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D and  DA inject ions  duodena l  CA fluorescence was as in 
controls.  

Reserp ine  (5 mg/kg) admin i s t e red  24 h before D and  
DA inject ions  was no t  able to inh ib i t  t he  b ind ing  of t he  
above -men t ioned  biogenic subs tances  in P a n e t h  cells and  
had  no effect  on the  fading of the i r  fluorescence. T h e  pre- 
t r e a t m e n t  of mice wi th  Niamid|  p ro longed  the  dis- 
appearance  of admin i s t e red  drugs  in granules of P a n e t h  
cells as well as in o the r  in tes t ina l  s t ructures .  

The abi l i ty  of P a n e t h  cell granules to  b ind  CA is sur- 
prising, since, a t  least  in t he  rat ,  these  cy toplasmic  
organelles fulfil the  cri ter ia  of lysosomes :  def ined by  DE 
DOVE s. However ,  P a n e t h  cell granules have  m a n y  specific 
s ta in ing  and enzymat i c  charac ter i s t ics  and  therefore  t h e y  
canno t  be regarded  as typ ica l  lysosomes found in o ther  
t ypes  of ceils. In  the  ra t  7, as well as in the  p resen t  s t u d y  
on the  mouse,  P a n e t h  cell granules exh ib i t  h is tochemi-  
cally a MAO act ivi ty .  Obviously  the  de toxi f ica t ion  
mechan i sm of monoamines  by  MAO opera tes  in t h e  
mouse,  since the  fading of admin i s t e red  biogenic sub- 
s tances  was so rap id  and  pro longed by  MAO inhibi tors  in 
t he  p resen t  s tudy.  

The specifici ty of the  h is tochemica l  f luorescence reac- 
t ion used has  been  well es tabl ished chemical ly  9 11. The 
s imilar  accumula t ion  of D and  DA by  P a n e t h  ceils sup-  
por t s  a s imilar  b inding  m e c h a n i s m  for these  biogenic 
subs tances  b u t  t he  possibi l i ty  t h a t  D is f i rs t  conver ted  
in vivo to DA and t h a t  th is  amine  accumula tes  in P a n e t h  
cell granules is no t  excluded.  Reserp ine  is known  to  block 
the  CA storage mechan i sm in m a n y  types  of organelles of 
nervous  origin 12,13 but ,  in t he  P a n e t h  ceils of t he  p resen t  
s t u d y  as in cer ta in  o ther  cells which  normal ly  do no t  
con ta in  CA 14, reserpine  has no effect  on the  amine  b ind ing  
or fading. On the  basis of t he  p resen t  s tudy,  t he  b ind ing  
t y p e  be tween  h is tochemical ly  ident i f ied pro te in-polysac-  
char ide  m a t r i x  of g ranules :  and  admin is te red  subs tances  
remains  obscure.  

The physiological  func t ion  of P a n e t h  cells is largely 
obscure  b u t  t h e y  pa r t i c ipa te  in the  p roduc t ion  of d iges t ive  
enzymes  15. The  p resen t  resul ts  indicate  t h a t  granules m a y  
also pa r t i c ipa te  in t he  b ind ing  of biologically act ive  
amines  and  in the i r  e l iminat ion  by  oxida t ive  detoxif ica-  
t ion m e c h a n i s m  1~. 

Zusammen/assung.  Nach  spezifischer i.v. In jek t ion  wird  
gefunden,  dass  D o p a m i n  und  3 ,4 -Dioxyphenyla lan in-  
aminos/ iure im Zy top lasma  der  P a n e t h s c h e n  Zellen des 
M~useduodenums  angeh~Luft sind. W/~hrend Niamid|  das  
meis t  rasche Verschwinden  der  Fo rma ldehyd-ve ru r sach -  
t en  Aminf luoreszenz  in den  Granula  von  P a n e t h s c h e n  
Zellen verz6gerte ,  blieb Reserp in  wirkungslos.  
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R e s p o n s e  of Neuronal  L y s o s o m e s  to Anoxia  in T i s sue  Culture of M a m m a l i a n  Cerebe l lum 

Cytopathologica l  changes  in the  bra in  d u e  to  oxygen  
deficiency have  been  ex tens ive ly  s tud ied  a l though  the  
precise mechan i sm is still no t  unders tood  1. More recen t  
expe r imen t s  have  d e m o n s t r a t e d  enzyme  loss in the  bra in  
of expe r imen ta l  animals  following per iods  of anoxia  2-4. 

