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X-Ray Irradiation Induced Changes of the Nuclear Membrane of Kirkman-Robbins  Tumour  Cells 

The nucleus  can be considered the  mos t  rad iosens i t ive  
c o m p o n e n t  of cells 1. In  i r rad ia ted  t h y m o c y t e s  t he  damage  
of t he  nuclear  m e m b r a n e  is a p r i m a r y  p h e n o m e n o n  in a 
sequence of even ts  leading to the  dissolut ion of the  nuclear  
ch roma t in  ~, 3. The i n v o l v e m e n t  of t he  nuclear  m e m b r a n e  
of tu rnout  cells in the  response  to the  ionizing r ad ia t ion  
is unknown.  To e lucidate  th is  p rob lem we have  under -  
t aken  an u l t r a s t r uc tu r a I  s t u d y  on the  changes  induced  in 

KIRKMAN-ROBBINS 4, 5 t u m o u r  cells by  X-rays .  W'e describe 
in th is  co mmu n i ca t i o n  in more  deta i l  t he  changes  of t he  
nuclear  m e m b r a n e  and  discuss the i r  significance. 

The inocula t ion  of h a m s t e r s  and  the  m e t h o d s  of 
p r epa ra t i on  of t u m o u r  t issue for the  e lec t ron microscope  
inves t iga t ion  were descr ibed previous ly  6, 7. The f ixa t ives  
were inst i l led in si tu before the  samples  of t m n o u r t  issue 
were collected_ The t u m o u r  was in its 285th genera t ion  and  
was i r rad ia ted  on 20th day  af ter  inoculat ion.  We  appl ied  
to ta l  body  X - r a y  i r rad ia t ion  in a single dose of 2000 r a t  
room t e m p e r a t u r e  and  normal  air pressure  to  3 h ams t e r s  
carr iers  of KIRKMAN-I~OBBINS tumour .  The t u m o u r  was 
collected 24 h af ter  i r radia t ion.  Non- i r r ad ia ted  t u m o u r  
t issue was col lected for compar i t ive  purposes .  

Observa t ions  of semi - th in  sect ions  of plast ic  e m b e d d e d  
non- i r rad ia ted  t u m o u r  ceils revealed t h a t  all in te rphas ic  
nuclei  con ta ined  condensed  c h r o m a t i n  and  p r o m i n e n t  
nucleoli  ~. I r r ad ia t ed  tu rnout  ceils under  l ight  microscope 
showed a f r ag men t a t i o n  of the  c h r o m a t i n  and  the  loss of 
nucleoli.  In  some i r rad ia ted  nuclei, the  dissolut ion of t he  
c h r o m a t i n  was also observed.  

E lec t ron  microscope observa t ions  of non- i r r ad ia ted  
in te rphas ic  t u m o u r  cells showed t h a t  the  nuclear  memb r -  
ane, excep t  for nuclear  pores,  was cont inuous  over  t he  
whole nuclear  pe r ime te r  ; leaflets  of the  nuclear  m e m b r a n e  
were intact .  

The f r ag men t a t i o n  of in ternal  mi tochondr i a l  mem-  
branes  and  dissolut ion of free po lyr ibosomes  were the  
mos t  c o m m o n  cy top lasmic  a l te ra t ions  induced  by  X - r a y  
i r radiat ion.  The th inning ,  sp l i t t ing  and  f r ag men t a t i o n  of 
leaflets of the  nuclear  m e m b r a n e  wi th  fo rmat ion  of blebs 
were the  mos t  charac ter i s t ic  a l te ra t ions  induced  by  
i r rad ia t ion  in a grea t  n u m b e r  of t u m o u r  nuclei.  In  some 
instances,  t he  damage  of the  nuclear  m e m b r a n e  was 
barely visible while in others  comple te ly  broken  nuclear  
m e m b r a n e  caused in te rmingl ing  of nuclear  and  cyto-  
plasmic componen t s .  An example  of m e d i u m  sized 
pos t i r rad ia t iona l  damage  of t he  nuclear  m e m b r a n e  is 
p resen ted  in the  Figure.  The damage  mos t  f r equen t ly  
occurred in the  v ic in i ty  of the  nuclear  pore. The s t ruc tu re  
of c h r o m a t i n  of i r rad ia ted  cells was s imilar  to  t h a t  of 
non- i r rad ia ted  cells. At  the  si tes of the  damage  of t he  
nuclear  membrane ,  the  c h r o m a t i n  left  the  nucleus and  
en te red  the  cy top l a sm and there  in te rmingled  wi th  
cy top lasmic  polyr ibosomes.  The nucleoli  in a ma j o r i t y  of 
i r rad ia ted  cells are no t  visible. Aggregates  of closely 
packed  e lec t ron dense granules,  p ro b ab l y  r e m n a n t s  of 
nucleoli, were cons t an t l y  found in the  nuclear  area. 

