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T i s s u e  sect ions f r o m  the juxtacardia i  segments  of  the pu lmonary  ve ins  and venae cavae of 
dogs impregna ted  with s i lve r  sa l t s  by the Kampos  method were  studied. An e l e c t r o n - m i c r o -  
scopic  invest igat ion showed that the reduced s i l ve r  adsorbed by the t i s sue  of the impregnated  
p repa ra t ions  had a g ranu la r  s t ruc tu re ,  with single granules  ranging f r o m  30 to 400 A in di -  
ame te r .  The  l a rges t  g ranules  we re  found in the axop lasm of myel inated and unmyel inated ne rve  
f ibe r s ,  and the smal l  g ranu les  w e r e  in va r ious  ce l lu lar  and f ibrous  components  of the t i s sue  
subs t ra te .  As a rule  no s i l ve r  granules  were  found in the subs tance  of  the myel in  sheath.  
The  pa t t e rns  of adsorpt ion and dis t r ibut ion of the s i lve r  g ranules  in the impregna ted  p r e p a r a -  
tions explain the morphologica l  manifes ta t ions  of the phenomenon of argentophi l ia .  
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Methods of s i l ve r  impregnat ion  occupy a leading place  in the a r sena l  of neurohis to logica l  techniques~ 
The i r  pr inciple  of action is  based  on the specia l  affinity of n e r v e  t issue for  s i l ve r  sa l t s ,  o r  argentophi l ia ,  
a s a  resu l t  of  wMch se lec t ive  staining of p a r t i c u l a r  ne rve  s t ruc tu r e s  is obtained: neurons ,  ne rve  f ibe r s ,  
r e c e p t o r s ,  and synapses .  Desp i te  carefu l  study of the impregnat ion  p r o c e s s  and knowledge of the bas ic  
phys icochemica l  and b iochemica l  r eac t ions  taking place  at the va r ious  s tages  of this p r o c e s s  [4, 10, 12, 13], 
the int imate mechan i sm of impregnat ion  has  not ye t  been fully e~plained. This  is  pa r t i cu l a r l y  t rue  of the 
nature  of the t i s sue  subs t ra te  of argentophi l ia .  Th is  phenomenon has been shown to be based  on the p ro p e r ty  
of cer ta in  t i s sue  p ro te ins  of fo rming  s table  p r o t e i n - m e t a l  complexes  during in terac t ion  with s i l ve r  ions 
[3-5, 9]. However ,  f r o m  the morphologica l  point of v iew,  the s t ruc tu ra l  equivalent of argentophi l ia  has  been 
inadequately studied. P r ev i ous  inves t igat ions  in this field have not yielded the requi red  r e su l t s  because  of 
the low resolv ing  power  of the optical  m i c r o s c o p e .  Essen t i a l ly  new opportuni t ies  for  the study of these 
p rob l ems  have been provided by  e l e c t r o n m i c r o s c o p y .  This  was shown by the f i r s t  a t t empts  at u l t r a s t r u c t u r -  
al ana lys i s  of  impregnated  p r e p a r a t i o n s  of the m a m m a l i a n  spinal  cord [10] and the f rog sc ia t ic  ne rve  [7]. 
Despi te  the f r agmen ta ry  and incomple te  nature  of the submic roscop ic  observa t ions  contained in the above 
publ icat ions,  they neve r the l e s s  conf i rm without r e se rva t i on  the potent ia l  va lue  of e lec t ron  m i c r o s c o p y  as  a 
method of studying aspec t s  of the m e c h a n i s m  of s i lver  impregnat ion  and of d isc los ing the morphologica l  
subs t ra t e  of argentopMlia .  

The invest igat ion descr ibed  below was devoted to an u l t r a s t r u c t u r a l  analysis  of impregnat ion  p r e p a r a -  
tions in o r d e r  to study the cha rac t e r  of adsorpt ion and the pa t t e rn s  of d is t r ibut ion of s i l ve r  p a r t i c l e s  in pe -  
r i phe ra l  ne rve  format ions  as well  as in ce l lu la r  and f ibrous  s t ruc tu r e s  of the t i s sue  sub s t r a t e .  

