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of t he  ou t e r  m i t o c h o n d r i a l  m e m b r a n e  t h a t  e x t e n d e d  a var i -  
able  d i s t ance  in t he  c y t o p l a s m  to become  c o n t i n u o u s  wi th  
t he  m e m b r a n e  of t he  ca t echo lamine - s to rage  vesicle 
(figure). The  d i a m e t e r  of t he  t u b u l a r  ex tens ion  was a b o u t  
20 n m  a n d  t he  l eng th  va r i ed  f rom a negl igible  d i s t ance  
when  t he  vesicle a p p e a r s  to  be in d i rec t  c o n t a c t  w i th  the  
mi tochond r ion ,  to  ove r  1 ~m. Due  to t he  t u b u l a r e x t e n s i o n ,  
t he  c o m p a r t m e n t  be t w een  t he  inner  and  ou te r  m i t o c h o n -  
dr ia l  m e m b r a n e s  was in d i r ec t  c o n t i n u i t y  w i t h  t he  vesicle 
c o n t e n t s  w i t h o u t  an  i n t e r v e n i n g  m e m b r a n e .  These  cont i -  
nu i t i es  i nvo lved  a b o u t  25% of t he  m i t o c h o n d r i a  f rom t is-  
sue of con t ro l  r a t s  (no insu l in  t r e a t m e n t )  as c o m p a r e d  to 
a b o u t  40% of t he  m i t o c h o n d r i a  seen in t i s s u e  f rom r a t s  
per fused  4 h a f t e r  insu l in  t r e a t m e n t  a n d  50% of the  mi to -  
c h o n d r i a  f rom r a t s  24 h pos t - insul in .  
Discussion. I t  has  been  es tab l i shed  t h a t  A T P  is syn thes ized  
p r inc ipa l ly  in t he  m i t o c h o n d r i a  and  a c c u m u l a t e d  in t he  
ca t echo lamine - s to rage  vesicles (see above) .  A l t h o u g h  o t h e r  
m e c h a n i s m s  m a y  he involved ,  ou r  obs e r va t i ons  sugges t  
t h a t  A T P  could be t r a n s p o r t e d  f rom m i t o c h o n d r i a  to  ca- 
t e cho lamine - s to rage  vesicles d i rec t ly  t h r o u g h  m e m b r a n e -  
l ined channels .  This  m a y  occur  more  of ten d u r i n g  per iods  
of h igh  s y n t h e t i c  a c t i v i t y  such  as insu l in - induced  hypo-  
g lycemia  and  t he  c h a n n e l s  m a y  serve on ly  as a supple-  
m e n t a l  t r a n s p o r t  process.  The  channe l s  were seen to occur  
more  f r e q u e n t l y  in some ceils t h a n  o thers  in the  same 
gland.  Th i s  suppor t s  t he  c o n t e n t i o n  t h a t  the  r eac t ion  of 
t he  ad r ena l  medu l l a  to  s t ress  t ends  to e x h i b i t  an  all-or- 
none  response  on the  cel lular  level 9. 
A l t h o u g h  our  o b s e r v a t i o n s  h a v e  been  res t r i c ted  to the  
ad rena l  medul la ,  we m a y  pos tu l a t e  the  poss ib i l i ty  t h a t  
d i rec t  c h a n n e l s  ex i s t  in  o t h e r  cel lular  sys t ems  where  A T P  
is t r a n s p o r t e d  f rom m i t o c h o n d r i a  to o the r  organelles .  For  
example ,  Droz has  sugges ted  t h a t  d i rec t  con t ac t s  be tween  
m i t o c h o n d r i a  of neu ra l  t issue and  a x o n a l  smoo th  endo-  
p lasmic  r e t i cu lum (SER)  m a y  p rov ide  d i rec t  t r ans f e r  of 

