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Table II. Data from rabbits killed on gestation day 6 
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Group No. of No. of No. of Chromosome 
animals corpora blastocysts abnormalities 

lutea 

Chromosome Sex chromosome 
abnormality complement 

No. % X Y X X  

Control 9 90 81 1/74 

Nembutal 
(1/4 h pc) 5 51 49 3/42 

Nembutal 
(5 h pc) 5 66 59 7/55 

Total 19 207 189 

1.4 (44/45) 41 32 

7.1 40/43/44; n/2n; 45 20 19 

12.6 3 (2n/4n) ; 2 (43/44) ; (44/45) ; (45) 25 23 

86 74 

did no t  differ s ignif icant ly  amongs t  the  3 groups.  The 
n u m b e r  of ch romosomal ly  abnorma l  b las tocysts ,  however ,  
was grea te r  in animals  in jec ted  wi th  Nembuta l .  Only 
1/7 ~ b las tocys ts  f rom rabb i t s  in the  contro l  group was 
ch romosomat ly  abnorma l  to give a f requency  of 1.4%. 
This compared  f a v o u r a b l y w i t h  the  I to  2% chromosomal -  
ly anomalous  b las tocys t s  t h a t  have  been found in control  
series f rom o ther  expe r imen t s  in our labora tory .  Animals  
t h a t  had been in jec ted  wi th  Nembu ta l  1/4 h a f te r  ma t ing  
p rov ided  42 b las tocys t s  t h a t  could be ana lyzed  chromo-  
somally.  3 or 7.1% of these  were chromosomal ly  abnormal .  
This  was no t  s ignif icant ly  di f ferent  f rom the  contro l  
group. Blas tocys ts  f rom rabb i t s  in jec ted  6 h pc had  the  
grea tes t  n u m b e r  of ch romosome  abnormal i t ies  7/55 of 
12.7%. This was s ignif icant ly  di f ferent  f rom the  control  
group (p < 0.01). 

The types  of ch romosome  abnormal i t ies  are also l isted 
in Table II .  The diploid complemen t  of the  r abb i t  is 44. 
The chromosome abno rma l i t y  found amongs t  b las tocys ts  
from the  control  group was a mosaic wi th  2 cell lines, 
one hav ing  44, or the  normal  n m n b e r  of chromosomes ,  
and the  o ther  line wi th  an ex t ra  chromosome present .  
The 3 ch romosome  abnormal i t i es  found a m o n g  blasto-  
cys ts  f rom rabb i t s  in jec ted  wi th  Nembu ta l  ~/4 h pc were 
varied in nature.  There  was 1 mosaic b las tocys t  wi th  3 
cell lines, I mixoploid  wi th  haploid  and diploid lines and  
I t r i somy  in which  all cells had  45 chromosomes .  Mixo- 
ploidy was the  mos t  numerous  anomaly  found amo n g s t  
b las tocys ts  recovered f rom rabb i t s  injected 6 h pc. 3 of the  
abnormal i t ies  were mixoploid  wi th  diploid and te t rap lo id  
lines present .  There  were also 2 ch romosomal ly  mosaic 

b las tocys t s  w i th  4a/44 cell lines and  one 44/4 s mosaic.  Again 
a t r i somic  b la s tocys t  was found.  

P e n t o b a r b i t a l  sodium admin i s t e red  at  ~/4 h or 6 h pos t  
co i tum did no t  to ta l ly  inhibi t  oocyte  m a t u r a t i o n  in the  
rabbi t .  A l though  a delay  in m a t u r a t i o n  was a p p a r e n t  in 
2 of t he  5 animals  in jec ted  at  1/4 h pc, 3 o ther  r abb i t s  had  
ovula ted  by  17 h pc and by  24 h pc zygote  d e v e l o p m e n t  
was comparab le  to t h a t  found in contro l  animals.  