E X P E R I M E N T A L  M E T H O D  

P r e p a r a t i o n s  impregna ted  with s i l ve r  sa l t s  by the Kampos method and kept  fo r  different  t imes  (up to 
s eve ra l  years )  mounted in Canada b a l s a m  were  studied with the e l e c t ron  m i c r o s c o p e ,  P r e p a r a t i o n s  taken 
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Fig~ 1. Axons of myelinated (M) and unmyelinated {U) fibers from jux- 
tacardial portion of the dog pulmonary vein (7000• 

Fig. 2. Axons of myelinated fibers from juxtacardial portion of the dog 
pulmonary vein (explanation in text): a) 15,000x; b) 25,000•176 

Fig. 3. 
(explanation in text): 

Myocardial fibers from juxtacardial portion of dog pulmonary vein 
a) 15,000x; b) 20,000•176 
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f rom the juxtacardial  port ions of the pulmonary veins and venae eavae of the dogs, in which the var ious  in- 
nervation s t ruc tures  are r ichly represented [1, 2, 6], were chosen as the principal  tes tobjec ts .  After exam- 
ination and photomicrography of appropriate  a reas  of the prepara t ions ,  the ba lsam was removed with xyiol 
and the sections taken through absolute alcohol and embedded in Araldite by the sandwiching method (between 
two thin t ransparent  plast ic fi lms).  In this form the prepara t ions  were re-examIned in the light mic roscope  
in  o rde r  to choose a reas  f rom which to cut ultrathin sect ions.  Thus it was also possible to ver i fy  that the 
manipulations were not reflected in the general  state of the preparat ion and had not affected the s t ructure  
of the innervation formation and t issue substrate  to be examined. Ultrathin Sections (700 i )  were examined 
and photographed in the electron microscope  without fur ther  staining or  after  staining with uranyl  acetate~ 

E X P E R I M E N T A L  R E S U L T S  

Elec t ron-mic roscop ic  analysis  of the neurohistological  prepara t ions  impregnated with si lver  salts 
reveals  the charac te r  of distribution of reduced si lver  par t ic les  not only in the var ious  components of nerve  
f ibers (myelinated and unmyelinated)o but also in the t issue substrate surrounding them. The f i rs t  feature 
to be noted was the abundant deposition of par t ic les  in the axoplasm of the nerve f ibers .  Under low power 
(5000-7000• the axons appeared to be almost  continuously black; only with magnification of over  10,000• 
could the granular  s t ruc ture  of the s i lver  deposits  be distinguished (Figs. 1 and 2). They are  composed 
of granules  of different s izes .  The smallest  granules were hardly 30-60 /~ in d iameter ,  the middle-s ized 
150-200 ~,  and the larges t  400-500 ~. They were often joined together to form l a rge r  par t ic les  with an 
i r r egu la r ,  angular shape. 

If the e lec t ron-microscopic  p ic tures  of impregnation of nerve f ibers were compared with those of the 
neighboring connect ive- t issue and muscular  components,  it was easy to see in genera l  no large or  medium- 
sized s i lver  granules were present  outside the axons, although small granules were regular ly  found in the 
form of a delicate,  punotate deposit.  The density of the finely granular  deposit  was usually g rea tes t  in the 
nuclear  substance of the Schwann and per ineura l  cel ls ,  and also in the nuclei of the macrophages ,  f ibroblasts ,  
etco The distribution of the granules  was less  dense in the cytoplasm of those same cells and along the 
course  of the f ibrous s t ruc tures  of the connective tissue~ The pat tern of distr ibution of the reduced s i lver  
granules  in the s tr iated muscle  f ibers  of the contract i le  myoeardium was v e r y  striking~ In some pa r t s  of 
these f ibers  the uniform deposit  was interrupted by light t r ansve r se  bands (about 600 ~ wide), bounded by 
a distinct row of s i lver  granules (Fig. 3a). Detailed analysis  of the specimens  showed that the pale bands 
were nothing more  than the sites of the anisotropie disks,  and after  additional staining of the sections with 
uranyl acetate they assumed the appearance of dark  e lec t ron-dense  bands (Fig. 3b). 

The cha rac te r  of impregnation of the myelinated nerve  f ibers  must  be specially mentioned. Besides 
abundant deposition of s i lver  par t ic les  in the axoplasm, their  total absence f rom the myelin sheath was 
conspicuous. Staining the sections with uranyl  acetate showed conclusively that neither the outer  n o r  the 
inner lamellae of the myelin sheath contained silvei: granules ,  r egard less  of the cal iber  of the f ibers .  
A regula r  finely g ranu la r  deposit  could be seen only in the cytoplasmic (Schwann) membrane .  

