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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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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  the  E f f e r e n t  A r t e r i o l e s  a n d  t h e  v a s a  r e c t a  in  the  M a m m a l i a n  K i d n e y  

S t u d i e s  of  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  i n t r a r e n a I  
v e s s e l s  h a s  y i e l d e d  c o n f l i c t i n g  r e s u l t s  a s  f a r  a s  t h e  e f f e r e n t  
a r t e r i o l e s  a n d  v a s a  r e c t a  a r e  c o n c e r n e d .  

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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vapour  for exac t ly  30 min.  They  were then  dehydra t ed ,  
cleared and m o u n t e d  in non-f luorescent  oil. Some sect ions 
were p re - incuba ted  for 30 sec in a solut ion conta in ing  
2 ~g/ml of noradrena l ine  b i t a r t r a te .  

Results and discussion, The d i s t r ibu t ion  of f luorescence 
in the  k idney  was similar  in all t he  species s tudied.  
F luorescen t  ca techo lamine-con ta in ing  fibres were seen to  
a c c o m p a n y  all the  vessels of the  ar ter ia l  tree, including 
the  ef ferent  arterioles.  In  t he  ou te r  pa r t  of the  cor tex  
adrenergic  fibres accompanied  the  ef ferent  arterioles of 
t he  subcapsular  glomeruli  (Figure). The f ibres leaving 
the  o ther  cortical  glomeruli  were shor t  and t e r m i n a t e d  
in a few twigs  pass ing be tween  the  tubules.  These followed 
the  ef ferent  arterioles and  there  was  no evidence of a 
nerve  supply  to t he  tubules.  The long efferent  arterioles 
leaving the  j ux t ameduUary  region were accompanied  
t h r o u g h o u t  the i r  l eng th  by  adrenergic  fibres which 
ex t ended  to  sur round the  vasa  rec ta  in the  upper  p a r t  
of the  vascular  bundles.  

In  the  r abb i t  and  guinea-pig,  b u t  no t  in t he  ra t  or 
gerbil, some of the  nerves  a round  the  vasa  rec ta  bundles  
appeared  to  a c c o m p a n y  aglomerular  vessels which left  
the  connect ive  t issue plexus.  MCKENNA and ANGELAKOS 1 
repor ted  a similar  appeareance  in t he  canine kidney.  In  
this  species as in rabbi t ,  guinea-pig and man,  descending  
vasa  rec ta  m a y  arise f rom a vessel appa ren t l y  w i thou t  
a glomerulus  4. This has  been  shown to resul t  f rom degen- 
era t ion  of a glomerulus  so t h a t  the  af ferent  and  efferent  

arterioles become cont inuous.  Such aglomerular  vessels 
are no t  seen in the ra t  or gerbil  kidney.  The difference 
in the  form of the  vessels supply ing  the  vasa  rec ta  m a y  
expla in  the  repor ted  differences in the i r  innervat ion .  
Conversely the  re la t ively  sparse innerva t ion  of the  jux ta -  
medul la ry  ef ferent  arterioles in some species m a y  reflect  
a less effective sph inc te r  mechan i sm which migh t  facili- 
t a t e  the  shun t ing  of blood f rom the  af ferent  to the  
ef ferent  arterioles and  be a fac tor  in the  observed glomer- 
ular degenera t ion .  

The results  were no t  a lways reproducible,  despi te  the  
fact  t h a t  several  sect ions f rom the  same k idney  were 
m o u n t e d  on a single slide. Somet imes  no t  all the  sections 
showed the  finer f luorescent  fibres. In  some kidneys  no 
f luorescent  f ibres were  d e m o n s t r a t e d  even a round  the  
large renal  ar ter ies  unless the  sect ions had  been previously  
incuba ted  in noradrenal ine .  Fac to r s  such as h u m i d i t y  
of the  fo rma ldehyde  or of the  t issue m a y  have  influenced 
the  results.  McKENNA and  ANGELAKOS 1 found  t h a t  
d emo n s t r a t i o n  of t he  adrenergic  fibres in the  outer  
medul la  required a grea te r  h u m i d i t y  t h a n  was needed for 
those  in the  cortex.  Catecholamines  may  have  been 
released f rom the  nerves  a t  t ime  of death.  E lec t ron  
microscope s tudies  have  shown t h a t  deple ted  vesicles in 
adrenergic  f ibres t ake  up catecholamines .  This m a y  
expla in  why  FALKS and  ourselves ob ta ined  be t t e r  results  
if excision of the  t issue was delayed for some 5-15 rain 
af ter  dea th .  Dur ing  th is  per iod amines  released at  the  
t ime  of d e a t h  could be t aken  up again. Incuba t ion  of 
the  sect ions w i th  noradrena l ine  would have  a similar 
effect. I t  would  appear  t h a t  only  a posi t ive  resul t  is of 
value wi th  these  techniques .  

These f indings are cons is ten t  w i th  GOSLING'S 6 electron 
microscope d e m o n s t r a t i o n  t h a t  in the  r abb i t  t he  nerves 
supply ing  the  upper  p a r t  of the  vasa  rec ta  conta in  dense- 
cored vesicles typica l  of adrenergic  nerves.  

In  the  animals  s tud ied  the  d i s t r ibu t ion  of the  nerves 
conta in ing  monoamines  is the  same as t h a t  found using 
h is tochemica l  me t h o d s  to d e m o n s t r a t e  butyry lchol in-  
esterase act iv i ty .  I t  is no t  ye t  possible to say  whe the r  
the  ef ferent  arterioles and  vasa  rec ta  have  a dual  innerva-  
t ion wi th  vasodi la tor  and  vasocons t r ic to r  fibres or whe the r  
the  chol ines terase  is in adrenergic  nerves (BORN and 
RAND 7, S). 

Rdsumd. E n  e m p l o y a n t  des t echn iques  his tochimiques ,  
nous avons  6tudi6 l ' i nne rva t ion  adr6nergique du rein des 
mammifSres  et  d6montr6  que les fibres adr6nergiques 
en tou ren t  les art6rioles et  la par t i e  sup6rieure des 
faisceaux des vasa  recta.  
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Gerbil Kidney. Sections of cortex showing distribution of adrenergic 
fibres. (i) Interlobular artery; (g) glomerulus; (e) efferent arteriole. 
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