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Neuronal Argyrophilia in Early Degenerative 
States: A Light and Electron-Microscopic Study 

of the GLEES and NAUTA Techniques 

Stud ies  on  t h e  m e c h a n i s m  of s i lver  i m p r e g n a t i o n  sug-  
ges t  t h a t  t h e  m u c h - u s e d  GLEES a n d  NAUTA-GYGAX m e t h -  
ods  h a v e  h i g h l y  specific,  a l t h o u g h  f u n d a m e n t a l l y  dif-  
f e ren t ,  r e a c t i o n  s i tes  ~-s. A t t r a c t i v e  as  t h i s  n o t i o n  of  h i g h  
t i n c t o r i a l  s e l ec t iv i ty  a p p e a r s  to  be  a t  f i rs t  glance,  i t  is 
n o t  en t i r e ly  c lear  h o w  to  reconci le  i t  w i t h  t he  g r e a t  
d i v e r s i t y  of h is to logica l  s t ruc tu re s ,  ins ide  as well  as ou t -  
s ide t he  c e n t r a l  n e r v o u s  sys t em,  wh ich  r e s p o n d  pos i t i ve ly  
to  s i lver  i m p r e g n a t i o n  of b o t h  t h e  GL~ES a n d  NAUTA 
types .  I t  t he r e fo re  a p p e a r e d  des i r ab le  to  r e - i nves t i ga t e  

t h e  m a t t e r  b y  a c o m b i n e d  l igh t -  a n d  e l ec t ron-mic roscop ic  
s t u d y .  

I n  t h i s  s t u d y  t h e  fo rn ix  was  c u t  e l ec t ro ly t i ca l ly  in  3 
r a t s  a p p r o x i m a t e l y  4 m o n t h s  of age. Af te r  2, 3 a n d  4 d a y s  
r e s p ec t i v e l y  t h e  a n i m a l s  were  ki l led b y  a n  overdose  of 
N e m b u t a l ,  a n d  pe r fu sed  t r a n s c a r d i a l l y  w i t h  phys io log ica l  
sa l ine  fol lowed b y  10% buf fe red  fo rma l in  so lu t ion  (p H  
7.7). A f t e r  2 d a y s  in  fo rmal in ,  t h e  b r a i n s  were  sec t ioned  
on  a f reez ing  m i c r o t o m e  a t  50 -100 /~ ,  a n d  sec t ions  were  
i m p r e g n a t e d  acco rd ing  to  t h e  t e c h n i q u e s  of GLE~s 8 a n d  
NAUTA-GYGAX L F r o m  some of t h e  i m p r e g n a t e d  sect ions ,  
pieces f rom t h e  l a t e r a l  or  p o s t e r i o r  p a r t  of t h e  m e d i a l  
m a m m i l l a r y  nuc leus  were  exc ised  a n d  pos t - f ixed  in  a n  
osmic  ac id  so lu t ion ,  d e h y d r a t e d  in  e thano l ,  a n d  i m b e d d e d  
in  E p o n  for  s u b s e q u e n t  e l ec t ron-mic roscop ic  e x a m i n a t i o n .  
A n  u n o p e r a t e d  a n i m a l  of t h e  s a m e  age was used  as a 
con t ro l .  

T h e  l igh t -mic roscop ic  a p p e a r a n c e  of t h e  n o r m a l  m e d i a l  
m a m m i l l a r y  n u c l eu s  p r e p a r e d  a c c o r d i n g  to  t h e  NAUTA- 
GYGAX a n d  GLEES m e t h o d s  is seen  in  :Figures 1A a n d  B, 
respec t ive ly .  T h e  a p p e a r a n c e  of t h e  m e d i a l  m a m m i l l a r y  
nuc leus  in  t h e  NAUTA-GYGAX sect ions  2 days  a f t e r  fo rn ix  
sec t ion  is seen in  F igu re  2. M a n y  i r r egu l a r  a r g y r o p h i l i c  
bodies ,  p r o b a b l y  r e p r e s e n t i n g  i n d i v i d u a l  d e g e n e r a t e d  
b o u t o n s ,  a re  seen.  T h e  GLEgS s t a i n e d  sec t ions  on  t h e  
second  d a y  of t h e  d e g e n e r a t i o n  p rocess  d id  n o t  show a n y  
t e r m i n a l s  a n d  h a d  a n  a p p e a r a n c e  closely c o m p a r a b l e  to  
t h e  n o r m a l  s ta te .  3 days  a f t e r  fo rn ix  les ion b o t h  t h e  
NAUTA-GYGAX sec t ions  (F igure  3A) a n d  t h e  GLEES sec- 
t ions  (F igure  3B) show a mass ive  t e r m i n a l  degene ra t ion .  
T h e  GLEES t e c h n i q u e  fai led to  d e m o n s t r a t e  d e g e n e r a t e d  
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Figs. 1A and B. Photomicrographs of the medial mammillary nucleus 
in a non-operated animal. Intact nerve fibres are impregnated both 
in the NAUTA-GvGAX section (A) and in the GLEES section (B}. 

