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T e c h n i c a l  DDT i n c r e a s e s  u t e r i n e  we t  we igh t  in ra t s  (1). 
The most  a c t i v e  c o n s t i t u e n t  is not  p , p ' - D D T  2 but  t h e  o , p ' -  
i some r ,  w h i c h ,  it was  s u g g e s t e d ,  cou ld  c o m p e t e  wi th  l a b e l l e d  
o e s t r a d i o l  for  b ind ing  s i t e s  on the  u t e r u s .  It has  now b e e n  
r e p o r t e d  (2) t ha t  a d m i n i s t r a t i o n  of  o , p ' - D D T  c a n  c a u s e  
o e s t r o g e n i c - t y p e  r e s p o n s e s  in the  we igh t  and g l y c o g e n  
c o n t e n t  of  c h i c k e n  and qua i l  o v i d u c t s  and  rat  u t e r i .  

If o,p'-DDT is a potent oestrogen, large scale treatment 
of the environment could produce a serious hazard since the 
commercial DDT mixture contains 11-29% of the o,p'-isomer (3). 
Oestrogens increase serum calcium and lipid levels in birds (4) 
and the effect of o,p'-DDT on Japanese quail (Coturnix coturnix 
japonica) has been studied, paying particular attention to any 
changes in these parameters. 

Experimental methods 

Exper iment  1~ Two g roups  of  6 ma le ,  and  two of  6 f e m a l e ,  
J a p a n e s e  qua i l  (age 33 d a y s ,  w e i g h t  60-80  g) were  r andomly  
s e l e c t e d .  Each bird in one  group of e a c h  s e x  was  t r e a t e d  d a i l y  
for 4 d a y s  wi th  o , p ' - D D T  3 (5 rag in 0 . 2  ml o l i v e  o i l ,  by 
i n t r a m u s c u l a r  i n j e c t i o n ) .  Birds in  the  con t ro l  group w e re  i n j e c t e d  

1 o ,  p '  -DDT:  1,1, 1 - t r i c h l o r o - 2 -  ( o - c h l o r o p h e n y )  - 2 -  
( p - ch lo ropheny l )  e t h a n e  

2p,  p. -DDT:  1, 1, l - t r i c h l o r o - 2 , 2  - b i s  ( p - ch lo ro p h en y l )  e t h a n e  
3Aldrich C h e m i c a l  C o . ,  M i l w a u k e e ,  W i s .  
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wi th  o l i v e  o i l  o n l y .  Blood s a m p l e s  w e r e  t a k e n  f rom the  j u g u l a r  
v e i n  of  a n a e s t h e t i s e d  f e m a l e  b i rd s  72 hour s  a f t e r  t h e  f i na l  
i n j e c t i o n ,  a n d  f rom t h e  m a l e s  24 hour s  l a t e r .  Birds w e r e  
s a c r i f i c e d  and  e i t h e r  o v i d u c t  a n d  o v a r y  w e i g h t  or t e s t e s  w e i g h t  
r e c o r d e d .  S a m p l e s  of  b r e a s t  m u s c l e  w e r e  a n a l y s e d  for 
o r g a n o c h l o r i n e  r e s i d u e s .  

Exper imen t  2.  Six adu l t  m a l e  qua i l  (age 73 d a y s ,  w e i g h t  
94-108 g) w e r e  e a c h  o r a l l y  d o s e d  by  m e a n s  of a c a t h e t e r ,  w i th  
l0 mg o , p ' - D D T  in 0 .2  ml o l i v e  o i l ,  3 d o s e s  pe r  w e e k  b e i n g  
a d m i n i s t e r e d  for  3 w e e k s .  A fu r the r  g roup  of 6 q u a i l  w a s  
s i m i l a r l y  t r e a t e d  w i th  o l i v e  o i l  o n l y .  Blood s a m p l e s  w e r e  w i t h -  
d r awn  from the  b r a c h i a l  v e i n  p r io r  to d o s i n g  and  a g a i n  a t  t he  
end  of  t he  3 w e e k  p e r i o d .  After t h e  s e c o n d  b lood  s a m p l e  w a s  
t a k e n ,  b i rds  w e r e  s a c r i f i c e d  and  l i v e r  and  t e s t e s  w e r e  w e i g h e d .  
Liver  s a m p l e s  w e r e  a n a l y s e d  for  o r g a n o c h l o r i n e  r e s i d u e s .  

