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U p t a k e  and Loca l i za t ion  of Rad ioac t ive  Zinc in the  Vi scera l  C o m p l e x  of the Land P u l m o n a t e  Arion  
r uJCus 

Materials  and method. The  slugs used in th i s  e x p e r i m e n t  
were t a k e n  f rom a s tock  ra i sed  and  s t a n d a r d i z e d  in t h e  
l abora to ry .  T h e y  were of t he  same  p o s t - h a t c h i n g  age 
and  of a p p r o x i m a t e l y  t he  same  b o d y  length .  The  an ima l s  
were k e p t  in  a plexiglass  con t a ine r  on d a m p  f i l ter  paper .  
The  con t a ine r  was covered  b y  a h e a v y  glass p la t e  s i t t i ng  
on  c a r d b o a r d  r iders  to  al low air  c i rcula t ion.  The  food 
was changed  eve ry  o the r  day,  a t  t he  same  t i m e  t h e  
c o n t a i n e r  was t h o r o u g h l y  cleaned,  l ined w i t h  fresh f i l ter  
p a p e r  and  t he  slugs were washed  br ie f ly  in b id is t i l led  
water .  

T he  food consis ted  of a s t a n d a r d  l a b o r a t o r y  d ie t  for 
rats ,  wh ich  was mixed  w i t h  t he  dos ing  so lu t ion  to form 
a mash ,  a n d  was t h e n  m e a s u r e d  ou t  in  q u a n t i t i e s  wh ich  
were ea ten  up  b y  t he  a n i m a l s  in  a b o u t  1 day.  

The  r ad ioac t ive  isotope was Zinc 65 as ZnCI~ in HC1. 
0.1 ml  w i th  a n  a c t i v i t y  of a b o u t  0.1 mCi were d i lu ted  in 
5 0 0 m l  of non -ac t ive  1 0 - 3 M  ZnSO~ and  fo rmed  t h e  
dos ing so lu t ion  used in food p r epa ra t i on .  The  isotope was 
fed to  t he  an ima l s  for 27 days, and  was t h e n  rep laced  b y  
a non -ac t ive  and  zinc-free diet .  

The  organs  ana lyzed  were liver, s t o m a c h  and  in tes t ine .  
Sample  groups  cons is ted  of 5 an ima l s  each. The  l ivers  
were processed ind iv idua l ly ,  t he  5 s t o m a c h s  and  in te s t ines  
respec t ive ly  were t a k e n  toge ther .  The  organs  were p laced  
in t e s t  t ubes  a n d  v a c u u m - d r i e d  a t  t h e  suc t ion  p u m p .  

The  r a d i o a c t i v i t y  was measu red  w i t h  a single c h a n n e l  
g a m m a  spec t romete r ,  t h e  t e s t  t u b e  w i t h  t he  d ry  m a t e r i a l  
be ing  i n t r o d u c e d  d i rec t ly  in to  a wel l - type N a J  (T1) 
crystal .  Af te r  t he  measu remen t s ,  t h e  samples  were weighed 
a n d  t he  coun t s  were ca lcu la ted  as cpm/100  m g  d ry  weight .  
Correct ions  for decay  of t he  isotope,  as well  as for back-  
g round  count ,  were m a d e  on  all  d a t a  used herein.  

For  a u t o r a d i o g r a p h y  t he  whole viscera l  complex  was 
removed ,  f ixed in cold n e u t r a l  Iormol-ca lc ium,  processed 
accord ing  to  rout ine ,  e m b e d d e d  in P a r a p l a s t  and  sec- 
t ioned  a t  7 ~. The  sect ions  were p re s t a ined  for zinc w i t h  
Di thizone,  heav i ly  coa ted  w i t h  ge la t ine  to  p r e v e n t  che- 
mig raphy ,  a n d  t h e n  covered  w i t h  K o d a k  AR-10  s t r i pp ing  
f i lm t. Dur ing  exposure  (74 days) t h e y  were k e p t  in  t h e  
ref r igera tor .  

