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face a n d  in t he  duc t s  of s u b m u c o s a l  g lands  which  in t he  
sheep open  d i rec t ly  in to  t h e  l u m e n  of t he  duodenumT;  in  
t h e  l a m i n a  p rop r i a  t h e y  were  m a i n l y  s u b j a c e n t  to  t h e  
surface  ep i the l ium.  

Green  f luorescence e m i t t e d  b y  granules  of t h e  m a s t  
cells and  ac idophi l ic  cells was  s tud ied  a n d  compared ,  
first ,  w i t h  t h e  yel low f luorescence of e n t e r o c h r o m a f f i n  
cells seen in t he  same  p r e p a r a t i o n s  and,  secondly,  w i t h  
the  f o r m a l d e h y d e - i n d u c e d  f luorescence of each  of ad rena -  
line, no rad rena l ine ,  d o p a m i n e  a n d  5 - h y d r o x y t r y p t a m i n e  
i nco rpo ra t ed  in  t h e  cel lular  mode l  sys tem.  Microspect ro-  
f luoromet r i c  ana lys i s  showed  t h a t  t he  yel low f luorescence 
of e n t e r o c h r o m a f f i n  cell g ranu les  was  ind i s t i ngu i shab le  
f rom t h a t  e m i t t e d  b y  t he  5 t i T - c o n t a i n i n g  model .  The  
green  f luorescence of m a s t  cell g ranu les  a n d  of ac idophi l ic  
cell g ranules  was i nd i s t i ngu i shab le  in  b o t h  a b s o r p t i o n  a n d  
emiss ion charac ter i s t ics ,  a n d  a p p r o x i m a t e d  m o s t  closely 
to  t h e  f luorescence spec t ra  of e i t he r  d o p a m i n e  or nor-  
ad rena l ine  in  t h e  cel lular  mode l  used. IRritable m e t h o d s  
for d i s t i ngu i sh ing  b e t w e e n  t he  f o r m a l d e h y d e - i n d u c e d  
f luorescence of d o p a m i n e  a n d  n o r a d r e n a l i n e  are no t  ye t  
ava i lab leK However ,  in  v iew of t he  h i g h  c o n c e n t r a t i o n  of 
dopamine ,  a n d  t h e  ins ign i f i can t  c o n t e n t  of o the r  cate-  
cho lamines  in  ex t r ac t s  of t h e  m u c o u s  m e m b r a n e  of t he  
sheep d u o d e n u m  9, i t  is conc luded  t h a t  t h e  mos t  l ikeIy 
I lnorophore  in b o t h  m a s t  ceils a n d  ac idophi l ic  cells of 
sheep duodena l  m u c o s a  is dopamine -de r ived .  

R u m i n a n t s  a p p e a r  to  be u n i q u e  in t h a t  t h e i r  m a s t  cells 
con t a in  d o p a m i n e  40. I t  is c lear  t h a t  t h e  presence  of dopa-  

mine  in cells o the r  t h a n  m a s t  cells in  t h e  d u o d e n u m  of t h e  
sheep m u s t  also be  considered.  Poss ib ly  some of t he  m a s t  
cells here  unde rgo  a t r a n s f o r m a t i o n  in a p p e a r a n c e  ac- 
c o m p a n i e d  b y  a p r o p e n s i t y  for ep i the l ia l  m i g r a t i o n  w h e n  
exposed  to a n  i n t e s t i n a l  e n v i r o n m e n t .  I t  is more  p robab le ,  
however ,  t h a t  ac idophi l ic  cells be long  to  a d i s t inc t  cell 
t y p e  w i t h  t he  capac i t y  to  e labora te ,  store,  or t r a n s p o r t  
dopamine ,  w h a t e v e r  i ts  i n v o l v e m e n t  in i n t e s t i n a l  ac t iv-  
ities. 

