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H i s t o c h e m i c a l  S tudies  of  M o n o a m i n e  O x i d a s e  dur ing  A x o n a l  R e a c t i o n  

M o n o a m i n e  oxidase  (MAO) is c o n t a i n e d  in va r ious  por-  
t ions  of t h e  cen t r a l  ne rvous  s y s t e m  a n d  is supposed  to  be  
conce rned  w i t h  i n a c t i v a t i o n  of amines ,  such  as cdtechol-  
a m i n e s  a n d  sero tonin .  De ta i l ed  h i s tochemica l  m a p p i n g  of 
MAO in  t h e  n o r m a l  b r a i n  was r epo r t ed  b y  SHIMIZU et  al. 1 
and  HASHIMOTO et  al. ~, i nd i ca t i ng  3 cha rac t e r i s t i c  posi- 
t i ve  sys t ems :  a u t o n o m i c  regions,  l imbic  s y s t e m  a n d  pa ra -  
v e n t r i c u l a r  s t ruc tu res .  The  p re sen t  e x p e r i m e n t  d e m o n -  
s t r a t e d  specif ic  a l t e r a t i o n  of MAO a c t i v i t y  in  t he  b r a i n  a n d  
sp ina l  cord  unde rgo ing  a x o n a l  r eac t ion  or fol lowing de- 
Mfe ren t i a t ion .  

E x p e r i m e n t a l  an ima l s  were adu l t  ma le  w h i t e  rats .  I n  
t he  m a i n  e x p e r i m e n t a l  g roup  t he  un i l a t e ra l  sciat ic  n e r v e  
was sec t ioned  a t  t he  level  of t h e  t r o c h a n t e r  ma jo r ,  whi le  in  
t he  s u p p l e m e n t a l  g roup  t he  un i l a t e ra l  hypoglossa l  n e r v e  
was cu t  a t  a cross ing p o i n t  w i t h  t he  d igas t r ic  muscle .  T h e  
o p e r a t e d  a n i m a l s  were al lowed to su rv ive  for v a r y i n g  pe-  
r iods  of 5, 7, 14, 20, 30, 40 and  90 days.  F r e s h  f rozen sec- 
t ions  cu t  f rom the  excized sp ina l  cord  and  medu l l a  ob- 
l onga ta  were  s t a ined  for MAO a c t i v i t y  accord ing  to  GLEN- 
NER et  al. 8. 

I n  t he  n o r m a l  sp ina l  cord MAO a c t i v i t y  is m o d e r a t e l y  
pos i t ive  in  t h e  l a te ra l  horn ,  t he  s u b s t a n t i a  ge la t inosa  of 
t he  pos te r io r  h o r n  a n d  g ray  m a t t e r  a r o u n d  t he  cen t r a l  ca- 
nal,  whi le  no  a c t i v i t y  is seen in t he  a n t e r i o r  horn .  5 days  
fol lowing sec t ion  of t h e  sciat ic  nerve,  f a in t  MAO a c t i v i t y  
appea r s  in  t he  dorso la te ra l  cell group of t he  a n t e r i o r  h o r n  
of t he  l u m b a l  s egmen t  on  t he  ope ra t ed  side. Af te r  7 days,  
m o d e r a t e  to  s l igh t  MAO a c t i v i t y  is d e m o n s t r a t e d  in b o t h  
p e r i k a r y a  a n d  s u r r o u n d i n g  neurop i l  of t he  dorso la te ra l  
cell g roup  (Figure  1). F r o m  14 to 30 days  fol lowing neuro-  
t omy ,  MAO a c t i v i t y  of t h e  p e r i k a r y a  a n d  a d j a c e n t  neuro-  
pi l  of t he  same  cell g roup  seems to be  more  m a r k e d  t h a n  7 
days  (Figures  2 and  3). Def in i te  increase  of MAO a c t i v i t y  
in  t h e  s u b s t a n t i a  ge la ton i sa  of t he  ips i la te ra l  pos te r io r  
h o r n  of t h e  l u m b a l  s egmen t  is d e m o n s t r a t e d  b y  20 and  30 
days  (Figure  2), be ing  more  p r o m i n e n t  a f t e r  40 a n d  90 
days.  