The mos t  s ignif icant  pos t i r rad ia t iona l  changes  in KIRK- 
MAN-ROBBINS t u m o u r  cells involved  the  s t ruc tu ra l  
damage  of the  nuclear  m e m b r a n e  and the  loss of typ ica l  
nucleolar  s t ruc ture .  The objec t ion  m a y  be raised t h a t  the  
f r agmen ta t i on  of t he  nuclear  m e m b r a n e  w i t h  displace- 
m e n t  of the  c h r o m a t i n  is an express ion of a general  
f ragi l i ty  of the  t u m o u r  t issue acquired as a consequence  

KIRKNAN-RoBBINS tumour cell 24 h after X-ray irradiation with a 
single dose of 2000 r. Mitochondrion (M) contains damaged internal 
membranes. The zone around black asterisk shows dissolution of 
polyribosomes. In the nucleus (N) white asterisk marks an agglome- 
rate of electron dense granules, probably remnants of a damaged 
nueleolus. The arrow shows the splitting of the internal leaflet of the 
nuclear membrane. Empty arrow shows the margin of the hole in the 
nuclear membrane bordered only by the internal leaflet. Nuclear 
ehromatin (eh) which escaped through the hole in the nuclear mem- 
brane, is intermingled with the cytoplasmic polyribosomes (R). CY, 
cytoplasm. Scale marker = 0.5 ~tm. • 78,000. 
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of X - r a y  i r rad ia t ion ,  a n d  does no t  c o n s t i t u t e  a n y  spe- 
cific a l t e r a t i o n  per  se. Th i s  ob jec t ion  m a y  be  waved,  
however ,  on t h e  basis  of such  a l t e r a t ions  as t h e  sp l i t t i ng  
and  f o r m a t i o n  of b lebs  of t he  i n t e r n a l  leaf let  of t h e  
nuc lea r  m e m b r a n e .  Moreover ,  t h e  f i xa t i on  in s i tu  did  n o t  
f a v o u r  t he  mechan ica l  d a m a g e  of t h e  cell due  to  t h e  
p r e p a r a t i v e  procedure .  The  c h r o m a t i n  of i r r ad i a t ed  KIRK- 
lVIAN-ROBBINS t u r n o u t  cells d id  n o t  d e m o n s t r a t e  a n y  
changes  sugges t ive  of t h e  s e p a r a t i o n  of h i s tone  f rom 
D N A  c o n t r a r y  to f ind ings  on  i r r ad i a t ed  thymocytes~ ,3 .  
I t  m a y  be  supposed  t h a t  t he  i r r a d i a t e d  c h r o m a t i n  of 
KIRKMAN-1ROBBINS t u m o u r  ceils r e m a i n s  i n t a c t  because  
nuc lea r  m e m b r a n e  of these  cells lacks t h e  r e s p i r a t o r y  
enzymes ,  b u t  we c a n n o t  fu rn i sh  a n y  e x p e r i m e n t a l  d a t a  
for th i s  a s sumpt ion .  I t  is n o t e w o r t h y ,  however ,  t h a t  in  
t u m o u r  cells, as in o the r  cel lular  sys t ems  s, t h e  p r i m a r y  
t a r g e t  of t h e  ioniz ing r a d i a t i o n  is a nuc lea r  m e m b r a n e .  

