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pourcentage de mitoses marquees en fonction du temps dans les diffdrents stades 

EXPERIENTIA 33ill 

l h  2h  3h  4h  5h  6h  7h  8h  9h  10h l l h  12h 13h 

E 16 - 3:113 - 78:142 117:131 - 119:125 - 39:11.7 - 33:104 - 
(2,65 %) (54,93 % ) (89,31% ) (95,20 % ) (33,33 % ) (31,73 %) 

E l 8  0:110 7 :123  5 1 : 1 2 1  69 :109  114:118 103:107 125:140 - 33:112 - 28:119 - - 
(0%) (5,69%) (42,15%) (63,30%) (96,61%) (96,26%)(89,28%) (29,46%) (23,53%) 

E 20 0:121 - 62:123 - 87:113 - 95:106 - 52:110 - 74:170 - 37:151 
(0%) (50,41%) (76,99%) (89,62%) (47,27%) (43,52%) (24,50%) 

E 22 0:184 - 74:160 - 110:132 - 104:116 - 34:108 - 30:114 - 26:105 
(0%) (46,25%) (83,33%) (89,65%) (31,48%) (26,32%) (24,76%) 

E24 0:192 16:152 176:394 - 103:125 - 176:198 - 60:197 - 43:174 - 31:122 
(0%) (10,53%)(44,67%) (82,40%) (88,89%) (45,69%) (26,43%) (25,41%) 

son t  marqu6s ,  c ' es t  donc  dans  ce t te  posi t ion 1A qu ' i ls  
r6al isent  la dup l ica t ion  du ADN.  E g a l e m e n t  il n ' y  a 
aucun  noyau  marqu6  dans  la p rox imi t6  de la lumi~re. 
E n  fonc t ion  du t e m p s  6cou16 apr~s la p6riode de la eap ta -  
t ion,  les mi toses  marqu6es  c o m m e n c e n t  ~ se m o n t r e r  dans  
une pos i t ion  luminale  e t  au bou t  .de 2 h, le pourcen tage  
de celles-ci est  de 2 A 10% (tableau). E n t r e  3 e t  8 h il 
m o n t e  k 96%. 
P e n d a n t  les heures  su ivan tes  il y a une d iminu t ion  
b rusque  au nombre  de noyaux  radioact i fs  dans  la r6gion 
luminale  de l '6pith61ium (tableau).  Les figures 1 e t  2 
(stades 18 et  24) on t  6t6 r6alis6s avec les donn6es du 
tableau.  
Les courbes  ob tenues  p e r m e t t e n t  de calculer g raphique-  
m e n t  la dur6e des phases  G 2, M e t  S du cycle cellulaire par  
la m~thode  de Quas t le r  et  She rman  3, dans  lequel le pour-  
centage  des figures mi to t iques  apr~s 1 h de cap ta t ion  de 
t h y m i d i n e  H 3 se repr~sente  en fonct ion  du temps .  Les 
valeurs  ob tenues  son t  de 2 h G 2, en t re  5 e t  6 h S e t  
2 h M .  
Discussion. Les diff6rentes  phases  6tudi6es du cycle cel- 
lulaire (G v M e t  S) ne se modi f ien t  pas  dans  l '~pith61ium 
olfact if  chez l ' e m b r y o n  de s tades  16 h 24 7, e t  il n ' ex i s t e  
pas  de p r o l o n g e m e n t  du m~me en fonct ion  de l'Age de 
l ' embryon ,  c o m m e  il a ~t6 mont r6  dans  le sys t~me 
ne rveux  ~. 
Les n o y a u x  font  la synth~se  du ADN, p e n d a n t  5 ~t 6 h, 
dans  la por t ion  basale  de l '6pith61ium pseudostra t i f i6 ,  
c o m m e  dans  d ' au t r e s  6bauches ectodermiques~,10,~. 
Apr~s la dupl ica t ion  du A D N  les n o y a u x  radioact i fs  

