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conta in ing  galactose,  mannose ,  hexosamine ,  fucose and 
sialic acid. The  avai lable evidence makes  it no t  unlikely 
t h a t  such a g lycopro te in  could be a c o m p o n e n t  of b o t h  the 
epi thel ial  cell coat  and the  b a s e m e n t  membrane .  Di lut ion 

of th is  mucosubs t ance  wi th  the  collagen-like p ro te in  in 
the  b a s e m e n t  m e m b r a n e  could accoun t  for the  b a s e m e n t  
m e m b r a n e  s ta in ing s l ight ly  less in tensely  t h a n  the  cell 
coat  in the  ru then ium red procedure .  

In  summary ,  on the  basis  of e lectron microscope s tudies  
on ra t  glomeruli  labelled in vivo w i t h  silver and  s ta ined in 
v i t ro  wi th  ru then ium red, it  has  been shown t h a t  a com- 
p o n en t  of renal  g lomerular  b a s e m e n t  m e m b r a n e  is 
secreted by  visceral  epi thel ial  ceils. This componen t  is 
secreted in the  same m a n n e r  and at  t he  same t ime as, and 
shares cer ta in  s ta in ing affinit ies with,  the  cell coat  which 
covers the  visceral  epi thel ia l  cells. 

Fig. 3. Densely stained cell coat attached to plasma membrane. 
Basement membrane less intensely stained. The electron density 
of the basement membrane approximates to that of obliquely cut 
cell coat (arrowed). (Ruthenium red. • 145,000). 
US, urinary space; FP, foot process; BM, basement membrane; 
SM, filtration slit membrane; E P, visceral epithelial cell; C, capillary. 

Rdsurnd. Les 6tudes fai tes au microscope 61ectronique 
sur les reins de ra ts  marqu6s  in vivo ~ l ' a rgen t  et color6s in 
v i t ro  au rouge de r u t h e n i u m  ont  mont r6  qu 'une  pa t t i e  de 
1~ m e m b r a n e  de base glom6rulaire r6nale est  const i tu6e 
par  les cellules @ith6liale  visc6rales. Cette  pa t t i e  est  
s6cr6t6e de la m~me mani~re et  en m~me t emps  que la 
couche cellulaire r ecouvran t  les cellules visc6rales et  sa 
colorat ion est  semblable.  
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Cytochemica l  D e m o n s t r a t i o n  of 'Marker'  E n z y m e s  

The t issue cul ture  m e t h o d  has  con t r ibu ted  very  much 
in the  field of neurological  sciences 1, 2, however  t he  main 
concern  in previous  works  were res t r ic ted  to  morpho-  
logical fea tures  of nervous  tissue. I t  appears  i m p o r t a n t  
and desirable  to inves t iga te  the  enzymat i c  ac t iv i ty  of 
nervous  t issue in vi t ro  by  cy tochemica l  means  in order  to 
p rov ide  corre la t ion  of s t ruc tu ra l  and  funct ional  charac-  
terist ics.  I n  th is  connect ion,  it  has  previous ly  been re- 
po r t ed  by  NOVIKOFF 3, 4 t h a t  cer ta in  cy top lasmic  organelles 
can  be visual ized by  cy tochemica l  d e m o n s t r a t i o n  ot 
selected 'marke r '  enzymes .  In  the  p resen t  communica t i on  
'marke r '  enzymes  in nerve  cells grown in t issue cul ture  
were inves t iga ted  wi th  cy tochemica l  s ta in ing methods .  

Tissue cul ture  exp lan t s  were made  f rom new-born  
mouse  and  k i t t en  cerebellum. Cultures were grown ei ther  
in Max imow' s  double-covers l ip  assemblies  or in flying- 
coversl ips in roller tubes.  These procedures  have  been  de- 
scr ibed in deta i l  elsewhere 5, 6. Af ter  2-5 weeks in vitro,  
t he  cul tures  on col lagen-coated coversl ips were f ixed in 
cold formol-calc ium and  incuba ted  for demons t r a t i o n  of 
the  following 'marke r '  enzymes :  (1) acid phospha t a se  for 
lysosomes 7, (2) t h i a m i n e  p y r o p h o s p h a t a s e  for the  Golgi 
a p p a r a t u s  s, (3) N A D P - t e t r a z o l i u m  reduc tase  for mi to-  
chondr ia  9, and  (4) acetyl  chol ines terase  for endoplasmic  
re t icu lum 10. 