Zusammen/assung. Es  w u r d e n  zwei A r t e n  D o p a m i n e  
e n t h a l t e n d e  Zellen in der  Mucosa  des S c h a f d u o d e n n m s  
aufgefunden .  E i n e  A r t  i s t  morpho log i sch  u n d  h is to-  
chemisch  v o m  Mas t ze l l en -Cha rak t e r  u n d  die ande re  m i t  
ac idoph i l en  Granu l i e rungen .  
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A l t e r a t i o n  in  C a t e e h o l a m i n e s  i n  Lo c a l  C e r e b r a l  C o r t e x  L e s i o n s  

Local  freezing of t h e  ce rebra l  cor tex  p roduces  1, ~ a n  
ep i lep togenic  focus in an imMs a n d  t h u s  p rov ides  a mode l  
to  s t u d y  e x p e r i m e n t a l l y  i nduced  epi lepsy 3. Usua l ly  ab-  
n o r m a l  d ischarges  are obse rved  as ea r ly  as 3 h a f t e r  a 
lesion is m a d e  a n d  m a y  las t  for severa l  weeks e, 4. His to-  
logical ly t he  d a m a g e d  area  shows dense  gliosis, d r o p p i n g  
ou t  of neurons ,  and  pal lor  of t h e  superf ic ia l  layers  of t h e  
ce rebra l  cor tex  ~. S u r r o u n d i n g  t h e  lesion basophi l i c  ceils 
are  seen w h i c h  s t a in  for I~NA as well  as for g a m m a  
globul ins  S, 6. The re  is also local de s t r uc t i on  of t he  b lood 
b r a i n  ba r r i e r  7. 

A l t h o u g h  decreased  levels of g lu t amic  acid, g l u t a m i n e  
a n d  g l u t a t h i o n e  h a v e  been  r epo r t ed  s, l i t t l e  else is k n o w n  
a b o u t  t h e  neu rochemica l  changes  associa ted  w i t h  epi lepto-  
genic loci 9,~0. S ince  d o p a m i n e  a n d  n o r e p i n e p h r i n e  are 
i n t i m a t e l y  i n v o l v e d  in  m o d u l a t i n g  e lectr ical  a c t i v i t y  in  
brain11,1~, t he  poss ib i l i ty  was  e n t e r t a i n e d  t h a t  these  
biogenic  amines  m i g h t  be  a l t e red  a f t e r  freeze lesions. I n  a 
p rev ious  s tudy ,  FALCtr et  al. la us ing  t h e  h i s to f luorescen t  
t e c h n i q u e  14,15 to  s t u d y  n o r m a l  r a b b i t  cor tex,  descr ibed 
n o r m a l  cor tex  as h a v i n g  a f ine n e t w o r k  of adrenerg ic  
ne rve  t e r m i n a l s  as welI as adrenerg ic  i n n e r v a t i o n  of p ia l  
vessels  a n d  rad ia l  a r te r ies  p e n e t r a t i n g  t he  cor tex.  I n  
b e g i n n i n g  th i s  i nves t i ga t i on  of freeze lesions, i t  appea red  
feasible  to  use t he  same t e c h n i q u e  to  exam i ne  in  s i tu  t he  
d i s t r i b u t i o n  of b iogenic  amines  u n d e r  neu ropa tho log ica l  
condi t ions .  

Procedure. 12 New Zea land  a d u l t  ma le  r a b b i t s  weigh- 
ing 2 to  3 kg  were  ope ra t ed  u n d e r  n e m b u t a l  anes thes ia .  
A 3 x 3 m m  b u r r  hole  was m a d e  on t h e  r i gh t  side over  t he  
m o t o r  cortex.  The  d u r a  was lef t  i n t a c t  a n d  a piece of d ry  
ice was app l ied  to  t h e  region for i rain,  covered  w i t h  Gel- 
f oam a n d  closed. The  a n i m a l  recovered  uneven t fu l ly .  I n  
4 a d d i t i o n a l  r abb i t s ,  used  as controls ,  su rgery  was  per-  
fo rmed  w i t h o u t  m a k i n g  a lesion. 

An ima l s  were m a i n t a i n e d  p o s t o p e r a t i v e l y  for 1 or 2 
weeks u n d e r  n o r m a l  cond i t ions  before  t he  b ra ins  were 
r e m o v e d  for h i s to f luorescen t  s tudy .  I n  2 an ima l s  w i t h  
freeze lesions, reserp ine  was in jec ted  (4 mg/kg)  i.v. 18 h 
p r io r  to  ki l l ing t h e m .  Blocks  encompass ing  t h e  a rea  of t h e  
lesions were r e m o v e d  a n d  processed accord ing  to  t h e  
m e t h o d  of FALCK15. C o m p a r a b l e  b locks  of m o t o r  cor tex  
f rom cont ro l s  were t aken .  I n  2 an ima l s  w i t h  freeze lesions, 
t h e  t i ssues  were no t  exposed to  p a r a f o r m a l d e h y d e  v a p o r s  
in  order  to  assess t he  a m o u n t  of autof luoreseence .  E i g h t  
~m sect ions  were cu t  t h r o u g h  t h e  e x t e n t  of t h e  b locks  and  
sect ions  were e x a m i n e d  u n d e r  t he  Lei tz  U V  microscope.  