~migrent  vers  la lumi~re, ce qui  nous expl ique  l ' appar i t ion  
dans  ce t te  posi t ion de mi toses  marquees .  
La dur~e de ce t te  migra t ion  est  de 2 h, t e m p s  ~gal ~ la 
phase  G 3 et  semblable  /~ celle qui a ~te t rouv~e par  
d ' au t r e s  auteurs3,  ~. Les diff~rentes phases  de la mi tose  
se fon t  tou jours  au niveau de la lumi~re de l '6bauche,  leur 
dur~e es t  de 2 h. 
La non-modi f ica t ion  des diff6rentes  phases  du cycle cel- 
lulaire, dans  les s tades  ~tudi~s, nous  a permis  du v~rifier 
qu ' au  debut ,  la morphog~nese  de la p lacode nasale es t  un  
probl~me de croissance a lom~tr ique de ses parois, ce qui  
nous expl ique sa morphologie  11. 
D ' u n e  aut re  par t ,  la s ignif icat ion de ce t te  migra t ion  
in terc in~t ique a ~t~ mise en re la t ion avec les m~canismes 
morphog~n~t iques  qui condu i sen t  ~ l ' i nvag ina t ion  du 
tube  ne rveux  3 et  de la p lacode opt ique  10,13,13. 
La d iminu t ion  de mitoses  marquees  k pa r t i r  de 9 h ind ique  
que les noyaux ,  une lois la mi tose  r~alis6e, r e tou rnen t  
leur s i tua t ion  p~riph~rique, oh ils r e s t en t  en repos in ter-  
cin~tique ou bien c o m m e n c e n t  un  nouveau  cycle. 
Figure  3 r~sume les m o u v e m e n t s  de la migra t ion  nucMaire 
in terc in~t ique que r6aliselit  les n o y a u x  des ~16ments 
cellulaires de la placode olfactive.  

10 J. Zwaan, P. R. Bryan et T. L. Pearce, J. Embryol. exp. 
Morph. 27, 71 (1969). 

11 E. Campelo, Thesis Doctoral, Univ. Valladolid (1976). 
12 J. Zwaan et R. W. Hendrix, Am. Zool. 13, 1039 (1973). 
13 R.W. Hendrix et J. Zwaan, Nature 247, 145 (1974). 

Effect of propyl th iourac i l  on intest inal  t u m o r  format ion  by  a z o x y m e t h a n e  in rats  1 
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Summary. T r e a t m e n t  w i th  propyl th iourac i l  (PTU) resul ted  in a s ignif icant  decrease in a zo x y me t h an e - i n d u ced  in tes t ina l  
tumors ,  to ta l  concen t ra t ion  of fecal bile acid as well as t he  fecal neu t ra l  steroids,  choles terol  and  coprostanol .  Thus,  a 
h y p o t h y r o i d  s ta te  induced  b y  P T U  t r e a t m e n t  m a y  affect  in tes t ina l  carcinogenesis  in th is  an imal  model  by  lowering 
the  concen t ra t ion  of fecal bile acids and  neu t ra l  s teroids.  

There  has  been  specula t ion  for m a n y  years  t h a t  t hy ro id  
ho rm one  m a y  affect  neoplas t ic  t r an s fo rma t ion* -L  Thy-  
roid h o r m o n e  is also k n o w n  to affect  cholesterol  me t ab o -  
l ism s . I t  has  been  shown t h a t  when  ra ts  are given t h y -  
roxin,  t he  secre t ion of bile acids f rom the  liver is in- 
creased 9-13. H y p o t h y r o i d i s m ,  on the  o the r  hand ,  d imin-  
ishes the  secret ion of bile acids 11,13. 

I t  has  been shown t h a t  h igh  concen t ra t ions  of bile acids 
in feces enhances  in tes t ina l  t u m o r  fo rma t ion  in ra ts  given 
1 ,2-d imethylhydraz ine  or azoxymethane18,14. Ra t s  in an 

