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The Deposit ion of Ingested Silver in the Rat Kidney 

W h e n  si lver  is a d m i n i s t e r e d  to  e x p e r i m e n t a l  an ima l s  
b y  rep lac ing  t he  d r ink ing  w a t e r  b y  a v e r y  d i lu te  so lu t ion  
of AgNOa, s i lver  is depos i t ed  in t he  b a s e m e n t  m e m b r a n e s  
of a v a r i e t y  of t issues.  Th i s  p h e n o m e n o n  ha s  been  used to 
s t u d y  b a s e m e n t  m e m b r a n e s  in t he  eye 1, t h e  b r a i n  2-4 a n d  
in t he  r ena l  g lomerul i  5-10. Since s i lver  is a l m o s t  c e r t a in ly  
car r ied  in t he  b lood  as a s i lve r -p ro te in  complex  and  t h e  
si tes of s i lver  depos i t ion  correspond,  in  t he  a d u l t  r a t  a t  
least,  to  t h e  si tes a t  wh ich  t h e  vessels  are p e r m e a b l e  to  
p ro t e in  11, i t  was  p rev ious ly  thought that s i lver  a d m i n i s t r a -  
t ion  could be  used to i nves t i ga t e  va scu l a r  p e r m e a b i l i t y  to  
p ro t e in  in  t he  r ena l  medu l l a  12. However ,  e x p e r i m e n t s  
which  invo lved  t he  r a t  a n d  t he  r abb i t ,  showed  s t r i k ing  
species differences  in  t he  d i s t r i b u t i o n  of s i lver  granules  
in  t he  k i d n e y  w h i c h  sugges ted  t h a t  fac tors  o the r  t h a n  
p e r m e a b i l i t y  to  p ro t e in  m i g h t  be  involved .  F u r t h e r  s tud ies  
on  rena l  vascu la r  p e r m e a b i l i t y  us ing  o the r  m e t h o d s  la 
revea led  t h a t  e x t r a v a s a t i o n  of p ro t e in  occurs  to  a m u c h  
smal le r  e x t e n t  in  i m m a t u r e  r a t s  (i.e. up  to 3 mon ths )  t h a n  
in t he  adul t .  I n  v iew of these  f indings ,  i t  w a s  decided to  
c o m p a r e  t he  d i s t r i b u t i o n  of depos i t ed  s i lver  in  t he  k idneys  
of i m m a t u r e  r a t s  w i t h  t h a t  in  a d u l t  r a t s  wh ich  h a d  b e e n  
g iven  s i lver  n i t r a t e  for s imi la r  periods.  

Si lver  was  a d m i n i s t e r e d  ill t h e  d r ink ing  w a t e r  of 26 
wean l ing  ra t s  in  t he  fo rm of a 0 .15% aqueous  s i lver  
n i t r a t e  so lu t ion  for per iods  of f rom 4 to  15 weeks. T h e  
an ima l s  were weighed weekly  and  c o m p a r e d  w i t h  con t ro l  
an ima l s  of t he  same age k e p t  u n d e r  iden t i ca l  cond i t ions  
b u t  d r i nk ing  o r d i n a r y  t a p  water .  The  k idneys  of b o t h  
groups  were f ixed for l i gh t  a n d  e lec t ron  mic roscopy  b y  
i n t r a v a s c u l a r  pe r fus ion  of 4 %  cacody la t e -buf fe red  
g lu t a ra ldehyde .  P a r a f f i n  e m b e d d e d  sect ions  were s t a ined  
w i t h  h a e m a t o x y l { n  and  c h r o m o t r o p e  for s t u d y  b o t h  b y  
t r a n s m i t t e d  a n d  b y  ref lec ted  l ight .  Si lver  sect ions  were 
cu t  f rom pos t -o smica t ed  m a t e r i a l  e m b e d d e d  in E p o n  a n d  
s t a ined  w i t h  lead c i t r a t e  14 for  e x a m i n a t i o n  in a S iemens  
E l m i s k o p  I e lec t ron  microscope.  

