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Reproducibility of female rats following irradiation of the head region at the age of 8 days with different doses of X-rays 
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At first pregnancy When 10-17 months old 

Dose of Animals FertiIe Mated Pregnant Ratio Littering Litter size Resorptions 
X -rays tested animals animals animals pregnant/ 
(R) (No. (%) (No.) (No.) mated (X) (X) (X) 

600 15 87 13 7 0.54 1.7 6.9 1.3 

700 19 95 18 8 0.44 1.9 7.7 0.7 

800 22 91 20 9 0.45 1.4 5.4 1.0 

Total 
irradiated 56 91 51 24 0.47 1.7 6.7 1.0 

Controls 32 94 30 28 0.93 1.7 6.9 0.8 

in  compar i son  to  94~o of n o n i r r a d i a t e d  controls .  The  
p i c tu re  becomes  s t r ik ing ly  d i f fe rent  w h e n  t he  reproduc-  
ib i l i ty  of e x p e r i m e n t a l  a n d  cont ro l  an ima l s  is fol lowed 
d u r i n g  t he  pe r iod  of 10 to  17 m o n t h s  of t h e i r  life. W h e r e a s  
28 r a t s  f rom a g roup  of 30 n o r m a l  an i m a l s  p roduced  
progeny ,  a p p r o x i m a t e l y  ha l f  of t he  i r r ad i a t ed  an ima l s  
n e v e r  b e c a m e  p r e g n a n t  d u r i n g  th i s  per iod.  However ,  t he  
o the r  ha l f  of t he  i r r ad i a t ed  ra ts ,  regardless  of t he  dose 
appl ied,  r e p r o d u c e d  a t  a b o u t  t he  same  r a t e  as d id  t he  
controls .  Also, t h e y  d id  no t  differ  s ign i f i can t ly  f rom the  
con t ro l s  in  respec t  to  t he  l i t t e r  size a n d  to t he  n u m b e r  of 
resorp t ions .  

W e  h a v e  shown  ear l ier  t h a t  a s ingle who le -body  
exposure  of 8-day-old  female  r a t s  to  100 R of X - r a y s  
p roduced  s t e r i l i t y  in  86% of t he  an ima l s  ~. I t  is also 
k n o w n  t h a t  t he  i r r ad i a t i on  of 1-, 2- or 3-week-old mice 
w i t h  a dose as low as 30 R decreases  fe r t i l i ty  6. I n  th i s  ex- 
pe r imen t ,  a l m o s t  all  t h e  i r r ad ia t ed  an ima l s  p roved  to  be  
fert i le  a t  t he  age of 4 m o n t h s  or so, and  t he  differences  in 
reproduc ib i l i ty ,  r ep re sen t ed  b y  an equa l  r a t io  of n o r m a l l y  
r ep roduc ib le  a n d  n o n r e p r o d u c i b t e  an imals ,  appea red  
la te r  on. This  suggests  t h a t  t he  p h e n o m e n o n  of sca t te r ing ,  
if any,  m i g h t  h a v e  been  of m i n o r  i m por t ance .  

None  of t he  p h e n o m e n a  so far  m e n t i o n e d  showed 
dose-dependence .  P r o n o u n c e d  dose -dependence  (r = 
0.971), however ,  was  obse rved  w h e n  m o r t a l i t y  of t he  
an ima l s  was followed. Compared  w i t h  t he  94~o su rv iva l  
for t h e  controls ,  t he  chances  for an i m a l s  t h a t  were 
i r r a d i a t e d  w i t h  600, 700 or 800 R to l ive  longer  t h a n  17 
m o n t h s  were  77, 65 a n d  36%,  respect iveIy.  I n  an ima l s  
which  died p r e m a t u r e l y ,  regardless  of t h e i r  c apac i t y  to  
reproduce ,  s y m t o m s  of cachex ia  were p l a in ly  visible.  

