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T h e  C l a s s i c a l  ' G o l g i  A p p a r a t u s '  i n  t h e  V e r t e b r a t e  

N e r v e  C e l l s  

The name  ' A p p a r a t o  ret icolare  intern<)' ( 'Golgi appa-  
ratus ' ) ,  was in t roduced  by  GOLGI 1 in 1898 while s t udy in g  
the  Purk in je  cells of t he  cerebel lum of the  barn-owl ,  Strix 
/lammea wi th  his ' reaz iona  n e r a ' - t h e  black react ion.  
Since then  th is  t e r m  has  been  in c o n s t a n t  w)gue for an 
irregular and  to r tuous ,  usual ly per inuclear ,  re t i cu lum t h a t  
is fo rmed af te r  the  appl ica t ion  of pa r t i cu la r  techniques ,  
popular ly  called the  'classical Golgi t echn iques ' .  But ,  
during the  pas t  decades ,  while mos t  of the  cytological  
research was o r ien ted  by  the  'Golgi a p p a r a t u s '  and the 
associate  con t roversy ,  the  word  Golgi a p p a r a t u s  came to 
be used for the  var ious  cell inclusions ent i re ly  unre la t ed  to 
one another  h is tochemical ly .  The authors  have  conducted  
a de ta i led  h i s tochemiea l  analys is  of the  ageing spinal  
neurones  of f ishes (Periophthalamus sp., Heteropneustis 
[ossilis, and  Ophiocephahts stria<us), a m p h i b i a n s  (frog, 
Rana ligrina), rept i les  (lizards, Hemidactylus sp. and Uro- 
mastix hardwickii, snakes,  Natrix sp. and Eryx johnii, and 
the  tur t le ,  Lissemys sp.), b i rds  (Galhts domesticus and Co- 
lurnba livia), m a m m a l s  (Rat<us norvegicus and Oryctolagus 
cuniculus) and  have  paid  op t ima l  a t t e n t i o n  to the  classical 
Golgi t echn iques  to find out  the  exac t  site as well as the  
na tu re  of the  'Golgi appa ra tu s ' .  

E x c e p t i n g  Periophthalamus sp., Heleropneustis and 
Eryx, t he  nerve  cells of the  res t  of adul t  and  old an imals  
s tud ied  have  shown  a typ ica l  p ic ture  of the  a rgen toph i l  
and osmiophi l  conven t iona l  (;olgi a p p a r a t u s  (Figure),  
al though the  neurones  of the  young an imals  cha rac te r -  
ist ically lacked it. The  per iod of osmica t ion  aud si lvering 
was var ied from 2-12 days  and from 15-20 h respec t ive ly  
to observe  gradual  osmica t ion  and si lvering of the  in- 
clusions forming  the  'Golgi a p p a r a t u s ' .  In all the  an imals  
s tud ied  the  'Golgi a p p a r a t u s '  ca rved  out  an asymmet r i ca l ,  
usually per inuclear ,  configuration.  The var ious  o smium 
and silver p repa ra t ions  were also deosmica t ed  as well as 
des i lvered gradua l ly  wi th  a s a t u r a t e d  solut ion of potas-  

f 
Photomicrograph of the Kolatchev preparation of a mammalian 
spinal neurone showing the pcrinuclcar reticulmm Many um'unlbe- 
red lipid spheroids can be made out clearly, but the mitochondria 
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sium persu lpha te  and o.5°o iodine solut ion respec t ive ly  
and s tud ied  at  in tervals  to conf i rm the exact  site t)f the 
'Golgi a p p a r a t u s ' .  

t t  has been concluded a f t e r  me t icuhmslv  careful  ob-  
se rva t ions  t ha t  tlle 'classical (;olgi a p p a r a t u s '  in the nerve  
ceils of the  adul t  and  old an imals  is formed as a result  of 
deposi t ion of rettuced o s mi u m or s ih ' e r  on the  basophi l  
Nissl pa tches  and the  associa te  canaliculi  and spaces 
(homologous to the  endop lasmic  re t icu lum of l 'aLaV and 
PALAI)E a, and MALHOTRA and  Mlq,:Ka). The excel lent  in- 
ves t iga t ions  of IA.:(;~CNm~V a, showing t h a t  the  silver- 
impregna ted  Nissl bodies have  exac t ly  the  same appear -  
ance as tile 'chtssical (;olgi a p p a r a t u s ' ,  co r robora te  our  
present  f indings beyond  doub t .  A ne twork  of anas lomos ing  
canaliculi  and spaces in the c y t o p l a s m  can easily be ob-  
served in the living cells s tud ied  unde r  the phase  co n t r a s t  
microscope and in the I<olatchev deosmica ted  prepa-  
rat ions.  These s t ruc tu res  are, in all p robabi l i ty ,  the  broad  
c is ternae of the endoplasmic  re t iculum.  

The present  f indings have,  to a grea t  ex t en t ,  re fu ted  
the claim of THO,'qA.'4 ~ 7 t h a t  t i l t  conventh)na l  '(;olgi 
appa ra tu s '  is formed by" a deposit iorl  of the  metal l ic  in- 
gredients  on the  mi tochondr i a :  these  organel les  are too 
small  to ewfl<e tile fo rmat ion  of big reticuliS,". Mot 'ssA ~0 
has also aff i rmed tha t  there  exis ts  prac t ica l ly  no morpho-  
logical connect ion be tween  tile m i tochondr i a  and tile 
'Golgi appa ra tu s ' .  The neut ra l  red bodies  or the  lipid par- 
t iculates,  e i ther  alone or toge the r  wi th  tile mi tochondr i a ,  
are also not solely responsible  for the fo rmat ion  of net -  
works,  as believed by a host  of e m i n e n t  workers  5-Lu.  
The presen t  au thors  believe t h a t  the  s t rong ly  a rgen toph i l  
and  osmiophi l  lipid bodies and t i l t  mit<mhondria, a l t h o u g h  
they  get impregna ted  very readily,  take  pa r t  in tile for- 
mar ion  of the ne tworks  only to the  e x t e n t  t h a t  several  of 
t h e m  get engulfed dur ing tile process,  o therwise  mos t  of 
t h e m  are seen lying not only- in the  u n c u m h e r e d  c y t o p l a s m  
but  also in be tween the meshes  of the re t iculum.  

