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Summary. T h e  effect  of t h a l i d o m i d e  on  t he  d i f f e ren t i a t ion  of 4 species  of m a r i n e  f ishes  was  inves t iga t ed .  T h a l i d o m i d e  
in te r fe res  w i t h  t h e  d e v e l o p m e n t  of t h e  ske le ton .  I t  is i nd ica ted  t h a t  t h a l i d o m i d e  ac t s  as a m u t a g e n e .  

T h e  t rag ic  co n seq uences  of t he  use  of t h a l i d o m i d e  h a v e  
i n d u c e d  a n u m b e r  of i n v e s t i g a t i o n s  of t he  ac t ion  of th i s  
d r u g  1-~. I n  spi te  of th is ,  t h e  r ea sons  for the  t e r a togen ic  
effect  are sti l l  obscure .  I n  an  earl ier  s t u d y ,  it  was  i nd i ca t ed  
t h a t  t h a l i d o m i d e  c h a n g e s  t he  g e n o m e  and  p a r t i c u l a r l y  
t h e  p a r t  of the  g e n o m e  c o n n e c t e d  w i t h  t he  d i f f e ren t i a t ion  
of  t h e  ske le ton .  W e  also f o u n d  t h a t  t he  n e g a t i v e  effects  of 
t h a l i d o m i d e  on t h e  d i f f e ren t i a t ion  of t he  m e s o d e r m  were 
c o m p l e t e l y  neu t r a l i zed  if t he  d rug  was  m i x e d  w i t h  D N A  
before  i t  was  app l ied  in t he  e x p e r i m e n t s  ~. Since tha l ido-  
m i d e  p r e s u m a b l y  ac t s  on t he  genome ,  we infer  t h a t  it  
m u s t  also ac t  on a wide v a r i e t y  of o rgan i sms ,  a n d  we 
the re fo re  s t a r t e d  t he  p r e s e n t  i n v e s t i g a t i o n  us ing  g a m e t e s  
a n d  e m b r y o s  f ro m  species  of m a r i n e  f ishes  as mate r i a l .  
Material and methods. T h e  i n v e s t i g a t i o n  was  carr ied  ou t  
a t  S taz ione  Zoologica, Naples ,  u s ing  Cren i labrus  pa vo  

Cuv. e t  Val.  a nd  C. t i nca  (Briinn) as ma te r i a l .  A t  t h e  
Mar ine  Biological  S t a t i on  of T roms6 ,  in n o r t h e r n  Norway ,  
we i n v e s t i g a t e d  t he  species G a d u s  m o r h u a  L. a n d  
P l eu ronec t e s  p l a t e s s a  L. In  Naples ,  t he  e x p e r i m e n t s  were 
carr ied ou t  a t  a t e m p e r a t u r e  of 18~ a n d  in T r o m s 6  a t  
5 ~ a n d  the re fo re  t he  r a t e  of d e v e l o p m e n t  is c o n s i d e r a b l y  
di f ferent .  T h e  e m b r y o s  of t he  Cren i l ab rus  species  h a t c h  in 
a b o u t  1 week, whereas  t he  G a d u s - l a r v a e  be c ome  free- 
s w i m m i n g  w i t h i n  3 weeks  a n d  those  of P l e u r o n e c t e s  
w i th in  4 weeks  a f te r  fer t i l izat ion.  
T h a l i d o m i d e  d issolves  in sea  w a t e r  to a m a x i m u m  con-  
c e n t r a t i o n  of a b o u t  10 .4 M. Sea -wa te r  so lu t i ons  are in-  
s tab le  a nd  r e t a in  t he  t e r a togen ic  a c t i v i t y  for a few h on ly  6. 
If  a l o n g - t e r m  e xposu re  to t he  d rug  is needed ,  t h a l i d o m i d e  
m u s t  be r enewed  e v e r y  3rd or 4 th  h. I n  m o s t  of our  
e x p e r i m e n t s  we p r e t r e a t e d  t he  s p e r m  or t h e  eggs  before 
i n s e m i n a t i o n .  The  t i m e  of p r e t r e a t m e n t  was  2 or 5 m i n  
respec t ive ly .  I n  these  e x p e r i m e n t s  t h a l i d o m i d e  was  no t  
p r e s e n t  in t h e  sea w a t e r  m e d i u m  af te r  i n s e m i n a t i o n  and  
c o n s e q u e n t l y  did no t  in te r fe re  d i rec t ly  w i t h  c leavage  and  
d i f fe ren t ia t ion .  
Results. A. P r e t r e a t m e n t  of t he  ga me te s .  I t  was  found  
diff icul t  to inf luence  t h e  d i f f e ren t i a t ion  of t he  egg by 
p r e t r e a t m e n t  of the  egg in a 10 .4 M so lu t ion  of tha l ido-  
mide  before fer t i l izat ion.  Th i s  m a y  be because  t he  chor ion  
of t he  unfe r t i l i zed  f i sh  egg is t o u g h  a n d  i m p e r m e a b l e ,  as 
ha s  been  ind i ca t ed  in e x p e r i m e n t s  w i t h  a n u m b e r  of o the r  

