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B i o l o g i c a l  Effects  of M i c r o w a v e  R a d i a t i o n  on the  T e s t e s  of  S w i s s  Mice  

Microwave rad ia t ion  has been  repor ted  to p roduce  
adverse  effects  in a va r i e ty  of biological  sys tems.  Most  
s ignif icant  are the  mic rowave  induced lent icular  changes  
causing ca ta rac t s  in eyes of h u m a n s  1, 3 r abb i t s  and dogs 3-5. 
The effects  of mic rowaves  on the  tes tes  is indica ted  in 
several  s tudies  6-11. The purpose  of th is  s tudy  was to 
de te rmine  the  effect  of microwaves  a t  1.7 and 3.0 GHz  on 
tes t icu lar  t issue of Swiss mice. 

Swiss male mice (Charles River  Breeding Labs. ,  Mass.), 
ranging  f rom 56-65 days  old, w i t h  an average weigh t  of 
35 g, were anes the t i zed  and i r rad ia ted  in an anechoic  
chambe r  (Waiter  Reed A r m y  Medical  Center,  Wash ing ton ,  
D.C.). The cont inuous  pulse was p roduced  by  a genera tor  
HP8690B osci l lator  w i th  a plug in-head.  The o u t p u t  of the  
oscil lator  was ampl i f ied  by  a Var ian  4K5SL-1 K l y s t ro n  
wi th  a peak  o u t p u t  power  of 2500 wat t s .  Each  animal  
was laid supine  on a p la t form,  a t  a d is tance  of 4 ft., in 
f ron t  of the  wave  guide. Care was t aken  to align b o t h  
tes tes  a t  an equal  d is tance  f rom the  source of radia t ion.  
The t ime  of exposure  and  power  densi t ies  varied.  
The tes tes  of 8 no rma l  sham- i r r ad i a t ed  (anesthet ized)  
males were employed  as histological  controls.  Histological  
resul ts  are shown in Figure 1. 

Fol lowing the  i r radiat ion,  the  animals  were sacrificed 
immedia te ly ,  the  tes tes  were removed,  f ixed in 10% 
formalin,  alcohol and xylene  and e m b e d d e d  in paraff in .  
Sect ions were then  appropr i a t e ly  p repa red  for l ight  

microscope observa t ion  using convent iona l  i ron-hema-  
toxy l in  and eosin stain.  Slides were made  using a ro t a ry  
microtone .  

Phys ica l  mani fes ta t ions  of the  microwave exposure  
were mon i to red  on a closed circuit  television.  Af ter  the  
f i rs t  5 rain a t  1.7 GHz, and 200 m W / c m  2 the  animals  
were p ro b ab l y  aware of the  s t imulus  as ev idenced by  
muscle  spasms,  t remors ,  ta i l  erect ions wi th  even tua l  
arousal  of the  mice f rom anesthesia .  Af te r  20 rain exposure  
a t  1.7 GHz and  power  dens i ty  of 200 m W / c m  ~ burns  up to 
f i rs t  degree were detec ted .  Because the  an imals  starLed 
mov ing  around,  the  b e a m  di rec t ly  exposed some o ther  
pa r t s  of t he  body  also. E d e m a  and rise in scrotal  t emper -  
a ture  were observed at  all power  denst i t ies ,  however ,  these  
effects  were no t  quant i f ied .  

Gross pos t -mor~em f indings in this  expe r imen t  indica ted  
diffuse h e m m o r r h a g e s  in t he  subcu taneous  t issue which  
appeared  'cooked ' .  The skin a round  the  scrotal  appea red  
greenish-gray and  hair  d ropped  off on touch.  There  were 
also damage  to major  organs, the  l iver and spleen were 
discolored and there  was hemmor rhages  in the  gastro-  
enter ic  t rac t .  

On histological  examina t ion  the  seminiferous tubules  
appeared  ex t remely  to r tuous  and  in sect ion of the  tes tes  
each tubule  was cut  a t  more  t h a n  one place, circular and 
oval profiles were p r edominan t .  

