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Summary. W i t h  t he  a id  of t h y m i d i n e - H  ~ a u t o r a d i o g r a p h y  gliogenesis  in t h e  r a t  b r a i n  was seen to s t a r t  du r ing  em- 
b ryon ic  stages,  wh ich  m i g h t  con t inue  in to  the  p o s t n a t a l  s tages  of d ev e l o p men t .  Gliogenesis  followed a caudo- ros t r a l  
g r a d i e n t  closely fol lowing neurogenesis .  E p e n d y m o g e n e s i s  was  found  to occur  in  para l le l  w i t h  gliogenesis.  

S tudies  on  glioge/~esis in t h e  m a m m a l i a n  cen t r a l  n e r v o u s  
sys t em show t h a t  or igin a n d  d i f f e ren t i a t ion  of glia cells 
occur  p r i m a r i l y  d u r i n g  p o s t n a t a l  deve lopment2-% How-  
ever,  some repor t s  i nd i ca t e  t h a t  to  some e x t e n t  gliogenesis 
t akes  place du r ing  e m b r y o n i c  d e v e l o p m e n t  of t he  ani -  
mals  7-1~ The  l a t t e r  s tud ies  suffer  f rom the  s h o r t c o m i n g  
t h a t  t h e y  are addressed  to a few single neura l  s t ruc tu res ,  
a n d  the re fore  fail  to  p rov ide  a comprehens ive  v iew of 
gliogenesis d u r i n g  e m b r y o n i c  per iod  in t he  whole b ra in .  
I n  a n  a t t e m p t  to  ove rcome  th i s  s h o r t c o m i n g  the  p r e s en t  
i n v e s t i g a t i o n  was conduc ted .  
Materials and methods. S p e r m  pos i t ive  W i s t a r  a lb ino r a t s  
were s ingly  ir l jected w i t h  t h y m i d i n e - H  3 on one of days  
8 t h r o u g h  22 of ge s t a t i on  (dose: 5 ~Ci/g b .wt ;  spec. act.  
6.7 Ci/mM). The i r  o f f spr ing  were sacrificed a t  6 weeks  of 
age b y  per fus ion  w i t h  10 $/o neu t r a I  buffered formal in .  The  
b ra ins  o b t a i n e d  f rom these  an ima l s  were e m b e d d e d  in 
P a r a p l a s t  and  cu t  ser ia l ly  a t  8 ~zm th i ckness  in corona l  
as well  as sag i t t a l  p lane .  The  sect ions  were processed for 
a u t o r a d i o g r a p h y  a n d  t he  slides were d ipped  in K o d a k  
N T B - 3  nuc lea r  emuls ion ,  a n d  s tored  a t  5~ A f t e r  a n  
exposure  for 10 weeks  t h e  m a t e r i a l  was  deve loped  an d  
pos t - s t a i ned  w i t h  c resy l  violet .  
Fo r  microscopic  ana lys i s  2 levels in  t he  sag i t t a l  p lane ,  
1 midsag i t t a I  a n d  1 p a r a s a g i t f a l  were used. 6 sect ions  a t  
each  of the  2 s ag i t t a l  levels were examined ,  a n d  t h e  lo- 
ca t ions  of heav i l y  label led  glial ceils were p lo t t ed .  The  
i n t e n s i t y  of t he  h e a v y  labe l l ing  on  t he  nuclei  of t he  glial  
cells d id  n o t  p e r m i t  c l ea rcu t  i den t i f i ca t ion  of d i f fe ren t  
t ypes  of cells. Therefore ,  resu l t s  include f indings  on  all  t h e  
glia ceils col lect ively.  The  obse rva t i ons  m a d e  in s ag i t t a l  
p l ane  were c o r r o b o r a t e d  w i t h  f ind ings  m a d e  on  t h e  
corona l ly  cu t  ma te r i a l .  