A n a l y s i s .  All s e r u m  s a m p l e s  w e r e  a n a l y s e d  for  t o t a l  c a l c i u m  
(5) and  t h o s e  f rom the  f e m a l e s  w e r e  a n a l y s e d  for  t o t a l  l i p id  (6). 

T i s s u e  s a m p l e s  for  o r g a n o c h l o r i n e  a n a l y s i s  w e r e  g round  wi th  
s a n d  and  a n h y d r o u s  s o d i u m  s u l p h a t e  and  e x t r a c t e d  w i th  ho t ,  
r e d i s t i l l e d  n - h e x a n e ,  f o l l o w e d  by r e d i s t i l t e d  a c e t o n e .  Ex t r ac t s  
w e r e  p a s s e d  t h rough  a n  a l u m i n a  c o l u m n  and  r e s i d u e s  d e t e r m i n e d  
by  g a s - l i q u i d  c h r o m a t o g r a p h y  u s i n g  a n  e l e c t r o n  c a p t u r e  d e t e c t o r .  

R e s u l t s  

Results for Experiments 1 and 2 are given in Tables 1 and 2 
respectively. In both experiments the mean testes weight of the 
treated birds was less than that of the corresponding controls ,but 
because of variation within the groups, neither difference is 
statistically significant. No significant differences occurred 
between respective treated and control groups for any of the 
organs studied. In Experiment 2 serum calcium levels for birds 

in the o,p'-DDT group were virtually the same before and after 
treatment, while in Experiment I, mean levels for the treated 
birds were slightly higher than for the control birds, but the 
differences were not significant. The percentage gain in weight 
of females treated with o,p'-DDT was lower (P<0.05) than that 
of the corresponding control group,but no difference was observed 
in the serum lipid levels of the two groups. 
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TABLE 1 

Effect of o ,p ' -DDT on young Japanese  quai l .  
Standard errors are  given whenever  appropriate .  

For experimental  de ta i l s  see  texs 

Sex 

o ,p ' -DDT to each  bird 

Mean init ial  weight  (g) 
Mean final weight  (g) 

Mean t e s t e s  weight  (g) 
Mean ovary weight  (g) 
Mean oviduct  weight  (g) 

Mean serum calc ium (mg%) 
Mean serum lipid (mg%) 

Mean content  of o ,p ' -DDT 
in breas t  musc le  (ppm) 

male male femal e female 

0 4x5mg 0 4x5mg 

73-+2 71-+2 70-+3 72+3 ~ 
91-+2 89-+2 87-+3 85-+3 

0 .29+0.05  0 .16+0.05 

10.6+0.2 10.9-+0.2 

0.058t0.012 0.046t0.( 
0.014• 0.016• 

11.1t0.7 ll.St .c 
1260 30 12sot36 

< 0 . 0 2  2 .3+0.5  < 0 . 0 2  2.1-+O,s 

TABLE 2 

Effect of o,p'-DDT on adult male ~apanese quail. For experimental details 
see text. Standard errors are given whenever appropriate. 

o ,p ' -DDT to each  bird 0 9xl0mg 

Mean initial weight (g) i01+2 106+2 
Mean final weight (g) 109+3 114+3 

Mean testes weight (g) 2.54+0.17 2.18+0.06 
Mean liver weight (g) 2.10+0.21 2.10-+0.13 

Mean ini t ial  serum calc ium (mg%) 9.4-+0.8 9.8-+0.4 
Mean final serum calc ium (rag%) 11.2-+0.8 9 .7+0 .3  

Mean conten t  of o ,  p '-DDT < 0.03 5.1-+0.9 
in l iver  (ppm) 
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The s e r i e s  of  o r a l  d o s e s  of  o , p ' - D D T  a p p l i e d  to the  adu l t  
m a l e  q u a i l  d id  not  c a u s e  t h e m  to  v o m i t ,  a s  has  b e e n  o b s e r v e d  
a f t e r  d o s i n g  p i g e o n s  (7), and  the  g e n e r a l  h e a l t h  of  t h e s e  b i rds  
and  of  the  y o u n g  q u a i l  t r e a t e d  in the  f i r s t  e x p e r i m e n t  s e e m e d  
u n i m p a i r e d .  W h e n  m a t e d  w i th  a f e m a l e  qua i l  a t  t he  end  of  t he  
3 w e e k  t r e a t m e n t  p e r i o d ,  a l l  t he  adu l t  m a l e s  t r e a t e d  w i th  
o , p ' - D D T  a t t e m p t e d  c o p u l a t i o n  w i t h i n  12 s e c o n d s ,  a s  did  t he  
c o r r e s p o n d i n g  c o n t r o l  b i r d s .  

