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emphas ized  of in te rconvers ion  be tween  f i l aments  and 
micro tubules  under  expe r imen ta l  condi t ions  :2. As far as 
p i tu icy t ic  f i laments  are concerned,  i t  is possible t h a t  t h e y  
p lay  a mechanica l  cytoskele ta l  role in a m a n n e r  s imilar  
to  o the r  neuroglial  cell types:a .  Never the less  a dynamic  
role to  contro l  the  m o v e m e n t  of cy top lasmic  organelles 
canno t  be ruled out.  

F ina l ly  lipid drople ts  are lacking in Rana esculenta, 
in con t r a s t  to  roden t s  in which  t h e y  have  been  involved  
in t he  final s tages of neurosecret ion,  i.e. in the  neurohor-  
mona l  release 14-16. 

Riassunto. Sono s ta te  esamina te  le ca ra t te r i s t i che  
u l t r a s t ru t tu ra l i  del lobo neurale  di Rana eseulenta, in 
par t icolare  dei pi tuici t i  nei  quali  si osserva la presenza  di 
numeros i  fasci f i lamentosi .  
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C o m b i n e d  Ef fec t s  of M i r a c i l - D  a n d  R a d i a t i o n  on  M o u s e  E m b r y o s  

I t  has  been  repor ted  t h a t  1 -d ie thy laminoe thy lamino-4-  
me thy l -10 - th ioxan thenone  (Miracil-D, Lucanthone)  is an 
effective d r u g  against  schis tosomiasis  in man  :, 3. Exper i -  
men ta l  s tudies  w i th  Miracil-D showed an increased ra te  
of ch romosome  aber ra t ions  and  ch romosome  loss in 
Drosophila germ cells 3-5, and also in h u m a n  leukocytes  
in v i t ro  6. This drug, when  combined  wi th  f rac t iona ted  
X- i r rad ia t ion ,  induced  a s ignif icant  increase in the  fre- 
quency  of ch romosome  loss in DrosophilaL I t  also caused 
an e n h a n c e m e n t  of X - r a y  damage  in H e L a  cells 2. I t  was  
found  t h a t  Miracil-D inh ib i ted  nucleic acid synthes is  in 
bac ter ia  2,:~ slime mold :1 and  H e L a  cells TM wi thou t  
inf luencing the  p ro te in  synthesis .  

In  our previous  exper iments ,  the  combined  t r e a t m e n t  
wi th  X- rays  and chemicals  has shown t h a t  a h igher  ra te  
of congeni ta l  abnormal i t i es  was associated w i t h  an in- 
creased incidence of ch romosome  aber ra t ions  in r a t  
embryos  12,:4. Since we p resume  t h a t  a synerg ism on 
embryon ic  damages  could be due p r imar i ly  to  the  effects 
on chromosomes ,  we are in te res ted  to  inves t iga te  t he  
effect  of Miracil-D on d e v e l o p m e n t  of embryos  and  on 
rad ia t ion- induced  embryon ic  ma l fo rma t ion  in mice. 

Materials and methods :5. Virgin  female NMRI-mice ,  
2 m o n t h s  old, were caged wi th  fert i le  males of the  same 
stock. The day  of f inding spe rma tozoa  or vaginal  plug was 
des igna ted  as day  0 of pregnancy .  P r e g n a n t  mice  were 
d iv ided in to  4 groups:  1. un t rea ted ,  2. i r radia ted,  3. lVIi- 
raci l - injected,  4. Miraci l - injected and i r radia ted.  On day  8 
of pregnancy ,  X- i r r ad ia t ion  was given (wi thout  anes the-  
sia) wi th  a single dose of 50 R (200 kV, 12 mA,  1 m m  A1 
f i l t ra t ion,  32.5 cm t a rge t - to - sub jec t  d is tance,  and dose 
ra te  136.6 R/min) .  The dose ra te  was de t e rmined  wi th  a 
Vic to reen- r -dos imete r  p laced in a plexiglas  p h a n t o m  
inser ted  in to  the  same lucite chambe r  in which  the  mice 
were i r radia ted .  The chemical  was f reshly  dissolved in 
steri le wa te r  (70 mg/kg  body  weight)  and in jec ted  i.m. 
1 h before i r radia t ion.  The animals  were ma in t a ined  in a 
t empera tu re - r egu la t ed  room at  22~ wi th  a 12 h l ight-  
da rk  cycle. W a t e r  and  food (NAFAG: No. 194) were 
avai lable ad l ibi tum.  On day  13 of ges ta t ion  all experi-  
men ta l  animals  were kil led and the  fetuses were removed,  
s tored  in Bouin ' s  f ixat ive,  and  subsequen t ly  examined  
wi th  a s tereoscopic  microscope for ex te rna l  anomalies.  
Only live fetuses  were examined  for mal format ions ,  bu t  
the  n u m b e r  and  pos i t ion  of dead  imp lan t a t i ons  were  
recorded.  The resul ts  were analyzed s ta t i s t ica l ly  wi th  
S tuden t -  and  z2-tests. 