The  fol lowing cons ide ra t ions  he lped  d e t e r m i n e  label led  
cells as t h e  label led  glial  e lements ,  a) T h e y  were smal l  a n d  
did  n o t  show a n y  cy top lasm.  W h e r e a s  smal l  n eu ro n s  in 

a n y  neu ra l  s t r u t u r e  were larger  t h a n  glia ceils an d  h a d  
d i s t i nc t l y  vis ible  cy top lasm,  b) T h e y  were found  in b o t h  
wh i t e  a n d  grey  m a t t e r  of t h e  b ra in ,  an d  were iden t ica l  in  
a p p e a r a n c e  (figure 1). c) I n  a n y  g iven  n e u r a l  s t r u c t u r e  
t h e y  were found  a f te r  or a t  t h e  t e r m i n a t i o n  of neu ro -  
genesis. On these  bases  t h e  label led  glia ceils were c lear ly  
d i s t i ngu i shed  f rom t h e  smal l  neurons .  
Results. Gliogenesis,  as i nd i ca t ed  b y  the  presence  of in- 
t ense ly  label led  e lements ,  was seen as ea r ly  as on d a y  17 
of ges t a t ion  in t h e  c a u d a l  p o r t i o n s  of the  b r a i n  s tem.  On 
s u b s e q u e n t  days  of ges t a t ion  i t  progressed  t h r o u g h  ros t ra l  
po r t i ons  of b r a i n  s tem,  m i d b r a i n ,  d iencepha lon ,  sepkal 
region, basa l  gangt ia  a n d  o l fac to ry  s t ruc tu res ,  r each ing  a 
p e a k  on  days  20-21 of embryogenes i s .  I n  cerebra l  cor tex,  
h i p p o c a m p u s  an d  corpus  ca l losum gliogenesis s t a r t ed  on  
d a y  20 a n d  reached  i ts  p e a k  on  t h e  fo l lowing day.  In  t he  
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Fig. 1. Corpus callosum (cc) containing intensely as well as lightly 
labelled glia cells. Note intensely labelled subependymal cells (s) and 
ependymal cells (e) of the lateral ventricles. Animal injected with 
thymidine-H a on day 21 of gestation. • 300, 

Fig. 2. Deep cerebellar nuclei (on) showing intensely labelled glia 
cells, and roof of fourth ventricle containing intensely labelled 
ependymal cells (e). Animal injected with thymidine-H 3 on day 21 
of gestation. • 300. 
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b r a i n s  of an ima l s  rece iv ing  t he  r ad iochemica l  on d a y  22 
of ges ta t ion ,  t he  n u m b e r  of label led  glia cells was  reduced ,  
i nd i ca t i ng  a decl ine in gliogenesis.  F r o m  a n  overa l l  p o i n t  
of v iew t h e r e  were no  di f ferences  in t he  wh i t e  a n d  t he  
g rey  m a t t e r  in gliogenesis.  I t  seemed as if to  sweep in 
b r o a d  s t rokes  f rom cauda l  to  ro s t r a l  regions  of t he  b ra in .  
An ana lys i s  of corona l  sec t ions  d i d  n o t  revea l  a n y  medio-  
l a t e ra l  p a t t e r n  of gliogenesis.  
In  t he  ce rebe l lum in t ense ly  label led  glial  e l emen t s  were 
found  in t h e  deep cerebel la r  nuclei  a n d  t he  m e d u l l a r y  
layer  s u r r o u n d i n g  t h e m  d u r i n g  t he  same  per iod  as descr ibed  
above ,  b u t  n o t  in  the  cerebel la r  cor tex,  wh ich  h a d  on ly  
l i gh t ly  label led  glial  ceils. Th i s  i nd i ca t ed  t h a t ,  in all  likeli- 
hood,  gliogenesis,  in t he  sense of or igin of glia cells ou t  of 
l as t  mi tos i s  of t h e i r  p recursors  a n d  fol lowed b y  the i r  
d i f fe ren t i a t ion ,  was  n o t  p r e s en t  in  t he  e m b r y o n i c  cere- 
be l l a r  cor tex.  
A n o t h e r  i m p o r t a n t  f ac t  obse rved  was t he  presence  of 
i n t ense ly  label led  e p e n d y m a l  ceils a long  t h e  v e n t r i c u l a r  
l u m e n  in t h e  b ra ins  of an i m a l s  rece iv ing  t h y m i d i n e - H  a 
d u r i n g  embryogenes i s .  They,  be ing  h i g h l y  special ized and  
d i f fe ren t  f rom the i r  p recurso r  neuroep i the l i a l  ceils, m u s t  
h a v e  ar i sen  o u t  of neu roep i the l i a l  cells d u r i n g  e m b r y o n i c  
d e v e l o p m e n t .  Th i s  r ep re sen t ed  ependymogenes i s ,  a n d  i t  
was  seen to r u n  para l le l  to  gliogenesis  (figure 2). 
Discussion and conclusions. T he  f ind ings  in t h i s  s t u d y  
h a v e  s h o w n  t h a t  gl iogenesis  d u r i n g  e m b r y o n i c  per iod  is 
no t  conf ined  to some selected s t ruc tu res ,  b u t  is found  to  