However, no synaptic end-formations are visible, 

Fig. 2. The medial mammillary nucleus in an animal sacrificed 2 days 
after a fornix section. Many irregular and drop-shaped argyrophilie 
bodies, probably representing individual degenerated boutons, are 

visible (NAuTA-GvGAX method}. 
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boutons  a f te r  a 4-day post-surgical  su rv iva l  period. I n  
such mater ia l  the  NAUTA-GYGAX method,  by  contras t ,  
p roduced  pictures  closely resembl ing those  found in 
animals  w i th  3 days  surv iva l  t ime.  

The  e lec t ron-microscopic  appearance  of NAUTA-GYGAX 
impregna ted  sections 2 days  a f te r  fornix  sect ion is shown 
in Figures  4 and 5. The  erra t ic  deposi t ion of s i lver  par-  
ticles in the  t issue is obvious,  and a lmos t  eve rywhere  
s i lver  can be found.  However ,  in the  axons (Figure 4) and 
the  boutons  (Figure 5), a pa r t i cu la r ly  h e a v y  accumula t ion  
of si lver has t aken  place. Si lver  was of ten seen in re la t ion 
to neurof i laments  of t he  axons.  The  mye l in  and the  mi to -  
chondria ,  however ,  were re la t ive ly  free of silver.  W h e n  
such ' s i lver -powdered '  t e rmina l s  (see -Figure 5) are  seen 
under  the  m u c h  lower  magni f ica t ion  of  the  l ight  micro-  
scope t h e y  will v e r y  l ike ly  have  the  appearance  of solid 

b lack  bodies. No GLEEs- impregnated  sect ion sui table  for 
electron-microscop.ic s t u d y  was ob ta ined  f rom the  m a m -  
mi l la ry  body.  Fo r tuna t e ly ,  a GLEEs- impregnated  sect ion 
reasonab ly  sui table  for subsequent  e lect ron-microscopic  
s t u d y  was ob ta ined  f rom the  appa ren t ly  normal  cerebral  
co r t ex  of ano the r  rat .  An axon  appear ing  in the  cor- 
responding e lec t ron-micrograph  is shown in F igure  6. 
Despi te  the  obvious  imperfec t ions  of the  mater ia l ,  i t  is 
n o t e w o r t h y  t h a t  the  s i lver  par t ic les  accumula ted  in the  
axon are confined a lmos t  exclus ive ly  to  axop lasmal  re- 
gions occupied by  neurof i laments .  

PETERS s, using a reduced s i lver  method ,  showed elec- 
t ron-microscopica l ly  t h a t  t he  s i lver  had  a t endency  to  be 
deposi ted  a long the  f i l aments  of the  normal  ne rve  fibre, 
and  in more  recent  studies,  GRAY a n d  HAMLYN ~ and 
GUILLERY s suggested t h a t  the  presence of neurof i laments  
is a prerequis i te  for posi t ive  f indings wi th  the  GLEES 
method .  However ,  this issue appears  to be controvers ia l .  
I n  the  present  s t u d y  no r ing-l ike s t ructures  suggest ing the  
impregna t ion  of a r ing of neurof i laments  were seen in 
GLEES sect ions f rom the  m a m m i l l a r y  body  (Figure 3B), 
nor  does WAr.BERGS0 consider  t he  presence of neurofi la-  
merits necessary for pos i t ive  GLEES impregnat ion .  Re-  
gard ing  the  NAtrrA-GYGAX method,  GUILI.ERY and  
RALSTON 3 found neurof i laments  and synap t i c  vesicles 
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Figs. 3A and B. Massive terminal degeneration in the medial mam- 
millary nucleus in an animal sacrificed 3 days after fornix lesion. 

NAUTA-GYGAX (A) and GLEES (B) methods, respectively. 

