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Result. On i leum the  e l eva t ion  of the  t e m p e r a t u r e  f rom 
25 ~ to  33~ resu l ted  in a p r o n o u n c e d  sh i f t  of t he  dose- 
response  cu rve  of o rc ip rena l ine  to t he  r ight ,  whereas  a 
f u r t h e r  increase  of t he  t e m p e r a t u r e  to  37 ~ did  no t  cause  
a f u r t h e r  sh i f t  (Figure).  This  d i m i n u t i o n  of t he  a f f in i ty  
of o rc ip rena l ine  is i n d i c a t e d  b y  t he  p D r v a l u e s  (Table).  
The  pD2~value 5.0 a t  33 ~ is s ign i f i can t ly  lower t h a n  t h a t  
of 5.71 a t  25~ The  r e l a t ive ly  smal l  d i f ference of t em-  
p e r a t u r e  f rom 33~ to  37~ did  no t  a l t e r  t he  af f in i ty .  
A t  42 ~ t he  loss of a f f in i ty  was so h igh  t h a t  i t  was im- 
possible  to  get t he  requ i red  a m o u n t s  of o rc ip rena l ine  dis- 
solved.  - The  e l eva t ion  of t e m p e r a t u r e  f rom 25 ~ to 37 ~ 
decreased  t he  a f f in i ty  of t he  resorc in  T h  1165a f rom 
6.46 • 0.06 (n ~ 6) to  5.87 ~ 0.06 (n = 8). 

On t he  t r a c h e a l  cha in  t he  t e m p e r a t u r e  was w i t h o u t  a n y  
inf luence  on  t he  dose-response  cu rve  of o rc ip rena l ine  as 
well  as on  i t s  p D r v a l u e s  (Figure  a n d  Table) .  Likewise  t h e  
a f f in i ty  of T h  1165a was no t  changed ,  as is i nd ica t ed  b y  
t he  p D r v a l u e  of 8.13 =~ 0.09 (n = 7) a t  25~ a n d  8.05 
0.07 (n = 5) a t  42 ~ 

Discussion. The  p r e s en t  resul t s  show t h a t  on  i l eum the  
effect  of o rc ip rena l ine  is also d e p e n d e n t  on t he  t e m p e r a -  
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ture ,  as are t he  effects of i soprena l ine  and  of T h  1165a.  
On t he  t r a c h e a l  chain,  on  t he  con t ra ry ,  t h e  a f f in i ty  of 
o rc ip rena l ine  is no t  inf luenced  b y  inc reas ing  t he  t e m -  
pe ra tu re .  The  resorcin  de r i va t i ve s  T h  1165a  and  orci- 
p rena l ine  show the  same effects on  b o t h  organs,  i l eum 
and  t r a c h e a l  chain,  u n d e r  t he  inf luence  of t e m p e r a t u r e  
a l t e ra t ion .  This  obse rva t i on  impl ies  t h a t  t he  resorc in  
conf igu ra t ion  d e t e r m i n e s  t he  b e h a v i o u r  of b o t h  agen t s  
and  t h a t  t he  p ro longa t i on  of t he  side cha in  in t he  case of 
T h  1165 a is exc lus ive ly  respons ib le  for  the  20 to  40 t imes  
h ighe r  a f f in i ty  o b t a i n e d  for T h  1165a c o m p a r e d  w i t h  
o rc ip rena l ine  on  i l eum and  t rachea .  

The  d i f fe ren t  respons iveness  of t he  t r a c h e a  on  t he  one 
h a n d  and  i l eum on t he  o t h e r  to  t he  ddrenerg ic  drugs  
u n d e r  t h e  cond i t ions  of t e m p e r a t u r e  changes  m i g h t  be  
exp la ined  b y  resul t s  f rom our  l a b o r a t o r y  us ing  t he  
me tabo l i c  i n h i b i t o r  iodoacet ic  acid (IAA). I A A  was able  
to  re-sh i f t  t he  dose-response  curves  of al l  t h r ee  a m i n e s  
m e n t i o n e d  to t he  lef t  on  i l eum b u t  no t  on  t r achea ,  
i nd i ca t i ng  a r e l a t i ve ly  low m e t a b o l i c  a c t i v i t y  of t he  
t r a c h e a  and  a h ighe r  one of t he  i leum% T e m p e r a t u r e  in-  
crease would,  therefore ,  be  expec t ed  to  s t i m u l a t e  t he  
m e t a b o l i s m  to  a m u c h  h igher  degree in t h e  i l eum t h a n  in 
the  t r achea .  Consequent ly ,  t he  obse rved  loss of a f f in i ty  
for amines  in  t he  i l eum m i g h t  be  due  to  changes  of t he  
in t r ace l lu la r  p i t .  I f  our  a s s u m p t i o n  is cor rec t  lower ing  of 
t he  ex t race l lu la r  p H  in t he  t r a c h e a  should  lead to  lower ing  
of the  in t r ace l lu l a r  p H  and  c o n c o m i t a n t l y  to  a d i m i n i s h e d  
a f f in i ty  of t he  amines .  Such  a d imin i shed  a f f in i ty  could 
indeed  be  o b t a i n e d  a f t e r  lower ing  of t he  ex t r ace l lu l a r  
p H  6, t h u s  i n d i c a t i n g  t he  i m p o r t a n c e  of t he  me tabo l i c  
a c t i v i t y  of t he  o rgans  for the  s ens i t i v i t y  of the /%recep tors .  