ma te r i a l s  r equ i red  for the  m a i n t e n a n c e  of m i t o c h o n d r i a  
d u r i n g  t h e i r  long t r a n s i t  t ime  f rom the  cell b o d y  to t he  
n e r v e  t e r m i n a l  10, 11. He did  no t  specula te  t h a t  t r ans f e r  of 
h igh -ene rgy  nuc leo t ides  f rom the  m i t o c h o n d r i a  to  the  
l umen  of t h e  S E R  m i g h t  be occurr ing,  b u t  th i s  would be 
a n  in t e re s t ing  poss ib i l i ty  since he  sugges ted  t h a t  the  t r ans -  
m i t t e r  s torage  vesicles ( p r e s u m a b l y  r ich  in ATp2)  ' p inch  
off '  a t  t e r m i n a l  a rbo r i za t i ons  of the  SER.  Th i s  poss ib i l i ty  
would be of a d d i t i o n a l  i n t e r e s t  if A T P  were s h o w n  to h a v e  
t he  p roper t i e s  of n e u r o t r a n s m i t t e r  as sugges ted  b y  B u r n -  
s tock  1~. As discussed b y  Volk  13, i t  would  be  a fo r tu i tous  
u l t r a t h i n  sec t ion  to al low the  v i sua l i za t ion  of a n  u n d u l a t -  
ing t u b u l a r  connec t ion  such  as t he  one descr ibed  in th i s  
repor t ,  and  t h e n  t he  o b s e r v a t i o n  would  be too  u n c o m m o n  
to a t t a c h  a n y  special  s ignif icance to it. Indeed ,  o the r  
a u t h o r s  a rgue  t h a t  ex tens ions  f rom m i t o c h o n d r i a l  profi les 
are a r t i f ac t s  of t h i n  sec t ioning  14-16. B u t  the  H V E M  offers 
t he  a d v a n t a g e  of g rea te r  e lec t ron  p e n e t r a t i o n  of the  
specimen,  t h u s  t h i c k e r  sec t ions  can  be  e x a m i n e d  w i th  
r easonab le  resolut ion.  E x a m i n a t i o n  of th i ck  sect ions  (0.5-  
1 i~m) on a t i l t  s tage allows a 3 -d imens iona l  e v a l u a t i o n  of 
t he  i n t e r r e l a t i onsh ip  of cell organel les  t h r o u g h  a g rea te r  
d i s t ance  in t he  t issue.  Specifically,  t he  t u b u l a r  connec t ion  
t h a t  we descr ibe  can  be  v isual ized  in 3-dimensions ,  ru l ing  
ou t  the  poss ib i l i ty  t h a t  the  images  are  t he  r e su l t  of super-  
impos i t ion  of s t ruc tu res .  
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Summary. 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  has  been  used to d e m o n s t r a t e  t h a t  a lky l a t i on  of D N A  a t  n e u t r a l  p H  m a y  
lead to d e n a t u r a t i o n  u n d e r  condi t ions  where  no  s ign i f i can t  d e p u r i n a t i o n  occurs.  P resence  of sa l t  has  a p r e v e n t i v e  
effect  on  such  d e n a t u r a t i o n ,  

M a n y  chemica l  ca rc inogens  be long to the  class of a lkyl-  
s t i n g  agents .  B o t h  in v ivo  and  in v i t ro  s tudies  h a v e  
ind ica ted  t h a t  p r inc ip le  t a r g e t  of these  agen t s  are t he  
nucleic  acids 2-4. Lawley  and  Brooks  h a v e  shown t h a t  
t he  m a i n  a lky l a t i on  s i tes  in  double  s t r a n d e d  D N A  are  
the  N-7 of guan ine  a n d  N-3 of aden ine  5. In  add i t ion ,  
t he  a lky l a t i on  of D N A - p h o s p h a t e s  m a y  also occur. How-  
ever,  on th i s  aspec t  the re  are conf l ic t ing  repor t s  in t he  
l i t e r a tu re  6, 7. H s i u n g  e t  al. s h a v e  p o s t u l a t e d  t h a t  pa r t i a l  
d e n a t u r a t i o n  of a l k y l a t e d  D N A  a t  h ighe r  p H  va lues  m a y  
occur  t h r o u g h  t he  d i s rup t ion  of h y d r o g e n - b o n d i n g  due  
to  a base  ca t a lysed  imidazole  r ing open ing  of t he  quar -  
t e rn ized  N-7 guanine .  Rizv i  and  H a d i  h a v e  ear l ier  
pub l i shed  a p r e l i m i n a r y  e x p e r i m e n t  showing  t h a t  al-  
ky l a t i on  m a y  lead to d e n a t u r a t i o n  of D N A  u n d e r  n e u t r a l  
cond i t ions  o. To our  knowledge,  these  are the  on ly  repor t s  
ava i l ab le  in t he  l i t e r a t u r e  on  t he  effect  of a l k y l a t i n g  
agen t s  on  t he  s e c o n d a r y  s t r u c t u r e  of DNA.  I n  t he  p r e sen t  
work  we h a v e  used 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  to 
d e m o n s t r a t e  t he  d e n a t u r a t i o n  of D N A  as a resu l t  of 
a lky l a t i on  w i t h o u t  caus ing  s igni f icant  depu r ina t i on .  