" induced  h y p o t h y r o i d  s t a t e  m i g h t  develop fewer in tes t ina l  
t u mo r s  when  given one of these  carcinogens due to  
decreased amo u n t s  of luminal  bile acids. The purpose  of 
th is  expe r imen t  was to  t e s t  th is  hypo thes i s  by  inducing 
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in tes t ina l  t umor s  w i th  a z o x y m e t h a n e  in ra t s  given 
propyl th iourac i l ,  a h y p o t h y r o i d  inducing agent .  
M a t e r i a l  a n d  methods .  40 male  Sprague-Dawley  rats ,  8-10 
weeks old, pu rchased  f rom Spar ton  Research  Animals,  
Inc. ,  Has le t t ,  Michigan, and  weighing 250 g, were used. 
They  were d iv ided  in 2 groups,  1 group A of 20 ra ts  were 
fed a normal  d ie t  (Pur ina  r a t  chow) and  the  o the r  group B 
of 20 ra ts  were fed the  same die t  conta in ing  0.05% 
6-N-propyl-2- th iouraci l  (PTU, Sigma Chemical  Co.) by  
we igh t  of the  feed. 
All ra t s  were caged individual ly ,  and  given wa te r  ad 
lib• Food c o n s u m p t i o n  of indiv idual  ra ts  was mea-  
sured once for a 5-day per iod dur ing  the  exper iment .  
Metabol i sm cages were cons t ruc t ed  to p r even t  coproph-  
agy and  food waste.  A z o x y m e t h a n e  was ob ta ined  f rom 
Ash Stevens  Com pany  of De t ro i t  and  was p repared  as an 
aqueous  solution.  All animals  were in jec ted  s.c. 8 mg/kg  
per  week unt i l  t h e y  were  sacrificed. The  expe r imen t  was 
t e r m i n a t e d  at  24 weeks. A comple te  necropsy  was done on 
all rats ,  and  the  size and  locat ion of in tes t ina l  t umors  was 
recorded.  A to ta l  of 60 t umor s  was examined  histologically,  
30 f rom each of the  2 groups  of animals .  For  comparison,  
15 small  tumors ,  each abou t  0.5 cm in d iameter ,  and 15 
large ones, each abou t  1.0 cm in d iameter ,  were chosen 
f rom rep resen ta t ive  levels of the  in tes t ina l  t rac t .  The 
t issues were f ixed in 10% formalin,  e m b e d d e d  in paraff in,  
and  s ta ined  wi th  h e m a t o x y l i n  and  eosin. Blood was  
col lected f rom the  orbi ta l  fossa a t  d i f fe rent  t ime  in tervals  
and  the  level  of L -Thyrox in  (L-T4) in the  se rum was 
d e t e r m i n e d  colormetr ica l ly  using an L-T,  k i t  (Oxford 
Laborator ies) .  Feces were col lected f rom each animal  in 
each group over  a 48-h per iod 2 weeks before t he  end of 
t he  exper iment .  The  mate r ia l  f rom 2 animals  was com- 
bined for each sample  and  frozen unt i l  analyzed.  The bile 
acid and neu t ra l  s teroid compos i t ion  was de t e rmined  as 
previous ly  descr ibed 15. The da t a  are expressed  as mean  
4- SE and were ana lyzed  wi th  the  use of the  S t u d e n t ' s  

t - t e s t  16. 
Resu l t s .  The init ial  b o d y  weights  in groups  A and  B were 
same,  b u t  t he  m e a n  f inal  b o d y  weights  in group A (con- 
trol) was 434.0 .4- 17.2 g, whereas  in group 13 (exper imen-  
tal) i t  was 236.0 .4- 5.6 g, s igni f icant ly  lower (p < 0.0005). 
Group  B ate  16.99 .4- 0.94 g per  r a t / d a y  whereas  group A 
consumed  26.28 .4- 1.75 g per  r a t / d a y  (p < 0.005). How-  
ever,  on a b o d y  weight  basis group B consumed  more  food, 
7.22 =~ 0.30 g/100 g b . w t  as compared  to group A, 5.74 .4- 
0.34/100 g b . w t  (p < 0.025). 

Composition of bile acids and neutral steroids in feces 

Bile acid Normal diet Normal diet + PTU P* 
(group A) (group B) 

Lithocholic 0.15 .4- 0.2** 0.13 .4- 0.02 NS 
Hyodeoxycholic 1.14 .4- 0.09 0.37 -4- 0.04 < 0.0005 
Deoxycholic 1.35 .4- 0.12 0.98 .4- 0.15 < 0.05 
Cbenodeoxy 0.22 .4- 0.03 0.11 4- 0.02 < 0.01 
12-ketolithocholie 0.39 • 0.04 0.33 .4- 0.05 NS 
Cholic 0.64 .4- 0.06 0.21 .4- 0.04 < 0.005 
Total 3.89 .4- 0.25 2.13 .4- 0.26 < 0.0005 

Neutral Steroid 
Cholesterol 1.40 ~ 0.16"* 1.01 -4- 0.14 < 0.05 
Coprostanol 1.77 .4- 0.20 1.11 .4- 0.15 < 0.025 
Coprostanone 0.02 .4- 0.004 0.01 .4- 0.003 NS 
Total 3.19 .4- 0.33 2.13 4- 0.22 < 0.01 

* Student's t-test, level of significance. ** Bile acid and neutral 
steroids expressed in mg/g dry feces. 

