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shown here  to occur be tween  ra t  and guinea-pig  indicate  
t h a t  several  mechan i sms  for regula t ing the  medul la ry  
blood supply  m a y  exist .  In  fact ,  it  has  been argued t h a t  
con t rac t ion  of the  medu l l a ry  vein is an essent ia l  fac tor  
in de t e rmin ing  the  a m o u n t  of cor t icosteroids  reaching 
chromaff in  cells. 
In  add i t ion  to a local regula t ion of blood flow, cont rac t i le  
mechan i sms  i n  t h e  ,vascular wall, and  especial ly in 
endothe l ia l  ceils, could also serve to regula te  vascular  
pe rmeab i l i t y  b y  e i ther  widening  intercel lular  gaps os or 
t r ansendo the l i a l  channels  21. In  this  inves t igat ion,  acto-  
myos in  could no t  be de tec ted  in the  endocr ine  cells of 
adrena l  medul la  or cortex.  This  does no t  exclude the  
presence  of cont rac t i le  p ro te ins  in these  s t ructures ,  b u t  
the  a m o u n t  m a y  have  been  too low to be de tec ted  wi th  
the  m e t h o d s  appl ied here. While  this  pape r  was in pre-  

pa ra t ion  Creutz ~2 p re sen ted  immunof luorescence  p ic tures  
f rom bovine  adrena l  medulla,  suggest ing t h a t  chromaff in  
cells con ta in  myosin.  ~ n c e  his app roach  to the  p rob lem 
of i m m u n o c y t o c h e m i c a l  local izat ion of myosin  was  
s o m e w h a t  d i f fe rent  f rom ours  - he  used myos in  f rom 
bovine  adrenals  as an an t igen  - the  resul ts  canno t  be 
d i rec t ly  compared .  

18 I. Joris, G. Majno and G. B. Ryan, Virchows Arch. Abt. ]3. 
Zellpath. 72, 73 (1972). 

19 R. E. Coupland, Handbook of Physiology, section 7, vol. VI, 
'p. 283, American Physiological Society, Washington, D. C. 1975. 

20 R.J .  Wurtman and J. Axelrod, J. biol. Chem. 245, 2301 (1966). 
21 N. Simioneseu, M. Simionescu and G. E. Palade, J. Cell Biol. 

64, 486 (1975). 
22 C.E. Creutz, Cell Tissue Res. 778, 17 (1977). 

Induc t ion  of d e v e l o p m e n t a l  a n o m a l i e s  in m i c e  by m a t e r n a l  s t r e s s  1 

C. Michel and  Hedi  Fri tz-Niggl i  

Strahlenbiologisches Insti tut  der Universitiit Ziirich, d ugust-Forel-Strasse 7, CH-8008 Ziirich (Switzerland), 29 Ju ly  7977 

Summary.  The shor t - t ime  res t ra in t  of p r e g n a n t  mice on day  8 of ges ta t ion  led to a s igni f icant  increase of the  a n o m a l y  
ra te  in fetuses.  This  effect  m a y  be due to stress factors  of endocr ine  origin. 

Teratological  s tudies  using ionizing radia t ion  at  low dose 
rates  require  re la t ively  tong exposure  t imes  for the  preg- 
n a n t  animal .  W h e n  only  a p a r t  of the  body  is to  be ex- 
posed,  or the  field size of the  radia t ion  beam (85% isodose) 
jus t  covers  the  animal,  the  m o v e m e n t s  of the  animal  have  
to be p r even t ed  e i ther  by  anes thes ia  or by  res t ra in ing  in 
a ' snug- f i t t ing '  cage. 
Since anes thes ia  m a y  be an effective agen t  in radiopro-  
tection2, or some narcot ic  drugs can themse lves  be tera-  
togenic (like Eponto l ,  in publ icat ion)  we used the  re- 
s t ra in ing  m e t h o d  to avoid chemical  in terac t ions .  In  our 
earlier expe r imen t s  3, using 200 kV X-rays  a t  h igh dose 
rates,  no ha rmfu l  effects  could be observed  in sham-  

i r rad ia ted  animals,  which  were res t ra ined  only  for a shor t  
period.  However ,  in recent  work wi th  nega t ive  p ions  a t  
low dose rate,  or wi th  p r o t r a c t e d  140 kV X-i r radia t ion ,  
the  prolonged res t ra in t  represen ts  a s t ress  s i tua t ion  which  
is te ra togenic  in mice. This so-called 'cage effect '  has  been  
seen also in expe r imen t s  using L u c a n t h o n e  as a possible 
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Plexiglas cage with air supply used 
in this study. The restraining ch am- 
ber in the centre of the cage. 
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Type and frequency of anomalies following different restraining times. Treatment at day 8 of gestation; macroscopic examination on day 13 
of gestation 

