y  increas ing  t he  cell 
m e m b r a n e  c o n d u c t a n c e  to  If+ a n d  poss ib ly  also to  
N a  +2,~. W i t h  respec t  to  t h e  m e c h a n i s m  of ac t ion  of 
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Fig. 1. Membrane potential  and input resistance measurement in mouse parotid aeinar cell using 1 micro-electrode. The upper trace 
shows the spontaneous membrane potential  and the short-lasting hyperpolarizations caused by the rectangular current pulses (100 
msec duration), injected through the recording micro-electrode, shown in the lower trace. Adrenaline added to the tissue bath in a single 
dose to achieve for a short period a concentration of 10 -~ M markedly byperpolarized the cell membrane and reduced the amplitude of the 
short-lasting current-pulse-induced hyperpolarizations. 


