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3-Methylcholanthrene-Induced Embryonic 
Deformities in the Chick: Prevention by the 

Antioxidant, N, N'-diphenyl-p-phenylene 
diamine (DPPD) 

It has  been  sugges ted  t h a t  c e r t a i n  ca rc inogens ,  a m o n g  
t h e m  3 - m e t h y l c h o t a n t h r e n e  (3-MCA), e x e r t  t h e i r  carc ino-  
genic ac t ions  b y  a f ree - rad ica l  m e c h a n i s m  ~-4. Cancer  
occurs  less f r e q u e n t l y  in  mice  wh ich  h a v e  h igh  t i ssue  
levels of a n t i o x i d a n t s  or  f ree-radicM scavengers  a, • a n d  
a n t i o x i d a n t s ,  a d d e d  to  t h e  d ie t  of ra ts ,  p r e v e n t  t h e  
a p p e a r a n c e  of cancers  in  a n i m a l s  fed t he  ca rc inogen  
p a r a d i m e t h y l a m i n o a z o b c n z e n e  s. A p r inc ipa l  r eac t ion  of 
t he  polycycl ic  h y d r o c a r b o n s  a p p e a r s  to  be  o x i d a t i o n  b y  
h y d r o g e n  pe rox ide  or  b y  a n  o x y g e n  a t o m  y ie ld ing  in te r -  
m e d i a r y  epox ides  5. T h e  ' c a r c inogen ic i t y '  of m a n y  a ro-  
m a t i c  h y d r o c a r b o n s  is be l ieved  r e l a t ed  to  a reg ion  of 
h i g h  e lec t ron  d e n s i t y  in  t he  molecule  s,7, a c o n d i t i o n  
which  m i g h t  eas i ly  occur  in  a f ree- rad ica l  s, F ina l ly ,  t h e r e  
is a pos i t ive  assoc ia t ion  b e t w e e n  p h o t o d y n a m i c  t o x i c i t y  
of polycycl ic  c o m p o u n d s  in P a r a m e c i u m  caudatum a n d  
ca rc inogen ic i ty  of t he  same  c o m p o u n d s ,  a n  assoc ia t ion  
wh ich  could  be  due  to a f ree- radica l  i n t e r a c t i o n  in each  
i n s t ance  9 - ~  

The  ch i ck  e m b r y o  ha s  sugges ted  i tself  to  us  as a good 
mode l  s y s t e m  in  w h i c h  to  f u r t h e r  t e s t  t h i s  hypo thes i s .  
3-MCA i m p l a n t e d  on  t he  cho r ioa l l an to i s  of d e v e l o p i n g  
chicks  y ie lds  a b n o r m M  g r o w t h  xS. A l ack  of a n t i o x i d a n t s  
in  d e v e l o p i n g  e m b r y o s  ( v i t a m i n  E def ic iency)  h a s  a n  
i m p o r t a n t  d e t r i m e n t M  effect  on  e m b r y o n i c  d e v e l o p m e n t ;  
t h e  i n t r o d u c t i o n  of a n t i o x i d a n t s  ( inc luding  D P P D )  pre-  
v e n t s  a n u m b e r  of congen i t a l  m a l f o r m a t i o n s  expec t ed  in 
the  v i t a m i n  E de t i c ien t  an i m a l s  1~. 

Accord ing ly ,  t h e  effects  of 3-MCA o n  ch ick  embryos ,  
w i t h  a n d  w i t h o u t  p r e t r e a t m e n t  w i t h  D P P D ,  were  in-  
ve s t i ga t ed .  

Material ,  E x p e r i m e n t a l  p rocedure s  were  ca r r ied  ou t  
us ing  W h i t e  L e g h o r n  c h i c k  e m b r y o s  ra i sed  f rom fer t i l ized 
eggs ( D e K a l b  No.  151 F o u n d a t i o n  s tock  of  T rus low 
F a r m s ,  Ches t e r t own ,  M a r y l a n d ) ,  m a i n t a i n e d  in a n  incu-  
b a t o r  a t  6 0 %  h u m i d i t y  a n d  38 °C. 