G r o w t h  and  genera l  cond i t i on  of t he  e x p e r i m e n t a l  
an ima l s  a p p e a r e d  to  be  comple te ly  n o r m a l  w h e n  c o m p a r e d  
w i t h  t h a t  of con t ro l  an imals .  I n  t he  m a t u r e  rats ,  as 
r epo r t ed  p rev ious ly  12, s i lver  could be  recognized  b o t h  b y  
l igh t  a n d  e lec t ron  mic roscopy  a f te r  5 weeks of s i lver  
ingest ion.  Si lver  g ranules  were found  in t he  g lomerul i  a n d  
a r o u n d  t he  vascu la r  bund l e s  and  capi l lar ies  of t he  ou te r  
medul la .  I n  t he  i n n e r  medu l l a  t h e y  were p r e sen t  a r o u n d  
t he  va sa  r ec t a  a n d  loops of EIenle a n d  in t h e  i n t e r s t i t i a l  

at Different Ages 

cells a n d  ma t r i x .  T h e  d en s i t y  of t h e  s i lver  depos i t s  
increased  t o w a r d s  t h e  t ip  of t h e  pap i l l a  a n d  excep t  in  t h e  
ear l ies t  s tages  could be  recognized easi ly b y  naked-eye  
e x a m i n a t i o n .  Two adu l t  an imals ,  however ,  showed  a n  
a n o m a l o u s  resu l t  in t h a t  no  s i lver  could be  found  in  t h e  
medu l l a  or t h e  co r t ex  a f t e r  6 weeks a d m i n i s t r a t i o n  of 
silver.  T h e  d i s t r i b u t i o n  of s i lver  in t h e  y o u n g  an i ma l s  
fol lowed t h e  same  bas ic  p a t t e r n  as in  t h e  a d u l t  w i t h  two 
differences.  Fi rs t ly ,  t h e  depos i t ion  of s i lver  t ook  place  
m u c h  more  s lowly in t h e  i m m a t u r e  an ima l s  so t h a t  no 
s i lver  could be  seen b y  naked-eye  e x a m i n a t i o n  or b y  l igh t  
mic roscopy  u n t i l  a f te r  12-14 weeks of ad mi n i s t r a t i o n .  
Secondly,  e lec t ron  mic roscopy  showed t h a t  the  granules  
were smal le r  a n d  r a t h e r  more  sparse ly  d i s t r i b u t e d  in 
i m m a t u r e  an ima l s  t h a n  in t h e  adu l t s  wh ich  h a d  rece ived  
s i lver  for a co r re spond ing  per iod  of t i m e  (Figures 1 a n d  2). 
T h u s  t h e  s i lver  g ranules  in  a d u l t  an i ma l s  h a d  a d i a m e t e r  
b e t w e e n  30 a n d  90 n m  d e p e n d i n g  on t h e  d u r a t i o n  of s i lver  
a d m i n i s t r a t i o n  b u t  in  t h e  i m m a t u r e  animals ,  even  those  
wh ich  h a d  been  d r i n k i n g  s i lver  so lu t ion  for 15 weeks, t h e  
granules  neve r  exceeded 30 n m  in  d i a m e t e r  (Figure  3). 

As h a s  been  discussed in  a p rev ious  p a p e r  1,, t h e  s i tes  of 
s i lver  depos i t ion  in t h e  k i d n e y  p r o b a b l y  depend  u p o n  
two m a i n  fac tors  - t h e  p e r m e a b i l i t y  of t h e  b lood vessels  
to  t h e  s i lve r -p ro te in  complex  a n d  t h e  chemica l  p roper t i e s  
of t h e  basa l  l a m i n a  wh ich  p e r m i t  r e d u c t i o n  of t h e  complex  
to  meta l l i c  silver.  I t  seems p r o b a b l e  t h a t  t h e  fo rmer  is 
t h e  more  i m p o r t a n t  f ac to r  since t he re  is some s u p p o r t i n g  
ev idence  t h a t ,  in  t h e  g lomeru l i  a t  least ,  t h e  capi l lar ies  
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Fig. 1. Glomerulus of immature rat which 
had received silver for 6 weeks. • 42,000. 

Fig. 2. Glomerulus of adult rat which had 
received silver for 6 weeks. • 42,000. 