D i m e t h y l  su l fa te  has  been  chosen  a s t h e  a l k y l a t i n g  agent ,  
s ince i t  is k n o w n  to  cause  m i n i m u m  a l k y l a t i o n  of DNA- 
p h o s p h a t e s  10. 
Materials and methods. Calf t h y m u s  deoxyr ibose-nucle ic  
acid (sodium salt ,  average  mol.  w t  1 mill ion) was  ob t a ined  
f rom Sigma Chemica l  Company ,  a n d  was used w i t h o u t  
f u r t h e r  pur i f ica t ion .  D i m e t h y l  su l fa te  was o b t a i n e d  f rom 
May  and  B a k e r  Ltd ,  Eng land .  H y d r o x y a p a t i t e  was pre-  
p a r e d  as descr ibed  b y  B e r n a r d i  11. 
A 2-mg/ml  so lu t ion  of D N A  in T N E  (0.01 M tris-HC1, 
p H  7.4, 0.01 M or 0.1 M NaC1 a n d  2 X 1 0  -4 M EDTA) ,  
was  m e t h y l a t e d  b y  add ing  suff ic ient  d i m e t h y l  sulfate  
(DMS) to o b t a i n  t he  desired D N A  nuc l eo t i de /DMS molar  
ra t io .  The  so lu t ion  was gen t ly  s h a k e n  a t  25~ for the  
desi red per iod  of t ime.  The  ac id  re leased b y  t he  hydro ly -  
sis of the  m e t h y l a t i n g  a g e n t  was  neu t r a l i zed  b y  the  
a d d i t i o n  of i.m. N a O H  and  t he  p H  was m a i n t a i n e d  
b e t w e e n  6 a n d  7. D e p u r i n a t e d  D N A  was o b t a i n e d  f r o m  
a lky l a t ed  D N A  b y  i n c u b a t i n g  the  l a t t e r  a t  50 ~ for 4 h 12. 
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  was  done  as descr ibed 
b y  B e r n a r d i  n .  To d e t e r m i n e  the  a lkal i  labi le  acid-soluble  



15.3. 1978 

Alkaline hydrolysis of dimethyl sulfate treated DNA 

Speeialia 393 

DNA/DMS Time of NaC1 % DNA denatured 
molar alkylation concentration (calculated from figure) 
ratio (h) 

Alkaline hydrolysis of 
alkylated DNA ([xmoles acid 
soluble DNA 
nueleotide) 

Alkali[le hydrolysis of 
depuriiaated DNA 
(tzmoles acid soluble 
DNA nucleotide) 

No DMS - 0.01 M 0.0 < 0.005 
1:1 1 0.1 M 9.8 < 0.005 
1:4 1 0.1 M 22.5 < 0.005 
1:8 1 0.1 M 46.0 0.110 
1:4 2 0.01 M 50.0 0.013 
1:4 5 0.01 M 54.0 0.019 
1:4 10 0.01 M 82.0 0.022 
1:4 10 0.1 M 51.0 0.010 

< 0.005 
0.033 
0.516 
0.580 

Percent denatured DNA was calculated from the data of the figure. Hyperchromicity of DNA on denaturation was taken into account before 
calculating the percentage. See text for details of alkaline hydrolysis of alkylated and depurinated DNA. 

