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is ca lcu la ted  to approx .  11 ~zm. Cell f r a g m e n t s  less t h a n  
4-5  ~zm d i a m e t e r  were no t  counted) .  To ta l  m e a n  n u m b e r  
was ca lcu la ted  b y  m u l t i p l y i n g  n u m b e r s  of cells in  sample  
sect ions  b y  fac to r  10. The  s e m i t h i n  sect ions  were s t a ined  
in to lu id ine  b lue  a t  p H  8.5. I n  t he  a d u l t  r a t s  (3 females  of 
240-280 g, a n d  4 males  of 345-380 g) m a s t  cells were 
obse rved  in t h e  m i d - b r a i n  and  in t he  o l fac tory  lobes. In  
t he  o l fac to ry  lobes, t he  m e a n  t o t a l  n u m b e r  was 168 • 92 
(S.D.) a n d  t h e  m a s t  cells were located  in t he  region of t h e  
nuc leus  o l fac tor ius  an ter ior .  I n  t h e  d iencepha lon ,  m a s t  
cells were obse rved  in mos t  p a r t s  of t he  t h a l a m u s  an d  ill 
t he  h a b e n u l a r  region of t he  ep i tha l amus .  T h e y  were 
loca ted  pe r iva scu l a r l y  as shown  in F igure  1. The  m e a n  
t o t a l  n u m b e r  was 1700 • 681 w h e n  obse rved  in  t h e  
t o lud ine  b lue  s t a ined  sec t ion  series. The  n u m b e r  of m a s t  
cells obse rved  in t he  sec t ion  series s t a ined  in a s t r a  b lue  
did  no t  differ  s ign i f i can t ly  f rom the  f igures  presen t .  No 
m a s t  cells were obse rved  in  o t h e r  b r a in  regions,  excep t  
t h a t  a few ceils were found  in t he  p ia  cover ing  d i f fe rent  
b r a i n  regions.  T h e y  were no t  inc luded  in t he  f igures 
p r e sen t ed  for t he  a d u l t  ra ts .  

I n  t he  b ra ins  of b a b y  r a t s  (6-day-old:  2 females  an d  2 
males)  a few m a s t  cells on ly  were obse rved  in the  t h a l a m i c  
neuropi l .  However ,  t h e y  were p len t i fu l  in the  p a r t  of t h e  
p ia  cover ing  t he  d i encepha lon  (Figure 2). The  cauda l  
l imi t  of t he  d i s t r i b u t i o n  of m a s t  cells here  was a t  t he  level  
of t he  c o m m i s s u r a  poster ior .  The  m e a n  t o t a l  n u m b e r  of 
m a s t  cells in  t h i s  d iencepha l ic  pia  oI t he  b a b y  r a t s  was 
6136 -4- 1031. In  a d d i t i o n  m a s t  cells were p len t i fu l  in t h e  
p i a - a r a c h n o i d e a  of f i ssura  sagi t ta l is ,  j u s t  b e h i n d  corpus  
cal losum,  and  of t he  lobus  olfactor ius .  T h e y  are n o t  
inc luded  in t h e  f igures  p resen ted .  

The  c o n t e n t  of h i s t a m i n e  in a r a t  pe r i tonea l  m a s t  cell 
has  been  ca lcu la ted  to be approx .  12 pg/celll~, ~3, w i t h  
v a r i a t i o n s  up  to  a m e a n  of 31.5 pg/cel l  la. Suppos ing  t h a t  
the  a m o u n t  of h i s t a m i n e  in t h e  m a s t  cells of t h e  b r a i n  is 
n o t  far  f rom t h a t  in  t h e  pe r i t onea l  m a s t  ceils, 12 pg/cell,  
t he  c o n t e n t  of h i s t a m i n e  in m a s t  cells of t h e  a d u l t  r a t  
t h a l a m u s  is 20.4 ~ 8,1 ng. The  we igh t  of t h e  t h a l a m i c  
an d  ep i t h a l ami c  region is approx .  0.14 g (142 + 3 rag), 
wh ich  m e a n s  t h a t  m a s t  cells in  t h e  t h a l a m u s  of t h e  r a t  are 
respons ib le  for 144 ng  h i s t a m i n e / g  f resh tissue. Th i s  is 
on ly  s l igh t ly  below t h e  t o t a l  a m o u n t  of approx .  160 ng/g  
t i ssue  t h a t  has  been  obse rved  for th i s  region of t h e  a d u l t  
r a t  b r a i n  S. I n  t h e  6-day-old  rats ,  t h e  m e a n  h i s t a m i n e  
va lues  based  on  m a s t  cells in the  d iencepha l ic  p ia  on ly  
should  be 73.5 ~ 12.3 ng. The  b r a i n  weigh t  of 6-day-old  
r a t s  is approx .  0.5 g (506 :i_ 45 mg). F r o m  th i s  f igures  t he  
t o t a l  h i s t a m i n e  c o n t e n t  in  t h e  b r a i n  of t h e  b a b y  ra t ,  
based  on m a s t  cells in  t h e  t h a l a m i c  pia  only, is 147 ng  
h i s t a m i n e / g  fresh t issue.  A m a x i m u m  of 220-320 ng  
h i s t a m i n e / g  t i ssue  has  been  obse rved  in the  b ra ins  of 2-6- 
day-o ld  rats ,  w i t h  a r ap id  decl ine a t  10 days  a, 1~. 