At  the  beginning  of t he  e x p e r i m e n t  the  concen t r a t ion  of 
se rum L-T 4 was 1.71 • 0.22 [zg/100 ml in group  A and  
1.50 + 0.17 ~xg/100 ml  in group B. Af te r  8 weeks th is  
concen t ra t ion  was 2.81 • 0.24 txg/100 ml in group A, 
1.79 • 0.11 [zg/100 ml in group B (p < 0.01), while  a t  16 
weeks, i t  was 0.97 • 0.02 ~xg/100 ml in group A and  0.83 • 
0.04 ~g/100 ml in group B (p < 0.01). A t  the  end of the  
expe r imen t  of t he  concen t ra t ion  of L-T 4 was lower in b o t h  
groups  as compared  to  the  beginning of the  exper iment ,  
b u t  there  was  no s ignif icant  difference b e t w een  the  groups.  
The thy ro id  glands  of the  P T U - t r e a t e d  ra ts  were 4-8 
t imes  larger t h a n  those  of the  contro l  animals.  This  is a 
fu r the r  ind ica t ion  of h y p o t h y r o i d i s m  in group B animals .  
All ra t s  developed in tes t ina l  t u mo r s  excep t  1 an imal  in 
group B. The to ta l  n u m b e r  of t u mo r s  in the  20 r a t s  of 
group A was  167 (average 8 .35  • 1.08 tumors / r a t .  The 
20 ra ts  in group  B deve loped  68 in tes t ina l  neoplasms,  an  
average of 3.40 .4- 0.55 t u m o r / r a t  (p < 0.005). 
The average n u m b e r  of t umors  in the  smal l  in tes t ine  in 
group A was 2.50 .4- 0.51, whereas  i t  was 0.65 .4- 0.22 
(p < 0.005) in group B. The average n u m b e r  of t u mor s  
in the  large in tes t ine  was 5.85 4- 0.82 in group A and  
2.70 .4- 0.42 in group B (p < 0.005). Abdomina l  carcino-  
matos is  was p resen t  in 8 animals  in group A whereas  
the re  were only  3 in group  B. There  was 1 r a t  w i th  an ear  
t u m o r  in group A bu t  none  in group B. 
All 60 in tes t ina l  t u mo r s  examined  his tological ly were 
adenocarc inoma  regardless  of size. B o t h  the  cellular 
changes  and the  degree of pene t r a t i on  of t he  t u m o r  
t h ro u g h  the  bowel  wall were similar.  In  b o t h  groups  the  
pene t ra t ion  t h ro u g h  the  bowel wall was m u c h  more  
f r equen t  in the  larger t umors  as would be expected .  How-  
ever, P T U - t r e a t e d  ra t s  had  n o t  only  fewer t u mo r s  b u t  
t h e y  were smal ler  in size, and  t h e y  consequen t ly  had  less 
i nvo lvemen t  of the  per i tonea l  cavi ty .  
Hyodeoxychol ic ,  deoxycholic ,  l i thocholic,  12-ketoli tho- 
cholic, chenodeoxychol ic ,  and cholic acids were ident i f ied 
as major  fecal bile acids by  gas-l iquid c h r o m a t o g r a p h y .  
The to ta l  concen t ra t ion  (mg/g dry  feces) of these  bile 
acids was s igni f icant ly  decreased in group B as co mp a red  
to  group A (p .4- 0.005). Of t he  individual  bile acids only  
the  fecal concen t ra t ions  of l i thocholic  and  12-ketoli tho- 
cholic acids were  the  same in each group (table). 