At  1.7 GHz,  (10 m W / c m  3) there  was l i t t le  or no damage  
to testes,  excep t  when  the  t ime  of exposure  was increased 
to 100 min, t h e n  severe changes  in morpho logy  were 
observed (Figure 2). The n u m b e r  of cells in the  seminiferous 
tubules  were reduced  and,  the  tubules  showed sloughing of 
degenera t ing  germinal  cells in to  the  lumen while the  
lumen appeare  d as a coagula ted  mass  of fused spermat ids ,  
p ro b ab l y  caused by  hypo the rmia .  Sertoli  and in ters t i t ia l  
cells r ema ined  intact .  

W h e n  the  power  dens i ty  was increased to 50 m W / c m  2, 
(1.7 GHz) and  the  exposure  t ime  var ied  be tween  30-40 
min, the  lumens  were e m p t y  wi th  comple te  d i s in tegra t ion  
of spermit ids ,  sertoli  ceils and the  delicate connect ive  
t issue which  sur rounds  the  seminiferous tubules  wi th  
vacan t  spaces be tween  the  seminiferous tubules.  

At  the  3.0 GHz level the  damage  appeared  ins ignif icant  
a l though  the  lumens  showed a smal l  degree of d is in tegra-  
t ion  of nuclear  mater ia l .  Other  inves t iga tors  6, ~, s, 1~ have  
repor ted  t h a t  exposure  of the  scrotal  area, a t  var ious  

Fig. 1. Normal mice testes. 

Fig. 2. Irradiated mice testes (1.7 GHz 10 mW/cm 2 for 100 min 
exposure. 
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frequencies ,  for t he  power  dens i t y  of 10-15 m W / c m  2 h a s  
resu l ted  ill v a r y i n g  degree of t e s t i cu la r  d a m a g e  such  as 
edema,  f ibrosis  a n d  coagu la t ion  necrosis  of semini fe rous  
t ubu l e s  in  h u m a n s  a n d  an imals .  

This  s t u d y  ind ica tes  t h a t  non ion iz ing  r a d i a t i o n  a t  
1.7 GHz,  50 m W / c m  = for 30-40 m i n  exposure  a l t e red  
spermiogenesis ,  however ,  in  d e p t h  s tud ies  should  be  
conduc t ed  us ing  t he  D o m i n a n t  L e t h a l  Test.  A t  3.00 GHz,  
50 m W / c m  = and  20 min  exposure  the  in jur ies  were 
m i n i m a l .  

Zusammen/assung. Nachweis  h i s to log ischer  Vergnde-  
r u n g e n  a m  Hodengewebe  2 M o n a t e  a l t e r  Schweizer  
M~tuse n a c h  Mikrowel l enbes t r ah lung .  Es  e rgab  sich, dass  

eine n ich t ion i s i e rende  I3es t rah lung  bet  1,7 Gt-Iz u n d  e ther  
I n t e n s i t g t  y o n  50 m W / c m  2 w~thrend 30-40 ra in  die 
S a m e n b i l d u n g  ve rgnde r t .  
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Studies on the Phys io logy  of Hyacinth Bulbs VII. Root and Bulblet -Like  Regenerat ions  f rom 
the Ovary Wall of Hyacinthus orientalis L. 

I n  h o r t i c u l t u r a l  prac t ice ,  h y a c i n t h s  are m o s t l y  pro- 
p a g a t e d  b y  ' scooping ' ,  where  t he  basa l  p l a t e  of b u l b  is 
scooped out ,  or b y  ' scor ing '  (cross-cut t ing) ,  where  cuts  
are  m a d e  across t he  base  of bulb ,  each  cu t  be ing  deep 
e n o u g h  to  cross t h e  basa l  p l a t e  a n d  t he  growing  poin t .  
O t h e r  m e t h o d s  of p r o p a g a t i o n  of h y a c i n t h s  are  those  b y  
' scal ing '  a n d  b y  leaf cu t t i ngs  ~. 

