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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' .  
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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-  
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rene (0,1 ~zg/ml) dissolved in  acetone and  suspended  in the  
cul ture  medium.  Af te r  th is  period,  t he  s u p e r n a t a n t  was  
replaced by  a fresh carcinogen-free  medium.  The contro l  
cells were fed wi th  a m e d i u m  conta ing  0.5% acetone  and  
g rown under  similar  condit ions.  

Control  and  t r e a t ed  cells were subcul tured  every  2-3 
weeks. The no rma l  or ma l ignan t  s ta te  of t he  ceils was 
sys temat ica l ly  checked t h rough  s.c. inject ion into new- 
born  to  1-week-old hamste rs .  

For  ch romosome  analysis,  exponen t ia l ly  growing 
cul tures  were t r e a t e d  for 4 h w i th  colcemid (8 ~zg/10 ml  

medium).  The med i u m was then  discarded,  the  cul tures  
washed ,  t ryps in ized  (1 ml, 0.25% t ryps in ,  10 rain), 
cent r i fuged (800-1000 rpm,  10 min) and s u p e r n a t a n t  
aspi ra ted .  The cells were  resuspended  in p h o s p h a t e  
buffered saline for 6-8 min ;  equal  a m o u n t  of f ixat ive  
added  to  i t  and  cen t r i fuged  (800 to  1000 rpm,  10 min) ;  
washed  in f ixat ive  (1 p a r t  glacial acet ic  acid:  3 pa r t s  
absolute  e thanol) ;  cent r i fuged and  resuspended  in fresh 
f ixa t ive  for 10 min.  The concen t r a t ed  cell suspension was  
d ropped  on cold, we t  slides and  allowed to air d ry  for a t  
least  48 h. The slides were s ta ined  w i t h  Giemsa solut ion 

Fig. 1, T 1 control cell line showing large cells forming a monolayer 
(21st passage in vitro; 18 month in culture; May-Grunwald-Giemsa 
staining). • 100. 
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Fig. 3. In vitro growth curves of the T 1 control and of benzo(a)pyrene 
[B(a)P] transformed cells. 

Fig. 2. Benzo(a)pyrene in vitro transformed malignant cell line show- 
ing criss-cross pattern of growth (22nd passage; 12 months in culture). 
• lOO. 

Fig. 4. Normal diploid cell from the 15th passage of T~ control line 
(42 autosomes + 2 sex chromosomes). • 400. 

Table I. Effects of grafting of control and benzo(a)pyrene [B(a)P] transformed cell lines into newborn hamsters 

Ceil line Passage Days in No. of cells Days of observation 
culture grafted/animal after grafting 

No. of tumor bearing 
animals/No, of animals tested 

T I (control) 25 560 2 • 106 150 
T~ (control) 15 180 2 X 10 e 150 
B(a)P (transformed) 12 210 2 • 106 60 

0/6 
O/lO 
8/8 
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Table II. Chromosome analysis of control and chemically transformed hamster embryo cell lines 

1217 

Cell line Passage Age State 
number (months) 

Total cells No. of Mitotic index Diploid Polyploid ceils 
counted dividing cells (4 h cumulative} cells Tetraploid Aneuploid 

T 1 (control) 27 20 Normal 1016 
Tl (control) 15 6 Normal 1834 
B(a)P (transformed) 25 14 Malignant 1122 

70 0.069 65 1 4 
54 0.034 50 1 3 
92 0.082 16 12 64 

di luted 1:50 wi th  p h o s p h a t e  buffer  a.t p H  6.8, washed  
wi th  distilled wa te r  and  air dried. Observa t ions  on the  
percen tage  of ch romosomal  abnormal i t ies  and  the  cumu-  
la t ive mi to t ic  indices (4 h in colcemid) were recorded.  
Mitot ic  index is the  rat io of the  n u m b e r  of d iv id ing  cells 
per  to ta l  ceils counted.  

We ob ta ined  2 contro l  cell lines, T 1 and  T 2, which  
have  been growing in v i t ro  for 20 m o n t h s  and 27 passages 
and  6 m o n t h s  and  15 passages  respect ively.  Both  re- 
t a ined  the i r  normal  slow, order ly  g rowth  and  formed 
con tac t - inh ib i t ed  monolayers  (Figure 1). In  con t ras t  the  
ceils or ig inat ing f rom a cul ture  t r ea t ed  wi th  0.i ~zg/ml of 
benzo(a)pyrene  (B(a)P) exhib i ted  morphologica l  changes  
3 m o n t h s  af ter  the  t r ea tmen t .  However ,  these  t r ans fo rmed  

Fig. 5. Hypo-diploid cell from the 25th passage of B(a)P transformed 
line (39 autosomes + 1 sex chromosome). X 400. 

ceils could no t  induce t u mo r s  in h ams t e r s  before 7 m o n t h s  
following the  t r e a t m e n t .  The t r a n s f o r m e d  ceils exh ib i t ed  
a criss-cross g rowth  p a t t e r n  resul t ing  in several  layers of 
heavi ly  s ta inable  f ibroblast ic  ceils (Figure 2). These cells 
grow 8 t imes  faster  t h a n  the  contro l  cell line T 1 (Figure 3). 

