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R-f l ies  b r o u g h t  i n t o  c o n t a c t  w i t h  D T M C  or  i t s  D D T -  
" s u p p o r t e d "  c o m b i n a t i o n s  fal l  on  t h e i r  b a c k  a n d  s h o w  
r e c u r r e n t  t r e m o r s  of t h e  e x t e n d e d  e x t r e m i t i e s  ( " S t r e c k -  
t r e m o r " ) .  F l ies  k e p t  in  c o n t a c t  for  l ong  pe r i ods  o f t e n  
h a v e  a b l o w n - u p  a b d o m e n  d u e  to  swa l lowing  of air .  
T h e s e  s y m p t o m s  of p o i s o n i n g  s o m e w h a t  r e s e m b l e  t h o s e  
d e s c r i b e d  for  p y r o l a n  la. 

U n f o r t u n a t e l y ,  t h e  a c t i o n  of D T M C  a n d  i ts  c o m b i n a -  
t i ons  w i t h  D D T  a n d  r e l a t e d  s u b s t a n c e s  a g a i n s t  r e s i s t a n t  
housef l ies ,  c o m p a r e s  v e r y  u n f a v o r a b l y  w i t h  t h a t  of t h e  
n e w e r  p h o s p h o r  insec t i c ides  as  e.g. d i a z i n o n  * or  m a l a -  
t h i o n  (Tab le  I I ) ,  a n d  i t  s e e m s  t h a t  t h e  insecticidal pro-  
pe r t i e s  of D T M C  are  of t h e o r e t i c a l  i n t e r e s t  only .  H o w -  
ever ,  whi le  t h i s  w o r k  was  in  progress ,  exce l l en t  acaricidal 
p r o p e r t i e s  were  c l a i m e d  for  e - t r i c h l o r o m e t h y l  4 ,4 ' -  
d i c h l o r o b e n z h y d r o l ,  w h i c h  s eems  to  be  t h e  s a m e  
c o m p o u n d  as  DTMC,  b u t  n e i t h e r  i t s  m o d e  of p r e p a r a -  
t ion ,  n o r  a n y  p h y s i c a l  p r o p e r t i e s  h a v e  b e e n  d e s c r i b e d  14. 

Table IL  - -  Contact action of 0.25 g/sq.m, nlalathion on R-flies 

4 X 10~ R-flies, 2-8 days old; contact -- ~ h; t = ~7°C 

Age of deposit in days 

Contact  in rain 
10 
20 
30 
60 
90 

120 

S % k . d  

32 
90 
97 

100 
100 
I00 

519 

7 1 1 4 1 2 1 1 2 8  

70 
97 
97 

100 
100 
100 

564 

- 2 
42 10 
95 62 

100 100 
100 100 
100 100 

437 374 

12 
52 

100 
100 
100 

364 

Note: No k.d. in untreated controls 
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Rdsumd 

L ' a c t i o n  des  c a r b i n o l s  d i - ( p - c h l o r o p h e n y l )  t r i f l uo ro -  
m 6 t h y l  e t  d i - ( p - c h l o r o p h e n y l )  t r i c h l o r o m 6 t h y l  (DTMC) 
a 6t6 d6 t e rmin f i e  su r  u n e  s o u c h e  t r~s  r 6 s i s t a n t e  de  mon-  
ches  p a r  la  m 6 t h o d e  de  c o n t a c t .  Le  p r e m i e r  com pos 6  sem-  
ble  ag i r  p r o b a b l e m e n t  g r ace  ~ de  fa ib les  p rop r i6 t6 s  f u m i -  
gan tes ,  a lors  que  le s e c o n d  es t  t o x i q u e  p a r  c o n t a c t .  L ' a c -  
t i o n  t o x i q u e  de  ce d e r n i e r  es t  s e n s i b l e m e n t  a u g m e n t 6 e  p a r  
l ' a d d i t i o n  du  D D T ,  D D E  ou a u t r e  com pos 6  o r g a n i q u e  
de la s6rie du  D D T .  

13 R, WmSMAr~" and C. KOCHER, Z, angcw. Ent, 33, 297 (1951). 
14 H. F. ~VxLsO~r and J. S. BARKER, I26th Meeting of American 

Chemical Society, Section ~gA, 1954. - D. AS~mTH, J. econ. Ent. 
4S, a29 (1955). 

