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Table II. Field tests with different concentrations of the larch bud 
moth attractant, trans-ll-tetradeeenyl acetate, conducted in the 
Engadin (Switzerland} 

Attractant No. of males trapped 
cone. in/zl~ August September 

13-19 13-16 16-27 

1 46 - - 
10  -1  46 165 b 295 b 
10 -z 236 147 b 187 b 
10 -~ 184 65 ~ 134 b/100 
10 -4 - 71 a 90 
10 -'-8 - 160 a 213 

Control • 125.5 174.5 - 

Except for 10-~]10 4 and 10-2[10 ~~ t~1, all differences between con- 
centrations are significmlt at 2% level. 
~1/tl of attractant or acetone solution on a rubber stopper. ~Same 
preparation as in August. ~ Mean of 4 replicates with fresh preparation. 
aTrap with fresh preparation, eMean of the 4 best out of 10 traps con- 
taining virgin females. 
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Antennal responses of male larch bud moths to acetates (white e~- 
lumns) and alcohols (black colmnns) of 14-carbon chain standards with 
different position of double bond in cis (c) or trans (t) configuration 
(10/tg on filter paper, 4 replicates). 

sponses.  The  ace ta te  s t a n d a r d s  were more  ac t ive  t h a n  the  
co r respond ing  alcohols,  w i t h  trans-11-tetracedenyl ace ta te  
a lways  p roduc ing  t h e  g rea tes t  r esponse  (Figure).  The  
p a t t e r n  of the  responses  ob t a ined  w i t h  t he  s t a n d a r d s  is 
s imilar  to  t h a t  of o the r  species which  use a m o n o u n s a t u r -  
a t ed  ace t a t e  as a sex  a t t r a c t a n t  2,8,5. The above  d a t a  
ind ica te  t h a t  trans-ll-tetradecenyl ace ta te  m a y  be s imilar  
to  t he  m a i n  c o m p o n e n t  of t h e  sex p h e r o m o n e  communica -  
t ion  s y s t e m  of th is  insect .  

F ie ld  t e s t i n g  s tud ies  p r o v e d  t h a t  trans-ll-tetradecenyl 
ace t a t e  is v e r y  a t t r a c t i v e  to  male  larch  bud  m o t h s  b u t  
n o t  for  females .  A t e s t  involv ing  cis- a n d  trans-ll-tetra- 
deceny l  ace ta t e s  a n d  alcohol showed  t h a t  on ly  the  trans- 
ace t a t e  is a t t r ac t ive ,  a l t hough  2 ~zl of chemica l  in a poly-  
e thy lene  cap d id  n o t  begin  to  a t t r a c t  un t i l  i t  h a d  been  in 
the  field for 40 days  (living females  d id  a t t r a c t  males  dur ing  
th i s  period).  Di lu t ion  series of the  trans-acetate were t h e n  
t e s t ed  in an  a t t e m p t  to  op t imize  the  release ra te  (Table II) .  
I t  became  obvious  t h a t  lower release ra tes  were  essential ,  
t h a t  of 100 ~tg of chemica l  or more  on a rubbe r  s topper  
be ing  too high. However ,  t r aps  w i t h  100 ~g of t he  sub- 
s tance  became  h igh ly  a t t r a c t i v e  in t he  course of 1 mon t h .  
The fac t  t ha t ,  of t he  f resh  p repa ra t ions ,  10 vtg and  1 ng of 
chemica l  were m o s t  a t t r ac t ive ,  suggests  t h a t  2 o p t i m u m  
concen t ra t ions  exis t .  The  s ignif icance of th is  f ind ing  has  
to  be  s tud ied  dur ing  t h e  n e x t  season.  Since the  f resh  I ng 
t r a p  con t a ined  only  a b o u t  2 t r i l l ion  molecules  and  since 
i t  did n o t  lose i ts  a t t r a c t i o n  for  a t  leas t  14 days,  one m a y  
conclude  t h a t  a few molecules  per  ~tl of a ir  suffice t o  
a t t r a c t  t h e  male  la rch  b u d  moths .  

A l though  i t  has  no t  been  r igorous ly  p roven  t h a t  trans- 
11- te t radecenyl  ace ta t e  is ident ica l  w i t h  t h e  na tu ra l  sex 
pheromone ,  t h e  c o m p o u n d  is p o t e n t  e n o u g h  in t he  field 

to  replace l iving female moni to r ing  t r aps  and  to  be used in 
insect  con t ro l  expe r imen t s .  This  same c o m p o u n d  has  been  
found  to  serve as an a t t r a c t a n t  for several  o the r  lepi- 
dop te rous  species, b u t  the  m o s t  in te res t ing  po in t  con- 
cerning its s t ruc tu re  is t h a t  i t  r ep resen t s  t he  f i rs t  case in 
which  a species of the  subfami ly  Ole th reu t inae  a p p a r e n t l y  
uti l izes a 14-carbon r a t h e r  t h a n  a 12-carbon cha in  a t t r ac -  
t e n t  5. 

