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apprec iab le  a lka l ine  hydro lys i s  of a lky l a t ed  as well  as 
d e p u r i n a t e d  D N A  occurred.  In  order  to  d e t e r m i n e  the  
effect  of ionic s t r e n g t h  on  d e n a t u r a t i o n ,  t he  e x p e r i m e n t s  
shown in the  f igures e, f, g, h were done.  D N A  was a lky l a t ed  
for d i f fe rent  per iods  in 0.01 M NaC1 a n d  sub jec t ed  to 
h y d r o x y a p a t i t e  c h r o m a t o g r a p h y .  A D N A  nuc leo t ide /  
DMS mola r  ra t io  of 1 :4  was chosen  since th i s  causes 
m i n i m u m  d e p u r i n a t i o n  of a lky l a t ed  DNA. Almos t  all 
t he  D N A  molecules  are d e n a t u r e d  a f te r  i n c u b a t i o n  for 
10 h in 0.01 M NaC1 (figure g), while  on ly  50% molecules  
are d e n a t u r e d  in 0.1 M NaC1 in the  same  per iod  (figure h). 
A con t ro l  D N A  sample  k e p t  in  0.01 M NaC1 a t  room 
t e m p e r a t u r e  for 10 h did  no t  show a n y  p r o d u c t i o n  of 
d e n a t u r e d  molecules.  In  all e x p e r i m e n t s  where  a lky la t ion  
was done  in the  presence  of 0.01 M NaC1, some A~, 0 
a b s o r b i n g  m a t e r i a l  was e lu ted  w i th  0.1 M p h o s p h a t e  
buffer ,  wh ich  co r re sponded  to mononuc leo t ides .  

The  m a j o r  si tes of a l k y l a t i o n  in D N A  wi th  DMS are the  
N-7 pos i t ion  of guan ine  and  N-3 pos i t ion  of aden ine  x5 
H s i u n g  et  al. s obse rved  a r e l a t i onsh ip  b e t w e e n  t he  
decrease  in f luorescence of i n t e r c a l a t e d  e t h i d i u m  a n d  the  
e x t e n t  of a l k y l a t i o n  of D N A  a t  p H  7.0. This  was a t t r i b u t e d  
to the  cha rge  repuls ion  be tween  t he  q u a r t e r n i z e d  al-  
ky l a t ed  bases  and  t he  pos i t ive ly  cha rged  e t h i d i u m  wh ich  
resu l ted  in a decrease  in t he  n u m b e r  of e t h i d i u m - b i n d i n g  
s i tes .  I t  is possible  t h a t  t he  pos i t ive  charges  of the  quar -  
t e rn ized  a l k y l a t e d  bases  a lone  t h r o u g h  repuls ion  m a y  
adverse ly  effect  the  forces s tab i l iz ing  the  s econda ry  
s t r u c t u r e  of DNA. Regard less  of the  precise  i n t e r p r e t a t i o n  
of our  resul ts ,  i t  is c lear  t h a t  a l k y l a t i o n  of D N A  m a k e s  
the  seconda ry  s t r u c t u r e  of D N A  re la t ive ly  u n s t a b l e  
c o m p a r e d  w i th  t h a t  of t he  n a t i v e  molecule.  

15 P. Lawley and C. J. Thacher, Biochem. J. 115, 693 (1970). 
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Summary. Ant icho l ines te ras i c  and  depolar iz ing  (analogues  of acetylchol ine)  agen t s  a d m i n i s t e r e d  to quai l  e m b r y o s  
a f t e r  3 days  of i n c u b a t i o n  give rise to  v e r t e b r a l  fusions in a d d i t i o n  to neck  deformi t ies .  A n t a g o n i s t s  of ace ty lcho l ine  
(gal lamine and  h e x a m e t h o n i u m )  p roduce  on ly  v e r t e b r a l  j o in t  fusions.  The  inc idence  of all  these  c o m p o u n d s  in the  
v e r t e b r a l  defects  b y  the  w ay  of t he re  n e u r o a c t i v  e p roper t i e s  is proposed.  