3-MCA was o b t a i n e d  f rom Dis t i l l a t i on  P r o d u c t s  
I n d u s t r i e s  of t h e  E a s t m a n  K o d a k  Co., R o c h e s t e r  (New 
York) .  D P P D  was suppl ied  b y  t h e  U.S.  R u b b e r  Comp-  
a n y  ~s. 3-MCA a n d  D P P D  were dissolved,  to r  in jec t ion ,  
in  p o l y e t h y l e n e  glycol  (PEG) ,  U .S .P .  400, o b t a i n e d  f rom 
F i she r  Scient i f ic  P roduc t s .  

Methods.  I n j e c t i o n s  of D P P D  were  m a d e  in t he  yo lk  7 
or  8 d a y s  a f t e r  eggs were p laced  in t h e  i n c u b a t o r ;  3-MCA 
was i n j ec t ed  in to  t he  yo lk  a f t e r  8 or  8 x/z days  of i n c u b a t i o n .  
I n j e c t i o n s  were m a d e  w i t h  a lX/~ inch ,  22 gauge  needle ,  
t h r o u g h  a sma l l  hole  cu t  in  t h e  shel l  o v e r  t he  a i r  spac  e. 
A t  c o m p a r a b l e  t imes ,  eggs were  i n j ec t ed  w i t h  P E G  to  
t e s t  i t s  effect.  4 g roups  were  used :  g roups  I a  a n d  I b  
(controls)  were  i n j ec t ed  w i t h  0.25 ml  or  0.15 ml of P E G ,  
respec t ive ly .  

Groups  I I a  a n d  I I b  rece ived  D P P D  (1.0 m g  in 0.25 ml  
P E G  a n d  1.0 m g  in 0.15 ml  P E G ,  respec t ive ly) .  

Groups  I I I a  a n d  I I I b  received 3-MCA; t he  a m o u n t s  
a n d  d i lu t ions  were exac t l y  as for D P P D  in t he  g roups  
above .  

Groups  I V a  a n d  I V b  were in jec ted  w i t h  b o t h  com-  
pounds ,  A D P P D  in j ec t i on  was fol lowed b y  one  of 3-MCA 
( sepa ra t ed  b y  e i t h e r  1 or  1 ~/2 days) .  T h e  c o n c e n t r a t i o n s  
i n j ec t ed  were e i t h e r  1.00 m g  D P P D  in  0.25 ml  P E G  
followed b y  1.00 m g  3-MCA in 0.25 ml  P E G  or  1.00 m g  
D P P D  in 0.15 ml  P E G  fol lowed b y  1.00 m g  3-MCA in 
0.15 ml  P E G .  T h e  l a t t e r  series ( IVb)  was r u n  twice,  on 
2 s epa ra t e  occasions  ( IVb-1 a n d  IVb-2) .  

The  smal le r  i n j ec t ion  vo lumes  were used  to  reduce  t h e  
t o t a l  v o l u m e  g iven  w h e n  2 in jec t ions  were to be  made .  
I f  2 i n j ec t ions  were to  be  made ,  e m b r y o s  d y i n g  a f t e r  t h e  
[irst i n j e c t i o n  were e l imina t ed .  

Fo l lowing  in jec t ion ,  eggs were  r e t u r n e d  to  t h e  i n c u b a t o r  
a n d  c a n d i e d  dai ly .  D e a d  e m b r y o s  were  r emoved ,  checked  
for  b e a k  a n d  fee t  de formi t i es ,  a n d  f ixed  in  10% fo rmal in .  
Fo l lowing  f i xa t i on  t h e y  were s t a g e d  a c c o r d i n g  to  H a m -  
b u r g e r ' s  s tages  a n d  checked  aga in  for  t h e  s ame  deformi-  
ties. On ly  defec ts  of t he  beaks  a n d  fee t  were scored;  
o t h e r s  m a y  h a v e  been  p resen t ,  bu t ,  for  t he  pu rpose  of t he  
p r e s e n t  e x p e r i m e n t ,  t h e y  were ignored.  