Zusammen/assung. Versuche  a m  I l e u m  des K a n i n c h e n s  
und  der  T r a c h e a  des Meerschweinchens  m i t  d e m  Resorc in-  
d e r i v a t  Orc ip rena l in  7 bei  25 bis  42 ~ f i ih r ten  zu fo lgenden  
Ergebn i s sen  : T e m p e r a t u r e r h 6 h u n g  v e r m i n d e r t e  a m  I l e u m  
die Af f in i t g t  des Orc iprenal ins ,  an  der  T r a c h e a  dagegen  
wa r  sie ohne  Einf luss  s. 
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Inf luence  of t e m p e r a t u r e  changes  on  the  dose-response curves  of or- 
c ip rena l ine  on t r a c h e a  a n d  i leum. On  t r a c h e a l  c h a i n  ( 0 - - 0 )  the  in-  
c rease  of t e m p e r a t u r e  f rom 25 ~ u p  to 42 ~ did  no t  a l te r  the  dose-re-  
sponse  curve  of orc iprenal ine .  No te  the  s t r o n g  shif t  to the  r i g h t  in the  
case of i l eum (�9 - -  �9 b y  inc reas ing  t e m p e r a t u r e . ( N u m b e r s  of exper i -  
m e n t s  are  iden t ica l  wi th  those  g iven  in  the  Table) .  

6 H . J .  SCHOMANN, J .  WAONER a n d  D. REINHARDT, N a u n y n - S c h m i e -  
debergs  Arch .  P h a r m a c .  275, 105 (1972). 
O u r  t h a n k s  a re  due  to Dr.  A. ENGI~LttARDT, B o e h r i n g e r  u n d  Sohn ,  
Inge lhe im,  for  the  generous  gi f t  of o rc iprena l ine .  

s We are  g ra t e fu l  to Mrs. GABRIELE GRAF or  skilful t echn ica l  assist-  
a u c e .  

Long Term Retention of Colloidal Thor ium Dioxide 

Colloidal t h o r i u m  dioxide  ( T h Q )  can  be  used as a 
c o n t r a s t  m e d i u m  in r a d i o g r a p h y  and  has  been  especial ly  
effect ive  in d e m o n s t r a t i n g  l y m p h a t i c  m o v e m e n t s  and  
d ra inage  in a m p h i b i a n s  1. Colloidal t h o r i u m  dioxide  is 
also useful  as a t r ace r  s u b s t a n c e  ill u l t r a s t r u c t u r a l  s tud ies  
owing to i t s  easi ly iden t i f i ab le  e lec t ron-dense  appear -  
ance  2-~ I t  is wel l  e s t ab l i shed  in a n u r a n s  1 and  in m a m -  
mals  inc lud ing  m a n  t h a t  in jec ted  col loidal  ThO2 is r ap id ly  
r e m o v e d  f rom the  c i rcu la t ing  f luids and  t a k e n  up  b y  t he  
r e t i cu lo -endo the l i a l  s y s t e m  (RES) ,  in  p a r t i c u l a r  b y  phago-  
cyt ic  cells of the  l iver  a n d  spleen S' s. W i t h  r ad i oac t i ve  

in the Liver and Spleen of X e n o p u s  l a e v i s  Daudin 

t r ace r s  such  as ThO 2 t h a t  h a v e  a slow biological  half-life,  
p ro longed  depos i t ion  in cells of t he  R E S  can  resu l t  
e v e n t u a l l y  in  a carc inogenic  response  6. An  e x p e r i m e n t  
was  the re fore  pe r fo rmed  to d e t e r m i n e  t he  long t e r m  
r e t e n t i o n  capac i t ies  of l iver  and  spleen in y o u n g  Xenopus 
frogs rece iv ing  a single in j ec t ion  of col loidal  ThO~ in v iew 
of t he  fac t  t h a t  these  a n i m a l s  possess a r e l a t ive ly  s imple  
R E S  even  in compar i son  w i t h  o the r  c o m m o n  a n u r a n  
genera  7. 

Material and methods. 50 smal l  Xenopus laevis frogs, 
30-40 m m  s n o u t / v e n t  length ,  we igh ing  on ave rage  2.65 g, 
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Fig. 1. Particles of thorium dioxide packing Kupffer cells of liver of Fig. 2. Thorium dioxide particles localized in lysosome-like bodies in 
frog 3 years after injection, liver paren2hymai ceils of frog 3 years after injection. 