I t  shou ld  be  n o t e d  t h a t  t h e  isotope is no t  well  su i ted  
for a u t o r a d i o g r a p h y .  Zinc  65 is a r e la t ive ly  h igh -ene rgy  
7- a n d  f l -emit ter  w i t h  a low r a t e  of ene rgy  loss per  mic ron  
of t r a c k  in a 5 a emuls ion  layer.  Hence  t he  r e l a t ive ly  
long exposure  t ime.  The  p ro t ec t i ve  ge la t ine  layer  be t w een  
source and  emuls ion  en ta i l s  serious loss in  r e so lu t ion  a n d  
adds  cons iderab le  d i f f icul ty  to  m i c r o p h 0 t o g r a p h y .  

Results. Liver. I n c o r p o r a t i o n  of r ad ioac t ive  zinc in t h e  
l iver  is e x t r e m e l y  r ap id  a n d  goes on more  or less s t ead i ly  
un t i l  t h e  supp ly  is s topped,  w h e r e u p o n  e l im ina t i on  sets in. 
The  biological  ha l f - t ime  was no t  r eached  du r ing  t h e  
expe r imen t ,  so we used t he  e l i m i n a t i o n  d a t a  o b t a i n e d  to 
ca lcu la te  a decay  fac to r  ,~ for m a x i m a ,  m i n i m a  and  mean .  
I t  p roved  to  be  fa i r ly  c o n s t a n t :  

)~mc~x: 0.010 • 0.002 
~min: 0.033 -4- 0.013 
~mean: 0.014 • 0.001 

W e  the re fore  assume t h a t  e l im ina t i on  follows a n  expo- 
nen t i a l  curve  (Figure 1). The  biological  ha l f - t ime  t h u s  
o b t a i n e d  is 51 days,  a b o u t  double  t he  t i m e  needed  for 
t he  up take .  H i s t o c h e m i c a l  s t a in  a n d  a u t o r a d i o g r a p h  
show t h a t  t he  s torage  of zinc in  d e t e c t a b l e  a m o u n t s  for 
l igh t  microscopy  is exclus ively  l imi t ed  to one t y p e  of 
l iver  cell, t h e  so-called ca lc ium cell 2 (Figure 2). The  
Di th izone-z inc  c rys ta l s  s i t  on t h e  surface  of t he  ca lc ium 

spherules .  N o t  all t he  spheru les  w i t h i n  one cell show t h e  
same a m o u n t  of zinc, b u t  all  ca lc ium cells in  a series 
t h r o u g h  one l iver  are z inc-posi t ive.  

For  reasons  m e n t i o n e d  above,  t h e  reso lu t ion  of t h e  
a u t o r a d i o g r a p h  does n o t  go below t h e  area  of one cell, 
b u t  t h e  s ign i f i can t ly  increased gra in  dens i ty  over  t h e  
h i s tochemica l ly  ident i f ied  zinc regions connec t s  t h e  2 
w i t h o u t  d o u b t  (Figure 3 an d  F igure  4). 
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Fig. 1. Uptake and elimination of radioactive zinc in the liver of 
Arion. Maxima, minima and mean. 

Fig. 2. Transverse section of liver acini (Arion). The black regions 
are the calcium cells filled with zinc-positive spherules. • 100. 

1 T. YOSHINAGA and N. SHIMIZU, Acta hlstochem. 30, p. 90 ([968). 
2 A.T. SUM~ER, Q. J1 microsc. Sci. 106, 2 p. 173 (1965). 
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Stomach and intestine. I n c o r p o r a t i o n  of zinc in s t o m a c h  
a n d  in t e s t ine  t i ssue  follows a more  e r ra t i c  p a t t e r n  t h a n  
t h e  one obse rved  in t he  liver,  b u t  also shows a n  overa l l  
increase  t o w a r d s  t he  m e a s u r e d  m a x i m u m .  The  a m o u n t  
t a k e n  u p  is a b o u t  10 t i m e s  less t h ~ n  in t he  l iver  (Figure  5). 