Fig 1. Gadus morhua. Control larvae just before hatching. • 200. 
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Fig. 2. Larvae from the same parents as in figure 1. Pretreatment of 
the sperm for 2 rain in 10 -4 M thalidomide. The tail is bent and de- 
fective and the development of the eye-lenses is impeded. • 200. 
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Fig. 3. Crenilabrus tinca, a) Control larva, b) After treatment for 
3 h in 10 -a M thalidomide from 6 h after fertilization. • 200. 
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subs tances .  A n o t h e r  cause  of th i s  non - suscep t ib i l i t y  m a y  
reside in  t he  egg nucleus ,  s ince t he  f ish egg comple tes  t he  
m a t u r a t i o n  divis ions  a f te r  t he  s p e r m a t o z o o n  ha s  en t e red  
t he  egg. However ,  in  2 e x p e r i m e n t s  w i t h  Cren i labrus  pavo ,  
we obse rved  t h a t  a b o u t  o n e - f o u r t h  of t he  p r e t r e a t e d  eggs 
g a v e  r ise to  e m b r y o s  w i t h  d i s t u r b a n c e s  of t h e  ske le ton .  
W h e n ,  on  ti le o t h e r  h a n d ,  t he  s p e r m a t o z o a  are p r e t r e a t e d  
(2 ra in  in 10-4-10 .5 M tha l idomide)  t h e  resu l t s  were v e r y  
clear,  a n d  in a g r e e m e n t  w i t h  those  p rev ious ly  o b t a i n e d  
w i t h  sea u r c h i n  l a rvae  6. Af te r  p r e t r e a t m e n t  of t he  sperm,  
t h e  d i f f e r en t i a t i on  of t he  n o t o c h o r d  becomes  d i s tu rbed .  
Also t h e  genera l  d e v e l o p m e n t  of t he  l a r v a  is c lear ly  
af fec ted  a n d  t he  d e v e l o p m e n t  of t he  va r ious  l a rva l  o rgans  
is de layed  or suppressed.  A v e r y  e v i d e n t  effect  of pre-  
t r e a t m e n t  of t he  s p e r m a t o z o o n  is t h e  defec t ive  di f feren-  
t i a t i o n  of t h e  d i s t a l  p a r t  of t he  n o t o c h o r d  (cf. f igures 1, 
cont ro l ,  a n d  2, tha l idomide) .  
B. T r e a t m e n t  w i t h  t h a l i d o m i d e  a f t e r  fe r t i l iza t ion .  
A t r e a t m e n t  for on ly  3 h, s t a r t e d  a t  va r ious  i n t e rva l s  a f t e r  
fe r t i l iza t ion ,  b r o u g h t  a b o u t  severe  d i s t u r b a n c e s  of the  
d e v e l o p m e n t  of t h e  n o t o c h o r d  a n d  t he  r e so rp t ion  of t he  
yo lk  sac was l ikewise affected.  There  was, moreover ,  an  
a c c u m u l a t i o n  of p i g m e n t ;  f igures 3a  (control)  and  3 b  
(10 -5 M t h a l i d o m i d e  for  3 h) show t he  effect  of tha l ido-  
mide  on  t he  d i f f e ren t i a t ion  of t he  embryo .  Cleavage was 
in f luenced  n e g a t i v e l y  a n d  h a t c h i n g  b e c a m e  delayed,  

wh ich  ind ica t e s  t h a t  n o t  on ly  t he  m e s o d e r m  is a f fec ted  
b y  t he  drug.  T h o u g h  t h e  t r e a t e d  e m b r y o s  h a t c h  in to  free- 
s w i m m i n g  la rvae ,  t he  l e t h a l i t y  is h igh  a n d  no a d u l t  ani-  
mals  are l ike ly  to  be formed.  
Discussion. I t  is a r e m a r k a b l e  f ac t  t h a t  the  response  to 
t r e a t m e n t  w i t h  t h a l i d o m i d e  d u r i n g  e m b r y o n a l  life of 
w a r m - b l o o d e d  an ima l s  d i sp lays  a r ich  va r i a t ion ,  w h i c h  is 
e v i d e n t l y  cor re la ted  w i t h  t he  p a r t i c u l a r  s t r a in  of a n i m a l s  
used in t i le e x p e r i m e n t s  2-4. W e  i n t r o d u c e d  game tes  a n d  
e m b r y o s  f rom sea u rch ins  as a m a t e r i a l  for t e s t i ng  t o x i c i t y  
on  t h e  cel lular  and  e m b r y o n a l  level  6, 7. 
The  p r e s e n t  e x p e r i m e n t s  w i t h  m a r i n e  fishes co r robo ra t e  
the  resu l t s  f rom our  p rev ious  work  on  ech inoderms .  The  
species of f ishes used are v e r y  d i f fe ren t  a n d  t h e y  l ive a n d  
rep roduce  u n d e r  v e r y  d i f fe ren t  e n v i r o n m e n t a l  condi t ions .  
The  response  to t h a l i d o m i d e  was un i fo rm,  and  n o t  species- 
re la ted ,  a n d  t he  m a i n  m o r p h o g e n e t i c  effects were con-  
c e n t r a t e d  to t he  d i f f e r en t i a t i on  of t he  mesoderm.  The  
full  effect  was  o b t a i n e d  a l r eady  b y  p r e t r e a t i n g  t h e  sper-  
m a t o z o o n  for  on ly  2 m i n  in a 10 .5 M solu t ion  of t ha l i do -  
mide.  Since t h e  s p e r m a t o z o o n  m a i n l y  consis ts  of a nu -  
cleus,  i t  is w a r r a n t e d  to conc lude  t h a t  t h a l i d o m i d e  
i n t e r ac t s  w i t h  t he  genome,  a n d  p a r t i c u l a r l y  w i t h  t h e  
genes  w h i c h  gove rn  t h e  d i f f e ren t i a t ion  of t he  skele ton.  
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Summary. The  cor re la t ion  be tween  t h e  ave rage  quas i -va lence  n u m b e r  a n d  ca rc inogen ic i ty  of organic  c o m p o u n d s  ha s  
been  e s t ab l i shed  and  discussed.  