Results. The  lesions show a n  in f i l t r a t i on  of m a c r o p h a g e s  
w h i c h  au tof luoresce  a b r o w n i s h  yel low color in t h e  U V  
microscope  (Figure,  A). I n  t h e  deeper  layers  of the  cor tex  
b o r d e r i n g  t i le  l e s ions  t h e r e  are m o t o r  co r t ex  ceils w h i c h  
s t a n d  o u t  f rom t h e  b a c k g r o u n d  a n d  f luoresce a b r i g h t  
green  (Figure,  A). Some of these  cells are  p y k n o t i c  and  in 
a s t a t e  of d i s in tegra t ion .  The  green f luorescence in these  
cells is n o t  d e p e n d e n t  on  exposure  to  p a r a f o r m a l d e h y d e  
b u t  is s l igh t ly  r educed  b y  reserpine.  

I n  t h e  a rea  of d a m a g e  the re  are m a n y  swollen a n d  
d i s t o r t ed  green  f luorescen t  var icos i t ies  wh ich  are  seen 
i n t e r m i n g l e d  w i t h  n o r m a l  a p p e a r i n g  f luorescen t  n e r v e  
endings.  The  excessive a c c u m m u l a t i o n  of c a t echo l amines  
is d e m o n s t r a t e d  in Figure,  C a n d  D, in  cross sect ions  of t h e  
same  ne rve  t e rmina I s  of a d j a c e n t  sect ions.  Di s t a l  to  t he  
lesions as well  as in  sect ions  t a k e n  f rom cont ro l  an imals ,  
t he  var icos i t ies  h a v e  a n o r m a l  a p p e a r a n c e  (Figure,  t3). The  
a b n o r m a l  a m o u n t  of f luorescence seen in t h e  swollen 
t e r m i n a l s  as well  as t h e  n o r m a l  a p p e a r i n g  f luorescence in 
t he  f ine var icos i t ies  are abo l i shed  b y  reserp ine  a n d  are 
a b s e n t  w h e n  t h e  p a r a f o r m a l d e h y d e  v a p o r s  are omi t t ed .  

Discussion. This  p r e l i m i n a r y  s t u d y  d e m o n s t r a t e d  in 
freeze lesions of t he  ce rebra l  co r t ex  t h e  a b n o r m a l  p resence  
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A) Motor cortex region in rabbit. There is an 
infiltration of macrophages in the area of the 
freeze lesion. Around the border of the lesion 
autofluorescent motor cortex ceils s tand out  
the background (arrows). • 100. Prints made 
from Kodak High Speed Film. 

B) Normal appearing nerve endings distal to 
the lesion. • 250. 

C and D) Border of freeze lesion. Cross sections 
of the same nerve terminals in adjacent sec- 
tions with excessive accumulation of nora- 
drenaline producing the distored swollen 
appearance. In the same field there are also 
a few normal appearing nerve endings, x 250. 

o f  m o t o r  c o r t e x  celia t h a t  a u t o f l u o r e s c e  a n d  t h e  e x c e s s i v e  
a c c u m u l a t i o n  of  n o r e p i n e p h r i n e  in  t h e  v a r i c o s i t i e s  of  
n e r v e  t e r m i n a l s  s u r r o u n d i n g  t h e  Ies ion.  