E l i m i n a t i o n  sets  in  s ix days  before  t h e  dos ing d ie t  is 
s topped .  The  decl ine  is s teady,  b u t  ca lcu la ted  decay  
fac tors  h a v e  a h igh  m e a n  error,  so we e x t r a p o l a t e d  t h e  
biological  ha l f - t ime  graphica l ly ,  s i n c e  i t  lies w i t h i n  t h e  
m e a s u r e d  da ta .  I t  is a b o u t  10 days  for t he  s t o m a c h  a n d  
a b o u t  19 days  for t he  in tes t ine .  Loca l i za t ion  of t he  e l emen t  

e i the r  h i s tochemica l ly  or on  t h e  a u t o r a d i o g r a p h  is no t  
poss ible ;  t h e  lowest  c o n c e n t r a t i o n  l imi t  for de t ec t ion  
w i t h  these  means  is n o t  r eached  in these  t issues.  

Discussion. T h e  rap id  i n c o r p o r a t i o n  an d  s t e a d y  accu-  
m u l a t i o n  of m e t a l  ions seems to  be a cha rac t e r i s t i c  
f ea tu re  of t h e  gas t ropode  l iverK The  place  of s torage  
be ing  l imi ted  to one t y p e  of cell an d  w i t h i n  t h e  cell to  
one specific s t r u c t u r a l  e l emen t  is in te res t ing .  D u r i n g  
a c c u m u l a t i o n  t h e  n u m b e r  of these  t yp ica l  ceils does no t  
seem to increase,  b u t  t h e  i nd iv idua l  ca lc ium cell becomes  
def in i te ly  larger  an d  t i g h t l y  packed  w i t h  spheru les  en t i r e ly  
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Fig. 5. Uptake and elimination of radioactive zinc in stomach a n d  
intestine of Arion. 

Fig. 3. Autoradiograph of 2 calcium cells in a liver aeinus (Arion}. 
Phasecontrast. Focus on silver grains. • 400. 

covered  w i t h  zinc. I t  is some t imes  imposs ib le  to  dis t in-  
guish a n y  cell p l a s m a  a t  all. 

The  a m o u n t  of m e t a l  t a k e n  up  far  exceeds  a possible  
physio logica l  need,  a n d  once t h e  supp ly  is s t o p p ed  a slow 
e l imina t ion  sets in. The  p a t h w a y  of the  e l imina ted  m e t a l  
could n o t  be  found  w i t h  ce r t a in ty .  Ve ry  few of t he  
spheru les  ever  t u r n  up  in t h e  l u m e n  of t h e  in tes t ine ,  a n d  
no  o the r  t r aces  of zinc were v is ib le  in  t h e  e x c r e m e n t s  
there in .  

I t  is n o t  imposs ib le  t h a t  th i s  curious m e c h a n i s m  of 
dea l ing  w i t h  an  ove r supp ly  of m e t a l  serves  to  avo id  
toxic  effects. Ne i the r  the  an i ma l s  nor  t h e  t issues e x a m i n e d  
showed a n y  anolnal i t ies .  

The  fac t  t h a t  s t o m a c h  a n d  i n t e s t i ne  s t a r t  to  e l imina te  
before  t h e  d ie t  is ch an g ed  pern l i t s  t h e  a s s u m p t i o n  t h a t  
these  t issues re la t ive ly  ear ly  r each  a l im i t  in  a c c u m u l a t i o n  
capac i ty .  No such  l im i t  was  obse rved  for  t h e  l iver.  

Zusammen/assung. Aufnahme u n d  E i n b a u  eines Metal ls  
in  die Leber  v a n  Arian ru/us wurde  m i t  Hilfe  v a n  65-Zn 
q u a n t i t a t i v  verfolgt .  Die Loka l i sa t ion  erfolgte  h i s toche-  
misch  u n d  au to rad iog raph i sch .  E i n e r  r e l a t i v  r a schen  u n d  
s te t igen  A u f n a h m e  v a n  Z ink  u n d  se inem E i n b a u  einzig 
in den  Calc iumzel len  bis z u m  Abse t zen  des Dos ie r fu t t e r s  
folgt  eine langsamere ,  exponen t i e l l  ve r l au fende  E l i m i n a -  
t ion.  Magen-  u n d  D a r m g e w e b e  b e g i n n e n  m i t  d e m  A b b a u  
bere i t s  fri iher,  w ~ h r e n d  die Lebe r  noch  e inbau t .  
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Fig. 4. As Figure 3. Focus on cells. Silver grains can be seen as 
phase-negative dots. 8 CH. M. YAGER and H. W. HARRY, Malacologia J, 3, p. 339 (1963). 