Les m a l f o r m a t i o n s  du  rachis  p rovoqu6es  pa r  les insect i -  
cides o rganophosphor4s ,  insens ibles  5  ̀un  a p p o r t  de nico- 
t i n a m i d e  exog~nel-2,  son t  au con t ra i r e  moins  accentu4es  
ou abol ies  si des agen ts  connus  pou r  r6ac t ive r  les eho- 
l ines t4rases  phosphory l6es  son t  admin i s t r6s  c o n j o i n t e m e n t  
5` ces t6ra tog~nes  1-a. 
D 'ap r~s  ces donn6es  il a 6t6 sugg4r6 que  les processus  in- 
h4ren t s  aux  fonc t ions  chol inerg iques  p o u v a i e n t  ~tre im- 
pl iqu4s dans  les d4sordres  morphog4n4 t iques  a x i a u x  in- 
du i t s  pa r  les es ters  phosphor iques .  P o u r  6 tayer  ce t te  id4e, 
il nous  a pa ru  i m p o r t a n t  de r eche rcher  si des anomal ie s  
ver t6bra les ,  s emblab les  5. celles indu i t e s  p a r  les organo-  
phosphor6s ,  p o u v a i e n t  6tre r ep rodu i t e s  p a r  d ' a u t r e s  dro- 
gues, 4ga lement  b ien  connues  pou r  leurs in te r f4rences  avec  
la physiologie  neuromuscu la i r e .  Nous  r a p p o r t o n s  ici les 
r6su l t a t s  relev6s au  n iveau  de la r4gion cervica le  de l ' axe  
v e r t 6 b r a l  d ' e m b r y o n s  de caille, expos6s c h r o n i q u e m e n t  
5  ̀ des o rganophosphor6s  e t  5. des c a r b a m a t e s  an t i cho -  
l inest4ras iques ,  5  ̀ des ana logues  s t r u c t u r a u x  de l ' ac6tyl -  
choline,  a insi  qu'5` deux  an t agon i s t e s  de ce n e u r o t r a n s -  
m e t t e u r .  
Matdriel e/ techniques. Les ceufs de Coturnix coturnix 
japonica sont  issus de l '61evage du  l abora to i r e  et  re- 
~oivent  5  ̀3 j ours  d ' i n c u b a t i o n  des in jec t ions  in t ra -v i t e l l ines  
de di f f6rents  p rodu i t s  d o n t  les c o n c e n t r a t i o n s  et  la n a t u r e  
son t  pr6cisdes ci-apr6s : 75 Fg de n i t r o s t i gmine  (Pes tanal ) ,  
250 ~zg de d i c ro tophos  (Shell), 500 Fg de su l fa te  de 
p h y s o s t i g m i n e  (Prolabo) ,  500 ~g de b r o m u r e  de n6ost ig-  
m ine  (Merck), 2,5 m g  de b r o m u r e  de d6m6ca r ium (Merck 
S h a r p  and  Dohme) ,  1,5 m g  de b r o m u r e  de d 6 c a m 6 t h o n i u m  
(Fluka)  et  1,5 m g  de c a r b a c h o l  (Fluka) .  P o u r  la ga l l amine  
(Rh6ne-Poulenc)  2 in jec t ions  de 5 mg  chacune  son t  fa i tes  
5  ̀3 e t  6 jours  e t  pou r  l ' h 6 x a m 6 t h o n i u m  (Fluka) ,  une  pre-  
mihre  a d m i n i s t r a t i o n  de 10 m g  5  ̀ 3 jours  est  suivie d ' u n e  
seconde de 5 m g  5  ̀6 jours.  Les sacrifices son t  r6alis~s aux  
I0 ou l l 6 m e s  jours .  Les e x a m e n s  h is to logiques  son t  effec- 
tu6s  sur  des coupes  5  ̀la pa ra f f ine  color6es 5  ̀l ' h 6 m a t o x y -  
l ine-6osine. 