N e i t h e r  P E G  n o r  D P P D  p r o d u c e d  a n y  grossly observ-  
ab le  a b n o r m a l i t i e s ,  P E G  r educed  t h e  h a t c h  to  a n  a v e r a g e  
of 4 0 - 5 0 %  of expec ted ,  b u t  a l l  were a l ive  o n  t h e  19 th  d a y  
of i n c u b a t i o n .  I t  is h a t c h i n g  t h a t  a p p e a r s  to  h a v e  b e e n  
af fec ted .  D P P D  did  n o t  s i gn i f i c an t l y  f u r t h e r  r educe  t h e  
h a t c h .  

Results .  T h e  resu l t s  of 3-MCA t r e a t m e n t  a n d  of pre-  
t r e a t m e n t  w i t h  D P P D  a re  g iven  in t h e  Table .  

T h e y  were t e s t e d  for  s ign i f icance  b y  F i s h e r ' s  E x a c t  
2 × 2 Tes t  ~.  The  ana lyses  showed  t h a t  w h e n  t h e  t o t a l  
n u m b e r  of a f fec ted  e m b r y o s  in g roup  I I I a  a n d  I V a  were 
compared ,  t h e  r e d u c t i o n  obse rved  fo l lowing p r e t r e a t m e n t  
w i t h  D P P D  is no t  s igni f icant .  B u t  t h e  r e d u c t i o n  in t he  
n u m b e r  of b e a k  de fo rmi t i e s  a n d  de fo rmi t i e s  of one  or  
b o t h  feet  is s ign i f i can t  a t  t he  0 .01% level.  The  c o m p a r i s o n  
of t h e  t o t a l  n u m b e r  of de fo rmi t i e s  (no t  de fo rmed  em-  
bryos)  b e t w e e n  these  g roups  is s ign i f i can t  a t  t h e  0 .001% 
level.  

The  d i f ferences  obse rved  b e t w e e n  t h e  r e p e t i t i v e  runs  of 
g r o u p . I V b  (IVb-1,  IVb-2)  were also t e s t e d  a n d  n o t  found  
to  be  s ign i f i can t  ( P  = 0.87 for t o t a l  d e f o r m e d  a n d  
P = 0.50 for  beaks  a n d  feet). These  g roups  were t h e n  
pooled a n d  r e g a r d e d  as one. W h e n  c o m p a r e d  to  g roup  
I I I b ,  t h e  r e d u c t i o n  in t h e  n u m b e r  of d e f o r m e d  e m b r y o s  
is aga in  n o t  s igni f icant ,  b u t  t he  r e d u c t i o n  in those  of b e a k  
a re  s ign i f i can t  a t  t he  0 .01% level ;  t he  r e d u c t i o n  in those  
of 1 foot  was  n o t  s ign i f i can t ;  t he  r e d u c t i o n  in  those  of 
b o t h  fee t  was  s ign i f i can t  a t  t h e  0 .005% level ;  a n d  t h e  

1 D. HARMON, J. Geront. 16, 247 (1961). 
-0 D. HARMON, Radiat. Res. 16, 753 (1962). 
3 N. M. EMANUEL and L. P. LIPCmNA, Aeta Un. int. Caner. 20, 103 

(1964). 
4 A. VtTHAVATmL, J. L. TERNnERG and B. COMMONER, Nature 207, 

1246 (1965). 
E. BOVLAND, Brit. med. Bull. 20, 121 (1964). 
A. PULLMAN and B. PULLMAN, La Cancerlzation par les Substances 
Chimiques et la Structure lVloteculaire (Masson, Paris I955L 
B. PULLMAI'r, J. comp. physiol. Psychol. 64, (Suppl. 1) 91 (1964}. 

s B. COMMONER, J. TOWNSEND and G. E. PAKE, Nature 17d, 689 
(1954). 