A s igni f icant ly  grea ter  n u m b e r  of ch romosomal ly  
abnorma l  b tas tocys t s  was recoverd  f rom rabb i t s  t r e a t ed  
wi th  pen toba rb i t a l  6 h pos t co i t um t h a n  in un t r ea t ed  
animals .  E r ro r s  t h a t  could be a t t r i b u t e d  to t he  f i rs t  
c leavage division, such as mosaics  and  mixoploidy,  
p redomina ted .  Tr i somy m a y  have  arisen by  non-dis-  
junc t ion  or anaphase  lagging dur ing  meiosis II.  I t  m a y  
be t h a t  pen toba rb i t a l  had  a di rect  effect  on meiosis and /o r  
mitosis.  

Summary.  Female  rabb i t s  were in jec ted  wi th  pen to-  
ba rb i t a l  sodium at  1/4 h or 6 h pos t  coi tum. A sl ight  de lay  
in oocyte  m a t u r a t i o n  was ev iden t  in animals  killed a t  17 h 
pc, however ,  zygote  d e v e l o p m e n t  appeared  normal  by  
24 h pc. A t  6 days  pc, a grea ter  f requency  of ch romosomal ly  
abnorma l  b las tocys t s  was found in animals  in jec ted  wi th  
pen toba rb i t a l  t h a n  in control  rabbi t s .  

E V E L Y N  g .  SHAV]ER 

Department o/ Anatomy,  Health Sciences Centre, 
University o/ Western Ontario, 
London (Ontario, Canada), 18 June  1975. 

Effects of 7 -Rays  on the Developing Embryos  of 

The developing embryos  of animals  af ter  the i r  exposure  
to  ionizing radia t ions  show numerous  types  of anomalies,  
for example,  increased embryonic  mor ta l i ty ,  decrease in 
weights  of in ternal  organs,  exencephaly ,  haemor rhage  in 
hea r t  and other  b o d y  organs, and l imb defects1-% The 
di f ferent  types  of anomal ies  ob ta ined  are among  o ther  
factors  d e p e n d e n t  on the  dose given, mode of exposure,  
the  s tage of deve lopmen t  and the  animal  species being 
exposed.  The presen t  communica t ion  repor t s  the  effects 
of F-rays on the  developing embryos  of the  garden  lizard, 
Calotes versicolor and  describes some unusual  effects on 
the  eyes. 

Materials and methods. Eggs of Calotes versicolor were 
ob ta ined  f rom the  uteri  of gravid females by  laparo tomy.  
The embryos  were s taged according to the  descr ip t ions  by  

Calotes  vers ico lor  

MU'rHUKKARUPPAN et  aI.L Since all t he  embryos  in a 
c luth  are a lways a t  t he  same stage of d e v e l o p m e n t  t he  
stage of the  deve lopmen t  of the  embryos  was observed at  

1 L. ]3. RUSSELL and W. L. RUSSELL, J. cell. comp. Physiol., Suppl. 
1, 43, 103 (1954). 

2 L. ]3. RUSSELL and C. S. MONTEGOMERY, Int. J. Radiat. Biol. 10, 
151 (1966). 

a C. PIEAU and J. VASSE, C. r. hebd. Sdanc. Acad. Sci., Paris 271, 
2023 (1970). 

4 A. K.  GAJEWSKI, M. G. SLO'WIKOWSKA a n d  W. L. GRZYMALA, 
Roczn. pafist. Zakl. Hig. 22, 221 (1971). 

'~ M. T. CASE and J. SIMON, Am. J. vet. Set. 33, 1223 (1971). 
s j .  VASSE, Annls Embryol. Morph. 7, 283 (1974). 
7 V. MIUTHUKKARUPPAN~ P. KANAKAMBIKA, V. MANIGKAVEL a n d  

•, VEERARAGHAVAN, J. Morph. 1,30, 479 (1970). 
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Effects of),-ray irradiation on the embryos of Ccdotes versicolor 

EXPERIENTIA 31/10 

Experiment No. of irradiated No. of surviving Relative weight of the surviving 
serial embryos embryos ~ embryos b 

Anomalies among survivors 

Haemorrhage Axis defects Microphthalmia 

A 8 7 0.69 3 1 2 
13 13 9 0.67 6 2 
C 9 6 0.54 6 5 2 

~The control embryos (4 in each experiment) were always alive, except one in the experiment C, and had no malformations, b Relative weight 
of the surviving embryos = Average weight of the irradiated embryo / Average weight of the control embryo. 