I t  has  also been  repor ted  t h a t  neuronal  lysosomes 
showed cy topa thologica l  changes  following exposure  to  
anoxia4,5. 

The p resen t  communica t i on  deals w i th  similar changes  
d e m o n s t r a t e d  in m a m m a l i a n  cerebellar  neurons  grown 
in t issue cul ture  as exh ib i ted  by h is tochemica l  acid 
phospha t a se  reaction.  

Material and methods. Tissue cul ture  exp lan t s  were 
m a d e  of new-born  k i t t en  cerebellar  cor tex using the  
f lying coversl ip-roller  t ube  me thod  as previously  de- 
scr ibed e s. The  cul tures  were fed once a week wi th  
n u t r i e n t  fluid consis ted of 50% Gey ' s  solution, 45% 
h u m a n  cancerous  ascitic fluid and  5% embryonic  ex t r ac t  
of 8-day-old chick embryo.  

Af te r  2-4 weeks in vi tro,  cul tures  were d iv ided into 
2 groups  (control  and exper imenta l ) .  The expe r imen ta l  
cul tures  were t hen  exposed  to  anaerobic  condi t ions  for 
t imes  ranging  f rom 30 rain to 24 h, while t he  contro l  
cul tures  con t inued  to grow under  normal  condi t ion.  

To produce  an anaerobic  condi t ion,  the  alkaline pyro-  
gallic acid m e t h o d  was used 0,1~ A co t ton  plug was pushed  
in to  t he  t e s t  tube  so t h a t  t he  upper  por t ion  of the  plug 

was 1.5 inches below the  lip of the  tube.  1 g of pyro-  
gallic acid and  1 g of sodium ca rbona te  were mixed  and  
inser ted  on top  of each co t ton  plug. A rubber  s toppe r  
was  placed t igh t ly  in the  tube  and the  b o u n d a r y  of the  
t ube  and s toppe r  was sealed wi th  paraff in.  

The  basis of the  alkaline pyrogall ic  acid me t h o d  lies 
in the  fact  t h a t  pyrogall ic acid. when  placed in alkaline 
pH,  will absorb  a large q u a n t i t y  of oxygen.  At  va ry ing  
intervals ,  cul tures  of b o t h  the  exper imen ta l  and  control  
groups were fixed in cold formol-calc ium for 5 rain a t  
4~ and  t h e n  placed in Gomori ' s  g lycerophosphate - lead  
med i u m for 30 rain a t  37 ~ After  incubat ion t h e y  were  
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i m m e r s e d  br ief ly  in d i lu te  a m m o n i u m  su lph ide  so lu t ion  
a n d  m o u n t e d  in glycer ine- je l ly .  T h e  con t ro l  of e n z y m e  
react ion,  in t h e  absence  of s u b s t r a t e  in t h e  i n c u b a t i n g  
m e d i u m ,  was  a lways  nega t ive .  

Results. I n  n o r m a l  con t ro l  cu l tures ,  acid p h o s p h a t a s e  
(AcPh) pos i t ive  s i tes  were s h o w n  as d a r k  b r o w n  lead 
su lph ide  g ranu le s  v a r y i n g  in size f rom 0.5-0.8  ix in n e u r o n a l  
c y t o p l a s m .  Th ese  A c P h  g r a n u l e s  were p r e s e n t  u n i f o r m l y  
t h r o u g h o u t  t h e  n e rve  cell s o m a  (Figure  1). T h e y  were 
also seen to  e x t e n d  in to  t h e  dendr i t es .  