0 S. S. EPSTEIN and M. BURROUGHS, Nature 793, 337 (1962). 
10 S. S, EPSTmN and M. S~ALL, Cancer Res. 23, 35 {1963). 
n S, S, EPSTEIN, M. SMALL, H. L. F^LK and N. MANTES, Cancer 

Res. 2d, 855 (1964). 
12 S. S, EPSTEIN, I. BUBON, J. KAPLAN, M. S~ALL and N. MANTEL, 

Nature 20d, 750 (1964). 
is p. C. BEOItAR, P. GOLDHABER and A. T, HERTIG, Indian J. reed, 

Res. 52, 263 (19641. 
It D.  W.  KING, J .  N u t r .  83, 123 (1964). 
15 T h e  a u t h o r s  are  a p p r e c i a t i v e  of the  gene ros i t y  of t he  U.S .  R u b b e r  

Company in supplying DPPD. We would a so like to acknowledge, 
with gratitude, the generosity of Dr, J. W. ZUKEL and Dr, E. 
WHEELER of the U,S. Rubber Company for their invaluable 
advice and guidance while we were carrying out this work. 

16 M, G, KENDALL and A. STUART, The Advanced Theory o/Statistics 
(Hafner Publishing Co. New York 1961), vol. 2, p. 550. 



590 Speeialia EXPERIENTIA 23/7 

Experiment Day No. Embryos 
injected injected deformed 

No. % 

Beak Feet deformities 
deformities one foot No. % 
No. % 

both feet No. % 
Total 
No. of 
deformi- 
ties 

la (1) 0.25 ml PEG 
(2) 0.25 ml PEG 

Ib 0.15 ml PEG 

Totals 

l l a  (1} L00 mg DPPD 
in 0.25 ml PEG 

(2) 1.00 nag DPPD 
in 0,25 ml PEG 

l ib  1,00 mg DPPD 
in 0.15 ml PEG 

Totals 

I l i a  1.00 mg MCA 
in 0,25 ml PEG 

II lb  1.00 mg MCA 
in 0,15 ml PEG 

IVa 

IVb (i) 

(2} 

Totals 

8 8 0 
7 and 8 5 0 

7 and 8x/2 22 0 

35 0 

7 4 0 

8 6 0 

7 (8 l/s) a 11 0 

21 0 

8 7 7 (lO0) 

(7} 81/~ b 16 16 (100) 

23 23 (100) 

7 (100) 2 (28.6) 5 (71.4) 19 

13 (81) 4 (25) 10 (62.5) 37 

20 (86.6) 6 (26.1) 15 (65.2) 56 

1.00 mg DPPD 7 
in 0.25 ml PEG 
1.00 mg MCA 8 14 12 (85.7) 7 (50.0) 2 (14.3) 3 (21,4) 15 
in 0,25 ml PEG 

1.00 mg DPPD 7 
in 0.15 ml PEG 15 9 (60.0) 7 (46,7} 3 (20,0) 3 (20.0) 16 
1.00 mg MCA 
in 0.15 ml PEG 8112 

1.00 mg DPPD 7 
in 0.15 ml PEG 15 11 (73.4} 6 (40,0) 4 (26,7) 3 (20.0) 16 
1.00 mg MCA 
in 0.15 ml PEG 81/2 

Totals 44 32 (72.7} 20 (45.5) 9 (20,4) 9 (20.4) 47 

Experiments I I I a - l l I b :  average No. of deformities/embryo = 2.44, Experiments IVa and IVb: average No. of deformities/embryo = 1.07. 
a 0.15 ml PEG injected at 8x]~ days. b 0.15 ml PEG injected at 7 days, 

r e d u c t i o n  in t h e  t o t a l  n u m b e r  of  d e f o r m i t i e s  w a s  s ign i f i -  
c a n t  a t  t h e  0 . 0 0 1 %  level .  