Results. The expe r imen ta l  results  of th is  s t u d y  are 
summar ized  in the  Table.  Tile n u m b e r  of fetuses w i th  

ex te rna l  abnormal i t ies  was no t  s ignif icant ly  d i f ferent  
be tween  un t r ea t ed  animals  and  those  receiving a single 
rad ia t ion  dose of 50 tZ on day  8 of pregnancy .  The n u mber  
of resorp t ions  af ter  in t rau te r ine  i r rad ia t ion  was even 
smaller  t h a n  t h a t  of the  un t r ea t ed  group, bu t  the  differ- 
ence is no t  significant .  Miracil-D given in the  dosage of 
70 mg/kg  p roved  to  be harmful ,  since a s ta t is t ica l ly  
s ignif icant ly  higher  n u m b e r  of ma l fo rma t ions  can be 
observed (Z 2 = 25.04, p < 0.001). Also, t he  ra te  of 
resorp t ions  increased r emarkab ly  f rom 10.2% in the  
control  to 29.0% when  the  mo the r s  were t r e a t ed  wi th  
3/iiracil. In  the  group wi th  the  combined  t r e a t m e n t  
(Miracil and X-ir radia t ion) ,  only 32.2% of the  live fetuses 
were w i t h o u t  visible ex te rna l  anomalies.  Tile difference 
in the  t r equency  of abnormal i t i es  compared  wi th  the  
~{iracil group is abou t  40% ()~2 = 24.68, p < 0.001). 

In  u n t r e a t e d  fetuses,  a low f requency  of g rowth  
r e t a rda t i on  (2.4%) was found,  and th is  f requency  was 
only s l ight ly  increased af ter  i r rad ia t ion  wi th  50 1R. 
Offspring of d rug- t rea ted  mothe r s  showed ma l fo rma t ions  
in the  head  region, ma in ly  in form of eye anomal ies  and 
exencepha ly  (Figure). One f inding t h a t  is of special 
in te res t  is the  h igh  n u m b e r  of fetuses w i th  exencepha ly  
af ter  lVIiracil t r e a t m e n t .  This  k ind  of b ra in  damage  was 
never  observed in i r rad ia ted  mice fetuses  in th is  s tudy  and  
mus t  therefore  be a response  to  the  drug  admin is t ra t ion .  
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Incidence and type of malformations following single irradiation with and without lV[iracil-D treatment of 8-day mouse embryos 

Untreated Irradiation with 50 R MiraeiI-D treatment (70 mg/kg) Miracil-D and irradiation with 50 R 

No. of mothers 11 10 

No. of implantations 137 124 

Resorptions 14 8 
(10.2%) (6.5%) 

No. of normal fetuses 120 ii0 
(97.6%) (94.8%) 

No. of abnormal fetuses 3 6 
(2.4%) (5.2%) 

Growth retardation 3 5 
(2.4%) (4.3%) 

Anophthalmia 

Microphthalmia -- 1 
(0.9%) 

Exencephaly -- -- 

7 11 

93 125 

27 38 
(29.0%) (30.4%) 

48 28 
(72.7%) (32.2%) 

18 59 
(27.3%) (67.8%) 

1 19 
(1.5%) (21.8%) 

1 11 
(1.5%) (12.6%) 

3 21 
(4.6%) (24.1%) 

13 18 
(19.7%) (20.7%) 

Macroscopic examination on day 13 of gestation. 