I n  the  e x p e r i m e n t a l  cu l tures ,  an  ini t ia l  increase  in t he  
n u m b e r  of A c P h  pos i t ive  g ranu le s  was  no ted .  Th i s  
increase  was  e v i d e n t  a f te r  1 h a n d  c o n t i n u e d  to 2 h a t  
wh ich  t i m e  it  p l a t e a u e d  un t i l  4 h (Figures  2 a n d  3). A 
s t r ik ing  fea tu re  in t he  n e u r o n s  of t he  e x p e r i m e n t a l  cul- 
t u r e s  a t  t h i s  t i m e  as c o m p a r e d  to t he  controls ,  is t he  
p resence  of A c P h  g ranu le s  in a x o n a l  processes  (Figure  5). 
A t  6-8  h the re  was  a no t iceab le  decrease  in t he  n u m b e r  
of A c P h  granules .  A n d  a t  24 h t he  g r anu l e s  were so few 
as to  resu l t  in t h e  loss of cell de l inea t ion  (Figure  4). 

Discussion. T h e  loss in e n z y m e  ac t i v i t y  t h a t  was  n o t e d  
a f te r  h o u r s  of e x p o s u r e  to a n o x i a  s u p p o r t s  t he  f ind ing  of 
BECKER an d  BARRON 4 in the i r  work  on e x p e r i m e n t a l  
anox ic  an d  anox ic - i schemic  e n c e p h a l o p a t h y  in ra ts .  

A l t h o u g h  t h e  a p p e a r a n c e  of c y t o l y s o m e  (swelling of 
lysosome)  11 af te r  a sho r t  exposu re  to anox i a  was  a 
cha rac te r i s t i c  p i c tu re  in t he  work  of a f o r e m e n t i o n e d  
au tho r s ,  A c P h  p r e p a r a t i o n s  of t he  p r e sen t  s t u d y  did n o t  
revea l  t hose  swel l ing of l y sosomes  even  af te r  a p ro longed  

e xposu re  to  anoxia .  I t  s e e ms  t h a t  t he  sho r t e r  i n c u b a t i o n  
t i m e  lessens  t he  fus ion  or c l u m p i n g  of l y s o s o m e s  in to  
large pa t ches ,  c o n v e n t i o n a l l y  called c y t o l y s o m e  TM. 

Since t he  increase  in A c P h  pos i t ive  g r a nu l e s  occur red  
a f te r  t he  exposu re  of c u l t u r e s  to  a n o x i a  for more  t h a n  
1 h, it  is u n l i k e l y . t h a t  i t  c a n  be  due  to  n e o - f o r m a t i o n  of 
t he  l y sosome  b u t  m u s t  be  t he  r e su l t  of l y s o s o m a l  m e m -  
b r a n e  d a m a g e  w h ic h  a l te rs  t h e  pe rmeab i l i t y ,  r e su l t i ng  
in t he  pa s sa ge  of s u b s t r a t e  in to  t h e  l y sosome  ident i f iab le  
by  h i s t o c h e m i c a l  m e t h o d  for A c Ph .  

C o n t i n u e d  exposu re  to  a n o x i a  f ina l ly  causes  r u p t u r e  
of t he  d a m a g e d  m e m b r a n e  a n d  release of t h e  h y d r o l y t i c  
e n z y m e s  r e su l t i ng  in loss of the i r  h i s t o c h e m i c a l  d e m o n -  
s t rab i l i ty .  

NOVIKOFF a n d  ]~SSNER 13 descr ibed  a g r a d i e n t  in t he  
d i s t r i b u t i o n  of l y sosome s  a long  the  n e u r o n a l  de nd r i t e s  
a nd  a x o n s  b u t  th i s  was  a b s e n t  in th i s  s t u d y .  

F igu re  5 i l lus t r a t e s  a l inear  a r r a n g e m e n t  of A c P h  
pos i t ive  g r a nu l e s  i nd i ca t i ng  t h a t  t h e y  are a r r a y e d  in t he  
a x o n  w i t h o u t  a g rad ien t .  