T h u s ,  D P P D  a n  a n t i o x i d a n t ,  a p p e a r s  c a p a b l e  of  p r e -  
v e n t i n g  a t  l ea s t  s o m e  of  t h e  a b n o r m a l i t i e s  w h i c h  3-MCA 
p r o d u c e s  in  t h e  ch ick ,  a n  o b s e r v a t i o n  w h i c h  i n d i c a t e s  
t h a t  3 - M C A - p r o d u c e d  a b n o r m a l i t i e s  h a v e  c o m e  a b o u t  
t h r o u g h  a f r e e - r a d i c a l  m e c h a n i s m .  D P P D ,  M C A  a n d  a 
m i x t u r e  ot  D P P D  a n d  M C A  w e r e  t h e n  d i s s o l v e d  in  P E G  
a n d ,  in  d a r k n e s s ,  p u r e  o x y g e n  b u b b l e d  t h r o u g h  each ,  
D P P D ,  a n d  D P P D  a n d  M C A  c o m b i n e d  s o o n  d e v e l o p e d  a 
d a r k - b r o w n  color ,  b u t  t h e  c o m b i n a t i o n  a t t a i n e d  a d e e p e r ,  
s t r o n g e r  co lo r  m u c h  m o r e  r a p i d l y .  T h i s  i n d i c a t e s  t h a t  t h e  
D P P D  w a s  o x i d i z e d  b y  o x y g e n  a n d  t h a t ,  in t h e  case  of  
t h e  c o m b i n a t i o n ,  t h i s  m a y  h a v e  o c c u r r e d  b y  c a t a l y z e d  
o x i d a t i o n  i n v o l v i n g  a r a d i c a l  t r a n s f e r  r e a c t i o n .  I t  i m p l i -  
c a t e s  3-MCA in t h e  ro le  of  t h i s  c a t a l y s t .  

T h e  d a t a  s u p p o r t  a p o s s i b l e  f l e e - r a d i c a l  m e c h a n i s m  of  
a c t i o n  o f  3 -MCA i n  t h e  p r o d u c t i o n  o f  e m b r y o n i c  de fec t s .  
W h e t h e r  i t s  c a r c i n o g e n i c  p r o p e r t i e s  a n d  i t s  t e r a t o g e n i c  
p r o p e r t i e s  c o m e  a b o u t  b y  t h e  s a m e  m e c h a n i s m  is n o t  
k n o w n .  B u t ,  if  t h e y  do ,  a f r e e - r a d i c a l  m e c h a n i s m  m a y  be  
c o m m o n  to  b o t h  ~ .  

Rdsumd. Les  e m b r y o n s  de  p o u l e t  t r a i t d s  au p r d a l a b l e  p a r  
d u  N , N ' - d i m d t h y l - p - p h S n y l + n e  d i a m i n e  s o n t  i m m u n i s ~ s  
c o n t r e  les d d f o r m a t i o n s  q u e  p r o d u i t  le 3 - m d t h y l c h o l -  
r a n t h r ~ n e ,  11 e s t  p o s s i b l e  q u e  c e t t e  p r o t e c t i o n  sof t  d u e  
u n e  a c t i o n  n e u t r a l i s a n t e  des  r a d i c a u x  l ibrcs  f o r m d s  p a r  
le 3 - m d t h y l c h o l r a n t h r ~ n e  avec  l ' oxyg~ne .  

D. J .  PIZZARELLO a n d  J .  G. KLOSS as 

Department o/Radiology, The Bowman Gray Sckool o] 
Medicine, Winston-Salem (North Carolina 27103, 
USA), 28th November 1966. 

1~ Partially supported by a grant from the Forsyth Cancer Service. 
is Fellowship support from the Tobacco Research Council. 