15 Chemical development of DTMC. 
1~ Biological evaluation. 

T h e  Effect  of  F o r m a l d e h y d e  o n  t h e  M u t a g e n i c  
A c t i o n  of  X - r a y s  i n  Drosophila* 

E a r l i e r  i n v e s t i g a t i o n s  s h o w e d  a n  inc rease  of X - r a y  
i n d u c e d  m u t a t i o n  r a t e s  a f t e r  p r e t r e a t m e n t  w i t h  c y a n i d e  
a n d  az ide  in  i m m a t u r e  g e r m  ceils w h i c h  a re  c h a r a c t e r i z -  
ed b y  p e a k  s e n s i t i v i t y  to  t h e  m u t a g e n i c  a c t i o n  of X -  
r ays  1. Th i s  r e s u l t  s u g g e s t e d  t h a t  a n  inc reased  p r o d u c t i o n  
of h y d r o g e n  pe rox ide ,  due  to  i n h i b i t i o n  of t h e  cy to -  
c h r o m e -  a n d  c a t a l a s e  e n z y m e  s y s t e m s ,  m a d e  t h e  gene t i c  
m a t e r i a l  m o r e  s u s c e p t i b l e  to  t h e  ef fec ts  of r a d i a t i o n .  
T h i s  a s s u m p t i o n  was  f u r t h e r  s u p p o r t e d  b y  t h e  o b s e r v a -  
t i o n  t h a t  p r e t r e a t m e n t  w i t h  a n  o r g a n i c  p e r o x i d e  (di- 
h y d r o x y d i m e t h y l  p e r o x i d e ) l i k e w i s e  s i g n i f i c a n t l y  en- 
h a n c e d  t h e  m u t a g e n i c  a c t i o n  of X- r ays ,  n o t a b l y  in t h e  
s a m e  s e n s i t i v e  s t age  of s p e r m a t o g e n e s i s  as  p r e t r e a t m e n t  
w i t h  c y a n i d e  a n d  az ide  2. 

B e c a u s e  f o r m a l d e h y d e  is a lso k n o w n  t o  ac t  as a c a t a -  
lase  i n h i b i t o r  3 a n d  p r e s u m a b l y  p r o d u c e s  m u t a t i o n s  v ia  
t h e  f o r m a t i o n  of a n  o rgan ic  p e r o x i d e  a, i t  was  t h o u g h t  of 
i n t e r e s t  to  s t u d y  t h e  effects  of f o r m a l d e h y d e  p r e t r e a t -  
m e n t  on  t h e  r a t e  of X - r a y  i n d u c e d  m u t a t i o n s .  

Material  and methods . - -The  f o r m a l d e h y d e  u sed  was 
a B D H  c o m m e r c i a l  p r e p a r a t i o n .  All  so lu t i ons  were  m a d e  
w i t h  a 0 -7% s o l u t i o n  of s o d i u m  ch lo r ide  in  d i s t i l l ed  
w a t e r .  T h e  f o r m a l d e h y d e  c o n c e n t r a t i o n s  r a n g e d  f rom 
0-033-0-050 Mols p e r  l i t re .  2 -3  d a y  old  O r e g o n - K  males  
were  i n j e c t e d  i n t r a a b d o m i n a l l y  w i t h  0.28 m m  3 of such  
so lu t i ons  a n d  were  a f t e r w a r d s  t e s t e d  for  t h e  i nc idence  of 
s ex - l inked  l e t h a l s  b y  m e a n s  of t h e  Mul ler -5  m e t h o d ,  t h e  
f i r s t  m a t i n g s  b e i n g  s t a r t e d  one  d a y  a f t e r  t r e a t m e n t .  To  
r e d u c e  t h e  t i m e  i n t e r v a l  b e t w e e n  p r e t r e a t m e n t  a n d  ir-  
r a d i a t i o n ,  t h e  flies were  i n j e c t e d  in  b a t c h e s  of a b o u t  
30 i n d i v i d u a l s  w h i c h  were  t h e n  p laded  i m m e d i a t e l y  
u n d e r  t h e  X - r a y  a p p a r a t u s ,  t h e  a v e r a g e  t i m e  i n t e r v a l  
b e t w e e n  i n j e c t i o n  a n d  i r r a d i a t i o n  b e i n g  11 4- 8 min .  The  
p r e t r e a t e d  a n d  X - r a y  c o n t r o l  flies were  d i f f e r e n t l y  m a r k -  
ed  With i n d i a n  i nk  on  t h e  t h o r a x  w h i c h  m a d e  poss ib le  t h e  
s i m u l t a n e o u s  e x p o s u r e  of b o t h  g roups .  X - r a d i a t i o n  was  
a d m i n i s t e r e d  b y  a G e n e r a l  E lec t r i c ,  l~Iaximar  100 Model  
of t h e  D e r m a t o l o g y  Clinic of t h e  U n i v e r s i t y  of U t r e c h t .  
I t  was  r u n  a t  100 K V P  a n d  5 m A ,  a t  a dose  r a t e  of 244 r 
p e r  m i n  w i t h  1 m m  A1 f i l t r a t i o n  ( H V L  = 1.3 m m  A1). 