6 m o n t h s  af ter  the  comple t ion  of me tamorphos i s ,  were 
used in the  exper imen t .  The frogs were ma in t a ined  in a 
20~ room in cons t an t  l ight  and fed tub i fex  or chopped  
ear thworms .  5-15 n m  par t ic le  size t h o r i u m  dioxide s was 
dispersed in dis t i l led wa te r  and  in jec ted  in to  the  dorsal  
l y m p h  sac of t he  frogs so t h a t  each received a single 
in ject ion of 10 mg ThO2 in 0.1 ml  dist i l led water .  This  
colloidal sol is qui te  acidic, t hough  the  animals  did no t  
appear  to  be undu ly  affected.  Control  frogs were in jec ted  
wi th  equal  vo lumes  of dist i l led water .  Animals  were 
sacrificed under  i :1 ,000  MS 222 anaes thes ia  af ter  5 days,  
47 days,  5 m o n t h s  and  3 years.  The l iver and  spleen were 
r emoved  and  cut  where  necessary  in to  smal l  cubes  in ice 
cold 3% g lu ta ra ldehyde  in 0 . 1 M  sodium cacodyla te  
buffer  followed by  pos t - f ixa t ion  in veronal  ace ta te  
buffered 1% osmium te t roxide .  The spec imens  were 
subsequen t ly  d e h y d r a t e d  in graded ethanols ,  t r ea t ed  wi th  
p ropy lene  oxide and  e m b e d d e d  in E p o n  812. U l t r a t h i n  
sect ions  were m o u n t e d  on uncoa ted  copper  grids and 
br ief ly  s ta ined  in lead c i t ra te  pr ior  to examina t i on  in an 
A E I  EM6B or A E I  Cor in th  275 electron microscope.  

Results and discussion. A p a r t  f rom a smal l  n u m b e r  of 
deaths ,  which  m a y  poss ib ly  have  resul ted  f rom the  t rea t -  
ment ,  the  expe r imen ta l  animals  survived well unt i l  t he  
t e r m i n a t i o n  of t he  e x p e r i m e n t  showing no obvious  
deleter ious effects compared  wi th  t he  controls .  By  the  
t ime  of t he  f i rs t  examina t ion  a t  5 days  the  ThO 2 par t ic les  
were found in large a m o u n t s  in Kupf fe r  cells of the  l iver 
and  also to  a lesser degree in the  p a r e n c h y m a l  ceils, where  
t h e y  were localized in lysosome-l ike bodies.  ThO~ par t ic les  
were  also found,  t h o u g h  in much  smal ler  accumulat ions ,  
in t he  cy top l a sm of a n u m b e r  of macrophage- l ike  splenic 
cells. The pa r t i cu la te  na tu re  and appearance  of the  ThO2 
is qui te  charac ter i s t ic  and canno t  real ly be confused wi th  
a n y t h i n g  else in these  p repa ra t ions ;  th is  is also made  
clear by  its absence  f rom contro l  prepara t ions .  

There  was no apprec iable  change  in the  a p p a r e n t  
a m o u n t  or d i s t r ibu t ion  of t he  ThO2 in t he  l iver (Figures 1 
and  2) or spleen even a t  the  end of the  exper iment ,  3 years  
af ter  the  single inject ion.  I t  would thus  appea r  t h a t  
colloidal mater ia l  is r ap id ly  t aken  up by  these  organs and  
re ta ined  in specific cells for considerable  periods,  poss ib ly  
indefini tely.  Moreover,  it  would appear  t h a t  the  liver, 
poss ib ly  by  v i r tue  of its large size, is the  main  site of 
clearance of the  l y m p h - b o r n e  colloidal par t ic les  in par t ic -  
ular by  Kupf fe r  ceils. 

These observa t ions  conf i rm a l ight  microscopic  s tudy  
on s imilar  Xenopus frogs a f te r  in jec t ion  of o the r  colloidal 
mate r ia l  7 and are in line w i th  similar  resul ts  found  in 
o ther  frogs 1 and  in m a m m a l s  2, 4, 2. Thus,  even in ann rans  
wi th  re la t ively  s imple  re t icnlo-endot l le l ia l  sys tems  weakly 
rad ioac t ive  mater ia l s  once t aken  into t he  b o d y  are no t  
e l imina ted  even over prolonged per iods  and  it is l ikely 
t h a t  t h e y  m a y  u l t imate ly ,  by  v i r tue  of the i r  rad ioac t ive  
nature ,  give rise to  pathological  effects.  Xenopus frogs 
m a y  prove  to be mos t  effect ive exper imen ta l  animals  in 
which to s tudy  ways of clearing the  1RES of such colloidal  
rad ioac t ive  mater ia ls  10, n.  

Rdsumd. Des observa t ions  u l t ras t ruc tura les  out  mont r6  
que le t h o r i u m b ioxyde  colloidal (ThO2) s ' accumule  dans  
le foie e t  la ra te  des grenouilles, Xenopus laevis, j u squ 'g  
3 ans apr~s une seule in jec t ion  de 10 mg pra t iqu6e  sur le 
jeune  animal,  6 mois  apr6s sa m6tamorphose .  
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