Rdsultats. Seuls tes s u r v i v a n t s  aux  a d m i n i s t r a t i o n s  de 
ga l l amine  et  d ' h 6 x a m 6 t h o n i u m  m o n t r e n t  un  aspec t  mor-  
pholog ique  ex t e rne  vois in  de la normale .  Les su je ts  a y a n t  
surv6cu 5  ̀ t o u s l e s  au t r e s  t r a i t e m e n t s  son t  dot4s de mal -  
f o r m a t i o n s  cervicales  (figures 1 5  ̀4) d o n t  la grav i t6  d6croi t  
c o n f o r m 6 m e n t  5  ̀ la s6r ia t ion  s u i v a n t e :  n i t r o s t i gmine  > 
n6os t igmine  > c a r b a c h o l  >/ d 4 c a m 6 t h o n i u m  > dicroto-  
phos  > p h y s o s t i g m i n e  > d4m4car ium.  Avec le d icroto-  
phos  et  la physos t igmine ,  s ' a j o u t e n t  aux  ddfo rmat ions  du  
cou (court  e t  tordu) ,  des anomal i e s  du  bec et  des p a t t e s  
(figure 3). 
Les e x a m e n s  h i s to log iques  m o n t r e n t  que les anomal ie s  
cervicales  son t  dues, d ' u n e  pa r t ,  5  ̀un  r e t a r d  de d4veloppe-  
m e n t  des pi~ces sque le t t i ques  (comparer  les f igures 6 e t  7 
avec  la f igure 5) e t  d ' a u t r e  pa r t ,  5  ̀ des tors ions  de  l ' axe  
ve r t6b ra l  (cyphoses  e t /ou  lordoses).  Les to rs ions  les plus  
accentu6es  sont  situ~es 5  ̀ u n  n iveau  pos tdr ieur  g la 8e 
ve r t~bre  cervicale  (figure 6) ; la pa r t i e  an t4 t i eu re  du rachis  
6 r an t  g6n4ra l emen t  d 6 p o u r v u e  de v io len t s  p l i s sements  
(figures 6 et  7). 
Tous  les agen t s  4prouv6s ici p r o v o q u e n t  la fusion de cer- 
t a ines  pi~ces ver t4bra les .  Les soudures  son t  par t icul i6re-  
m e n t  6v identes  au n i v e a u  des p remie r s  n e u r a r c u a u x  
(figures 6, 7 et  8) e t  dans  la r4gion du  jo in t  cr&nio- 
ver t6bra l .  
L ' 4 t e n d u e  des zones ankylos4es  est  tou te fo is  su j e t t e  5  ̀des 
va r i a t i ons ;  elle es t  d ' a u t a n t  plus  d6velopp4e que  les d4- 
fo rma t ions  sont  plus  accentu4es.  Une  a u t r e  carac t4r i s t ique ,  
6v iden te  avec  les agen ts  les plus actifs,  r4side dans  une  
a t r o p h i c  de la m u s c u l a t u r e  ver t4bra le .  
Discussion. P a r m i  les t6 ra tog~nes  envisag6s ici, seuls la 
p h y s o s t i g m i n e  et  le d i c ro tophos  e n t r a i n e n t  la microm41ie 
e t  les anomal ie s  du  bec;  ceci es t  un  a r g u m e n t  supp l6men-  
t a k e  pou r  consid6rer  que  les d6fectuosi t6s  de la m o r p h o -  
gen~se du bec et  des m e m b r e s  ob6issent  5  ̀un  d6 te rmin i sme  
d i f f6rent  de celui impl iqu4  dans  les m a l f o r m a t i o n s  axi-  
ales 1-~. P a r  contre ,  t o u s l e s  tox iques  que nous  avons  
6tudi6s son t  capab les  d ' i n d u i r e  des anomal ie s  axia les  ma-  
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t6 r i a l i s4es  p a r  de s  f u s i o n s  de  p i6ces  v e r t 4 b r a l e s  a s soc i6e s  
ou  n o n  ~ d e s  t o r s i o n s  d u  r a c h i s .  Ces  o b s e r v a t i o n s  s o n t  
c o n f o r m e s  ~ cel les  r6a l i s6es  p a r  p l u s i e u r s  a u t e u r s  4-s a y a n t  
r e c o n n u ,  n o t a m m e n t  c h e z  le p o u l e t ,  la  s e n s i b i l i t 6  de  l ' a x e  
v e r t 4 b r a l  ~ F a c t i o n  d e s  d r o g u e s  c u r a r i s a n t e s .  C e p e n d a n t  
a u c u n e  r e l a t i o n  n ' a  6t6 6 t ab l i e  e n t r e  les p r o p r i 6 t 6 s  d e s  
d i v e r s  c o m p o s 6 s  e t  l ' e x p r e s s i o n  de s  a n o m a l i e s .  N o t r e  6 t u d e  
c o m p a r a t i v e  n o u s  a m i n e  ~ f o r m u l e r  p t u s i e u r s  c o n s i d 6 r a -  
t i o n s ;  s c i o n  le m o d e  d ' a c t i o n  p h a r m a c o l o g i q u e  d e s  a g e n t s  
q u e  n o u s  a v o n s  6 tud i6s ,  d e s  t y p e s  de  r 6 p o n s e s  p a r t i c u l i e r s  
o n t  6t6 o b t e n u s .  L e s  a n t a g o n i s t e s  de  l ' a c 6 t y l c h o l i n e ,  q u i  
a g i s s e n t  en  p r i v a n t  les r 6 c e p t e u r s  n i c o t i n i q u e s  de  l ' e f f e t  
d u  n e u r o t r a n s m e t t e u r  n e  p r o d u i s e n t  p a s  de  g r a v e s  m a l -  
f o r m a t i o n s  a c c e s s i b l e s  ~ l ' e x a m e n  m a c r o s c o p i q u e  m a i s  o n  
n o t e  la  p r 6 s e n c e  de  s o u d u r e s  de  v e r t 4 b r e s .  L e s  a u t r e s  
d r o g u e s  ( a n t i c h o l i n e s t 6 r a s i q u e s  e t  a n a l o g u e s  s t r u c t u r a u x  
de  l ' a c 4 t y l c h o l i n e )  q u i  f a v o r i s e n t  i n d i r e c t e m e n t  ou  d i -  
r e c t e m e n t  la  d 4 p o l a r i s a t i o n  p o s t s y n a p t i q u e  e n g e n d r e n t ,  
e n  p l u s  d e s  s o u d u r e s  v e r t 6 b r a l e s ,  de s  t o r s i o n s  ax i a l e s .  E n  
fa i r ,  t o u t e s  les d r o g u e s  6 p r o u v 4 e s  s o n t  c a p a b l e s ,  en  e m -  
p r u n t a n t  d e s  vo i e s  d i f f 6 r e n t e s ,  d ' i n t e r r o m p r e  la  t r a n s -  
m i s s i o n  n e u r o m u s c u l a i r e  9 e t  c h a c u n e  d ' e n t r e  el les  se  
r6v41e s u s c e p t i b l e  d ' e n t r a i n e r  de s  f u s i o n s  de  p i6ces  v e r t 6 -  
b ra les .  Si les t o r s i o n s  p e u v e n t  4 t re  l i6es a u x  f a c u l t 6 s  d6-  