The observat ions described above agree on the whole with the data of light microscopy and they indi- 
cate a high degree of argentophilia of the axons but very low argentophilic proper t ies  of the myelin sheath. 
Meanwhile e l ec t ron-mic roscop ic  analysis  introduced important  cor rec t ions  into the existing idea on the 
nature of the phenomenon of argentophilia of nerve f ibers .  It is general ly  considered that axons have a so-  
called neurofibr i l lary core and that the argentophilia of nerve fibers is due to its special affinity for  s i lver  
salts .  Yet investigations at the u l t ras t ruc tura l  level do not conf i rm the existence of neurofibri ls .  These 
formations have not been found in ei ther  myelinated o r  unmyelinated nerve f ibers .  It has been suggested 
that they ar ise  as a resul t  of aggregation of p ro te in -mice l l a r  s t ruc tures  (in par t icu lar ,  neurofilaments) 
durIng formalin fixation of the mater ia l ,  to be revealed subsequently by si lver  impregnation [7, 11]. Although 
this method was used for  treating the mater ia l  in the present  investigation, never theless  no formations with 
a s t ructure  of the neurofibril  type, that could be connected with any special  concentration of si lver  par t i c les ,  
could be found in the axons. It is ve ry  tempting to suggest that the in t ra-axonal  s i lver  granules may be 
connected with those specialized and par t icu la r ly  numerous format ions of the axoplasm - neurofi laments 
and neurotubules.  In all probabil i ty,  however,  the question of which u l t ras t rue tura l  components of the axo- 
plasm are  the actual c a r r i e r s  of the reduced si lver  granules  must  be answered in the light of the well-known 
universali ty of the argentopMlia phenomenon. This means that the mechanism of impregnation must be 
based on principles  of reduction and adsorption of si lver  salts that are  common to nerve and other t issues ,  
and these in turn must  be connected with a common u l t ras t ruc tura l  (and ult imately molecular) substrate  of 
the corresponding react ions .  Biochemical  and his tochemieal  investigations show that this substrate  is 
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fo rmed  bY act ive  argentophi l ic  components  of  ce r t a in  t i s sue  p ro te ins .  According to some w o r k e r s ,  these  
a re  amino groups  of hist idine [8, 9], whereas  according  to o thers  they a r e  sulfhydryl  groups  of cyst ine  and 
cys te ine  [3]. R e g a r d l e s s  of the soundness of these v iews,  the d i s c o v e r y  of the na ture  of the  phenomenon 
of argentophi l ia  as a whole must  depend, in the p re sen t  w r i t e r s '  opinion, not only on a study of the b iochemi -  
cal na ture  of  s i l ve r  impregna t ion ,  but also on a c o r r e c t  unders tanding of the spec ia l  f ea tu res  of the adso rp -  
tion and dis t r ibut ion of s i l ve r  granules  revea led  by e lec t ron  mic roscopy  in impregnat ion  p r epa ra t i ons .  It 
i s  in this light that it b e c o m e s  c l ea r  that the intensi ty of the argentophi l ia  phenomenon is  d i rec t ly  dependent 
upon the d imens ions  of the s i l ve r  granules  adsorbed by a p a r t i c u l a r  t i ssue during impregnat ion .  It is not 
surpr i s ing ,  t he re fo re ,  that axons of ne rve  f ibe r s ,  which p o s s e s s  the l a rges t  g ranu les ,  a re  also the mos t  
argentophilico As r e g a r d s  a quanti tat ive index for  the adsorbed granules ,  judging f r o m  the e lec t ron  m i c r o -  
g raphs  accompanying  this pape r ,  this i s  of  no dec is ive  impor tance  as  a cha r ac t e r i s t i c  of the phenomenon 
of argentophi l ia .  

The fac ts  desc r ibed  above emphas ize  the exceptional  ro le  of u l t r a s t r u c t u r a l  ana lys i s  in the study of 
the mechan i sm of s i lve r  impregnat ion  and in the explanation of the phenomenon of argentophi l ia ,  so wide-  
spread  in no rma l  and pathological  neuromorphology .  In this context it  i s  mos t  impor tan t  to note that i m -  
pregnat ion p r e p a r a t i o n s  kept fo r  va r ious  and long pe r iods  of t ime can be  used fo r  e lec t ron  mic roscopy .  
Th i s  accordingly  p rov ides  essen t ia l ly  unlimited opportuni t ies  fo r  the i r  r e t r o spec t i ve  ana lys i s  at the u l t r a -  
s t ruc tu ra l  level .  
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