T h e  a u t o f l u o r e s c e n t  ce l ls  a r o u n d  t h e  l e s i o n s  a r e  n o t  
p r e s e n t  i m m e d i a t e I y  a f t e r  d a m a g e  b u t  a p p e a r  a p p r o x i -  
m a t e l y  I w e e k  a f t e r  i n j u r y  is. T h e y  a r e  p o s s i b l y  d y i n g  
cel ls  a n d  a r e  p r o b a b l y  t h e  s a m e  b a s o p h i l i c ,  p y k n o t i c  ce i ls  
d e s c r i b e d  in  f r e eze  l e s i o n s  w i t h  r o u t i n e  h i s t o l o g i c a l  
s t a i n s  ~, ~ a n d  w i t h  i m m u n o f l u o r e s c e n c e  s. 

A l t h o u g h  t h e  a u t o f l u o r e s c e n t  cel ls  h a v e  t h e  s a m e  g r e e n  
a p p e a r a n c e  s e e n  in  c a t e c h o l a m i n e  c o n t a i n i n g  cells,  t h e i r  
e m i s s i o n  s p e c t r a  b y  m i c r o s p e c t r o f l u o r o m e t r y  a r e  n o t  
e x a c t l y  t h e  s a m e  as  t h a t  of  c a t e c h o l a m i n e s  (R.  KATZMAN, 
p e r s o n a l  c o m m u n i c a t i o n ) .  T h e y  a r e  a l so  s e e n  a f t e r  s t a b  
w o u n d  l e s i o n s  of  t h e  c o r t e x ~ t  P r e v i o u s  h i s t o f l u o r e s c e n t  
s t u d i e s  h a v e  n o t  d e s c r i b e d  t h e s e  a u t o f l u o r e s c e n t  cel ls  in  
o t h e r  r e g i o n s  of t h e  b r a i n .  

T h e  a p p e a r a n c e  o f  t h e  s w o l l e n  n e r v e  t e r m i n a l s  in  t h e  
c o r t e x  d u e  t o  a c c u m u l a t i o n  o f  n o r e p i n e p h r i n e  is s i m i l a r  
t o  w h a t  h a s  b e e n  d e s c r i b e d  a f t e r  i n j u r y  to  p e r i p h e r a l  
n e r v e  ~ - ~  a n d  a f t e r  i n t e r r u p t i o n  o f  c a t e c h o l a m i n e  c o n -  
t a i n i n g  f i be r  t r a c t s  ~0, ~ .  T h e  cell  b o d i e s  of  t h e  c a t e c h o l a -  
m i n e  c o n t a i n i n g  t e r m i n a l s  i n  t h e  c e r e b r a l  c o r t e x  a r e  re-  

p o r t e d  t o  be  l o c a t e d  in  t h e  l o e c u s  c o e r u l u s  2,, a l t h o u g h  a l l  
t h e  o r i g in s  a r e  n o t  k n o w n .  I t  is  o f  i n t e r e s t  t o  n o t e  t h a t  
just .  i n j u r y  to  t h e  c e r e b r a l  c o r t e x  d o e s  n o t  p r o d u c e  t h e  
e x t r e m e l y  s w o l l e n  t e r m i n M s  s i n c e  t h e y  a r e  n o t  p r e s e n t  
a f t e r  s t a b  w o u n d  l e s ions  of  t h e  c o r t e x  ~s. I t  is  p o s s i b l e  t h a t  
t h e  o e d e m a  w h i c h  is p r o d u c e d  b y  a f r eeze  l e s ion  ~ s t i m u -  
l a t e s  t h e  f low of  c a t e c h o l a m i n e s .  

W h e n  e lec~zrophys io logica t  i n d i c e s  a r e  u s e d ,  n o r a d r e n -  
a l ine  h a s  b e e n  r e p o r t e d  to  be  p r i m a r i l y  i n h i b i t o r y  in  
f u n c t i o n  ~ - ~ .  T h e  m a n n e r  in  w h i c h  t h e  a l t e r a t i o n  of n o r -  
a d r e n a l i n e  in  a f r eeze  l e s ion  m a y  c o n t r i b u t e  t o  t h e  
d e v e l o p m e n t  of  a n  e p i l e p t o g e n i c  f o c u s  i s  c u r r e n t l y  u n d e r  
f u r t h e r  i n v e s t i g a t i o n .  

Zusammen/assung.  N a c h w e i s ,  d a s s  c o r t i c a l e  L X s i o n e n  
e ine  A k k u m u l a t i o n  v o n  N o r a d r e n a l i n  a n  d e r  LXs ions -  
s t e l l e  h e r v o r r u f e n .  
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