F r o m  graf t ing expe r imen t s  (Table I) it  is ev iden t  t h a t  
ne i the r  of the  control  lines induced  tumors  in hamste rs ,  
while the  B(a)P t r ans fo rmed  cells p roduced  t u mo r s  in all 
h ams t e r s  receiving these  cells. 

The normal  ch romosome  c o m p l e m e n t  for Syr ian 
h a m s t e r  somat ic  ceils consists  of 2 sex chromosomes  and  
21 pa i r s  of au tosomesK We have  observed t h a t  in T 1 and  
T 2 cul tures  93% of t he  cells had  a normal  diploid chro-  
mosome  c o m p l e m e n t  (Figure 4) and  only  7% showed 
t e t r ap lo idy  and h y p e r t e t r a p l o i d y  (Table II).  This  was in 
d i s t inc t  con t ras t  to  the  s i tua t ion  in the  t r ans fo rmed  cell 
line where  only  17% of the B(a)P  t r ans fo rmed  cells were 
diploid, and  83% wi th  ch romosomal  anomal ies  which  
include hypo-d ip lo id  (Figure 5), hypo te t rap lo id ,  t e t ra -  
ploid (Figure 6), hypo-oc tap lo id  (Figure 7), and oc tap lo id  
cells. 

In  this  paper  we would like to emphas ize  the  impor t ance  
of control  cul tures in chemical  t r an s fo rma t i o n  studies.  
Previous  repor t s  using h a m s t e r  cells ~," have  no t  inc luded 
such controls.  Other  studies,  using h u m a n  cells 1 ~ have  
expressed var ious  degrees of d o u b t  t h a t  such cells could 
be ma in ta ined  in cul ture for prolonged periods w i t h o u t  
' spon taneous '  t r ans fo rmat ion .  The expe r imen t s  descr ibed 
t~ere d e m o n s t r a t e  the  feasibi l i ty of ma in ta in ing  non-  
t rans formed ,  diploid control  cells. These cells have  
re ta ined  normal  cell morphology,  slow and order ly  growth  
wi th  con tac t  inhib i t ion  and a normal  diploid ch romosome  

Fig. 6. Tetrapioid cell fronl the same transformed line as in Figure 5 Fig. 7. Hypo-octaploid cell from the same transformed line as in 
X 400. Figure 5. • 400. 
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complement .  Fur ther ,  t he  cells cons i s tan t ly  fail to  pro- 
voke tumors  in appropr ia te  hosts ,  and  have  been  main-  
t a ined  for up  to 20 m o n t h s  and  27 pasages  in cu l tu re .  
These normal  character is t ics  have  been re ta ined  despi te  
the  fact  t h a t  the  only  difference in t r e a t m e n t  of these  
contro l  cells f rom t h a t  of the  t r ans fo rmed  cells was the  
presence  or absence  of benzo(a)pyrene.  

DIPAOLO et  al. 8,9 pe r fo rmed  chromosomal  analyses  of 
chemical ly  t r ans fo rmed  h a m s t e r  and r a t  cul tures  and of 
t umor s  induced  b y  these  ceils. They  found  t h a t  the  cells 
were, generally,  near-diploid.  Analysis  of our t r ans fo rmed  
cul tures  show chromosomal  anomal ies  in 83% of the  
d ividing cells, including 5 different  types  of aberra t ions .  
We are cur ren t ly  engaged in ch romosomal  analysis  of 
o ther  t r ans fo rmed  h a m s t e r  cell lines to  de te rmine  if these  
aber ra t ions  are specific for B(a)P  induced t r an s fo rma t i o n  
or are c o m m o n  to o the r  t r ans fo rma t ions  in culture.  

In  the  p re sen t  work,  the  successful ma in t enance  of 
normal  character is t ics  in the  contro l  cell lines, grown for 
ex t ended  periods,  m a y  be due to the  ut i l izat ion of an 
improved  Eagle ' s  med ium and  ex tended  t ime  be tween  
passages.  Bo th  of these  factors  appa ren t l y  facil i tate 
a d a p t a t i o n  of hams t e r  embryo  cells to  cul ture condit ions.  