I n  t he  medu l l a  o b l o n g a t a  of n o r m a l  r a t s  MAO a c t i v i t y  
is ve ry  s t rong  in t h e  dorsa l  nuc leus  of t h e  v a g u s  nerve,  
whi le  no  a c t i v i t y  is in  t he  hypoglossa l  nucleus.  Fo l lowing  
sec t ion  of t h e  hypoglossa l  nerve,  t he  hypoglossa l  nuc leus  
of t he  o p e r a t e d  side e x h i b i t e d  changes  of MAO s imi la r  to  

t h a t  seen in t h e  sp ina l  cord. 7 days  fol lowing n e u r o t o m y ,  
s l igh t  a c t i v i t y  of MAO ap p ea r s  in  the  p e r i k a r y a  an d  neu-  
ropi l  of t h e  hypoglossa l  nuc leus  ips i la te ra l  to  t h e  ope ra t ed  
side. B y  14 a n d  20 days,  m o d e r a t e  a c t i v i t y  is d e m o n s t r a t e d  
in some p e r i k a r y a  a n d  a d j a c e n t  neurop i l  of t h e  hypoglos-  
sal  nuc leus  (Figure  4). 

I n  th i s  e x p e r i m e n t  we could d e m o n s t r a t e  cha rac t e r i s t i c  
a p p e a r a n c e  of MAO in some soma t i c  neu rons  an d  su r round-  
ing neurop i l  u n d e r g o i n g  a x o n a l  reac t ion .  M a r k e d  increase  
of MAO a c t i v i t y  was also revea led  in t h e  s u b s t a n t i a  gela- 
t i n o s a  of t h e  pos te r io r  h o r n  of t h e  co r re spond ing  sp ina l  
cord  fol lowing sec t ion  of t h e  sciat ic  nerve .  MAO in t h e  nor-  
m a l  a n d  deve lop ing  b r a i n  is usua l ly  a c c o m p a n i e d  b y  t h e  
c o n c o m i t a n t  p resence  of n o r a d r e n a l i n e  a n d  se ro ton in  
(MAEDA4), SO t h a t  i t  is necessa ry  to  s t u d y  t h e  amines  un-  
der  such  e x p e r i m e n t a l  condi t ions .  A l t h o u g h  m a n y  his to-  
chemica l  s tudies  were a l r eady  pe r fo rmed  on t h e  ne rve  cells 
unde rgo ing  a x o n a l  r e a c t i o n  (cf. FRIEDE 5, ADAMSS), none  
h a v e  n o t e d  t h e  a l t e r a t i o n  of MAO. I t  seems in t e r e s t i ng  to 
recognize  t h e  co r re l a t ion  of t h e  increase  of MAO in t h e  
p e r i k a r y o n  w i t h  t h a t  of acid p h o s p h a t a s e  a n d  glucose-6- 
p h o s p h a t e  dehydrogenase ,  wh ich  showed m a r k e d  e n h a n -  
c e m e n t  d u r i n g  a x o n a l  reac t ion .  

T h o u g h  MAO a c t i v i t y  in  t h e  neurop i l  is dif f icul t  to  lo- 
calize in  t h e  h i s t ochemica l  sect ions,  i ts  p resence  w i t h i n  
t h e  glial  cells was sugges ted  f rom t h e  s t u d y  of t i ssue  cul- 
t u r e  (O'STEEN a n d  CALLAS 7) a n d  f r ac t i ona t i on  (HAI~IBER- 
GER et  al.8). I n  t h i s  e x p e r i m e n t  t h e  glial  cells a d j a c e n t  to  
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Fig. 1. Cross section of the spinal cord (lumbal segment) stained for 
MAO. 7 days after section of left sciatic nerve. Nerve cells and sur- 
rounding neuropil of the dorsolateral cell group of the ipsilateral an- 
terior horn show moderate MAO activity. • 25. 

Fig. 2. Cross section of the spinal cord at the same level as Figure 1 
stained for MAO. 30 days following neurotomy. Moderate activity is 
demonstrated not only in the dorsolateral cell group but also in the 
substantia gelatinosa of the posterior horn on the operated side. • 25. 



15.3. 1972 Speeialia 325 

Fig. 3. Enlarged view of Figure 2. Note MAO activity of some peri- 
karya and their surrounding neuropil in the dorsolateral cell group of 
the anterior horn. • 150. 