Nerve  cells i ncuba ted  in these  cy tochemica l  media  
showed wel l -developed lysosomes,  Golgi appara tus ,  mi to-  
chondr ia  and  endop lasmic  re t iculum.  Lysosomal  acid 
p h o s p h a t a s e  ac t iv i ty  was  d e m o n s t r a t e d  in neuronal  
pe r ika rya  in fine granules.  The reac t ion  was nega t ive  in 
nuclei  (Figure 1), 

Th iamine  p y r o p h o s p h a t a s e  ac t iv i ty  appeared  in 
l aminar  s t ruc tures  in the  per inuclear  region of nerve  ceils 
where  t he  Golgi a p p a r a t u s  is localized morphological ly  

in Nerve  Cells Cultured in vitro 

(Figure 2). N A D P - t e t r a z o l i m n  reductase  ac t iv i ty  for 
mi tochondr i a  was seen as f inely granular  fo rmazan  de- 
posi ts  in neuronal  cy top la sm (Figure 3). Acetyl  cholin- 
esterase reac t ion  for endoplasmic  re t iculum appeared  in 
t he  form of coarse granules localized in t he  neuronal  cyto-  
plasm. No react ion was  seen in nuclear  s t ruc tures  
(Figure 4). 

N A D P - t e t r a z o l i u m  reduc tase  was selected as the  
marke r  for mi tochondr i a  since ne i ther  succinate  de- 
hydrogenase  nor  mi tochondr i a l -ATPase  survives formol 
f ixa t ion  a. The usefulness of ano the r  mi tochondr ia l  enzyme,  
NAD- te t r azo l ium reductase ,  is also l imited,  since th is  
enzyme  is p resen t  also in t he  endoplasmic  re t iculum of 
nerve  cells; mi tochondr i a l  s t ruc tures  are therefore,  
masked  by  r eac t ion -p roduc t  depos i ted  in endoplasmic  
re t iculum.  St rong react ions  for the  'marker '  enzymes  in 
nerve  cells indica te  t h a t  enzymes  of energy t r ans fo rma-  
t ion,  nervous  t ransmiss ion  and hydro ly t ic  react ions are 
fairly act ive  even in the  t issue cul ture  envi ronment .  
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C y t o c h e m i c a l  d e m o n s t r a t i o n  of  ' m a r k e r '  e n z y m e  
a c t i v i t y  is t h u s  a n o t h e r  f a v o r a b l e  e v i d e n c e  o f  n e r v o u s  
t i s s u e  c u l t u r e ;  t o g e t h e r  w i t h  t h e  m a t u r a t i o n  of  N i s s l  
p a t t e r n  n ,  t h e  f o r m a t i o n  of  m y e l i n  s h e a t h s  de  n o v o  ~2, ~a, 

t h e  e s t a b l i s h m e n t  of  f u n c t i o n a l  s y n a p s e s  14, t h e  f i d e l i t y  
e x i s t i n g  in  f i ne  s t r u c t u r e  ~s, a n d  t h e  a c h i e v e m e n t  o f  
e n z y m e  a c t i v i t y  t o  t h e  a d u l t  l e v e P ~ ;  p r e s e n t i n g  t h e  
c o n d i t i o n s  c lose  t o  t h e  p h y s i o l o g i c a l ,  b i o c h e m i c a l  a n d  
b a s i c  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  of  t h e  t i s s u e  as  
o b s e r v e d  in  v i v o .  

T h e r e  is i n c r e a s e d  i n t e r e s t  a m o n g  r e s e a r c h e r s  in  t h e  u s e  
o f  n e r v o u s  t i s s u e  c u l t u r e s  in p h a r m a c o l o g i c a l  a n d  p a t h o -  
log ica l  f ie lds .  A p p l i c a t i o n  of  t h e  c y t o c h e m i c a l  a p p r o a c h  
to  n e r v o u s  t i s s u e  in  v i t r o  u n d o u b t e d l y  c a n  p r o v i d e  ex -  
t e n s i v e  a n d  r e f i n e d  i n f o r m a t i o n  c o n c e r n i n g  s t r u c t u r a l  a n d  
f u n c t i o n a l  r e l a t i o n s h i p s  w i t h i n  t h e  n e r v o u s  s y s t e m .  O n e  
e x a m p l e  of  s u c h  a n  a p p l i c a t i o n  i n v o l v e d  a s t u d y  of  t h e  
r e s p o n s e  of  c u l t u r e d  n e r v e  cells  to  a n o x i c  c o n d i t i o n s ~ L  