Summary. Two normal  diploid control  cell lines and a 
he te roplo id  ma l ignan t  t r ans fo rmed  cell line f rom B(a)P 
t r ea t ed  h a m s t e r  embryo  cell cul tures  were es tabl ished.  
The 14-month-old  B(a)P  t r ans fo rmed  cell line grew 8- 
t imes  fas ter  t h a n  the  20-month-old  control  cell line. The 
contro l  cell line showed normal  diploid chromosome 

c o m p l e m e n t  ill 93% cells and  he te rop lo idy  in 7% cells 
while B(a)P t r ea t ed  line showed 83% he te roplo id  cells 
and  only  17~o diploid cells. This is the  f i rs t  r epor t  on the  
e s t ab l i shmen t  of diploid h a m s t e r  cell cul tures  grown for 
e x t e n d e d  period.  
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Potency of Thyroid Hormone Analogues in Suppressing Prolactin-Mediated Mammary  
Growth in Thyroidectomized Rats 

I t  has  been recent ly  d e m o n s t r a t e d  t h a t  following 
t h y r o i d e c t o m y  the  m a m m a r y  ep i the l ium of the  r a t  
undergoes  ex tens ive  g rowth  due to  an increased sens i t iv i ty  
to  endogenous  prolac t in  L Admin i s t r a t i on  of r ep l acemen t  
doses of t hy rox ine  to  such animals  p r even t s  th is  exag-  
gera ted  m a m m a r y  g rowth  response.  A similar  pro lac t in-  
t hy rox ine  an t agon i sm m a y  be impl ica ted  in t he  pa tho -  
genesis of h u m a n  beas t  cancer  ~,3. ]~ERN et  al. 4,5 and  
MITTRA 1 have  proposed  t h a t  p ro lac t in - thy rox ine  inter-  
ac t ion  a t  t he  level of t he  m a m m a r y  ep i the l ium m a y  be 
analogous t o  t h a t  known  to  occur in a m p h i b i a n  t issues a t  
me tamorphos i s .  I t  was therefore  of in te res t  to inves t iga te  
the  effect  on m a m m a r y  ep i the l ium of two  thyro id  
ho rmone  analogues,  3, 5, 3 ' - t r i iodothyropropionic  acid 
( T R I P R O P )  and  3, 5, 3 ' - t r i iodothyroace t ic  acid (TRIAC), 
which  have  re la t ively  weak  calorigenic and goi t re  pre- 
ven t ion  act ivi t ies  in t he  ra t  s , while  the i r  p o t e n c y  in 
inducing tadpole  me t amorphos i s  is comparab le  to  7, or 
even grea te r  t h a n  s, t h a t  of the  na tu ra l  t hy ro id  ho rmones  
t h y r o x i n e  (T,) and  t r i iodo thyron ine  (Ta). 

Material and methods. Virgin, female Sprague-Dawley  
ra ts  weighing abou t  200 g were used for t he  expe r imen t  
and  were fed on a commercia l  diet. All ra t s  were  given 
oestradiol-17fl  (in 50% propylene  glycol) 8 ~g s.c. dai ly 
f rom D a y  1 to  Day  10 and  killed a t  t he  t e r m i n a t i o n  of 
the  e x p e r i m e n t  on D a y  16. Ra t s  in Group I (Figure 1) 
received no fu r the r  t r e a t m e n t  and  were allowed t a p  wa te r  
ad libitum. The remainder  were surgical ly t hy ro idec tom-  
ized on D a y  I and,  to ensure comple te  endogenous  thy ro id  
ho rmone  deficiency,  were concur ren t ly  s t a r t ed  on 3- 
amino- l ,  2, 4-triazole (0. i % solution) in the  dr ink ing  wa te r  
unt i l  comple t ion  of t he  exper iment .  This an t i - t hy ro id  
d rug  has  been  shown to  have  l i t t le  effect  on the  pe r iphera l  

de iodina t ion  of T49. The thy ro idec tomized  animals  were 
d iv ided  into 9 groups (Group I I -X,  Figure 1). Group II  
received no o ther  t r e a t m e n t  while t h e  r emainder  received 
var ious ly  T~, T 3, T R I P R O P  and  T R I A C  a t  dose levels of 
2.0 and  0.2 [zg/100 g b o d y  wt. ,  i.p. dai ly f rom D a y  1 to  
D a y  15 (Figure 1). At  comple t ion  of the  expe r imen t  the  
left thoracic  m a m m a r y  glands  were excised and processed 
for whole m o u n t  p repara t ion .  The degree of m a m m a r y  
gland deve lopmen t  was  ra ted  on the  s t anda rds  shown in 
F igure  2 by  an i n d e p e n d e n t  observer .  The m a m m a r y  
scores of ra t s  in the  var ious  groups were compared  wi th  
those  of Group II  using a one-way  analysis  of var iance  
of no rma l  scores1~ 
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