Af t e r  the  c o m b i n e d  t r e a t m e n t  a h igh  pe rcen t age  of f e tuses  
w i th  g r o w t h  r e t a r d a t i o n  and  eye defects  occurred,  while  t he  
inc idence  of e x e n c e p h a l y  r e m a i n e d  on the  s a m e  level  as 
a f t e r  Miracil  in jec t ion  a lone (20%). 

Discussion. As s h o w n  b y  t he  p r e s e n t  s t udy ,  Miraci l-D 
u n d e r  t h e  cond i t ions  used  h a d  a d i s t i nc t  e m b r y o t o x i c  a n d  
t e ra togen ic  effect  on m o u s e  embryos .  The  m o s t  s t r i k ing  
vis ible  effect  of th i s  chemica l  t r e a t m e n t  was  t he  h i g h  
inc idence  of exencepha ly .  E x e n c e p h a l y  in mice  m a y  
resu l t  a f te r  i r r ad ia t ion  a t  a n y  t i m e  f rom 0.5 to 9.0 d a y s  
of p r e g n a n c y  16, i7 w i t h  a p e a k  in r a d i o s e n s i t i v i t y  a r o u n d  
t he  8th  day.  

T h e  s a m e  b ra in  defect  was  descr ibed by  MOORE ls 
a f te r  a d m i n i s t r a t i o n  of h y c a n t h o n e ,  a n o t h e r  an t i -  
s ch i s t o so m a l  chemical ,  to p r e g n a n t  mice. W i t h  th i s  
c o m p o u n d ,  wh ich  is closely re la ted  to Miracil-D, MOORE 
could induce  eye a n o m a l i e s  as well as e x e n c e p h a l y  in 
m o u s e  em b ry o s .  I t  seems,  therefore ,  t h a t  b o t h  Miracil 
and  h y c a n t h o n e  are t e r a togen ic  d rugs  ac t ing  poss ib ly  in a 
re la ted  w a y  t h r o u g h  s imi la r  effects  on D N A  a n d  R N A  

synthesis 19. However, the mechanism of action of these 
drugs on embryonic development is not known. Rosl 
et al. =~ stated that Miracil-D underwent extensive meta- 
bolic transformation, and they assume that the hydroxy- 
methyl derivate, which is identical with hycanthone, is 
the biologically active metabolite of Miracil. 

The experimental results show that Miracil plus X-irra- 
diation leads to an impressive synergistic effect on the pro- 
duction of visible malformations in mouse embryos. Also, 
growth inhibition in 13-day-old fetuses is more pronounced 
after both irradiation and chemical pretreatment. The 
apparent difference between the effects of Miracil given 
alone and the combined treatment is the 6-fold increase 
of eye anomalies in the latter group. There is again a high, 
but not increased, frequency of exencephaly, suggest- 
ing that this damage could be produced by Miracil alone. 
It is surprising, therefore, that only eye development was 
more  severe ly  in f luenced  by  a c o m b i n e d  t r e a t m e n t ,  
i nd i ca t i ng  d i f fe rent  sens i t iv i t i es  of t he  invo lved  t i s sues  to  
these  agen ts .  R a d i a t i o n  e v e n t u a l l y  a f fec ted  ocular  cells 
in  suc h  a w a y  as to  fac i l i ta te  t he  effect  of t he  chemical ,  b u t  
f u r t h e r  i n v e s t i g a t i o n s  concern ing  th i s  h y p o t h e s i s  are 
required.  

Zusammen/assung. Die k o m b i n i e r t e  B e h a n d l u n g  y o n  
Miracil-I)  u n d  R 6 n t g e n b e s t r a h l u n g  bet  8t/ igigen M a u s e m -  
b r y o n e n  {iihrte zu e iner  h o h e n  Missb i ldungs ra te .  Es  h a n -  
del t  s ich  n i c h t  u m  eine addi t ive ,  s o n d e r n  syne rg i s t i s che  
W i r k u n g  der  be iden  Agen t ien .  
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Effects of Miracil-D-injeetion (70 mg/kg, i.m., 1 h before irradiation) 
and whole-body X-irradiation of 50 R on day 8 of gestation. Left, 
control. Middle and right, exeneephaly, anophthalmia and spinal 
defects. • 5. 
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