A l t h o u g h  it  is still  unc l ea r  w h a t  f ac to r  is r e spons ib le  
for t h e  i n d u c t i o n  of l y sosome  m i g r a t i o n  f r o m  the  n e u r o n a l  
s o m a  in to  t he  a x o n  a f te r  a n  anox ic  t r e a t m e n t ,  t he r e  m u s t  
be a r e l a t ionsh ip  b e t w e e n  s u c h  d i s cha rge  a nd  ' a x o n a l  
t r a n s p o r t '  of WEISS a nd  his  assoc ia te  14,1a. Also the re  are 
m a n y  a r g u m e n t s  on t he  d i s a d v a n t a g e s  of G o m o r i ' s  
g lyc e rophospha t e - I e a d  m e t h o d  be c a use  of i t s  lead adsorp-  
t ion  a r t e f a c t s  16,17. 

N e ve r the l e s s  in t he  p r e s e n t  c o m m u n i c a t i o n ,  t h e  r e su l t s  
h a v e  s h o w n  a s h a r p  loca l iza t ion  of r eac t ion  p r o d u c t s  w i th  
a br ief  f i xa t ion  a nd  a s h o r t  i n c u b a t i o n  t ime .  

T h e  p r e s e n t  c o m m u n i c a t i o n  ha s  s h o w n  t h a t  in t h e  
course  of a n o x i a  in c u l t u r e d  cerebel lar  ne u rons ,  t he  ini t ia l  
rise in A c P h  a c t i v i t y  in n e u r o n a l  s o m a  w a s  e v i d e n t  a f t e r  
1-4 h of anoxia ,  a nd  t he  s u b s e q u e n t  loss of e n z y m e  ac t iv -  
i ty  fol lowing c o n t i n u e d  anox ic  t r e a t m e n t  up  to  24 h was  
d e m o n s t r a t e d .  I t  is r easonab le  to i n t e rp r e t  t he se  f ind ings  
as an  ind ica t ion  for t he  ac t ive  p a r t i c i p a t i o n  of l y sosomes  
in t he  process  of ne rve  cell d e g e n e r a t i o n  a n d  i ts  subse-  
q u e n t  lysis.  The  h i s t o c h e m i c a l  s t u d y  of c u l t u r e d  n e r v o u s  
t i s sue  in v i t ro  in va r ious  e x p e r i m e n t a l  c ond i t i ons  m i g h t  be 
usefu l  in p rov id ing  s t r u c t u r a l  cor re la t ions  for func t iona l  
as well as pa tho log ica l  a l t e r a t i ons  of t h e  n e u r o n s  in g iven  
e n v i r o n m e n t s .  

Zusammen/assung. In  G e w e b e k u l t u r e n  w u r d e  die zy to-  
c h e m i s c h e  VerSmderung der  L y s o s o m e n  d u r c h  Sauer-  
s t o f f e n t z u g  a n  S~iuge t ie rk le inh i rnnervenze l len  m i t  der  
Gomor i -  S / t u r e p h o s p h a t a s e m e t h o d e  s tud ie r t .  
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Fig. 1. Normal kitten cerebellar neuron. AcPh granules are seen 
diffusely in the neuronal soma. • 1000. 

Fig. 2. Anoxia 1 h. AePh granules are increased in number com- 
paring with nornlal neuron of Figure 1. • 1000. 

Fig. 3. Anoxia 2 h. The number of granules (lysosomes) are markedly 
increased in the neuronal soma and also extend into the dendrite 
(arrow). • 1000. 

Fig. 4. Anoxia 24 h. Since few AePh granules are left in the neuronal 
soma, the neuron is not clearly outlined. • 1000. 

Fig. 5. Anoxia 3 h. The lysosomes extend into an axon (arrows) 
as far as 150 Ix. There is no visible gradient of lysosomal structures. 
• 1000. 
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