t he  beg in ing  of e x p e r i m e n t s  b y  sacrif ic ing 2 eggs. The  
i r r ad i a t i on  doses were m e a s u r e d  us ing  F r i cke  fer rous  
su lpha t e  dos ime te r  so lu t ion  8. A p i lo t  e x p e r i m e n t  was  
done  where in  11 eggs were exposed  to  20,500 rads  and  
obse rved  a f t e r  a f u r t h e r  7 days  of deve lopmen t .  The  
m o r t a l i t y  r a t e  was  high,  up  to  82~o, a n d  all t he  su rv iv ing  
e m b r y o s  showed  haemor rhages .  In  t he  fol lowing exper i -  
men t s ,  therefore ,  d i f fe ren t  doses c o m b i n e d  w i t h  sho r t e r  
pos t - i r r ad i a t i on  per iods  of d e v e l o p m e n t  were used.  I n  
e x p e r i m e n t  A, 10,250 rads  were de l ivered  in a single 
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Fig. 1. Schematic representation of the sections through normal and 
abnormal eyes to show the pattern of the division of the optic cup 
and the lens. 

exposure  a t  t he  e m b r y o n i c  s tage 30, and  t he  e m b r y o s  
were obse rved  1 day  a f t e r  i r rad ia t ion .  I n  e x p e r i m e n t  B, 
20,500 rads  were de l ivered  in a s ingle exposure  a t  the  
s tage  29, a n d  t he  e m b r y o s  were obse rved  2 days  a f te r  
i r r ad ia t ion .  I n  e x p e r i m e n t  C, 20, 500 rads  were del ivered in 
2 doses of 10,250 rads  each,  a t  an  i n t e rva l  of 2 days ;  the  
f i rs t  i r r ad i a t i on  was done  a t  t he  s tage  30 and  the  e m b r y o s  
were  obse rved  4 days  a f t e r  t he  f i r s t  dose. The  con t ro l  
e m b r y o s  were h a n d l e d  like t he  e x p e r i m e n t a l  e m b r y o s  b u t  
for t he  lack of exposure  to  t he  y-rays.  All  t he  embryos  
were f ixed in buf fe red  g l u t a r a l d e h y d e  so lu t ion  a t  4~ 
e m b e d d e d  in pa ra f f in  wax,  sec t ioned  a t  8 ~m and  s ta ined  
w i t h  Delaf ie ld ' s  h a e m a t o x y l i n  a n d  eosin. 

Results .  The  e x p e r i m e n t a l  e m b r y o s  h a d  a m o d e r a t e l y  
h i g h  su rv iva l  ra te ,  67% to  88% (see Table) ,  a n d  were 
i n v a r i a b l y  less deve loped  t h a n  the  con t ro l  embryos  b y  up  
to  one s tage  of deve lopmen t .  F u r t h e r m o r e ,  the  g r o w t h  of 
t h e  e x p e r i m e n t a l  e m b r y o s  was cons ide rab ly  r e t a r d e d  as 
ev idenced  b y  the  dif ference in t h e i r  average  we igh t  com- 
p a r e d  w i t h  t h a t  of t he  con t ro l  e m b r y o s  (see Table) .  

The  m o s t  c o m m o n  lesion p roduced  was h a e m o r r h a g e  
in  d i f fe ren t  p a r t s  of t he  body ,  such  as hear t ,  head ,  tail ,  
l imbs  a n d  b o d y  wall. The  h e a r t  showed  v a r y i n g  degrees  of 
haemor rhages ,  a p p a r e n t l y  increas ing  f rom s l ight  to 
m o d e r a t e  to  heavy .  Some dead  embryos ,  n o t  ye t  dis- 
in t eg ra t ing ,  also showed  h e a v y  h a e m o r r h a g e  in t he  hea r t .  
A smal le r  and  col lapsed h e a r t  tube ,  w i t h  or w i t h o u t  an  
en la rged  per ica rd ium,  b u t  lack ing  haemor rhages ,  was  
o b t a i n e d  on ly  in t he  e x p e r i m e n t  B, p e r h a p s  due to t he  fact  
t h a t  t h e  e m b r y o s  in t h i s  e x p e r i m e n t  were younge r  t h a n  
those  in expe r imen t s  A a n d  C a t  t h e  t ime  of exposure  to 
~-rays.  The  axia l  defects  inc luded  t he  sho r t en ing  or 
e longa t ion  of t he  axis  a ccompan ied  b y  mic rocepha ly  and  a 
k i n k y  or  s t u m p y  tail .  