The  resu l t s  p r e s e n t e d  sugges t  t h a t  t h e  i r r a d i a t i o n  of 
t h e  h e a d  region of 8-day-old  female  r a t s  w i t h  doses of 
600, 700 or 800 R of X - r a y s  does no t  i n c a p a c i t a t e  t h e  r a t  

to  r ep roduce  du r ing  ear ly  m o n t h s  of i ts  r ep roduc t i ve  life, 
b u t  s ign i f i can t ly  reduces  chances  for such  a n i m a l  to  
p roduce  p rogeny  w h e n  older  t h a n  10 mon ths .  The  resul t s  
o b t a i n e d  f u r t h e r  sugges t  t h a t  t h e  i r r a d i a t e d  animals ,  
w i t h i n  t he  i n t e r v a l  of life cons idered  in th i s  work,  if 
r eproduc ib le  a t  all, b e h a v e  like n o n i r r a d i a t e d  an ima l s  in  
r ega rd  to t he  f r equency  of l i t t e r i ng  a n d  to  t he  l i t t e r  size. 
In  t h e  p o p u l a t i o n  of i r r ad i a t i on  animals ,  v is ible  signs 
of a r ap id  process  of ag ing  were f r equen t  and  were 
accompan ied  b y  a high,  s t a t i s t i ca l ly  dose -dependen t ,  
m o r t a l i t y  r a t e  L 

Rdsumd. L ' i r r a d i a t i o n  de la t6 te  des r a t s  femelles gg6s 
de 8 jours  ~ des doses de 600, 700 ou 800 1R n ' a  pas  
d ' i n f luence  sur  la capaci t6  de r e p r o d u c t i o n  au  cours  des 
p remie r s  mois  du  s tade  adul te ,  ma t s  r6du i t  celle-ci q u a n d  
l'&ge de 10 mois  est  d@ass6.  Par ro t  lea a n i m a u x  irradi6s,  
on  a s o u v e n t  cons ta t6  des s ignes vis ibles  de v ie i l l i s sement  
acc616r6 e t  d ' u n  t a u x  61ev6 de mor t a l i t 6  d @ e n d e n t  
s t a t i s t i q u e m e n t  de la dose. 
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Regulat ion in Node less  Chick B l a s o d e r m s  

1 I n  t he  chick,  GRABOWSKI a n d  GALLERA 2 h a v e  r epo r t ed  
t h a t  a comple te  r egu la t ion  m a y  occur  a f te r  node  excision.  
Of  course such  a resu l t  impl ies  t h a t  a new node  is formed,  
a n d  t he  m a i n  ques t ion  is to  k n o w - h o w  th i s  r e c o n s t i t u t i o n  
t akes  place. GRABOWSKI 1 and  BIJTI~os 3 h a v e  a s sumed  
t h a t  t h e  node  reorganizes  i tself  a t  t h e  expense  of p r e sum-  
r ive  n o t o c h o r d a l  cells st i l l  i nc luded  in t h e  u p p e r  layer  all  
a r o u n d  t he  node  a t  t he  s tage  of opera t ion .  Accordingly ,  
GRABOWSKI 1, as well  as GALLERA 2, h a v e  e s t ab l i shed  t h a t  
b l a t o d e r m s  d id  no t  succed in r egu la t i ng  comple te ly ,  if 

t he  node  was r e m o v e d  a t  t he  head  process  stage,  a s tage 
a t  wh ich  all  n o t o c h o r d a l  cells are a l r eady  i n v a g i n a t e d .  
BgLLAIRS 4 has  sugges ted  t h a t  t he  s t r eak  a rea  of t he  full  
g rown s t r eak  loca ted  b e h i n d  t he  node  m a y  p l a y  th i s  role 

t C.T. GRABOWSKt, J. exp. Zool. 133, 301 (1956). 
2 j .  GAL~ERA, C. r. Ass. Anat. 49, 632 (1964). 
3 j .  BUTROS, J. ~;mbryol. exp. Morph. 17, 119 (1967). 
4 R. BELLAIRS, in: Developmental Processes in Higher Vertebrates 

(Logos Press, London (1971). 
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Fig. 1. After the node removal, the wound has healed completely 
and the blastoderm has given rise to a perfectly normal embryo. • 14. 

Fig. 2. Though the wound healing was incomplete in this case, a 
fairly normal embryo formed, but its trunk was divided in two parts 
by a long slit. x 14. 

af ter  the  node  removal .  For  our purposes,  it  will be useful 
to  cM1 this  area the  pos t -noda l  area of the  streak.  She 
pu t s  forward th is  suggest ion as a consequence of t he  older 
expe r imen t s  of AB:ERCROMBIE s. He  had  cut  the  anter ior  
t h i r d  of t he  fulI grown streak,  p u t  i t  in place again af ter  
he  had  s u b m i t t e d  its cephalo-caudal  axis to  a ro ta t ion  
of 180 ~ . In  m a n y  cases, a comple te  regulat ion was 
obta ined.  This hypo thes i s  is t he  more  a t t r a c t i v e  as the  
pos t -noda l  f r agmen t  can  d i f ferent ia te  in to  no tochord  
when  exp lan ted  into the  area opaca  (GALLERA 2). 