I n  our  r e c e n t  work  1, we h a v e  e s t ab l i shed  t he  co r re l a t ion  
b e t w e e n  t h e  p s e u d o a t o m i c  p o t e n t i a l  2 a n d  carc inogenic i ty .  
The  c o m p l e x  fo rm of t h e  p s e u d o a t o m i c  po t en t i a l ,  
e m p l o y e d  in t he  p rev ious  work,  c o n t a i n e d  Cou lomb  in te r -  
ac t ion  a n d  Pau l i  r epu l s ion  com ponen t s ,  and  i t  was  r a t h e r  
d i f f icul t  for ca lcu la t ion  b y  l ion-special is ts .  
Since in t h i s  p o t e n t i a l  t he  ave rage  quas i -va lence  n u m b e r  
Z*,  def ined  as : 

m 

27 NlZi i ~ 1  
z* - - -  (1) 

m 

27 Ni 
i~l 

where Ni is the number of atoms of the i-th type in the 
given molecule, Zi is the number of valence electrons in 
the atom of the i-th type 3, and m is the number of chemical 
elements in the molecule, plays a very important role 4, 5, 
we decided to look for the possible existence of a correla- 
tion b e t w e e n  t he  ave rage  quas i -va lence  n u m b e r  a n d  
ca rc inogen ic i ty  Of chemica l  subs tances .  
Ca lcu la ted  va lues  of t h e  ave rage  quas i -va lence  n u m b e r  for 
a b o u t  400 organic  c o m p o u n d s  of k n o w n  carc inogenic  
a c t i v i t y  s t r o n g l y  cor re la te  w i t h  t h e i r  carc inogenic  
p roper t i es .  I n  t he  tab le ,  we p r e s en t  d a t a  for t h e  ana lyzed  
c o m p o u n d s  biological ly  t e s t e d  in  m a m m a l s .  On  t he  bas is  
of ava i l ab le  biological  resul ts ,  we h a v e  conc luded  t h a t  
p o t e n t i a l  ca rc inogens  h a v e  Z* va lues  be low 3.20, while  
nonca rc inogens  are cha rac t e r i zed  b y  Z* above  3.20. The  

borde r l ine  va lue  of 3.20 ha s  been  chosen  on  t he  bas is  of 
empi r ica l  b iological  da ta .  The  L y o n  ( I n t e r n a t i o n a l  Agency  
for R e s e a r c h  on  Cancer) c r i t e r ion  for  ca rc inogen ic i ty  ha s  
been  used in  t h i s  work.  
The  c lass i f ica t ion of a b o u t  400 organic  c o m p o u n d s  e in to  
2 ca tegor ies :  p o t e n t i a l  carc inogens  a n d  nonca rc inogens  
is c o n n e c t e d  w i t h  all  e r ror  of a b o u t  8%.  Cor respond ing  
er ror  for c o m p o u n d s  t e s t e d  in m a m m a l s  and  r e p o r t e d  in 
L y o n ' s  m o n o g r a p h s  is on ly  5%.  
I n  c o n n e c t i o n  w i t h  t he  a b o v e  ave rage  quas i -va lence  
n u m b e r  cr i ter ion,  one should  not ice  t he  fol lowing:  
a) The  c r i t e r ion  is b a s e d  on  t h e  use of molecu la r  f o rmu la  
a n d  i t  is insens i t ive  to  t he  effects  of i somerisms.  
b) I n v e s t i g a t i o n s  of t h e  p r i m a r y  molecu la r  fo rm a l t e ra -  
t ions  due  to  me tabo l i c  processus  h a v e  shown t h a t  t he  
ave rage  quas i -va l ence  n u m b e r  of  or ig ina l  molecule  is n o t  
changed  b y  more  t h a n  10%. Th i s  expla ins  some of t i le 
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