To  s t u d y  t h e  s e n s i t i v i t y  p a t t e r n  in t h e  tes tes ,  t r e a t e d  
ma le s  were  r e m a t e d  t o  3 f resh ,  v i r g i n  Mul le r -5  f emales  a t  
specif ic  t i m e  i n t e r v a l s .  T h e  success ive  b r o o d s  a r i s ing  in 
t h i s  w a y  t h e n  r e p r e s e n t  success ive ly  y o u n g e r  s t ages  of 
s p e r m a t o g e n e s i s  a t  t h e  t i m e  of t r e a t m e n t  5. No  con t ro l s  
were  used,  b e c a u s e  t h e  s p o n t a n e o u s  m u t a t i o n  r a t e  in 
t h e  O r e g o n - K  s tock  r a r e l y  exceeds  0 . 2 - 0 . 3 % .  

Resu l t s . - -The  r e su l t s  of e x p e r i m e n t s  w i t h  2 d i f f e ren t  
c o n c e n t r a t i o n s  of f o r m a l d e h y d e  a re  p r e s e n t e d  in  T a b l e  I 
a n d  F i g u r e  1. I n  e x p e r i m e n t  1 p r e t r e a t m e n t  w i t h  a con-  
c e n t r a t i o n  of 0.05 Mola r  w h i c h  is h a r d l y  c a p a b l e  of 
r a i s ing  t h e  s p o n t a n e o u s  m u t a t i o n  ra t e ,  c a u s e d  a signifi- 
c a n t  i n c r e a s e  of t h e  X - r a y  i n d u c e d  m u t a t i o n  r a t e s  in 
b o t h  t h e  f i r s t  a n d  second  broods .  P r e t r e a t m e n t  w i t h  an  
e v e n  w e a k e r  0.042 M f o r m a l d e h y d e  s o l u t i o n  in exper i -  
m e n t  2 l ikewise  e n h a n c e d  t h e  m u t a t i o n  r a t e s  p r o d u c e d  
b y  t h e  i r r a d i a t i o n  w i t h  a f a c t o r  of f r o m  1-60 t o  1.85 in 
all  3 broods .  

* This paper is dedicated to Prof. Dr. JAcoB SELLER, Zfirich, on 
the occasion of his 70th birthday. 

1 F. H. SOBELS, Z. ind. Abst. VererbungsL 86, 399 (1955). 
2 F. H. SO~ELS, Nature 177, 979 (1956). 
a K. G. STERN, Hoppe-Seyl. Z. 209, 176 (1932). 
4 F. H. SOBELS and J. W. I. M. SIMoss, Z. ind. Abst. Verer- 

bungsl. (in press); Nature 177, 979 (1956). 
5 CH. AUERBAClt, Z. ind. Abst. Vererbungsl. 86, 113 (1954). 
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Frequency of sex-linked lethals in 2--3 successive three-day broods from males which had been injected with solutions of form- 
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For all Z 2 calculations corrections have been made allowing for the mutagenicity of formaldehyde aione in the corresponding broods. 

I n  c o n s i d e r a t i o n  of t h e  low m u t a t i o n  r a t e s  i n d u c e d  b y  
0.05 M f o r m a l d e h y d e ,  n o  f o r m a l d e h y d e  con t ro l s  were  
t a k e n  for  0.042 M in  e x p e r i m e n t  2. T h e  X a for  t h e  

0"05 M f02~. - I70@p X -RAY.~ &O¢2Mf@.,~/4~.-22OOr' X-,,64YS 

Fig. t . --The frequency of sex-linked lethals in 2 successive broods 
(experiments 1 and 2) from males which had been injected with 
solutions of formaldehyde prior to X-radiation, as compared with 

that from males which were irradiated or injected only. 

difference b e t w e e n  F R  a n d  R h a s  b e e n  c o r r e c t e d  for  t h e  
f r equency  of m u t a t i o n s ,  as p r o d u c e d  b y  0.05 M fo rmal -  
dehyde  b y  i tsel f  in  e x p e r i m e n t  1. E v e n  t h e n  t h e r e  re- 
mains  a r ea l  excess  of m u t a t i o n s  in  t h e  f i r s t  2 b r o o d s  of 

• the p r e t r e a t e d  ser ies  (FR2). 