Of pa r t i cu l a r  in t e res t  were t he  abnorma l i t i e s  observed  
ill t h e  eye. The  eye lesions were ' un i l a te ra l ' ,  on  t h e  left  
side, and  inc luded  m i c r o p h t h a l m i a  a n d / o r  u n p i g m e n t e d  
re t ina .  His to logica l  e x a m i n a t i o n  of t he  embryos  showing  
m i c r o p h t h a l m i a  revea led  a pa r t i a l  d ivis ion of t h e  left  
opt ic  cup  and  a ' double  lens' ,  excep t  in  one case. A 
compar i son  of cross sect ions  t h r o u g h  t he  n o r m a l  and  
a b n o r m a l  eyes a t  d i f fe ren t  levels showed  the  p a t t e r n  of 
th i s  d iv is ion  (Figures 1 a n d  2). Sect ions  in the  p lane  xx '  
showed a comple te  d iv is ion  of t he  opt ic  cup in t he  left  
eye. Sect ions  in t he  p l ane  yy '  t h r o u g h  t he  a b n o r m a l  eye 
showed  t he  lens p inched  in to  2 closely apposed  p a r t s  a n d  
a p a r t i t i o n  r u n n i n g  in f rom the  mes ia l  wal l  of t h e  cup 
incomple t e ly  d iv ided  t h e  l a t t e r  in to  2 c o m p a r t m e n t s .  

s j .  W. T. SPINKS and R. J. WOODS, An Introduction to Radiation 
Chemistry (John Wiley, New York 1964). 
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Sections in the  p lane  zz' for the  normal  and  a b n o r m a l  
eyes were comparab le  excep t  for the  smaller  size of t he  
abno rma i  opt ic  cup. The to ta l  volume of t he  2 lenses p u t  
t oge the r  and  the  2 optic  cups  pu t  toge the r  was  less t h a n  
t h a t  of the  single normal  lens and single normal  cup, 
respect ively.  However ,  the  m a x i m u m  ci rcumference  of 
the  normal  cup and t h a t  of the  abnormal ly  d iv ided cup, 
as seen in serial cross sections, was comparable .  A layer  
of dead  ceils l ined the  divided optic  cup on its inner  face 
while the  cells on the  outer  side appeared  h e a l t h y  (Figure 
2 C). Only dead and  degenera t ing  cells were seen in the  
wall of the  abnormal ly  divided optic  cup in expe r imen t  C 
(Figure 2 D). 

Discussion. Haemor rhage  in the  hea r t  as observed  in 
Calotes has  been one of the  major  lesions p rodnced  in X-  
ray  i r rad ia t ion  exper iments  wi th  new-born  pig s . Our 
observa t ions  fu r ther  indicate  t h a t  haemor rhage  is per-  
haps  the  major  bu t  not  the  only factor  leading to dea th ,  
since we also observed dead  embryos  w i thou t  h e a r t  
haemorrhage .  D e a t h  character ized  by  haemor rhage  and 

general  c i r cu l a to ry  s y s t em b reakdown  has also been  
repor ted  in chick embryos  dur ing  the  f irs t  day  a f te r  
i r radia t ion ~. 

The uni la tera l  na tu re  of the  defects  is by  now a w i de ly  
repor ted  observa t ion  a, l ~  PISAU and VASSE ~ a t t r i bu t e  
uni la te ra t i ty  of defec ts  in the i r  exper iments  wi th  Lacerta 
viridis to the  posi t ion of the  embryo  in the  egg. However ,  
it  appears  t h a t  the  posi t ion of the  embryo  in the  egg m a y  
no t  have  a direct  bear ing on the  uni la te ra l i ty  of the  defects  : 
in b o t h  Lacerta and  Calotes the  embryos  are r e c u m b e n t  on 
the  left side b u t  in the  former  t he  defects  are more  pro-  
nounced  on the  r igh t  side a whereas  in the  la t te r  these  are 
more  so on the  left  side n. 