Thus,  t h e  p re sen t  o b s e rv a t i o n s  show t h a t  a t  leas t  one- 
ha l f  of the  h i s t a m i n e  in t h e  b ra in  of t h e  b a b y  r a t  m i g h t  be  
loca ted  in m a s t  ceils of t h e  d iencepha l ic  pia, a n d  t h a t  
mos t  of t h e  h i s t a m i n e  obse rved  in t h e  t h a l a m u s  region 
of the  a d u l t  r a t  b r a i n  m i g h t  be  based  on  m a s t  cells in  t he  
neurop i l  of t h e  t h a l a m u s  a n d  t h e  h a b e n u l a r  region of the  
ep i tha l amus .  

Rdsumd. Des cellules <~mast,> o n t  6t6 observ6es  dans  les 
lobes oKactifs, dans  le t h a l a m u s  et  dans  la r6gion de 
l ' h a b 6 n u l a  de l ' 6 p i t h a l a m u s  chez le r a t  adul te ,  e t  darts la 
p ie-m6re  dorsale  du d i e n c @ h a l e  chez le r a t  n o u v e a u - n 6  
de 6 jours.  La  t e n e u r  en h i s t a m i n e  de ces cellules p o u r r a i t  
exp l ique r  la pr6sence de la plus  g rande  p a r t i e  de l ' h i s t a -  
m ine  observ6e p a r  d ' a u t r e s  au t eu r s  dans  la r6gion du 
t h a l a m u s  chez le r a t  adu l t e  et  a u  moins  la mo l t% de la 
t e n e u r  to t a l e  en h i s t a m i n e  dans  la cervel le  des r a t s  
nouveau-n6s .  
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Fig. 2. Light micrograph of semi-thin epon section of mast cells in 
the dorsal diencephalie pia of baby rat brain. Section stained with 
toluidine blue. • 1600. 
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Gold Thioglucose  Induced Terminal  Degeneration in Mouse Hypothalamus 

I t  has  been  r epo r t ed  t h a t  the  a d m i n i s t r a t i o n  of gold 
th ioglucose  (GTG) causes necrosis  in  a d iscre te  p a r t  of t h e  
h y p o t h a l a m u s  1-a. T h u s  24 a d u l t  mice  of CPY s t r a i n  were 
in jec ted  w i t h  GTG (Solganol,  Bol., Scher ing  A.G., Berl in)  
i.p. in  a dose of 0.5 or 1.0 mg/g  b o d y  weight .  In  t he  f i rs t  
p a r t  of t he  expe r imen t ,  an ima l s  were d e c a p i t a t e d  40, 44 ,  
48, 56, 72 a n d  87 h a f t e r  in j ec t ion  for h is to logica l  localiza-  
t i on  of t he  necrosis  caused  b y  GTG. The  t i ssues  were 
f ixed in  4 %  fo rma l ine  a n d  e m b e d d e d  in paraf f in .  F r o n t a l  
p l ane  serial  sec t ions  of t he  d i encepha lon  7 ~zm in t h i ck -  

hess were m a d e  an d  s t a ined  w i t h  luxol  fas t  b lue  and  
cresylviolet .  I n  t h e  second p a r t  of t h e  e x p e r i m e n t  mice  
were per fused  w i t h  K a r n o w s k y  so lu t ion  40, 48, a n d  72 h 
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a f te r  GTG in jec t ion .  Smal l  t i s sue  b locks  c o n t a i n i n g  differ- 
e n t  p a r t s  of t h e  h y p o t h a l a m u s  were e m b e d d e d  in  durcu-  
pan.  Sect ions  were cu t  w i t h  a Re i che r t  u l t ro tome ,  s t a ined  
w i t h  u r a n y l  a ce t a t e  a n d  lead c i t ra te .  A Tesla  BS  413A 
e lec t ron  microscope  was used for e x a m i n a t i o n .  The  n u m -  
ber  of t he  degene ra t ed  t e r m i n a l s  were coun ted  on  p h o t o -  
m o n t a g e s  p r e p a r e d  f rom t h e  zona  e x t e r n a  of t he  m e d i a n  
eminence .  