p o t a r i s a n t e s  de s  n e u r o a c t i f s ,  les  s o u d u r e s  d ' 6 1 6 m e n t  s q u e -  
l e t t i q u e s  s e m b l e n t  d e v o i r  r 6 s u l t e r  d ' u n  6 t a t  d ' i n a c t i v i t 6  
m u s c u l a i r e  p r o l o n g 6 ,  p r i v a n t  l ' e m b r y o n  d u  r61e m o r p h o -  
g6ne  f o n d a m e n t a l  j ou6  p a r  les m o u v e m e n t s  a u  c o u r s  de  l a  
d i f f 6 r e n c i a t i o n  de s  d i a t h r o s e s  1~ L e s  e x p 6 r i e n c e s  d e  
p a r a l y s i e  c h i m i q u e  f o u r n i s s e n t  a u  n i v e a u  a x i a l  (voir  a u s s i  
M u r r a y  e t  D r a c h m a n  12 a v e c  la  t o x i n e  b o t u l i n i q u e )  d e s  
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Fig. 1. Embryon tdlnoin de 9 jours. Figures 2, 3 et 4. Ernbryons de 9, 10 jours exposds respectivement g la nitrostigmine (fig. 2), au dicro- 
tophos (fig. 3) et au ddcamdthonium (fig. 4). Noter le raecourcissement du cou ehez tous les sujets trait4s et la pr6sence de la microm61ie 
uniquement chez l 'embryon expos6 au dicrotophos (fig. 3). Figures 1-4, • 2,5. 