Fig. 4. Electron-micrograph of a NAVTA-GvGAX impregnated section 
showing 2 myelinated axons in the mammillary body. The animal 
had undergone unilateral fornix section 2 days before sacrifice, but it 
is uncertain whether the axons shown are normal or degenerating. 
There are very few silver particles found in the myelin (my) or in the 
mitochondria (mi), whereas the rest of the axon is powdered with 

silver. 
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free f r o m  s i lver  a n d  a s s u m e d  t h a t  t h e  a r g y r o p h i l i a  is de-  
p e n d e n t  u p o n  a n o t h e r  h i t h e r t o  u n i d e n t i f i e d  c o m p o n e n t  
of t h e  axop la sm,  whereas  LUND a n d  WESTRUM 4 f o u n d  
s i lver  g r a n u l a  especia l ly  in  r e l a t i o n  to  s y n a p t i c  vesicles  
a n d  m i t o c h o n d r i a .  Howeve r ,  t h e r e  seems to  be  genera l  
a g r e e m e n t  in  p r ev ious  s tud ies  t h a t  t he  n e u r o f i l a m e n t s  are  
n o t  a rgy roph i l i c  in  t h e  suppres s ive  NAUrA-GY~AX 
m e t h o d  s-6. 

I t  m u s t  be  e m p h a s i z e d  t h a t  t h e  r e su l t s  of t he  p r e s e n t  
s t u d y  are  in  less t h a n  comple t e  a g r e e m e n t  w i t h  t h e  re-  
su l t s  o b t a i n e d  b y  p r e v i o u s  i nves t iga to r s .  Argyroph i l i a ,  
however ,  is in f luenced  b y  m a n y  phys i ca l  as well  as 
c h e m i c a l  fac tors ,  a n d  i t  m a y  be  sugges ted  t h a t  t h e  f o r m  

a n d  si tes  of m e t a l h c  s i lver  depos i t i on  m a y  d e p e n d  u p o n  
n u m e r o u s  a n d  o f t e n  s u b t l e  v a r i a b l e s  in  t h e  t e c h n i c a l  
p r o c e d u r e s  fol lowed.  I t  is a w e l l - k n o w n  fact ,  for  i n s t ance ,  
t h a t  t h e  resu l t s  w i t h  t h e  NAUTA-GY~AX t e c h n i q u e  a re  
h i g h l y  d e p e n d e n t  u p o n  s u c h  v a r i a b l e s  as t h e  p e r m a n g a -  
n a t e  t r e a t m e n t ,  one  of t h e  less co n t ro l l ab l e  s t eps  in  t h e  
process.  T h e  d i f f e ren t  resu l t s  o b t a i n e d  b y  va r ious  inves t i -  
ga to r s  m a y  be  a consequence  of a p p a r e n t l y  m i n o r  dif-  
ferences  in  t h e  s i lve r  p r o c e d u r e  used.  Th i s  may ,  in  fact ,  
r e s u l t  in  d i f f e ren t  p a t t e r n s  of s i lve r  depos i t i on  in  t h e  t is-  
sue. Consequen t ly ,  i t  m a y  n o t  be  poss ib le  to  ca t egor i ca l ly  
r e l a t e  r e su l t s  o b t a i n e d  w i t h  t he se  s i lver  t e c h n i q u e s  to  a n y  
specif ic  m o r p h o l o g i c a l  c o m p o n e n t  of t h e  a x o n  ix. 

Fig. 6. Electron-mierograph of a GLEES impregnated section showing 
myelinated axons in the cortex of a normal rat. Practically all the 

silver particles show a relation to neurofilaments (nf). 

Zusammenfassung. Die G r u n d l a g e n  fiir die Si lber-  
m e t h o d e n  n a c h  NAUTA u n d  GL~ES w e r d e n  e l e k t r o n e n -  
m i k r o s k o p i s c h  u n t e r s u c h t  u n d  die V e r t e i l u n g  d e r  Si lber-  
g r a n u l a  im Gewebe  fes tges te l l t .  
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Figs. 5A and B. Electron-mierographs of NAUTA-GYGAX impregnated 
sections, showing synaptic endings in the medial mammfllary nucleus 
of an animal in which the fornix was sectioned 2 days before sacrifice. 
(Compare the light microscopic appearance in Figure 2.) The silver 
particles are concentrated within the terminals which can be identi- 
fied by the synaptic thickenings (st) and the synaptie vesicles (sv). 
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