F o r m a l d e h y d e  t h u s  r e s e m b l e s  cyan ide ,  az ide  a n d  di-  
h y d r o x y d i m e t h y l  p e r o x i d e  in p o t e n t i a t i n g  t h e  m u t a g e n i c  
ac t ion  of X- r ays .  B u t  i t s  e f fec ts  a re  d i f f e ren t  in  t h a t  
f o r m a l d e h y d e  p r e t r e a t m e n t  ra ises  t h e  X - r a y  i n d u c e d  
m u t a t i o n  r a t e s  in  b o t h  t h e  f i r s t  a n d  second  b roods ,  
whe reas  in  t h e  o t h e r  p r e t r e a t m e n t  e x p e r i m e n t s ,  t h e  
e n h a n c e m e n t  s e e m e d  spec i f ica l ly  c o n f i n e d  to  s t a g e s  
s a m p l e d  d u r i n g  t h e  s e c o n d  b r o o d  only .  

Th i s  f i nd ing  ra ises  t h e  q u e s t i o n  w h e t h e r  f o r m a l d e h y d e  
w h i c h  is k n o w n  to  h a v e  a m u t a g e n i c  ef fec t  on  m a t u r e  
sperm,  s imi la r ly  exe r t s  a p o t e n t i a t i n g  ef fec t  on  X - r a y  
i n d u c e d  m u t a t i o n  r a t e s  in  t h i s  s tage .  Two  f u r t h e r  exper i -  
m e n t s  were  t h e r e f o r e  d o n e  w i t h  da i l y  b r o o d  c h a n g e s  
d u r i n g  a pe r iod  of 5 d a y s  a f t e r  t r e a t m e n t .  I t  was  h o p e d  
t h a t  t h i s  m e t h o d  w o u l d  r e s u l t  in  a c l e a r e r  s e p a r a t i o n  of 
s t ages  w i t h  d i f f e ren t  s e n s i t i v i t y .  T o  e n s u r e  a m a x i m u m  
c o m p a r a b i l i t y ,  t h e  t w o  e x p e r i m e n t s  were  c a r r i e d  o u t  
w i t h i n  a s h o r t  space  of t ime ,  w i t h  ma les  f r o m  t h e  s a m e  
s a m p l e  a n d  w i t h  t h e  s a m e  0-033 M f o r m a l d e h y d e  so lu-  
t ion .  T h i s  p r o c e d u r e  also h a d  t h e  a d v a n t a g e  t h a t  o n e  
g r o u p  of con t ro l s ,  r e ce iv ing  f o r m a l d e h y d e  on ly ,  w o u l d  
b e  suff ic ient .  

T h e  re su l t s  of t h e  2 s e p a r a t e  e x p e r i m e n t s  a re  p r e s e n t -  
ed in T a b l e  f I .  I n  v i e w  of  t h e i r  g r e a t  s i m i l a r i t y  t h e  d a t a  
were  poo led ;  t h i s  c o m b i n e d  r e s u l t  is s e t  o u t  in  F i g u r e  2. 
F i r s t  of al l  i t  c a n  b e  s een  t h a t  f r o m  t h e  s e c o n d  d a y  on -  
w a r d s  f o r m a l d e h y d e  is e f f e c t i v e  in  c a u s i n g  a p r o n o u n c e d  
e n h a n c e m e n t  of t h e  m u t a t i o n  r a t e s  i n d u c e d  b y  t h e  r a d i a -  
t ion .  No  s i gn i f i c an t  d i f f e r ences  c o u l d  b e  o b s e r v e d ,  how-  
ever ,  for  m u t a t i o n  r a t e s  of s p e r m  s a m p l e d  o n  t h e  f i r s t  
d a y  a f t e r  t r e a t m e n t .  I t  w o u l d  s eem t h e r e f o r e  t h a t  fu l ly  
m a t u r e  s p e r m  does  n o t  r e s p o n d  a n y  m o r e  to  t h e  p o t e n -  
t i a t i n g  ef fec t  of f o r m a l d e h y d e  o n  X - r a y  m u t a g e n e s i s .  

T h e  pos s ib i l i t y  r e m a i n s  t h a t  t h e  e f fec t  on  t h e  s e c o n d  
d a y  is d i f f e r e n t  in  n a t u r e  f rom t h a t  on  t h e  l a t e r  ones .  
:BAKER a n d  y o n  HALLE ~ f o u n d  t h a t  a f t e r  i r r a d i a t i o n  in  
n i t r o g e n ,  t h e r e  is n o  d i f f e r ence  b e t w e e n  d o m i n a n t  l e t h a l  
r a t e s  of s p e r m  used  u p  d u r i n g  t h e  s e c o n d  a n d  o n  t h e  
f i r s t  day .  S imi l a r l y  t h e  e n h a n c e m e n t  o b s e r v e d  w i t h  
f o r m a l d e h y d e  on  t h e  s econd  d a y  m i g h t  b e  due  to  p r e v e n -  
t i on  of r e c o v e r y  f r o m  t h e  i r r a d i a t i o n  e f fec ts  b y  t h e  
p r e t r e a t m e n t .  