A d iscre te  reg ion  of t he  h y p o t h a l a m u s  was d a m a g e d ,  
inc lud ing  p a r t s  of t he  a rcua te ,  v e n t r o m e d i a l  (Figure lb )  
and  p r e m a m i l l a r y  nucle i  (Figure lc).  The  size of t he  lesion 
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Fig. 1. Frontal hypothalamic sections at a different level from the 
anterior commissure in Fm. F, foruix; OT, optic tract; DS, supraoptie 
decussations; MT, mamillothalamic tract; S, hypophyseal stalk; 
MFB, medial forebrain bundle; NPV, paraventrieular nucleus; 
NHA, anterior hypothalamic nucleus; NSO, supraoptic nucleus; 
R, retrochiasmatic area; NVM, ventromedial nucleus; NDM, dorso- 
medial nucleus; A, arcuate nucleus; NPF, perifornical nucleus; 
NHP, posterior hypothalamic nucleus; NPMD, dorsM premamillary 
nucleus; NPMV, ventral premamillary nucleus; NPL, prelateral 
mamillary nucleus, i;i, Site of the damage caused by GTG. ~ ,  
Regions containing degenerated axon terminals (circles show the 
tissue samples removed for EM ilwestigations). 

was i n d e p e n d e n t  of t h e  dose of GTG and  the  l e n g t h  of 
t i m e  b e t w e e n  in jec t ion  a n d  decap i t a t ion .  Necrosis  was atso 
found  in  t h e  r e t r o c h i a s m a t i c  area  (Figure la )  and  in t he  
p e r i v e n t r i c u l a r  nuc leus  b u t  on ly  in a m i n o r i t y  of t he  
animals .  O t h e r  p a r t s  of t he  h y p o t h a l a m u s  appea red  
in tac t .  I n  3 mice  the  v e n t r a l  h i p p o c a m p a l  commissu re  and  
t he  med ia l  p a r t  of t h e  d e n t a t e  gyrus  were pa r t i a l l y  
des t royed.  Only  one of t he  an ima l s  d e m o n s t r a t e d  necrosis  
in  t h e  med ia l  p reop t i c  nucleus.  

N o r m a l  t i ssue  e l ement s  could no t  be  recognized w i t h i n  
t he  necro t ic  b r a i n  regions.  D a r k  degene ra t i ng  b o u t o n s  
were found  in t he  u n d a m a g e d  p a r t  of t he  v e n t r o m e d i a l  
nuc leus  (Figure 2b).  A t  l a t e r  su rv iva l  t imes  (72 h), prol i -  
f e ra t ion  of a s t rocy te s  a n d  o l igodendrogl ia l  cells (Figure 
2 b) were obse rved  in t he  u n d a m a g e d  region of t he  ven t ro -  
med ia l  nucleus ,  as well  as a n  increase  in  t he  n u m b e r  of 
pe r ivascn l a r  cells w i t h i n  t h e  basa l  l a m i n a  of t he  capil lar ies .  
These  j u x t a v a s c u l a r  ceils ~ c o n t a i n e d  degene ra t ed  cell 
par t ic les .  

Degene ra t ed  axon  t e r m i n a l s  could be obse rved  in the  
dorsomedia l  nuc leus  a n d  in t h e  l a t e ra l  h y p o t h a l a m i c  
area  a m o n g  t h e  f ibres  of t he  med ia l  Io reb ra in  b u n d l e  
(Figure  2a) and  of t h e  s u p r a o p t i c o - h y p o p h y s e a l  t r ac t .  