Zusammen/assung. Die  E n z y m a k t i v i t / ~ t  de s  N e r v e n -  
g e w e b e s  in  K u l t u r e n  w i r d  u n t e r s u c h t  u m  f u n k t i o n e l l e  u n d  
m o r p h o l o g i s c h e  B e f u n d e  zu  v e r g l e i c h e n .  E s  w e r d e n  so- 
g e n a n n t e  <(Marker~ E n z y m e  b e s c h r i e b e n  sowie  d e r e n  
h i s t o c h e m i s c h e  u n d  f /~rber ische  D a r s t e l l u n g .  
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Fig. l. New-born mouse eerebellar neurons, 24 days in vitro. Acid- 
phosphatase reaction for iysosomes. • 600. 

l:ig. 2. New-born mOtlSe cercbeiIar neurons, 24 clays in vitro. 
Thialnine pyrophosphatase reaction for Golgi apparatus. ~ 60(/. 

lqg. 3. New-born kitten cerebellar neurons, 30 days in vitro. NAI)P- 
tetrazolium reduetase reaction for mitoehondria, x 1000. 

Fig. 4. New-born mouse cerebellar neuron, 28 days in vitro. Acetyl- 
cholinesterasc reaction for endoplasnfic retieulum. • 600. 
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MCKENNA a n d  ANGELAKOS 1 r e p o r t e d  t h a t  in  t h e  d o g  
t h e  v a s a  r e c t a  r e c e i v e d  a n  a d r e n e r g i c  n e r v e  s u p p l y  b u t  
t h a t  t h e  e f f e r e n t  a r t e r i o l e s  d i d  no t .  I n  t h e  r a b b i t  NILS- 
SON 2 w a s  u n a b l e  to  d e m o n s t r a t e  a d r e n e r g i c  f i b r e s  t h a t  
s u p p l i e d  e i t h e r  t h e  v a s a  r e c t a  o r  t h e  e f f e r e n t  a r t e r io l e s .  
T h e s e  d i f f e r e n t  f i n d i n g s  m a y  r e f l ec t  e i t h e r  s p e c i e s  dif-  
f e r e n c e s  o r  l i m i t a t i o n s  of  t h e  t e c h n i q u e s  u s e d .  T h e  d i f fe r -  
e n c e s  h a v e  n o t  been  r e s o l v e d  b y  s t u d i e s  w i t h  t h e  e l e c t r o n  
m i c r o s c o p e .  

W e  h a v e  t h e r e f o r e  s t u d i e d  t h e  a d r e n e r g i c  i n n e r v a t i o n  
of t h e  k i d n e y  in a n u m b e r  of  spec ies ,  u s i n g  a h i s t o c h e m i c a l  
m e t h o d  to  d e m o n s t r a t e  c a t e c h o l a m i n e s .  

Materials and methods. R a t s ,  ge rb i l s ,  g u i n e a - p i g s  a n d  
r a b b i t s  we re  u s e d .  T h e y  we re  k i l l ed  b y  a n  i .p.  o r  i .v .  
i n j e c t i o n  of  s o d i u m  p e n t o b a r b i t o n e .  A k i d n e y  w a s  
r e m o v e d  5 - 1 0  ra in  a f t e r  d e a t h  of  t h e  a n i m a l  a n d  a p o r t i o n  
f r o z e n  in so l id  c a r b o n  d i o x i d e  a n d  s e c t i o n e d  a t  1 6 - 3 0  V 
in  a c r y o s t a t .  T h e  s e c t i o n s  w e r e  m o u n t e d  on  g l a s s  s l ides ,  
d r i e d  a t  r o o m  t e m p e r a t u r e ,  t r e a t e d  b y  t h e  m e t h o d  of  
EL-BADA'WI a n d  SCHENK 8, a n d  e x p o s e d  to  f o r m a l d e h y d e  
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