T h e  s h a r p  inc rease  of m u t a t i o n  r a t e s  in  t h e  s u b s e q u e n t  
b r o o d s  sugges t s  t h a t  t h i s  m a t i n g - s c h e m e  h a s  b e e n  
h i g h l y  e f fec t ive  in  se l ec t ing  s t ages  w h i c h  b e c o m e  in-  
c r eas ing ly  m o r e  s e n s i t i v e  to  t h e  m u t a g e n i c  a c t i o n  of 

6 W, BAKER and E. S. v. HALLE, Proc. nat. Acad. Sci. Wash- 
ington 39, 152 (1953). 
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Table I I .  Frequency of sex-linked lethals in 5 successive one-day broods from males which had been injected with a 0.033 M solution of 
formaldehyde prior to X-radiation with 1700 r, as compared with that from males which were irradiated or injected only. 

Experiment 

Sex-linked lethals --- Days after treatment 

1 2 3 4 5 

n %1 n %1 Z °" P n %1 Z ~ P n %1 Z ~ P n %1 Z ~ P 

Formaldehyde controls , 365 0"3 419 1'0 - - 469 0"2 - - 506 1.0 - - 430 0"5 - - 

R 3 504 5,4 409 4.6 318 4"4 332 12.3 121 17.4 
- 6.31 (0.02 6-70 (0.01 - 

F - R  3 514 7.0 425 6.1 388 9.3 192 21.4 39 33-3 

R 4 446 4.5 436 3.0 350 3.7 325 13-9 113 27.2 
10.16 (0.01 9.25 (0.01 - - 

F - R  4 527 4-9 460 8.5 339 8-0 187 18.2 59 33.9 

v .  R 3 + R 4 950 5.0 845 3.8 668 4-0 657 13.1 234 22.2 
7.19 (0-01 15.48 (0-001 7.05 (0.01 4.76 (0-01 

Z F R 3  + F R 4  . . . 1041 6.0 885 7.4 727 9.3 379 19.8 98 33.6 

For all Z 2 calculations corrections have been made allowing for the mutagenicity of formaldehyde alone in the corresponding broods. 

i r r a d i a t i o n .  A c o m p a r i s o n  b e t w e e n  t h e  m u t a g e n i c  
e f fec t s  in t h e  f i r s t  a n d  in t h e  f i f th  b r o o d s  g ives  a c l ea r  
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Fig. 2.--The frequency of sex-linked lethals in 5 successive one-day 
broods from males which had been injected with a solution of 0.033 M 
formaldehyde prior to X-radiation with 1700 r, as compared with that 

from males which were irradiated or injected only. 

p i c tu re  of t h e  t r e m e n d o u s  d i f fe rences  of s e n s i t i v i t y  cor-  
r e l a t ed  w i t h  d i f f e r e n t  s t a g e s  of  s p e r m a t o g e n e s i s .  

I t  is also seen  t h a t  in t h e  X - r a y  con t ro l s  t h e  m u t a t i o n  
r a t e s  in t h e  s e c o n d  a n d  t h i r d  b r o o d s  a re  s l i g h t l y  lower  
t h a n  in t h e  f i rs t .  T h i s  o b s e r v a t i o n  f i t s  in  w i t h  s i m i l a r  

f i n d i n g s  r e p o r t e d  b y  a n u m b e r  of d i f f e r e n t  worke r sL  
NORDBACK r e c e n t l y  s h o w e d  t h a t  t h e  o b s e r v e d  decrease  
on t h e  s e c o n d  d a y  a f t e r  t h e  i r r a d i a t i o n  is n o t  so m u c h  
d u e  to  a f u r t h e r  d i f f e rence  in  s e n s i t i v i t y  as  to  t h e  effect  
of s t o r i n g  i r r a d i a t e d  s p e r m a t o z o a  in  t h e  t e s t e s .  

D i s c u s s i o n . - -  T h e  d a t a  c l ea r ly  s h o w  t h a t  p r e t r e a t m e n t  
w i t h  low " s u b m u t a g e n i c "  c o n c e n t r a t i o n s  of f o r ma l d e -  
h y d e  e n h a n c e s  t h e  m u t a g e n i c  a c t i o n  of X - r a y s .  The  
poss ib le  i n t e r p r e t a t i o n  of t h i s  f i n d i n g  m a y  be  cons ide red  
n e x t .  