Serum c a l c i u m  l e v e l s  of  3 a d u l t  m a l e  q u a i l ,  24 hours  a f t e r  
e a c h  r e c e i v e d  a n  o ra l  d o s e  of  1 mg d i e t h y l s t i l b o e s t r o l  in 0 . 2  ml 
o l i v e  o i l ,  w e r e  11.5, 11.5 and  12.7  mg%.  The m e a n ,  11.9 mg%, 
is  18 pe r  c e n t  h i g h e r  t h a n  the  m e a n  of  10.1 mg% for a l l  s a m p l e s  
from u n t r e a t e d  b i rds  in Expe r imen t  2. Three  more  m a l e s ,  b e i n g  
u s e d  in a d i f f e r e n t  e x p e r i m e n t  to s t u d y  the  e f f e c t  of  o e s t r o g e n  
on  ma t ing  b e h a v i o u r ,  w e r e  s i m i l a r l y  d o s e d  for 4 d a y s  and  w e r e  
t h e n  i n j e c t e d  i n t r a m u s c u l a r l y  w i th  the  s a m e  amoun t  of  
d i e t h y l s t i l b o e s t r o l  for  a fu r the r  6 d a y s .  Serum c a l c i u m  l e v e l s  
of  t h e s e  3 b i r d s  w e r e  t h e n l 0 1 . 8 ,  8 7 . 9  and  78 .4  rag%. 

Discussion 

In t he  f i r s t  e x p e r i m e n t ,  the  work  of Bi tman et  a l  on  J a p a n e s e  
q u a i l  (2) has  b e e n  e x t e n d e d .  T h e s e  a u t h o r s  r e p o r t e d  i n c r e a s e d  
o v i d u c t  w e i g h t  a f t e r  t r e a t m e n t  w i t h  o , p ' - D D T .  W h i l e  t h e r e  is  
l i t t l e  d i f f e r e n c e  in Expe r imen t  1 b e t w e e n  m e a n  o v i d u c t  w e i g h t s ,  
t h e r e  w e r e  r e d u c t i o n s  in m e a n  o v a r y  and  t e s t e s  w e i g h t s  (in 
bo th  e x p e r i m e n t s )  for the  t r e a t e d  b i r d s .  Al though t h e s e  
d i f f e r e n c e s  a r e  not  s i g n i f i c a n t ,  t h e y  a re  c o n s i s t e n t  w i th  
c h a n g e s  t h a t  w o u l d  o c c u r  if  o , p ' - D D T  a c t e d  a s  a n  o e s t r o g e n .  
S ince  o ; p ' - D D T  c a n  a c t  d i r e c t l y  in a n  o e s t r o g e n i c  manne r  a t  
u t e r i n e  s i t e s  in  o v a r i e c t o m i s e d  r a t s  (1), it might  s u p p r e s s  the  
p i t u i t a r y  g o n a d o t r o p h i n  s e c r e t i o n  of  qua i l  u s e d  in t h e  p r e s e n t  
e x p e r i m e n t  by  m e a n s  of  a f e e d b a c k  m e c h a n i s m  (4) so  
r e d u c i n g  o v a r y  w e i g h t  and  t e s t e s  w e i g h t .  D i f f e r e n c e s  in t he  
w e i g h t s  of  t he  g o n a d s  do no t ,  h o w e v e r ,  n e c e s s a r i l y  r e f l e c t  
t rue  o e s t r o g e n i c  a c t i v i t y .  For i n s t a n c e ,  t e s t e s  g rowth  in 
c o c k e r e l s  is  s u p p r e s s e d  by f e e d i n g  p , p ' - D D T  (8), a f a c t  
w h i c h  l ed  the  a u t h o r s  to s u g g e s t  t h a t  t he  p ,  p ' - i s o m e r  may  be  
o e s t r o g e n i c .  S u b s e q u e n t  e x p e r i m e n t s ,  h o w e v e r ,  d e m o n s t r a t e d  
t h a t  i t  d o e s  not  p r o d u c e  o t h e r  o e s t r o g e n i c  r e s p o n s e s  s u c h  a s  
e l e v a t i o n  of b lood  c a l c i u m  l e v e l s  (9). Al though o , p ' - D D T  c a n  
p r o d u c e  a more  v a r i e d  r a n g e  of o e s t r o g e n i c  r e s p o n s e s  t h a n  
the  p , p ' - i s o m e r ,  t h e  e l u c i d a t i o n  and  i n t e r p r e t a t i o n  of  the  
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pos s ib l e  oe s t rogen ic  proper t ies  of t he se  two compounds 
have p rog res sed  along para l l e l  l i n e s .  Blood ca lc ium and 
l ipid l eve l s  are s ens i t i ve  indica tors  of oe s t rogen ic  ac t iv i ty(4)  
and s ince  l i t t l e  or no change has been  d e t e c t e d  in e i ther  
parameter  during the p re sen t  s tudy ,  it would sugges t  tha t  
o , p ' - D D T  may exer t  an e f fec t  on the endocr ine  sys t em,  
without  d i sp lay ing  all  the proper t ies  of a potent  o e s t r o g e n .  
Obse rva t ions  jus t  publ i shed  by Bitman and his coworkers  (10) 
a l so  support  th i s ,  s ince  adult  female quail  dosed  with 
o , p ' - D D T  lay eggs with th inner  she l l s ,  but blood and ske l e t a l  
ca lc ium are una f f ec t ed .  Furthermore,  F isher ,  Keasling and 
Schueler  (11) repor ted that  the p, p ' -DDT molecule  does  not 
p o s s e s s  the full  s t e r i c  requi rements  for an oes t rogen ,  an 
argument that  may a l so  be appl ied  to o , p ' - D D T .  