Fig. 3. Glomerulus of immature rat which 
had received silver for 14 weeks. • 42,000. 
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are less pe rmeab le  in i m m a t u r e  an imats  t h a n  in adul ts .  
WhBBER and  }3LACKBOURN ~ have  shown t h a t  in t he  
i m m a t u r e  glomerul i  a t  t he  pe r iphe ry  of t he  cor tex  in 
newborn  ra ts  the re  are few capi l lary fenes t ra t ions  and 
these  are impermeab le  to  ferri t in,  a l though  no t  to  horse-  
rad ish  peroxidase .  Other  au thors  have  found evidence 
for an increase of g lomerular  pe rmeab i l i t y  w i th  age in t he  
ra t  16 and  in man~L I t  is also possible  t h a t  age changes  
af fec t ing  the  a m o u n t  of si lver depos i ted  in t he  glomeruli  
m a y  be due to  t he  increase w i t h  age of the  g lomerular  
f i l t ra t ion  ra te  ls-~0. This  would  not,  however ,  expla in  the  
age differences  no ted  ill t he  medulla .  

No exp lana t ion  can be offered for the  two  adul t  ra t s  
in wh ich  no depos i t ion  of si lver could be observed  af ter  
6 weeks adminis t ra•  A s imilar  anoma ly  has  been  
repor ted  by  WALKXR ~t who reviewed repor t s  b y  several  
o the r  workers  and  concluded t h a t  a p p r o x i m a t e l y  3 in 
every  100 Sprague 1)awley ra ts  deal  a typica l ly  w i t h  
inges ted  silver. The significance of the  change  in pe rmeabi -  
l i ty  to  p ro te in  of the  b lood vessels in t he  growing r a t  
ref lec ted by  the  depos i t ion  of si lver and  ex t r avasa t i o n  of 
E v a n s  blue ~3 is diff icul t  to  u n d e r s t a n d  at  p re sen t  s i n c e  
the  a m o u n t  of f i l tered p ro te in  and i ts  subsequen t  fate  
in t he  k idney  is cont rovers ia l  ~2-~ and  m u c h  more  work  is 
necessary  before reasollable specula t ions  can be made  on 
i ts  func t iona l  impor tance .  

Rdsumd. Si l 'eau po tab le  est  additionn@e de 0,15 % de 
n i t r a t e  d ' a rgen t ,  l ' a rgen t  se d6pose clans les reins des ra t s  

i m m a t u r e s  plus l e n t e m e n t  e t  en moths  grande  quan t i t6  
que chez les adultes,  et  ces granules  sont  p a r t o u t  plus 
pet i ts .  I1 est  p robab le  que  ces r6sul ta ts  i nd iquen t  un 
aba i s sement  de la perm@abilit6 des capillaires chez les 
immatu res .  
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High Nuclear DNA Content in Nervus Terminal is  

A pecul iar  t y p e  of gangl ion cell, belonging to  the  nervus  
t e rmina l i s  sys tem,  was  observed  in t he  ros t ra l  half  of the  
o l fac tory  bulbs  .in Scorpaenidae  (Pisces Perciformes).  
These neurones,  2 to  12 in number ,  were  found  wi th in  
t he  ven t ro -med ia l  wall  of each bulb, were e longate  in 
shape  and  of ten  so closely in con tac t  w i th  one ano the r  t h a t  
t he  boundar ies  be tween  t h e m  could ha rd ly  be dis t inguish-  
ed 1. The mos t  s t r ik ing pecul ia r i ty  of these  nerve  cells was 
t h e  p o l y m o r p h i s m  and  size of the i r  nuclei, t h a t  (Figures 
1-3) are so deeply  i nden t ed  as to  suggest  b inuclear i ty .  The  
nuclear  d iameter ,  as measured  on paraf f in  sect ions  af ter  
13odian si lver stain,  was found  to va ry  f rom 13,2 to  
26, 2 ~zm. One to 3 nucleoli m a y  be present ,  t h a t  in e lec t ron 
mic rographs  (Figure 4) appear  of r emarkab le  size, 
roundish  shape,  and r a the r  un i form f ibr i l lo-granular  
t ex ture .  