At  p resen t  we have  t r ied  to t e s t  these  2 hypotheses .  
The exper imen t s  were pe r fo rmed  on chick b las toderms  
cul tured  in v i t ro  (NEw6). In  29 b las toderms,  the  node,  
inc luded in a square  wi th  a side of 0.3 ram, was ex t i rpa t ed  

A B 

Fig. 3. The Figure 3A shows the localization and the shape of a Nile 
blue mark which was applied on the post-nodal area of the streak. 
At the head process stage, the mark became V-shaped. The Figure 
3B summarizes the results of the third series. At the head fold stage, 
most of the labelled cells were found in the embryonic endoblast 
(light dots) and the other labelled cells took part in the formation 
of the head mesenchyme or the heart primordia (heavy dots). 

a t  t he  full grown s t reak  stage. Before describing,  we 
should men t i o n  t h a t  t he  wound  heal ing  did no t  occur so 
easily in vi t ro  as the  per iphera l  ou tg rowth  led to  the  
en la rgement  of t he  hole. To slow down th is  t endency ,  
b l a s tode rms  were ma in t a ined  a f te r  opera t ion  for 4 or 5 h 
a t  25~ Meanwhile  the  wound  became  smaller  and  its 
edges th ickened.  The wound  was no t  ent i re ly  closed when  
t h e y  were r e tu rned  at  t he  normal  t e m p e r a t u r e  of incu- 
bat ion.  Nevertheless ,  the  heal ing  was  suff icient ly ad v an ced  
to be achieved in 2 h a t  38~ Their  deve lopmen t  was 
observed s tep b y  s tep  up to  the  head  fold stage to follow 
the  main  events  l inked to the  regula t ive  processes.  Abou t  
24 h later,  all b l a s tode rms  were  f ixed wi th  Bonin  or Carnoy 
and  s tudied  la ter  on serial sections.  

The 29 b la s tode rms  were d iv ided  into 3 series. In  the  
first,  nodes  of 17 b la s tode rms  were excised. Their  deve- 
l o p men t  was s tudied  wi th  grea t  care. The head  process  
fo rmat ion  was  clearly de layed:  i t  appea red  only 3 to  5 h 
a f te r  the  comple te  healing, t n  11, t he  wound  succeeded 
in closing ent i re ly  and  the  subsequen t  deve lopmen t  was 
per fec t ly  normal  (Figure 1). I n  6 cases, t he  heal ing was 
incomple te .  In  such condit ions,  t he  head  process  a lways 
appeared  in f ron t  of t he  wound.  La te r  on the  pe r iphera l  
ou tgrowth ,  as well as the  regression movemen t ,  el ici ted 
the  en la rgemen t  of t he  wound.  This incomple te  heal ing 
did no t  p r e v e n t  the  fo rma t ion  of fair ly well organized 
embryonic  axis (Figure 2). At  the  wound  level the  
no tochord  wen t  along the  r igh t  or the  left  side of the  
wound  to  reach f inal ty t he  regressing node.  

In  the  8 b la s tode rms  of t he  second series, a Nile blue 
m a r k  was appl ied  on the  pos t -noda l  area of t he  s t reak  
jus t  pr ior  to  the  node  excision. At  t he  beginning,  t he  m a r k  
was  square - shaped  w i t h  a side of abou t  0.3 ram. A t  t he  
head  process stage, the  new node  r econs t i t u t ed  i tself  in 
f ron t  of the  m a r k  which  meanwhi le  became  V-shaped  
(Figure 3A). The area conf ined in the  a rms of t he  m a r k  
was too sl ight ly coloured to ascer ta in  t h a t  i t  was ac tua l ly  
due to pos t -nodal  cells which  have  c rep t  forward.  