Fig. 5. Coupe sagittale des r6gions axiales ant6rieures chez un embryou de eontr61e, les arcs neuraux (fl~ehes fines) et les corps vert6braux 
(fl~ehes 6paisses) sont bien individualisds. Aprhs l'injection de n6ostigmine (fig. 6) et de earbachol (fig. 7), des fusions vert6brales tr6s 6tendues 
sont visibles. Sur la figure 6, on peut remarquer en outre une violente torsion ~ eoncavit6 ventrale. Avec Ia gallamine (fig. 8), des fusions 
alfectent 6galement plusieurs ares neuraux. Figures 5 8, • 15,5. 
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r@sultats superposables  ~ ceux obtenus  au niveau des 
ar t icula t ions  p@riph6riques dans  diff@rentes condi t ions  qui 
abou t i s sen t  ~ l 'immobilit@ des s t ruc tures  sque le t t iques  
(explanta t ion  en greffe ou en cul ture 14-16, ex t i rpa t ion  de 
la m0elle @pinigren). Ainsi, il appa ra i t  possible  d 'associer  
les t roubles  t6ra tologiques  ax iaux  indui ts  pa r  des agen t s  

neuroact i fs  aux  pe r tu rba t i ons  fonct ionnel les  inh6rentes  
!eurs propri4t6s pharmacolog iques  reconnues.  

14 H. Fell and R. B. Canti, Proc. roy. Soc. 116, 316 (1934). 
15 V. Hamburger arid M. Waugh, Physiol. Zool. 13, 367 (1940). 
16 D. Mitrovie, C. r. Aead. Sei. (Paris) 278, 1629 (1974). 

Comparative ~ncorporation of/uridinek~ into ~_nucleolar~RNA of Louse s~bcutaneous and ~kin 
~issues at early times after 2~-n~ethylcho~anthrene~dminis~ation 

P. K. Gulat i  and  D. P.  D u b e y  

Department o/ Biophysics, Panjab University, Chandigarh-160014 (India), 13 November 1975 

S,,mmary. A single s.c. in ject ion of 20-methy lcho lan th rene  (1 mg in 0.2 ml  olive oil) is found to  s t imula te  the  relat ive 
up take  of ur id ine-aH by  the  skin and  the  s.c. t issue 17- and 3fold respect ively,  24 h pos t -admin i s t ra t ion .  

The changes  in the  up take  of labelled precursors  of nu-  
cleic acids by  D N A  and  R N A  a t  an early s tage following 
the  admin i s t r a t i on  of a carcinogen have  been demon-  
s t r a t ed  by  Paul1;  in t h a t  case, the  R N A  syn thes i s  s ta r t s  
rising f rom 24 h onwards ,  reaching a peak  value a t  48 h 
af ter  the  admin i s t r a t ion  of DMBA 2 in to  the  mouse  skin. 
The c h a n g e s  observed in the  to ta l  R N A  syn the t i c  ra tes  
migh t  reflect  a change in the  nucleolar  func t ion  ~. The 
early response  of the  R N A  metabo l i sm to carcinogen,  pro- 
mote r s  and even the  t r e a t m e n t  wi th  a g rowth  hormone ,  is 
found to involve a s t imula ted  incorpora t ion  of t he  pre- 
cursors into the  var ious  componen t s  of the  cellular 
R N A  1,4, 5 The p re l iminary  work p resen ted  in th is  note  
deals wi th  the  a l te ra t ion  in the  uridine-~H up take  by  the  
nucleolar  R N A  of the  skin and  other  t issues exposed  di- 
rec t ly  or indi rec t ly  to a single carcinogenic dose of 20MC 