t a k e  p lace  in t he  en t i r e  cen t r a l  n e r v o u s  s y s t e m  excep t  
ce rebe l la r  cor tex.  F u j i t a  11 has  d e m o n s t r a t e d  t h a t  glio- 
genesis in  t he  cerebel la r  co r t ex  is p r i m a r i l y  a p o s t n a t a l  
d e v e l o p m e n t a l  even t .  The  exac t  p e r c e n t a g e  of t o t a l  gl ia  
cells fo rmed  d u r i n g  embryogenes i s  c a n n o t  be  e s t ab l i shed  
f rom th i s  s tudy ,  b u t  t he  resu l t s  sugges t  th i s  to  be  signifi- 
can t .  I n  c o n t i n u a t i o n  w i t h  this ,  gl iogenesis  m a y  be  found  
d u r i n g  p o s t n a t a l  d e v e l o p m e n t  and ,  a t  a low-rate ,  d u r i n g  
a d u l t h o o d  13-13. 
E p e n d y m o g e n e s i s  was seen to  follow a course para l le l  to  
gliogenesis,  sugges t ing  t h a t  these  2 h i s togene t i c  e v e n t s  
m a y  t ake  place  a t  t he  same t i m e  and,  possibly,  inde-  
penden t ly .  Th i s  impl ies  t h a t  as t he  las t  of t h e  neuro -  
ep i the l ia l  cells undergo  f inal  mi toses  to  give rise to  
d a u g h t e r  ceils d e t e r m i n e d  to d i f f e ren t i a t e  in to  t he  epen-  
d y m a l  ceils, t h e  p recursors  of neurogl ia l  e lements ,  i.e. 
gl ioblasts ,  loca ted  in the  e m b r y o n i c  wh i t e  and  grey  m a t t e r  
unde rgo  mi toses  to  give rise to  t he  glial  cells of e m b r y o n i c  
origin.  Some gl ioblas ts  or t h e i r  u n d e t e r m i n e d  d a u g h t e r  
cells m a y  con t inue  to  p ro l i fe ra te  for long d u r a t i o n  to  
c o n t r i b u t e  to  gliogenesis d u r i n g  p o s t n a t a l  d e v e l o p m e n t .  
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Summary. Chemica l  changes  i nduced  in t he  t e s t i cu la r  D N A  of i r r a d i a t e d  Swiss male  mice are  descr ibed.  P a r a m e t e r s  
q u a n t i f i e d  were h y p e r c h r o m o c i t y  a n d  m e l t i ng  t e m p e r a t u r e .  The  d a t a  suppor t s  the  poss ib i l i ty  t h a t  m ic rowave  causes  
s t r a n d  sepa ra t ion .  