R o o t  a n d  bu lb l e t  r egene ra t i on  of f ew-mon th -o ld  
h y a c i n t h  bu lbs  2 a n d  of t he  p e r i a n t h  of f lower b u d s  a was  

found  to be d e p e n d e n t  on  t h e  levels of g r o w t h  subs t ances  
added  to t h e  MURASHIG~ a n d  SKOOG ~ (MS) m e d i u m  u n d e r  
in  v i t ro  condi t ions .  The  bes t  c o m b i n a t i o n  for b u lb l e t  
i n i t i a t i on  was 1 p p m  of e - n a p h t h a l e n e a c e t i c  acid (NAA) 
an d  10 p p m  of b e n z y l a d e n i n e  (BA). F o r  cal lus f o r m a t i o n  
an d  roo t  d i f fe ren t ia t ion ,  N A A  was t h e  on ly  necessa ry  
hormone. 

The aim of present experiments was to study hormonal 
regulation in the regeneration processes of excised ovaries 
of Hyacinthus orientalis L. The excised ovaries of hyacinth, 
cv. Lady Derby, were taken in the spring at %he begin- 
ning of flowering (April 19, 1974), sterilized with 0.2~o 
solution of mercury chloride for 0.5 h, washed several 
t i m e s  w i t h  s ter i l ized water .  T h e y  were p l a n t e d  on  
MIJRASHmE a n d  SKOOG'S m e d i u m  ~ w i t h  1 p p m  con-  
c e n t r a t i o n  of a u x i n  (NAA), 10 p p m  of c y t o k i n i n  (BA) or 
t h e i r  mix tu res .  The  e x p e r i m e n t s  were c o n d u c t e d  in  t he  
d a r k  a t  25 • 2~ a n d  70~o h u m i d i t y .  A m i n i m u m  of 
10 ovar ies  were used for each  t r e a t m e n t  a n d  t h e  exper i -  
m e n t s  were pe r fo rmed  twice. 

The  t y p e  of o rgan  r eg en e ra t i o n  f rom t h e  o v a r y  wal l  of 
t h e  h y a c i n t h  d e p e n d e d  on  t h e  level  of g r o w t h  subs t ances  
in the  med i u m.  I n  t h e  MS m e d i u m  c o n t a i n i n g  1 p p m  of 
NAA, t h e  ovar ies  c o n t i n u e d  the i r  g r o w t h  a n d  deve loped  
in to  no rma l - look ing  capsules,  a n d  t h e  callus t i ssue  was 
found  to  deve lop  f rom t h e  wal l  a t  base  of ovaries .  I n  
tu rn ,  t h e  cal lus  d i f f e r en t i a t ed  in to  roo ts  (Figure  1). I n  
t h e  MS m e d i u m  s u p p l e m e n t e d  w i t h  1 p p m  of N A A  and  
10 p p m  of BA, t h e  ovar ies  c o n t i n u e d  t h e i r  g rowth ,  and,  
f rom t h e  o v a r y  wall, t h e  d i f f e r en t i a t i on  of smal l  bu lb l e t -  
l ike f o r m a t i o n s  t ook  place (Figure  2). 

I t  was  found  earl ier  b y  ~V~AJUMDAR 5 t h a t  excised 
ovar ies  of Haworthia lurgida var .  pallidi~olia (Litiaceae), 
g rown in  v i t ro  on  W h i t e ' s  m e d i u m  c o n t a i n i n g  1 p p m  of 
indole-3-acet ic  acid (IAA), 0.5 p p m  of k i n e t i n  an d  20~o 
of co co n u t  water ,  p roduced  y o u n g  p l a n t s  a n d  cal lus 
t i ssue  f rom t h e  o v a r y  wal l .  The  cal lus was  capab le  of 
u n l i m i t e d  g r o w t h  a n d  also p roduced  p l a n t t e t s  w i t h  leaves  
a n d  roots.  

Fig. 1. A 65-(A) and 78-(B)-day-old, in vitro grown ovary of hyacinth 
on the MS medium containing 1 ppm of NAA: callus and roots 
formation from the ovary wall can be observed. 
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