The m a n n e r  of genesis of a 'double  optic  cup '  and  a 
'double  lens '  remains  uncer ta in  bu t  i t  seems probable  t h a t  
the  a l te ra t ion  in the  shape  and  division of the  opt ic  cup 
results  from an inward ly  directed collapse of the  mesial  
wall of the  cup;  the  re t inal  layer  in the  eye of the  r igh t  
side is also de tached  f rom the  outer  border  a t  abou t  t he  
po in t  of collapse on the  left side. This even t  was fol lowed 
by  cell dea th  beginning  along the  inner  face of the  optic  cup 
as not iced in expe r imen t  A, and  f inal ly resul t ing in exper-  
imen t  C in the  opt ic  cup formed of only  dead and degener-  
a t ing cells. The absence of the  eye defect  in the expe r imen t  
B may  possibly be due to  t he  embryos ,  a t  the  t ime of 
exposure  to y-rays, being younger  as compared  wi th  those  
in the  exper imen t s  A and C. 

Summary. The y-ray i r radia t ion causes mor ta l i ty ,  
r e t a rda t ion  in deve lopmen t  and  g rowth  rate,  haemorrhage ,  
axial defects  and uni la tera l  microphtha lmia .  Histological  
examina t ion  of mic roph tha lmic  embryos  revealed a 
par t ia l  division of the  left optic  cup and a 'double  lens' .  

j .  M. CHIPLONKAR :$ and S. C. GOEL 14 

Department o~ Zoology, University o~ Poona, 
Poona 411 007 (India), 20 May 1975. 

Fig. 2. Sections through experimental embryos showing abnormal 
optic cup and the lens. A) Partially divided optic cup and lens of 
the left side (experiment A, x 90). B) Complete division of the optic 
<'.up of the embryo in Figure A ( • 90). C) Magnified view of the mcsial 
region of the divided optic cup of experimental embryo in Figure A 
showing the necrotic ceils on the inner surface of the cup 
( • 500). D) Magnified view of the mesial region of the divided optic 
cup of experimental embryo (experiment C) showing optic wall 
consisting of only i~eerotic celis( • 500). 
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Establ ishment of Normal Diploid and Malignant Heteroploid Cell Lines from Non-Treated 
and Benzo(a)pyrene Treated Hamster Embryo Cell Cultures 

Various  inves t iga tors  have  repor ted  a l imi ted  l ife-span 
for normal  cells and an indef ini te  g rowth  per iod for t rans -  
formed cells 1-6 in culture.  Despi te  the  wea l th  of informa-  
t ion on the  in v i t ro  g rowth  of hams t e r  cells, s table  diploid 
cell lines grown for ex t ended  periods have  no t  been repor t -  
ed. Dur ing  the  p resen t  s tudy,  we have  been  able to 
es tabl ish  two s table  diploid cell lines f rom non- t r ea ted  
and  a he teroplo id  ma l ignan t  cell line f rom benzo(a)pyrene  
(a tobacco  smoke componen t )  t r ea t ed  h a m s t e r  embryo  
ceils. 

P r i m a r y  cul tures were raised by  growing ceils f rom 12- 
14-days-old h a m s t e r  embryos  in Eag le ' s  min imal  essent ial  
med ium supp lemen ted  wi th  glucose, sodium bicarbonate ,  

t ryp tose  p h o s p h a t e  bro th ,  non-essent ia l  amino  acids, 
g lu tamine,  Hepes  and  a 10% mix tu re  of d i f ferent  sera 7. 
Secondary  mass  cul tures  were p repa red  in plast ic  flasks, 
w i t h o u t  feeder cells, and t r ea t ed  for 24 h wi th  benzo(a)py-  

1 H. E. SwIM and R. F. PARKER, Am. J. Hyg. 66, 235 (1957). 
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