As m e n t i o n e d  before ,  i t  is k n o w n  t h a t  f o r m a l d e h y d e  
i n h i b i t s  ca t a t a se .  I n  a d d i t i o n  t o  t h i s  effect ,  t w o  l ines  of 
e v i d e n c e  s u g g e s t  t h a t  f o r m a l d e h y d e  e x e r t s  a t  l e a s t  par t  
of  i t s  m u t a g e n i c  a c t i o n  v i a  t h e  f o r m a t i o n  of peroxides .  
F i r s t ,  i t  cou ld  be  s h o w n  t h a t  a g i v e n  dose  of fo rmal -  
d e h y d e  p r o d u c e s  a s i g n i f i c a n t l y  g r e a t e r  n u m b e r  of 
m u t a t i o n s  in m a l e s  w h i c h  h a d  b e e n  p r e t r e a t e d  wi th  
c y a n i d e  t h a n  in  m a l e s  w h i c h  were  n o t  so p r e t r e a t e d .  
Second ,  i t  was  f o u n d  t h a t  d i h y d r o x y d i m e t h y l  peroxide ,  
t h e  o r g a n i c  p e r o x i d e  f o r m e d  b y  c o m b i n i n g  f o r m a l d e h y d e  
a n d  h y d r o g e n  p e r o x i d e ,  a c t s  as  a f a i r l y  p o t e n t  m u t a g e n .  
Moreover ,  t h e  p a t t e r n  of s e n s i t i v i t y  to  t h e  m u t a g e n i c  
a c t i o n  of t h i s  p e r o x i d e  b e a r s  a m a r k e d  r e s e m b l a n c e  to 
t h a t  f o u n d  a f t e r  i n j e c t i o n  of f o r m M d e h y d e  s ( a n d  un- 
p u b l i s h e d  da t a ) .  

T h e  h y p o t h e s i s  t h a t  a n  i n c r e a s e d  p r o d u c t i o n  of 
p e r o x i d e s  s ens i t i z e s  t h e  c h r o m o s o m e s  to  t h e  e f fec ts  of 
r a d i a t i o n  t h u s  s e e m s  f u r t h e r  s u p p o r t e d  b y  t h e  p re sen t  
f i n d i n g s  on  f o r m M d e h y d e  p r e t r e a t m e n t .  L i k e  p rev ious  
r e su l t s ,  o b t a i n e d  a f t e r  p r e t r e a t m e n t  w i t h  c y a n i d e ,  azide 
a n d  d i h y d r o x y m e t h y l  pe rox ide ,  t h e y  s u g g e s t  t h a t  the  
f o r m a t i o n  of p e r o x i d e s  m a y  be  i n v o l v e d  in t h e  rou ts -  
gen ie  a c t i o n  of X - r a y s  o n  t h e  g e n e t i c  m a t e r i a l  of Droso- 
phi la .  

I n  c o n t r a s t  to  t h e  o t h e r  c h e mi c a l s ,  t h e  e f fec t  of formal -  
d e h y d e  p r e t r e a t m e n t  is n o t  so n a r r o w l y  r e s t r i c t e d  to 
s t a g e s  w i t h  p e a k  s e n s i t i v i t y ,  b u t  e x t e n d s  a lso  to  later 
s t a g e s  of s p e r m a t o g e n e s i s .  T h i s  f i n d i n g  m i g h t  be  con- 

7 W. BAKER and E. S. v. IIALLE, Proc. nat. Acad. Sci. Wash 
ington 39, 152 (1053). - J, D. TELFER and S. ABRAHAMSON, Droso- 
phila Information Service 28, 161 (1954). - J. MoSSmE, Proc. 401 
Int. Conf. Radiobiol., Cambridge, 1955 (in press). - K. G. LONINC, 
Proc. 4th Int. Conf. RadiobioL, Cambridge, 1955 (in press). - K. 
NORDBACK, Drosophilia Information Service ~9, 150 (1955). 

8 F. H, S013ELS, Nature 177,979 (1956). 
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n e c t e d  w i t h  t h e  s e n s i t i v i t y  of t h e s e  s t ages  t o  t he  m u t a -  
genie a c t i o n  of f o r m a l d e h y d e  i tself .  A f t e r  i n j e c t i o n  of 
f o r m a l d e h y d e  in  h i g h l y  m u t a g e n i c  c o n c e n t r a t i o n s ,  us ing  
da i ly  b r o o d  changes ,  p e a k  s e n s i t i v i t y  was  o b s e r v e d  in 
s p e r m  s a m p l e d  o n  t h e  s econd  a n d  t h i r d  d a y  a f t e r  t r e a t -  
m e n t  ( u n p u b l i s h e d  work) .  A n o t h e r  poss ib i l i t y  is t h a t  
f o r m a l d e h y d e  speeds  n p  s p e r m  u t i l i z a t i o n  b y  kil l ing,  or  
o the rwi se  i n a c t i v a t i n g  s p e r m a t o z o a .  

