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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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Resul ts  and discussion. Record ing  of the  mel t ing  curves 
were  repea ted  a t  least  3 t imes  to  ensure reproduc ib i l i ty  of 
results .  T h e r m o d y n a m i c  theories  ~, 7 p red ic t  t h a t  if in t ra-  
molecular  he te ro~en i ty  is p ronounced ,  t he  mel t ing  curves 
will  become unusua l ly  b road  and  in some cases become 
polyphas ic .  Consequent ly  recorded  mel t ing  curves  were  
normal ized  to  the  to ta l  hype rch romic i t y  and  f inal ly 
t r ans fe r red  to  a der iva t ive  form by  numer ica l  different ia-  
t ion  s. Figure  1 shows a p lo t  of pe rcen t  hype rch romi e i t y  
on the  Y-axis  and  t e m p e r a t u r e  on the  X-axis .  Figure  2 
shows the  f irs t  der iva t ive  p lo t  which  is essent ia l ly  a 
ch romic i ty  ra te  p lot  agains t  t empera tu re ,  and  shows a 
d i s t inc t  difference be tween  the  2 inf lect ion points .  Also 
the  p lo ts  show t h a t  s t ruc tu ra l  changes  in the  t r ea t ed  
D N A  occurred a t  a lower t e m p e r a t u r e  t h a n  the  similar  
changes  in the  na t ive  DNA. 

Nucleotide composition of normal and irradiated DNA 

Normal DNA Irradiated DNA 

G-C = 43% G-C ~ 38.3% 
A-T = 57% A-T = 61.7% 
G = 21.5% G ~ 19.5% 
C = 21.5% C = 19.5% 
A = 28.5% A = 30.85% 
T = 28.5% T = 30.85% 
Pu/Py = 1.0 Pu/Py ~ 1.0 
A/T = 1.0 A/T = 1.0 
G / c  = 1.0 G - C  = 1.0 
A + T / G +  C = 1.32 A + T / G + C  ~ 1.6 
T~ = 87~ T= ~ 85~ 
Hyperehromicity = 30% Hyperehromicity ~ 24% 
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Fig. 1. Thermal profiles of native and irradiated DNAs. 
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Fig. 2. Thermal profiles in differential plot 6f normal and irradiated 
DNA from the testes of Swiss mice. 

Mice were exposed to 1.7 GHz 50 roW/tin ~ for 30 rain. 
Tm - 69.1 

G + C  = 9 . 
0.41 

Pu/Py = purines/pyrimidines. 
% Hyperehromicity = 
final optical density - initial optical density 

• 100. 
final optical density 

The table  shows the  base  compos i t ion  for guanine  and 
cytos ine  was 21.5% in the  contro l  group and 19.5% in 
the  i r rad ia ted  group;  adenine  and  t h y m i n e  28.5% in the  
contro l  group and  30.85% in the  i r rad ia ted  group.  There  
was no difference in t h e  base  ratios,  however ,  t he  asym-  
m e t r y  rat io f o r  the  cont ro l  group was 1.32 while in the  
i r rad ia ted  group was  1.6. A hype rch romic  shif t  f rom 30% 
in the  control  to 24% in the  i r r ad ia ted  sample  was ob- 
served,  and  the  mel t ing  t e m p e r a t u r e  (Tm) changed  f rom 
87~ in the  contro l  to  85~ in the  i r rad ia ted  group. 
These observa t ions  s u p p o r t  the  possibi l i ty  t h a t  i r radia-  
t ion causes s t r and  separa t ion  since changes  in t he  opt ical  
dens i ty  reflects  a decrease in h y d ro g en  bonding.  Conse- 
quen t ly  i t  is suggested t h a t  a po in t  mu t a t i o n  could occur 
if the re  were imprecise  base  pai r  match ing .  
The p roper  significance of t he  depa r tu r e  of t he  hyper -  
chromic i ty  and  mel t ing  t e m p e r a t u r e  f rom the  n o r m  needs  
fu r the r  inves t iga t ion  however ,  th i s  p re l iminary  work  
indica tes  t h a t  well  def ined  and  judiciously control led  
exper imen t s  on DNA shall  es tabl ish  the  degree and  e x t e n t  
of the  damage .  
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