Nonrestrained Restraint Restraint Restraint Restraint 
control 1 rain 50 see 10 min 20 mitt 36 rain 

No. of mothers 36 31 14 15 12 
No. of implantations 487 411 183 194 175 
Resorptions 28 (5.75%) 29 (7.06%) 3 (1.64%) 21 (10,82%) 10 (5.71%) 
No. of normal fetuses 410 (89.32%) 336 (87.96%) 138 (76.67%) 136 (78.61%) 133 (80.61%) 
No. of abnormal fetuses 49 (10.68%) 46 (12.04%) 42 (23.33%)* 37 (21.39%)* 32 (19.39%)* 
Growth retardation 41 (8.93%) 41 (10.73%) 38 (21.11%) 26 (15.03~ 22 (13.33%) 
Microphthalmia 1 (0.22%) 5 (1.31%) 4 (2.22%) 10 (5.78%) 7 (4.24%) 
Exencephaly 1 (0.22%) - i (0.58%) 3 (1.82%) 
Microcephaly 2 (0.44%) . . . .  
Tail anomaly 4 (0.87%) - - ~ - 

* Significantly greater than in control group (Wilcoxon-test, p �9 0.05). 

radiosensi t iz ing drug  4. The appl ica t ion  of L u c a n t h o n e  to  
res t ra ined  p r e g n a n t  females  induced more  anomal ies  t h a n  
L u c a n t h o n e  w i t h o u t  res t ra in t .  

I n  th is  pape r  we inves t iga te  t he  role of the  dura t ion  o f  the  
res t ra in ing  t ime  in causing deve lopmen ta l  d is turbances .  
Mater ia ls  and methods. N M R I  mice were m a i n t a i n e d  in 
our  l abo ra to ry  unde r  a 12-h l igh t -dark  cycle, a t  a t em-  
p e r a t u r e  of 20 4- 1~ and  w i t h  food (NAFAG:  Nr. 890) 
and  wa te r  ad l ibi tum. Virgin females,  21/2-3 m o n t h s  old, 
were m a t e d  ove rn igh t  and impregna t ed  females  ident i f ied 
by  the  presence  of copu la to ry  plug. This  d a y  was  t aken  
as day  0 of ges ta t ion .  On d a y  8 individual  females  were 
res t ra ined  in a well  ven t i l a t ed  Plexiglas i r rad ia t ion  cage, 
measur ing  70 • 35 • 25 ram, al lowing no free m o v e m e n t s  
wi th in  th is  box  (figure). The following 4 res t ra in ing  t imes  
were selected:  1 min 50 sec, 10 min,  20 min  and  36 min,  
cor responding  to the  du ra t ion  of exposure  in i r rad ia t ion  
exper iments .  A group of 36 females  were used as non-  
res t ra ined  controls .  On d a y  13 of ges ta t ion  the  animals  
were killed and  the  uter i  dissected.  The n u m b e r  and  po-  
s i t ion of resorp t ions  as well as the  n u m b e r  of abnorma l  
fe tuses  (malformed or g rowth  re tarded)  were recorded 
and  compared  w i t h  controls .  The d a t a  were  ana lysed  
s ta t i s t ica l ly  w i th  S tuden t  and  Wilcoxon tes ts .  