The  a u t h o r  w a n t s  to express  his t hank fu lnes s  to  Dr. CHARLOTTE 
AUERBACH for  r e ad ing  the  m a n u s c r i p t  a n d  to  Dr. SnmLA COUNCF. for 
co r rec t ing  the  Engl i sh .  He  feels m u c h  i n d e b t e d  to Prof .  Dr. J .  J .  
ZOON who made the X-ray apparatus of his department available for 
this study. The technical assistance ot Miss V. VAN DES HOL is 
g ra t e fu l ly  a cknowledged .  The inves t iga t ion  was  s u p p o r t e d  in p a r t  b y  
the Rad iob io log ica l  G r o u p  of the  I i e a l t h  Resea rch  Counci l  T .N.O.  

F. H.  SOBELS 

Les  o r g a n e s  qu i  se s o n t  r6v616s les p lus  a p t e s  k la prolif6-  
r a t i o n  t u m o r a l e  (Fig. 1) s o n t  le m e s o n e p h r o s ,  les gonades ,  
le m e t a n e p h r o s ,  le de rme ,  le p o u m o n ,  le p6r ios te ,  les m&- 
sen t~res  e t  les t u n i q u e s  de  l ' i n t e s t i n ,  ta  c ap s u l e  e t  tes ctoi- 
sons  du  foie. Le  m e s o n e p h r o s  es t  p a r t i c u t i 6 r e m e n t  f a r o -  

Institute o/ Genetics o/ the State University, Utrecht, 
Netherlands, May  17, 7956. 

Zusammen/assung 

Vor  e ine r  R 6 n t g e n b e s t r a h l u n g ,  d e r e n  Dosis  y o n  1700 
bis 2200 r va r i i e r t e ,  w u r d e  Drosophila-Mgnnchen F o r m a -  
l in l6sung  in s chwache r ,  ,, s u b m u t a g e n e r "  K o n z e n t r a t i o n  
in j iz ie r t .  Es  ze ig te  sich, dass  im Verg le i ch  zu den  Kon-  
t rol len,  we lche  n u r  b e s t r a h l t  w u r d e n ,  die M u t a t i o n s r a t e  
n a c h  F o r m a l i n - V o r b e h a n d l u n g  s i g n i f i k a n t  g e s t e i g e r t  
war.  D a b e i  w u r d e n  sp i t te re  E n t w i c k l u n g s s t a d i e n  de r  
S p e r m a t o g e n e s e  e r fas s t  als n a c h  e ine r  V o r b e h a n d l u n g  
mi t  Z y a n i d ,  Azid  u n d  e i n e m  o r g a n i s c h e n  P e r o x i d ;  bei  
re i fen  S p e r m a t o z o e n  liess s ieh j e d o c h  k e i n e  Z u n a h m e  de r  
M u t a t i o n s r a t e  fes t s t e l l en .  Die  B e f u n d e  weisen  d a r a u f  
hin,  da s s  e in  e rhOh te r  G e h a l t  a n  o r g a n i s c h e n  P e r o x i d e n  
in d e n  v o r b e h a n d e l t e n  Zel len  die C h r o m o s o m e n  e m p f i n d -  
l icher  m a c h t  f i i r  die m u t a g e n e  W i r k u n g  de r  R 6 n t g e n -  
b e s t r a h l u n g .  

Fig, 1. Invas ion  de la pa ro i  t g g u m e n t a i r e  vcn t ra l e  d ' u n  e m b r y o n  de 
Poulet ,  cul t ivde in vitro, p a r  le s a r c o m c  S 180 de  Souris .  Les cellules d u  
sarcorne peuvent &tre facilenmnt distingudes grace ~ leur taille et 5. 
leur coloration sombre. Elles envahissent pratiquement tout l'explant 
dont il ne subsiste localement que l'6piderme (ep.) et des cellules 
conjonctives Sparses. (Les r6gions les plus riches en cellules tumorales 

sont indiqu6es par des fl~ehes,) Grossissement × 122. 