Fig. 4. Cross section of the dorsal part of the medulla oblongata 
stained for MAO. 20 days following section of left hypoglossal nerve. 
Most nerve cells and surrounding neuropil of the ipsilateral hypo- 
glossal nucleus (H) showed moderate activity. Strong activity is seen 
in the dorsal nucleus of the vagus nerve (V). • 60. 

the  reac t ing  nerve  cells and  deaf fe ren t ia ted  pos ter ior  horn  
migh t  be ac t iva ted  in the  me tabo l i sm of amines.  Similar  
f inding was repor ted  by  BARRO• and TUNCBAY 9, t h a t  
glial cells in t he  anter ior  and  poster ior  horns  showed mar-  
ked increase of th iamine  py rophospha t a se  following bra- 
chial  p lexec tomy.  TOHOYAMA et  al. 1~ also ob ta ined  s imilar  
results  on t h i am ine  p y r o p h o s p h a t a s e  ac t iv i ty  of the  glial 
ceils in the  spinal  cord and  medul la  oblongata  following 
neuro tomy.  Al though one of the  funct ional  mean ings  of 
MAO is the  cross-l ink fo rma t ion  of collagen (BoRNSTEIN 
e t  al. n ,  PAGE and  BENDITT 12, etc.), we are unaware  
whe the r  it is appl icable  to  the  per ikaryon and neuroglia 
under  regenera t ion  and  degenera t ion .  Hence,  fu r ther  
s tudy  would be necessary  for t he  relat ion of MAO in- 
crease and increased p roduc t ion  of neuro- and  gl iof i lament  
in the  cent ra l  nervous  tissues. 

Zusammen/assung. Es werden  Vergnderungen  der  MAO- 
Akt iv i t / i t  im 1Riickenmark oder  in der  Medulla ob longa ta  

von R a t t e n  beschrieben,  die durch  die Sekt ion des N. 
ischiadicus oder des N. hypoglossus  ve ru r sach t  wurden.  

M. TOHOYAMA, T. MAEDA and N. SHIMIZU 

Department of Neuroanatomy, 
Institute o/Higher Nervous Activity, 
Osaka University Medical School, Joan-cho, Kita-ku 
Osaka (Japan), 24 August 1071. 

K. D. BARRON and T. O. TUNCBAY, J. Neuropath. exp. Neurol. 23, 
368 (1964). 

to M. TOHOYAMA and T. MAEDA, Annls. Histoehim. 17, in press .1972). 
11 p. BORNSTEIN, A. H. KANG and K. A. PlEZ, Proe. natn. Aead. Sei., 

USA 55, 417 (1966). 
t2 R. C. PAOE and E. P. BENDITT, Biochemistry 6, 1142 {1967). 

Crysta l lo id  I n c l u s i o n s  in the  Connect ive  T i s s u e  of Sp ider  V e n o m  Gland 

Crystal l ine inclusions have  been seen in m a n y  types  of 
cells and  in near ly  all c o m p a r t m e n t s  of t he  cell 1, 2. How-  
ever, we have  seen few repor t s  concerning the  presence of 
non-minera l ized  crys ta l l ine  inclusions in the  ma t r i x  of 
connect ive  t issue.  JAKUS 3 has  d e m o n s t r a t e d  the  gridlike 
or ien ta t ion  of collagen units  in Descemet ' s  membrane ,  
and  HAusT ~ has r epor ted  the  presence  of la t t ice  like 
profiles in fo rming  elastic t issue. The present  r epor t  deals 
w i th  la t t ice  like profiles t h a t  are located wi th in  t he  ex t ra-  
cellular shea th  of v e n o m  glands  f rom the  brown recluse 
spider,  Loxosceles reclusa. 

Venom glands  were r emoved  f rom the  spiders,  sliced 
in to  i m m  th ick  blocks, f ixed in a phospha te -buf fe red  3% 
g lu ta ra ldehyde  solut ion for 3 h, r insed in a phospha te -  
buffered 7% sucrose solution,  and  pos t f ixed in 2% buf- 
fered osmium te t roxide .  The blocks were d e h y d r a t e d  in 
me thano l  and soaked in propylene  oxide prior to being 
e m b e d d e d  in epoxy  resin. Thin  sect ions were s ta ined  wi th  

combina t ions  of po ta s s ium pe rmangana te ,  u ranyl  acetate ,  
and  lead c i t ra te  before being obgerved in an Hi t ach i  model  
HU-11B electron microscope.  

A brown recluse spider  possesses 2 venom glands t h a t  
are located on e i ther  side of the  midl ine  in the anter ior-  
super ior  area of the  cepha lo thorax .  Each  gland is enve- 
loped wi th  several  muscle  layers. The extracel lular  shea th  
is in te rposed  be tween  the  deepes t  muscle layer  and the  
basal  surface of the  secre tory  epi the l ium I t  averages ca. 
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