A p o r t i o n  of t he  p o p u l a t i o n  is be ing  exposed  to  inc reas ing  
n u m b e r  of devices  w h i c h  e m i t  p o t e n t i a l l y  h a z a r d o u s  
microwaves .  Most  of these  devices  h a v e  ga ined  the i r  
access to  t h e  c o n s u m e r  t h r o u g h  medical ,  i ndus t r i a l  a n d  
househo ld  app l ica t ions .  
Material and methods. The  gene t ic  d a m a g e  caused  b y  
m i c r o w a v e  exposure  is n o t  well  d o c u m e n t e d .  T he  pu rpose  
of t h i s  s t u d y  was to  d e t e r m i n e  s t r u c t u r a l  changes  in t he  
t e s t i c u l a r  D N A  in duced  b y  expos ing  to  microwaves .  
Swiss mice,  56 days  old (Charles R i v e r  Breed ing  Labo ra -  
tories ,  W i l m i n g t o n ,  MA), were i r r a d i a t e d  in a walk- in  
anechoic  c h a m b e r  a t  W a l t e r  Reed  A r m y  Medical  Center ,  
W a s h i n g t o n ,  DC. T he  e q u i p m e n t  a n d  ca l ib ra t ion  proce-  
dures  h a v e  b e e n  descr ibed  e lsewhere  2, 3. The  i r r ad i a t i on  
f r e q u e n c y  was  1.7 GHz,  a n d  t h e  power  dens i t y  was  
50 m W / c m  ~ w i t h  a n  exposure  t i m e  of 30 min .  T he  resu l t s  
were c o m p a r e d  w i t h  s h a m  i r r a d i a t e d  controls .  T he  pa ra -  
m e t e r s  q u a n t i f i e d  were a) h y p e r c h r o m i c i t y ,  a n d  b) me l t i ng  
t e m p e r a t u r e s .  A Gil ford 2400 s p e c t r o p h o t o m e t e r  was  used  
for o b t a i n i n g  t h e r m a l  profiles.  
E a c h  a n i m a l  was  la id  sup ine  on  a p l a t f o r m  in f r o n t  of t h e  
wavegu ide  in t h e  nea r  field. To avo id  m o v e m e n t  in  t he  
f ield d u r i n g  i r r ad i a t i on  t he  mice  were a n e s t h e t i z e d  w i t h  
1% p h e n o b a r b i t a l .  Care was  t a k e n  so t h a t  on ly  t h e  t es tes  
were i r r ad ia t ed ,  t h e  r e s t  of t h e  b o d y  be ing  sh ie lded  w i t h  
loaded  u r e t h a n e  foam (Eccosorb-An) .  S h a m  i r r a d i a t e d  

cont ro l s  were p laced  outs ide  t h e  wavegu ide  dur ing  ex- 
posure  of t h e  i r r ad i a t ed  group.  An ima l s  were obse rved  
d u r i n g  i r r ad i a t i on  v ia  a closed c i rcui t  te levis ion  moni to r .  
A t  t h e  t e r m i n a t i o n  of t he  exposures ,  t he  males  were 
sacrificed,  t h e  t es tes  pooled a n d  D N A  iso la ted  accord ing  
to  the  p rocedu re  ou t l i ned  b y  B r i t t e n  et  al. 4, 5. Because  of 
t h e  p r o b l e m s  in i n t r o d u c i n g  t h e r m o c o u p l e s  in  t h e  field, 
t he  b o d y  t e m p e r a t u r e  d u r i n g  i r r ad i a t i on  was no t  moni -  
tored .  However ,  r ec ta l  t e m p e r a t u r e s  were t a k e n  before  
a n d  a f t e r  i r r ad ia t ion .  N o r m a l  t e m p e r a t u r e s  of Swiss mice 
va r i ed  b e t w e e n  35 and  37 ~ R e c t a l  t e m p e r a t u r e s  t a k e n  
a f te r  exposure  ind ica t ed  a n  increase  of 1-2~ Min ima l  
t e m p e r a t u r e  changes  occur red  in t h e  s h a m  i r r ad i a t ed  
controls .  
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