soon af ter  admin i s t ra t ion .  The funct ional  significance of 
these  changes  in the  overal l  carcinogenic even t  is ye t  to be 
es tabl ished;  however ,  the  knowledge of these  changes  
m a y  indicate  the  impor t ance  of the  nucleolar  funct ion  in 
the  process of carcinogenesis.  
55 C57BL/Bcr  female mice (8-9 weeks old) of abou t  25g, 
were used in the  p resen t  exper iment .  Animals  were main-  
ta ined  on the  s t an d a rd  chow diet,  wi th  water  available 
ad l ibi tum. Each  mouse  was in jec ted  wi th  20MC (1 mg in 
0.2 ml olive oil/25 g b.wt)  s.c. 15 female mice were used 
for the  s t u d y  of init ial  events ,  whereas  the  remain ing  
animals  were ma in t a ined  to observe the deve lopmen t  of 
tumors .  At  each point ,  3 animals  were used in the  s t u d y  
and the  t issues were pooled.  
20MC t rea ted  mice a t  d i f ferent  hours  were given an i.p. 
inject ion of uridine-3H (sp. act ivi ty-2.7 Ci/mM) a t  a dose 
of 6 ~Ci/g b .w t  and  were decap i t a ted  2 h af ter  the  in- 
ject ion,  be tween  13.00 and  15.00 h to minimize the  error 
owing to diurnal  var ia t ion  in the  cell metabol i sm.  Tissues 
were excised and  chil led in 1.5% citric acid. Nuclei, iso- 
lated by  citric acid procedure  of Busch 6, were subjec ted  
for isolat ion of nucleoli  (Penman  7). The ent i re  procedure  
is publ i shed  elsewhere a. The pellet  was considered to be 
the  nucleolar  f rac t ion on the  basis of evidence f rom elec- 
t ron  microscopy (figure 1) and po lyacry lamide  gel electro- 
phoresis  8. The R N A  from the  nucleolar  pel let  dispersed 
in SDS buffer  (0.1 M NaC1, 0.001 M EDTA,  0.01 M Tris/ 
HC1 at  p H  7.4 and  0.5% SDS) was ex t rac ted  wi th  phenol  
E D T A  solut ion a t  55~ The opt ical  dens i ty  was deter-  
mined  wi th  Back man  DU-2 s p e c t r o p h o t o m e t e r  and the  
ac t iv i ty  due to t r i t ium was counted  wi th  the  l iquid scin- 

Fig. 1. Electron micrograph of a single nucleolus ( • 30,000) isolated 
by Citric Acid-Detergent Mixture Technique s fixed in glutaraldehyde 
and osmium tetraoxide embedded in epon, stained in lead citrate and 
uranyl acetate. The boundry of structure is apparently free of cyto- 
plasmic tags satisfying criteria of purity. 

Counts/A~s0/min 
Sr. No. Time (h) Treated (T) Control (S) Ratio T/S 

Skin tissue 
1 0 186 186 1.00 i0 .460  
2 19.5 623 1 3 6 1  0.458=[_0.105 
3 21.5 270 256 1.054i0.645 
4 24.5 72850 4 4 1 0  16.520=t-0.780 
5 37.5 785 1 0 0 0  0.78510.235 

S.c. Tissue 
1 0 889 889 1.000-t-0.3800 
2 19.5 333 1 3 7 0  0.243• 
3 21.5 464 293 1.583-t-0.658 
4 24.5 25000 8 8 9 0  2.812:t:0.395 
5 37.5 477 651 0.734=t=0.506 