In the wild s ta te  an organism obta ins  o , p ' - D D T  via 
app l i ca t ions  of t e chn ica l  DDT. Since p , p ' - D D T  is p resen t  
in concen t r a t i ons  of up to 80% in this  mixture (3), i ts 
e f fec t  on the organism must a l so  be c o n s i d e r e d .  For the  
bobwhite  quail  (Colinus v i rg in ianus) ,  the acu te  oral  t ox ic i ty  
of p , p ' - D D T  in oil  so lu t ion  is 60-85 mg/kg (12). Adult 
Japanese  quail  in the p resen t  s tudy r ece ived  9 dose s  each  
of 90-i10 mg o , p ' - D D T / k g .  Had the p, p ' - i somer  been  
p re sen t  at the  same re l a t ive  concen t r a t i on  found in t e chn i ca l  
DDT, ev idence  from the mortal i ty s tudy on a r e l a t ed  s p e c i e s  
ind ica tes  that  each  of the 9 doses  would probably have been  
suf f ic ien t  to ki l l  s eve ra l  i nd iv idua l s .  

Bitman et al (10) have recently reported a decrease in 
egg shell thickness when quail are treated with p,p'- or 
o,p'-DDT, although, as these authors rightly pointed out, 
the pesticide intake of these quail was far in excess of that 
ingested by seed-eating birds in the field, o,p'-DDT is 
readily lost by birds (7) and very few wildlife samples 
contain detectable amounts. The maximum concentration 
found in over a thousand wildlife samples analysed for the 
Nature Conservancy during the last few years was 0.2 ppm 
in a liver sample (7), so that the intake of o,p'-DDT by 
raptorial species is probably negligible, the compound 
having been lost further down the food chain. Since the 
initial work of Ratcliffe (13), considerable interest has been 
shown in the decrease in egg shell thickness of several 
raptorial species. The evidence would suggest, however, 
that o,p'-DDT cannot be implicated in this decline, and it 
probably does not constitute a hazard to a.vian populations 
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in the f ield,  e spec i a l l y  when compared with several  other 
organochlorine p e s t i c i d e s .  
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