Fable g la p ro l i f6 ra t ion  des  cel lules  t u m o r a l e s  qu i  s ' in f i l -  
t r e n t  d a n s  les espaces  i n t e r t u b u l a i r e s  (Fig. 2) e t  e n t o u r e n t  
les cana t i cu les  u r ina i r e s  qu ' i l s  f i n i s s en t  p a r  e n v a h i r ,  ap r~s  
d6g6n~rescence  de  l eu r s  cellules.  Les  cel lules  t u m o r a l e s  
m o n t r e n t  u n  a s p e c t  de  f i b r o b l a s t e s  fusel6s, l o r s q u ' e l l e s  
son t  en  m i g r a t i o n ;  u n  a s p e c t  o v o i d e  ou  a r r o n d i  q u a n d  

La cu l ture  de ce l lu l e s  t u m o r a l e s  s u r  des  
e x p l a n t s  d ' o r g a n e s  in oitro 

Des cel lules  t u m o r a l e s  p e u v e n t - e l l e s  e n v a h i r  des or- 
ganes  ou f r a g m e n t s  d ' o r g a n e s  e m b r y o n n a i r e s  e x p l a n t 6 s  
in vitro, c o m m e  elles c o l o n i s e n t  les t i s sus  de  l ' o r g a n i s m e  
en t i e r  ? J ' a i  a b o r d 6  ce p r o b l ~ m e  au  m o y e n  de la t e c h n i q u e  
de c u l t u r e  o r g a n o t y p i q u e  de ~¢VOLFF e t  HAFFEN l. Des  
f r a g m e n t s  d u  s a r c o m e  de  Sour i s  S 180 o n t  6t6 associ6s 5. 
des o r g a n e s  ou f r a g m e n t s  d ' o r g a n e s  e m b r y o n n a i r e s  de 
P o u l e t  de  6 5. 9 j o u r s  d ' i n c u b a t i o n .  Les  d e u x  f r a g m e n t s  
se s o u d e n t  i n t i m e m e n t ,  c o m m e  le f o n t  des  o rganes  
e m b r y o n n a i r e s  de  P o u l e t  e t  de  Sour i s  associ6s (XcVOLFF2), 

Au  c o n t a c t  d ' e x p l a n t s  de  d i f f6 ren t s  o rganes ,  les cet- 
lules t u m o r a l e s  p ro l i f~ ren t  a c t i v e m e n t .  El les  p e u v e n t  
e n t o u r e r  l ' o r g a n e  d ' u n e  so r t e  de  c o r t e x  d o n t  les cel- 
lules ex t6 r i eu r e s  s ' ex fo l i en t .  El les  p 6 n ~ t r e n t  en  m~me  
t e m p s  g l ' i n t 6 r i e u r  p a r  des  voles  & i n v a s i o n  qu i  e m p r u n -  
t e n t  g 6 n 6 r a l e m e n t  le s t r o m a  con jonc t i f .  E l les  se d i v i s e n t  
a c t i v e m e n t  d a n s  les t i s sus  de l ' h 6 t e  e t  f o r m e n t  soi t  des 
nodules  c o m p a c t s ,  so i t  des  traln&es o r i en t6es  qui  pro-  
p a g e n t  la  t u m e u r  g g r a n d e  d i s t a n c e  de  son  p o i n t  d ' en -  
tr6e. 

i ET. WOLFF e t  K.  HAFFEN, J .  exp .  ZooL 115,, 381 (1952); Texas  
Rep. BioL Med. 10, 463 (1952). 

2 ET. V¢OLFF, Bull. SOC. zooL Ft. 79, 357 (1954). - ET. WOLFF et 
J. P. W~m~R,  J. Embr. exp. Morph. 2, 161 (1954). 

Fig.  2. Associa t ion  d ' u n  f r a g m e n t  de  t u n m u r  S 180 de Sour i s  avec  
p lus ieurs  e x p l a n t s  de mesonephros  d ' e m b r y o n  de P'oulet  de  7 jours .  
L ' e x p l a n t  t u m o r a l  se d6ve loppe  su r  p lace  au  c o n t a c t  de  d e u x  des 
exp lan t s  de mcsoncph ros .  L ' i n v a s i o n  se fa i t  p a r  la p6r iph6r ie  des 
o rganes  aussi  b ien que  p a r  leur  face in te rne .  T o u t e s  les p lages  ou  
taches  sombre s  son t  des r6gions colonis6es p a r  des  cclhfles t umora l e s .  
m l ,  m'2 : e x p l a n t s  de m e s o n e p h r o s  envah i s  p a r  la t u n m u r ,  m 3  : e x p l a n t  
encore  in t ac t ,  t :  nodu le  t u m o r a l  d6velopp6 a u x  d6pens  d u  f r a g m e n t  

ini t ia l .  Gros s i s s emen t  × 75. 

d i e s  s o n t  g roup6es  en  aInas .  Les  m i t o s e s  s o n t  n o m b r e u s e s ,  
s o u v e n t  a b e r r a n t e s .  L ' o r g a n e  p e u t  ~ t re  c o m p l ~ t e m e n t  
e n v a h i  en  l ' e space  de  2 5. 4 jours .  O n  p e u t  a in s i  p r o p a g e r  

Exper. 21 