Results:  The resul ts  of res t ra in ing  on mouse  embryos  on 
d a y  8 of ges ta t ion  are p re sen ted  in the  table .  Only  a smal l  
difference in t he  n u m b e r  of af fec ted  fetuses  was observed  
be tween  the  cont ro l  and  the  shor t ly  res t ra ined  animals  
(1 min  50 sec). Signif icant  differences were seen be tween  
u n t r e a t e d  and  the  10-min (p < 0.01), 20-min and  36-rain 
(p < 0.05) res t ra ined  groups.  A res t ra in t  of 20 min  or 36 
min  did no t  increase t he  f requency  of abnorma l  fetuses  
com pa red  to  t he  10-min group. As the  res t ra in ing  t ime  
increases,  the  incidence of af fec ted  fetuses  decreases  
sl ightly,  ind ica t ing  the  exis tence  of a possible sa tu ra t ion  
effect,  
Concerning the  resorp t ion  rates,  a ve ry  low f requency  is 
a p p a r e n t  in t he  10-min group,  being s ignif icant ly  less 
c o m p a r e d  to the  20-min (p < 0.01) and  also to the  1 min-  
50 sec group (p < 0.05). Differences in the  resorp t ion  
ra tes  among  the  remain ing  groups  were s ta t i s t ica l ly  no t  
s ignif icant .  
In  qua l i t a t ive  respect ,  i t  is obvious t h a t  g rowth  re t a rda -  
t ion  is t he  mos t  f r equen t  resul t  of res t ra ining.  Growth-  
r e t a rded  fetuses  were def ined as those  t h a t  are 2 s t a n d a r d  
dev ia t ions  below the  m e a n  of control  weight .  E v e n  in 
nonres t r a ined  fetuses,  a t  d a y  13 g rowth  r educ t ion  was 
observed  t oge the r  w i th  some ra the r  rare deve lopmen ta l  
anomal i e s  like mic roph tha lmia ,  exencephaly ,  micro- 

cepha ly  and tail  b i furcat ion.  I t  is of in te res t  t h a t  the  36- 
mii1 exposure  to  the  stress s i tua t ion  induced the  h ighes t  
f r equency  of exencephaly ,  a l though  the  to ta l  ra te  of 
deve lopmen ta l  anomal ies  was  re la t ive ly  low in th is  group. 
Discussion.  I t  has  been repor ted  t h a t  r e s t r a in t  for 48 h 
on days  10-15 can be te ra togenic  in miceS, s. The pre- 
sen t  da t a  show t h a t  a l ready  shor t - t ime  exposures  to 
phys ica l  s t ress  m a y  have  d is t inc t  deleter ious  effects on 
mouse  embryos  a t  day  8 of ges ta t ion.  Since the  shor tes t  
res t ra in ing  per iod (1 min  50 sec) did n o t  p roduce  a signifi- 
can t  h igher  incidence of ma l fo rmat ions  compared  to con- 
trol,  i t  seems t h a t  some kind of th resho ld  reac t ion  exists.  
I t  is also in te res t ing  t h a t  no increase in the  incidence of 
deve lopmen ta l  anomal ies  was  observed  when  the  dura t ion  
of res t ra in ing exceeds  10 min.  On the  cont rary ,  20-min or 
36-rain r e s t r a in t  resul ted  in a s l ighter  decrease in t he  
n u m b e r  of the  af fec ted  fetuses  ex ami n ed  at  day  13 of 
gesta t ion.  These  resul ts  suggest  t h a t  a sa tu ra t ion  effect 
m a y  exis t  which  a p p a r e n t l y  becomes  ev iden t  af ter  a re- 
s t r a in t  of 10 or even  less minutes .  The pe rcen tage  of ab- 
no rma l  fetuses  was h ighes t  in the  10-rain group, which on 
the  o ther  h a n d  surpr is ingly had  the  lowest  resorp t ion  ra te  
of all groups.  
I t  seems n o t e w o r t h y  t h a t  some deve lopmen ta l  defects  
appeared  in nonres t r a ined  animals  only,  even  if the i r  Ire, 
quencies  were ve ry  low. The mos t  s t r ik ing  f inding in th is  
respec t  was the  presence  of 1 fe tus  w i t h  exencephaly ,  a 
severe ma l fo rma t ion  seen main ly  following Lucan thone  
(Miracil-D) appl ica t ion  bu t  never  observed  before in more  
t h a n  1400 u n t r e a t e d  fetuses.  1 of t he  3 fetuses  wi th  e x -  
encepha ly  in the  36-min group had  an addi t iona l  severe 
facial fissure, indica t ing  t h a t  a t  least  qua l i t a t ive ly  this  
t r e a t m e n t  was  the  m o s t  effective one. 
These results  d e m o n s t r a t e  t h a t  the  dura t ion  of res t ra in t  
m a y  p lay  a decisive role and has  to be t aken  in to  account  
in eva lua t ing  rad ia t ion- induced  tera tological  effects.  In  
connec t ion  wi th  t he  hypophys i s -ad renocor t i ca l  mecha-  
n i sm ~, which  p r o b a b l y  is involved in t he  p resen t  exposure  
to  stress,  fu r the r  e x t e n d e d  inves t iga t ions  were s ta r ted .  I t  
is also in t ended  to inves t iga te  the  exis tence of hypoxic  
condi t ions  which m a y  be also tera togenic .  
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