1 We would like to acknowledge the excellent technical assistance 
of Dale Miller, Kenneth Kohn, Mathew McGee and Michael 
McLaughlin. We also wish to thank Dr M. S. Pak for the histo- 
logical work, and Ms Mary Aeree and Ms Kathleen Smith for 
the excellent secretarial assistance. Supported by the Maltida 
R. Wilson Fund. 
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The  t o t a l  c o n c e n t r a t i o n  of fecal n e u t r a l  s te ro ids  (choles- 
t e ro l  + copros t ano l  + copros t anone )  in g roup  A was 
3.19 • 0.33 mg /g  d r y  feces and  in group B, 2.13 4- 0.22 
mg/g  d r y  feces (p < 0.01, table) .  F u r t h e r m o r e ,  t he  con- 
c e n t r a t i o n s  of cop ros t ano l  and  choles tero l  were signifi- 
c a n t l y  lower  in  g roup  B t h a n  g roup  A. The re  was no  sig- 
n i f i can t  di f ference b e t w e e n  t h e  groups  in fecal copro-  
s t a n o n e  concen t r a t i on .  
Discussion. A n u m b e r  of r epo r t s  h a v e  been  p re sen t ed  
conce rn ing  t he  depress ion  of t h y r o i d  func t i on  w i t h  ad-  
vanc ing  age of l a b o r a t o r y  an i m a l s  17. Our  resu l t s  are simi- 
la r  to  those  r epo r t ed  t h a t  t h e  s e rum c o n c e n t r a t i o n  of L-T 4 
decl ined d u r i n g  t he  per iod  of t he  e x p e r i m e n t  in  b o t h  ani-  
ma l  groups.  D u r i n g  t h e  f i rs t  4 m o n t h s  of t he  expe r imen t ,  
however ,  an ima l s  g iven  P T U  were h y p o t h y r o i d  w i t h  re- 
spec t  to  the  con t ro l  group.  
The  a d m i n i s t r a t i o n  of P T U  for 24 weeks to r a t s  g iven  
weekly  doses of a z o x y m e t h a n e  s ign i f i can t ly  decreased  t he  
carc inogenic  effect  of th i s  compound .  T he  h y p o t h y r o i d  
r a t s  deve loped  less i n t e s t i n a l  cancers ,  smal le r  in size and  
less m a l i g n a n t  as i n d i c a t e d  b y  t h e  decreased  m e t a s t a t i c  
sp read  of t he  disease.  A decrease  in t h y r o i d  h o r m o n e  level  
m a y  affec t  i n t e s t i n a l  carc inogenes is  in a v a r i e t y  of ways.  
The  a m o u n t  and  n a t u r e  of a n  a n i m a l ' s  d ie t  h a v e  been  
found  to inf luence  t he  genesis of chemica l ly  induced  and  
t r a n s p l a n t e d  t u m o r s  is. I n  our  e x p e r i m e n t  less t o t a l  food 
was c o n s u m e d  pe r  r a t  a n d  b o d y  g r o w t h  was v i r t u a l l y  
a r r e s t ed  in r a t s  inges t ing  P T U .  Thus  t he  reduced  carci-  
nogenic  effect  of a z o x y m e t h a n e  m a y  be  due  to a res t r ic-  
t i on  in t o t a l  calories  in  t h e  P T U - t r e a t e d  rats .  However ,  
these  an ima l s  c o n s u m e d  more  food pe r  100 g b . w t  t h a n  
d id  t he  n o r m a l  group.  T he  r e l a t i onsh ip  b e t w e e n  t u m o r  
inc idence  a n d  t o t a l  a n d / o r  re la t ive  ca lo r ie - in take  is a 
concep t  t h a t  requi res  m u c h  f u r t h e r  s tudy .  On t he  o t h e r  
h a n d ,  r ecen t  ev idence  ha s  ind ica t ed  t h a t  L-T ,  is d i r ec t ly  
mi togen ic  to  ce r t a in  cell l ines  in v i t ro  1~, while  a r educ t ion  
of g r o w t h  b y  lowered se rum L-T  4 can be  d e m o n s t r a t e d  for 
a n  e s t r o g e n - d e p e n d e n t  r a t  p i t u i t a r y  t u m o r  2~ Thus ,  i t  