Degene ra t ed  axons  were also found  in  t he  m e d i a n  
eminence ,  especial ly  in t h e  zona ex te rna .  The  f i rs t  s igns of 
degene ra t i on  cons i s t ing  of f o r m a t i o n  of so-called axon  
cy to lysomes  ~ were obse rved  40 h a f te r  t r e a t m e n t  (Figures  
3a  and  b). Af te r  48 h t he re  a p p e a r  large degene ra t ed  
complexes,  pa r t i a l l y  or t o t a l y  enve loped  b y  t anycy te s .  
However ,  a t  t he  same  t i m e  we found  free d a r k  degenera t -  
ing bou tons ,  w h i c h  cha rac t e r i ze  t he  degene ra t ive  process  
a t  o the r  places in  t he  CNS. At  longer  su rv iva l  per iods ,  t he  
engul fed  d e g e n e r a t i n g  f r a g m e n t s  lose t h e i r  b o u n d a r y  
m e m b r a n e s  a n d  are d iges ted  b y  t a n y c y t e s  or o t h e r  glial  
cells. Degene ra t ed  axons  were r epea t ed ly  observed  in t he  
pe r ivascu l a r  space of t he  p r i m a r y  p o r t a l  p lexus  (Figure 
3a). The  n u m b e r  of ' l ip id '  d rop le t s  wh ich  cha rac te r i ze  
t he  t a n y c y t e s  cons ide rab ly  increased  fol lowing the  
t r e a t m e n t .  

A l t h o u g h  some pa tho log ica l ly  a l t e red  t e r m i n a l s  or 
t a n y c y t e s  m a y  be  found  also in i n t a c t  animals ,  t he  exper i -  
m e n t a l  mice (48 h a f te r  t r e a t m e n t )  h a v e  shown  a m u c h  
h igher  degene ra t i on  ra te ,  as can  be  seen f rom our  quan t i -  
t a t i v e  da ta .  On a surface  area  of 10,000/tzm ~ we found  
59 ear ly  d e g e n e r a t i n g  t e r m i n a l s  a n d  47 free d a r k  degener-  

a t i n g  complexes ,  77 t a n y c y t e  profi les  c o n t a i n e d  one or 
more  axon  f ragments .  I n  con t ras t ,  on  t he  same  area  ill 
i n t a c t  animals ,  we found  2 axon  cy to lysomes  a n d  1 t a n y -  
cytes  w i t h  inges ted  axon  f ragments .  I n  t he  o the r  areas  
e x a m i n e d  we n e v e r  found  signs of a ' s p o n t a n e o u s '  
degenera t ion .  

Our  f ind ings  are  cons i s t en t  w i t h  severa l  o t h e r  ana-  
t omica l  s tudies  of i n t r a h y p o t h a l a m i c  f ibre connect ions .  
Us ing  G T G  induced  lesions of t he  v e n t r o m e d i a l  nucleus,  
AREAS and  MAYER ~ showed d e g e n e r a t i n g  f ibres  leav ing  
t h i s  nuc leus  and  d i rec ted  t owards  t he  dorso la te ra l  
h y p o t h a l a m u s .  M I L L H O U S E  6 t r a c e d  v e n t r o m e d i a l  axons  
d i rec t ly  in to  t he  l a te ra l  h y p o t h a l a m u s .  The re  are also 
ven~romediaI  a f fe ren ts  in  t h e  p e r i v e n t r i c u l a r  f ibre  
sys tem,  some of which  p r o b a b l y  t e r m i n a t e  in  t he  a r cua t e  
nucleusK Some of t he  cell bodies  of t he  arcuate ,  peri-  
ven t r icu la r ,  ven t romed ia l ,  s u p r a c h i a s m a t i c  a n d  dorsal  
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Fig. 2. a) Terminal degeneration in 
the lateral hypothalamic area. 
The degenerating axon (Da) is 
engulfed by glial process. Na, 
neurosecretory axon. • 22,140. b) 
Marked proliferation of ologoden- 
droglial (Gp) cell processes in the 
ventromedial nucleus near to the 
lesion. X 22,356. e) A degenerating 
axon terminal is contacted by a 
dendrite in the arcuate nucleus. 
• 22,356. The animal was killed 
72 h after GTG administration. 

p r e m a m i l l a r y  n u c l e i  a p p e a r  to  s e n d  f i b r e s  i n t o  t h e  
m e d i a n  e m i n e n c e  4, v-9. 

O u r  e l e c t r o n  m i c r o s c o p i c  d a t a  d e m o n s t r a t e  t h a t  f i b r e s  
o r i g i n a t i n g  f r o m  t i le  v e n t r o m e d i a l  a n d  a r c u a t e  n u c l e i  
t e r m i n a t e  in  t h e  m e d i a n  e m i n e n c e ,  d o r s o m e d i a l  n u c l e u s  
a n d  i n  cel ls  l o c a t e d  in  t h e  m e d i a l  f o r e b r a i n  b u n d l e .  R i c h  
i n t r a n u c l e a r  c o n n e c t i o n s  of  a r c u a t e  a n d  v e n t r o m e d i a l  
n u c l e i  we re  a l so  v e r i f i e d .  
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