Riassunto. L 'osse rvaz ione  al microscopio  e le t t ron ico  
del t u m o r e  di  KIRt<MAN-RoBBINS i r r ad i a to  con raggi  X 
d i m o s t r a v a  d a n n i  nucleolar i ,  f r a m m e n t a z i o n e ,  assot t igl i -  
a m e n t o  e sco l l amen to  dei  fogl ie t t i  del la  car ioteca.  Inol t re ,  
nel  c i t o p l a s m a  si o s se rvava  c r o m a t i n a  Iuor iusc i t a  dal  
nucleo. 
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Autoradiographic Studies on the Rat Embryos  in 

A l t h o u g h  cons iderab le  a t t e m p t s  h a v e  been  m a d e  to 
i nves t i ga t e  t he  me tabo l i c  process  of t he  ear ly  m a m m a l i a n  
e m b r y o s  in t h e  p r e i m p l a n t a t i o n  stage, our  u n d e r s t a n d i n g  
of t he  even t s  is r a t h e r  f r a g m e n t a r y l ,  k The  p r e s en t  
i nves t i ga t i on  was des igned to explore  au to r ad iog rap h i -  
cal ly t he  p a t t e r n  of nucleic  acid syn thes i s  in  t he  b l a s t o c y s t  
d u r i n g  n o r m a l  a n d  de layed  i m p l a n t a t i o n  s tages  in  t h e  
ra t .  The  r a t s  used were a d u l t  v i rg in  females  of t he  W i s t e r  
I m a m i c h i  s t r a i n  r ang ing  in  we igh t  f rom 180 to  240 g. 
Cyclic females  in  p ro-es t rus  we re  caged w i t h  n o r m a l  
males  a n d  lef t  ove rn igh t .  De layed  i m p l a n t a t i o n  was 
induced  fol lowing t h e  m e t h o d  of COCHRANE and MEYER 3. 
On t h e  t h i r d  day  of p r egnancy ,  m a t e d  female  r a t s  were 
b i l a t e r a l l y  ova r i ec tomized  a n d  each  r a t  was t r e a t e d  w i t h  
4 m g  of p roges t e rone  s u b c u t a n e o u s l y  pe r  day.  The  
p recurso r  was ins t i l led  d i rec t ly  in to  t h e  u t e r ine  l u m e n  

the Pre- implantat ion Stages 

15 m i n  before  a u t o p s y  f rom t h e  t u b a l  end. The  p recursor  
used was 3H-ur idine  (specific a c t i v i t y  5.0 c /mmole ,  
Da i ich i  K a g a k u  Y a k n h i n  K . K . ;  5 txc/uterine h o r n  in 
0.05 ml  ster i le  phys io logica l  saline).  I n  t h e  course of 
n o r m a l  p regnancy ,  r a t s  were au tops i ed  15 ra in  a f te r  
ins t i l l a t ion  of the  p recurso r  on  t h e  f i f th  or s i x t h  d ay  of 
p regnancy .  I n  t h e  de layed  i m p l a n t a t i o n  t h e  p recurso r  
was ins t i l led  in to  t h e  u t e r ine  l u m e n  of t h e  n i n t h  d ay  of 
de layed  i m p l a n t a t i o n  a n d  in a n o t h e r  group,  1 ~zg of 
estradiol-17fl  was in jec ted  s.c. on t h e  e igh t  d ay  of de layed  
i m p l a n t a t i o n  a n d  af te r  16 h t h e  p recursor  was ins t i l led  
in to  t h e  u t e r ine  lumen .  2 or 3 b l a s tocys t s  were t o g e t h e r  
t r a n s f e r r e d  to  a sl ide glass a n d  squashed  gen t ly  w i t h  a 
cover  slide. Af te r  t h e  slides were r ap id ly  frozen in l iquid  

Fig. I. Blastocyst of rat on day 5 showing the incorporation of 
aH-uridine. • 600. 

Fig. 2. Blastocyst of rat on day 5 showing the incorporation of 
3H-phenylalanine uniformly in all regions. • 600. 
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