D N A  nuc leo t ides  in a l k y l a t e d  a n d  d e p u r i n a t e d  D N A ,  
the  D N A s  were  f i r s t  t r e a t e d  w i t h  a lkal i  (0.1 M) be fore  
p r e c i p i t a t i n g  w i t h  pe rch lo r i c  acid in t he  p re sence  of 
2 m g / m l  of b o v i n e  s e r u m  a l b u m i n  (BSA).  The  acid- 
so luble  m a t e r i a l  w a s  d e t e r m i n e d  b y  d i p h e n y l a m i n e  re- 
ac t ion  is. 
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Hydroxyapatite chromatography of DNAs treated with DMS under 
various conditions, 600 [zg of DNA in 0.3 ml of TNE was loaded on 
a 1 • 3 em column previously equilibrated with 0.01 M sodium 
phosphate buffer (pH 7.0) containing 1% formaldehyde. The column 
was washed with 3 ml of equilibrating buffer and immediately fol- 
lowed by elution with sodium phosphate buffers (pH 7.0) of mola- 
rities indicated containing 1% formaldehyde. 3 ml fractions were 
collected at the rate of 10 ml/h. Recoveries in all experiments were 
between 85% and 100%. a Heat denatured DNA (O--O), native 
DNA ( O - - -  �9 DNA nucleotide/DMS ratio, NaC1 inolarity and 
time of alkylation respectively for different samples were as follows: 
b 1:1, 0.1 M, 1 h; c 1:4, 0.1 M, 1 h; d 1:8, 0.1 M, 1 h; e 1:4, 0.01 M, 
2 h ; [ l : 4 , 0 . O i  M, 5 h ; g l : 4 , 0 . O 1 M ,  lOh;h  l :4 ,0 .1M,  lOh. 

Resul ts  and  discussion.  I n  t h e  f igures  b, c a n d  d, is s h o w n  
the  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  of D N A s  a l k y l a t e d  
w i t h  i nc r ea s ing  m o l a r  r a t io s  of D M S  in t h e  p r e se nc e  of  
0.1 M NaC1. I n c r e a s i n g  n u m b e r  of D N A  molecu les  s h o w  
s t r a n d  s e p a r a t i o n  w i t h  c o n c o m i t a n t  decrease  in t h e  doub le -  
s t a n d e d  m a t e r i a l .  As  to  t he  r e a s o n  w h y  all mo lecu le s  
are  n o t  d e n a t u r e d  a t  t he  s a m e  t ime ,  one  pos s ib i l i t y  m a y  
be the  h e t e r o g e n o u s  p o p u l a t i o n  of molecu les  in t h e  D N A  
used  in t h e  e x p e r i m e n t .  T h e  h y p o c h r o m i c i t y  of n a t i v e  
D N A  as d e t e r m i n e d  b y  h e a t  d e n a t u r a t i o n  w a s  24% , 
w h e r e a s  for  D N A  a l k y l a t e d  w i t h  D M S  m o l a r  r a t i o s  of 
1:1,  1 :2  a n d  1:4  it  w a s  23, 15 a n d  10.5% respec t ive ly .  
Th i s  o b s e r v a t i o n ,  w i t h  t h e  r e su l t s  of f igure  b, s u g g e s t s  
t h a t  l igh t  a l k y l a t i o n  of D N A  (e.g. D N A / D M S  m o l a r  
ra t io  1 : 1) does  n o t  r e su l t  in a n y  s ign i f i can t  d e n a t u r a t i o n .  
Alkal ine  h y d r o l y s i s  of D N A  a l k y l a t e d  w i t h  a D M S  m o l a r  
r a t io  of 1 : 1 a n d  1 : 4 s h o w s  negl igible  p r o d u c t i o n  of acid-  
so luble  nuc l eo t i de s  ( table) .  T h i s  s u g g e s t s  t h a t  no  signifi-  
c a n t  d e p u r i n a t i o n  of a l k y l a t e d  s i tes  h a d  o c c u r r e d  1,. H o w -  
ever ,  w h e n  d e p u r i n a t e d  D N A s  o b t a i n e d  f r o m  the se  al- 
k y l a t e d  D N A s  were  s u b j e c t e d  to  a lka l ine  h y d r o l y s i s ,  
a p p r e c i a b l e  p r o d u c t i o n  of ac id -so lub le  nuc l eo t i de s  w a s  
o b s e r v e d  i n d i c a t i n g  t h a t  a l k y l a t i o n  of D N A  b y  D M S  
h a d  ear l ier  t a k e n  place.  T h i s  is f u r t h e r  s u g g e s t e d  b y  a 
con t r o l  e x p e r i m e n t  w h e r e  n a t i v e  D N A  w a s  h e a t e d  a t  
50 ~ for  4 h a n d  t h e n  t r e a t e d  w i t h  alkali .  No  p r o d u c t i o n  
of ac id -so lub le  m a t e r i a l  w a s  seen.  I n  c o n t r a s t ,  w h e n  D N A  
w a s  a l k y l a t e d  w i t h  a D M S  m o l a r  r a t io  of 1 : 8 (f igure d), 
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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-  