These observa t ions  p r o m p t e d  us to  measure  the  Feulgen  
pos i t iv i ty  of these  nuclei in order  to  t e s t  whe the r  t h e y  
con ta ined  a higher  a m o u n t  of D N A  t h a n  the  nuclei of 
o the r  neurones  in t he  same area s. Despi te  r epea ted  
a t t e m p t s  to  dissociate the  tissue, t he  ex t r eme  pauc i t y  of 
the  cell popu la t ion  made  i t  imposs ible  to ob ta in  a smear  
in which  a monolayer  of neurones  could be s tud ied ;  t he  
h i s t o p h o t o m e t r i c  m e a s u r e m e n t s  were  therefore  pe r fo rmed  
on paraf f in  sect ions of spec imens  f ixed in Carnoy. Serial 
sect ions  of 8 ~zm f rom 10 ol fac tory  bulbs  of Scorpaena 
porcus were Feulgen s ta ined  and  opt ical  dens i ty  (OD) 
m e a s u r e m e n t s  were pe r fo rmed  b y  means  of a t3arr and 
S t roud  GN 2 in tegra t ing  mic rodens i t ome te r  3. Camera  
lucida drawings  showed t h a t  t he  m a j o r i t y  of the  big 
nuclei  under  e x a m i n a t i o n  appeared  in 2 to  3 consecut ive  
sect ions : b y  add ing  the  OD values  for each sect ion i t  was 
therefore  possible to  know the  to ta l  O1) for each nucleus. 
Wi th in  the  popu la t ion  of nerve  cells s tudied ,  only those  
nuclei were cons idered  t h a t  were isolated enough,  in all 
t he  sections,  to guaran tee  t h a t  the re  was no over lapping  or 
in ter ference  in t he  field of measu remen t .  This  choice 

Ganglion Cells of Scorpaena porcus 

reduced the  n u m b e r  of acceptab le  values  to  17. As 
reference e lements  the  nuclei  of the  granule  cells were 
chosen, since the i r  Feu lgen-pos i t iv i ty  appeared  cons t an t  
(OI) = 3) and  could therefore  be assumed to  be diploid (2 c). 

F r o m  the  Figure  5 i t  is a p p a r e n t  t h a t :  a) mos t  of the  
O1) values were found be tween  64c and 128c, i.e. t he  D N A  
co n t en t  of mos t  nuclei  appeared  to be 32 to  64 t imes  
higher  t h a n  t h a t  of t he  granule ceils; b) no value  was 
found below 16c, a l though  some of t he  m e a s u r e m e n t s  h a d  
been  pe r fo rmed  on the  smal les t  d e m e n t s  of t he  cell 
popula t ion ;  c) in 2 cases t he  1)NA co n t en t  was  found  to  
a p p r o x i m a t e  256c. Al though  the  l imi ted  n u m b e r  of da t a  
does no t  al low us to  refer the  values  obeserved  to  t rue  
f requency  classes, nor  to  express  our results  in t e rms  of 
degrees of ploidy,  the  presence  can be po in t ed  out  of a 
clear gap be tween  the  group of nuclei  a round  128c and  
those  a round  256c, which  appears  suggest ive  of a two-  
fold increase. 

In  the  search for a func t iona l  i n t e rp re t a t i on  to the  
s t r ik ing nuclear  d e v e l o p m e n t  of t he  neurones  descr ibed 
here, i t  is necessary  to  consider  t he  more  general  s i tua t ion  
of th is  k ind of ganglion cell w i th in  the  Perciformes.  In  
th is  order  of Teleostei,  infact  1RossI and  BASlLE (in 
prepara t ion)  have  observed  a r emarkab le  va r i ab i l i ty  in 
the  n u m b e r  and  size of t he  nuclei,  2 pa r ame te r s  t h a t  seem 
to be inversely  related,  and in which  respec t  the  Scorpaen-  
idae represen t  an ex t r eme  case, i.e. m a x i m a l  nuclear  size 
and  ex t r eme  reduc t ion  in number .  We  would there fore  

r e l a t e  t he  nuclear  inc remen t  observed  to  the  func t iona l  
over laod to  which  these  e lements  are subject .  Such an 
in t e rp re t a t i on  is on the  o ther  h a n d  in accordance w i t h  
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are greatly indebted. 