To es tabl ish  more  accura te ly  to  w h a t  ex t en t  the  pos t -  
nodal  area con t r ibu tes  to  the  fo rma t ion  of axial  s t ruc-  
tures,  node  excision p receded  by  exchange  of t he  pos t -  
nodal  f r agmen t  was  pe r fo rmed  in t he  t h i rd  series. The 
area used for the  exchange  came f rom blas toderms,  all 

5 M. A:BERCRO~BI~, Phil. Trans. R. Soc. [B] 234, 317 (1950). 
D. A. T. N~w, J. EmbryoI. exp. iVs 3, 327 (1955). 
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nuclei of which were previous ly  labelled by t r i t i a ted  
thymidine .  In  4 cases, b las toderms healed colnpletely.  
They  were fixed earlier wi th  Carnoy, a l ready at  the  head 
fold stage. Serial sections were prepared  for the  auto-  
radiographic  analysis according to the  me thod  of FICQT. 
Label led cells were found in the  endoblas t  layer  as well  
as in the  mesoblast ,  bu t  the  largest  a m o u n t  went  into 
the  endoblas t  (about 80%). As for the  mesoblast ,  labelled 
ceils took par t  in the  format ion  of the  la teral  and paraxia l  
mesoblast ,  especially the  head mesenchyme and the  
hear t  p r imord ia  (Figure 3B). 

All these results show conspicuously t h a t  the  post -nodal  
area  of the  full grown s t reak did no t  con t r ibu te  to  the  
notochord  format ion  even after  the  node removal .  There-  
fore, the  notochord formed under  these condit ions at  
the  expense of cells of the  per inodal  upper  layer, which 
were still able to invaginate .  Though  the  origin of the  
no tochord  in nodeless chick embryos  has been established, 
i t  does not  mean t h a t  all quest ions re la t ive  to the  regula- 
t ion are solved, since the  node of the  full grown streak 
yields more foregut  cells t han  mesodermal  cells (NICO- 
LETs). As regards this  aspect  of regulat ion,  the  contri-  
bu t ion  of the  post -nodal  area to the  endoblas t  fo rmat ion  
was abnormal ly  great  af ter  the  node excision:  80% 
instead of 40% . The anter ior  t ip  of the  foregut  also 

conta ined labelled cells, while this area does not  normal ly  
contr ibute  to the  bui lding of the  an ter iormost  pa r t  of the  
foregut  (NICOLETS). Hence  the  node excision had elicited 
a not iceable  loss of p resumpt ive  Ioregut  cells. I n  any 
even t  this lack was par t ia l ly  filled up by  cells coming 
from the  post -nodal  area ~. 

Rdsumd. Le nceud de Hensen excis6 de Ia ligne primi-  
t ive  achev6e peu t  ~tre reconsti tu6 par  les cellules chordales 
prgsompt ives  encore non invagin6es au m o m e n t  de 
l 'opera t ion  et par  les cellules endoblast iques  p rovenan t  
du segment  postnodal  de la l igne pr imit ive .  
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A. FIcQ, in: The Ceil (Academic Press, New York 1959), p. 67. 
s G. NICOLET, J. EmbryoI. exp. Morph. 23, 79 (1970). 
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Lymphatic Metastasis of Transplantable Animal 

Exper imen ta l  metas tas is  of neoplasms to l ymph  nodes 
is not  easy to produce.  The re la t ively  few publ ished 
reports  of exper imenta l  l y m p h  node metas tas is  often 
involve direct  in t r a lympha t i c  in ject ion of turnout ;  even 
in those which do not  this possibi l i ty  has not  been 
excluded (review by FISHER and FISHER1). This  repor t  
describes a simple reproducible  model  of lympha t i c  
metastasis ,  in which in t r a lympha t i c  inject ion has been 
shown not  to occur. 

The  R D 3  t u m o u r  is a d ibenzanthracene  induced 
neoplasm carried in a close-bred strain of rats  in the  

Neoplasms 

Unive r s i ty  of Sheffield for over  35 years. I t  is histologi-  
cally undif ferent ia ted  and highly  mal ignant ,  and is 
normal ly  carried by  implan ta t ion  of a t umour  mush into 
the  flank. Under  these circumstances a small  metas tas is  
occasionally appears  in the  axi l lary  l ymph  node. We 
have  obta ined  consis tent  l ymph  node metas tas i s  by  
inject ing it  into the footpad using the  following technique.  

1 B. FISHER and E. R. FISHER, in Methods in Cancer Research, vol. 1 
(Ed. H. BuscH; Academic Press, New York, London 1967), vol. 1. 

Popliteal lymph node from rat 24 h 
after injection of 5 million RD3 
tumour cells into the ipsilateral 
footpad. Tumour cells are present 
in the subcapsular sinus. 