could  be  t h a t  t he  h y p o t h y r o i d  s t a t e  h a s  af fec ted  t he  
i n t e s t i n a l  cell p ro l i f e ra t ion  in a m a n n e r  r educ ing  the  
suscep t ib i l i t y  of t he  m u c o s a  to neoplas t ic  t r a n s f o r m a t i o n  21 
or t he  g r o w t h  r a t e  of t he  deve lop ing  tumors .  
T r e a t m e n t  w i t h  P T U  also resu l ted  in a s ign i f ican t  decrease  
in t h e  t o t a l  c o n c e n t r a t i o n  (mg/g d r y  feces) of t he  m a j o r  
fecal bi le  acids as well  as in the  n e u t r a l  s teroids,  choles-  
te ro l  a n d  copros tanol .  Ea r l i e r  i nves t iga t ions  h a v e  indi-  
c a t ed  t h a t  increased  fecal  c o n c e n t r a t i o n s  of bi le  acids 
e n h a n c e  t he  carc inogenic  af fec t  of a z o x y m e t h a n e  13,14 
Cer ta in  bi le  acids h a v e  been  found  to p r o m o t e  t he  carc ino-  
genic e f f e c t ' o f  N - m e t h y l - N ' - n i t r o - N - n i t r o s o g u a n i d i n e  in 
colonic m u c o s a  22, 28. On t he  o the r  h a n d ,  fewer  t u m o r s  were 
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in f luence  of t he  h o r m o n e  upon  o the r  phys io logica l  func-  
t ions .  In  v iew of p r ev ious  f indings,  however ,  t he  effect  of 
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Summary. The  m e l t i n g  profi les  of D N A  samples  f rom the  ea r ly  ga s t ru l a  and  ea r ly  neu ru l a  of Triturus vulgaris are  
essen t ia l ly  t he  same,  whereas  D N A  f rom mid  to la te  ga s t ru l a  possesses h ighe r  Tm va lues  and  shows a d e v i a t i o n  f rom 
the  regular  s igmoida l  shape  a t  t e m p e r a t u r e s  above  Tm. Tile p lo t  on  n o r m a l  p r o b a b i l i t y  pape r  ind ica tes  a second D N A  
f rac t ion  wh ich  me l t s  a t  h i g h e r  t e m p e r a t u r e s  and,  consequent ly ,  i t  h a s  a h ighe r  GC-con ten t  t h a n  t he  b u l k  DNA.  These  
facts  conf i rm our  idea t h a t  d i f fe ren t ia l  D N A  rep l i ca t ion  occurs  d u r i n g  gas t ru l a t i on .  

I n  ea r ly  a m p h i b i a n  d e v e l o p m e n t ,  t he  R N A  c o n t e n t  of t he  
e m b r y o  r e m a i n s  essen t ia l ly  cons t an t .  A t  the  onse t  of 
gas t ru l a t ion ,  a progress ive  e n h a n c e m e n t  of gene a c t i v i t y  
sets  in  1. In  t he  same  period,  s h o r t - t e r m  v a r i a t i o n s  in t he  
nuc lea r  D N A  c o n t e n t  in  va r ious  regions  of Triturus 
vulgaris e m b r y o s  h a v e  been  de t ec t ed  b y  c y t o p h o t o m e t r i c  
measurement s~-4 .  The re  are 2 fac ts  w h i c h  lead us to  t he  
conclus ion  t h a t  t h e r e  m i g h t  be  a gene ampl i f i ca t ion  pro-  
cess d u r i n g  ga s t ru l a t i on .  1. T he  a b o v e - m e n t i o n e d  changes  
ill D N A  c o n t e n t  are co r re l a t ed  w i t h  t he  b e g i n n i n g  of 
r i bosoma l  R N A  synthes i s .  2. T he  increase  in D N A  c o n t e n t  
is a c c o m p a n i e d  b y  a cons iderab le  increase  in n u c l e a r  
R N A  c o n t e n t  5. I n  o rder  to  p r o v e  w h e t h e r  t he  genes for 

r i bosoma l  R N A  (rDNA),  whose base  compos i t i on  differs  
f rom t h e  b u l k  DNA,  are  ampli f ied,  we ana lyzed  t he  
m e l t i n g  b e h a v i o u r  of DNAs,  wh ich  were i so la ted  f rom 
d i f fe ren t  d e v e l o p m e n t a l  stages.  
Materials and methods. All s tud ies  were car r ied  ou t  w i t h  
Triturus vulgaris e m b r y o s  f rom ear ly  gas t ru l a  to  ear ly  
n e u r u l a  s tage (Har r i son  s tage 10/11a,  12a/b ,  15) which  
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