The a rgentophi l  aud osmiophil  ne tworks  observed  dur -  
ing the  p resen t  inves t igat ions  canuot ,  at  all, be homolo-  
gized wi th  the  'chtssical Gotgi a p p a r a t u s '  of GATV.'NltV ~2 
and Mot~ssa and BANHAWV ~a, because the  n e t w o rk s  here  
are conspicuous ly  absen t  in tile neurones  of the  young  
animals ,  whereas,  according to these workers ,  t h e y  are 
invar iab ly  in a full-fledged condi t ion in the  nerve  cells of 
the  young animals ,  but  are absen t  from those  of the  old 
aud senile ones. The presen t  iuves t igat ions  have  also in- 
w d i d a t ed  tile claim of MoUSSA and BANHAWY la t h a t  the  
lipid bodies are the  secret ion or the  t r ans f lwmat ion  prod--  
ucts of the  d i s in tegra t ing  Golgi a p p a r a t u s  of tile neurones  
of the  old animals .  

In conclusion the  'classical (;~lgi a p p a r a t u s '  in ver te -  
b ra tes  is an a r t i fac t  formed as a resut t  of depos i t ion  of 
osmium or silver on the  p a t c h y  Nisst s u b s t a n c e  and  the  
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associate  canaliculi  and  spaces;  t he  lipid bodies  and  the  sys t emen .  L ipo idk6rpe rchen  u n d / o d e r  Mi tochondr ien  sind 
mi tochondr i a  are bu t  the  s econda ry  associates,  in b~zug auf  Bi ldung w m  sekundS.rer Bedeu tung .  

Zusammen/assung. l )er  'Go lg i -Appara t '  in den Neu-  
ronen  des Rt ickenrnarks  der  \Virbel t iere  e n t s t e h t  aus Ab- 
lagerungen w m  Osmium oder  Silber an Ni s s l -K6rpe rchen  
und  an mi t  ihnen  v e r b u n d e n e n  Canaliculi  und Spal t -  

S. P. SHARMA and S. L. 5~ANOCIfA 

Department o/ Zoology, Panjab U~iversity, Chandigarh 
(Punjab, India), October 23, 1961. 

E l e k t r o n e n m i k r o s k o p i s c h e  B e o b a c h t u n g e n  an 
den Hi i l senarter io len in der Milz  des  Hundes  

Die einzige uns b e k a n n t e  e l ek t ronenmikroskop i sche  Be- 
schre ibung  von  Hi i l senar ter io len  in der  Milz ist bis j e t z t  
diejenige yon W e i s s  t, der  ebenfal ls  Hundemi lz  un te r -  
suchte .  \VS, h rend  wit  seine Befunde  bes t~ t igen  k/Snnen, 
dass  es sich bei den  Hti lsenzellen um p leomorphe ,  phago-  
cy t i e rende  Zellen hande l t ,  zwischen denen  P lasmaze l len  
v o r k o m m e n  kOnnen, und dass das  E n d o t h e l  kont inuier l ich  
ist, s ind wir in der  Lage, an H a n d  der  e l ek t ronenmikro -  
skopischen  U n t e r s u c h u n g  einer  Hundemi l z  zusS.tzliche 
Angaben  zu machen ,  insbesondere  fiber die F e i n s t r u k t u r  
des Endo the l s .  

Kleine  Stficke aus der  Milz eines Sch/ i ferhundes,  der  
wegen eines Hau t sa rko rns  mi t  N e m b u t a l  getOtet wurde  2, 
wurden  in gepuf fe r t em Acrolein nach  LuvTa fixiert ,  im 
P h o s p h a t p u f f e r  gewaschen und wel te r  zerkleinert ,  mi t  ge- 
puf fe r te r  O s m i u m t e t r o x y d l 6 s u n g  nach  PALADE ~ nach-  
fixiert ,  in , \ t h an o l  entw/isser t ,  in l °o ige r  Phosphorwol f -  

L. WEiss, Anat. Record 13#, 2s6 (196t). 
Herrn Prof. I)r. U. I"REUDmEn, Klinik ffir ldeine Haustiere der 
Universitat Bern, danken wit bestens fur die ffTberlassung des 
Materials. 

a j. H. LUF'r, zitiert v(nl l). C. ])EASF, Histological Techniques/or 
Electron 3Iicroscopy (Academic Press, New York 196o). 

4 (].. g. 1)ALADE, J. exp. Med. tJ:~, 285 (19}';,2). 

Fig. 1. Fflamente im Cytoplasma einer Endothelzelle einer 1/ings 
getroffenen Htilsenarteriole. Anliegender Erythrocyt im Geffisslumen 

links oben. 

Fig. ~2. Ausschnitt aus einer Schweigger-Seidelschen Hiilse. Arteriole 
(oben) quer getroffen. Phagor.ytiertes Material (Mitte links) in einer 

Hiilsenzelle. 