Zusammen]assung. Mit Hi t fe  der  A n t e n n o g r a m m -  
Methode  wurde  trans-ll-Tetracedenylacetat als spezi-  
f isches A t t r a k t a n s  fiir M~nnchen  des  LArchenwicklers  
Zeiraphera diniana b e s t i m m t .  In  gee igne ter  K o n z e n t r a -  
t ion i s t  die  A t t r ak t i v i tX t  der  s y n t h e t i s c h e n  Su b s t anz  
der jen igen  v i rg iner  W e i b c h e n  ebenbi i r t ig .  
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D i s t r i b u t i o n  o f  t h e  H e r b i c i d e s  2 , 4 , 5 - T  a n d  2 , 4 - D  i n  P r e g n a n t  M i c e .  A c c u m u l a t i o n  i n  t h e  Y o l k  S a c  

E p i t h e l i u m  

The  t e ra togen ic  ac t ion  of herb ic ides  of p h e n o x y a c e t i c  revea led  x,~. In  t h e  f i rs t  s t u d y  x t h e  i m p u r i t y  2, 3, 7, 8- 
acid t y p e  has  been  t h e  ob jec t  of several  inves t iga t ions ,  t e t r ach lo rod ibenzo -p -d iox in  3 has  been  sugges ted  to  have  
W h e n  2, 4, 5-T was  admin i s t e red  to  p r e g n a n t  mice,  mal -  c o n t r i b u t e d  to  t h e  ma l f o r ma t i o n s  observed,  bu t  la ter  
fo rma t ions  such  as cyst ic  k idney  and  clef t  pa la t e  were  b o t h  pur i f ied  2, 4, 5-T a n d  t h e  d ioxin  were  shown to  cause 
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Fig. 1. Autoradiogram of a pregnant mouse 
16 h after i.v. injection of x4C-2,4,5-T. The 
highest concentration is seen in the visceral 
yolk sac epithelium. 

Visceral yolk sac Fetuses 

f e t a l  damage* .  I t  h a s  also b e e n  sugges ted  t h a t  t h e r e  m i g h t  
be  a synerg i s t i c  ef fec t  b e t w e e n  t h e  two  c o m p o u n d s  w i t h  
r e spec t  t o  t h e i r  t e r a t o g e n i c  ac t ion*.  

I n  our  s tudies ,  p r e g n a n t  mice  were g iven  i.v. i n j ec t ions  
of 1-x4C-labelled 2 ,4 ,5 -T  (The  R a d i o c h e m i c a l  Centre ,  
RCC, A m e r s h a m ,  E n g l a n d ,  specif ic  a c t i v i t y  30 mC per  
mmole )  or  of 1-14C-labelled 2, 4-D (RCC, specif ic  a c t i v i t y  
34 m C  pe r  mmole) .  B o t h  s u b s t a n c e s  were  d i sso lved  in  5 0 %  
e t h y l  a lcohol  a n d  10 ~C of each  s u b s t a n c e  was  a d m i n i s t e r -  
ed  c o r r e s p o n d i n g  to  0.09 m g  2 ,4 ,5 -T  a n d  0.05 m g  2,4-D.  
The  mice  were of N M R I  s t r a i n  a n d  we ighed  b e t w e e n  25 
a n d  35 g. W h o l e  b o d y  a u t o r a d i o g r a p h y  was  p e r f o r m e d  
accord ing  to  a m e t h o d ,  desc r ibed  ear l ier  5. 

Labe l l ed  2, 4, 5-T was  a d m i n i s t e r e d  to  2 p r e g n a n t  mice  
a t  ea r ly  p r e g n a n c y .  One  m o u s e  was  i n j ec t ed  8 d a y s  a f t e r  
m a t i n g  as  d e t e r m i n e d  b y  o b s e r v a t i o n  of v a g i n a l  p lug  a n d  
ki l led 4 h a f t e r  in jec t ion .  T h e  o t h e r  one  was  in j ec t ed  9 d a y s  
a f t e r  m a t i n g  a n d  ki l led  24 h a f t e r  in jec t ion .  Labe l l ed  2, 4, 5- 
T was  also a d m i n i s t e r e d  to  a series of 8 mice  a t  l a t e  s t a t e  
of p r e g n a n c y .  T h e  mice  were  sacr i f iced 5 min ,  20 min ,  1 h, 
4 h, 16 h,  24 h ,  48 h a n d  4 d a y s  a f t e r  in jec t ion .  

Labe l l ed  2, 4-D was  a d m i n i s t e r e d  to  a series of 7 mice  
a t  l a te  s t a t e  of p r e g n a n c y .  The  mice  were  sacr i f iced 5 min ,  
20 min ,  1 h,  4 h (2 an imal s )  a n d  24 h (2 an imals )  a f t e r  
in jec t ion .  

Mice a t  ea r ly  s t a t e  of p r e g n a n c y :  Af t e r  i n j e c t i o n  of 
z4C-2, 4, 5-T to  t h e  d a m ,  t h e  r a d i o a c t i v e  s u b s t a n c e  d id  n o t  
to  a n y  app rec i ab l e  e x t e n t  r e a c h  t h e  embryo .  The  on ly  

o rgans  w i t h  h i g h e r  c o n c e n t r a t i o n s  t h a n  t h e  b lood  were  
t h e  k i d n ey s  a n d  t h e  v i sce ra l  yo lk  sac  ep i the l ium.  

Mice a t  l a t e  s t a t e  of p r e g n a n c y :  Fo l lowing  a d m i n i s t r a -  
t i o n  of z4C-2, 4, 5-T t h e  d i s t r i b u t i o n  w i t h i n  t h e  d a m  was  
un i fo rm,  t h e  on ly  o rgans  w i t h  h i g h e r  c o n c e n t r a t i o n s  t h a n  
t h e  b lood  b e i n g  t h e  k i d n ey s  a n d  t h e  v i sce ra l  yo lk  sac 
ep i t h e l i u m.  As  ea r ly  as  5 m i n  a f t e r  in jec t ion ,  t h e  concen-  
t r a t i o n  in  t h e  y o l k  sac  e p i t h e l i u m  exceeded  t h a t  in  t h e  
blood.  L a t e r  (a f te r  20 m i n  to  48 h) t h e r e  was  a f u r t h e r  
a c c u m u l a t i o n  a n d  r e t e n t i o n  in  t h e  yo lk  sac, wh i l e  t h e  
c o n c e n t r a t i o n s  in  o t h e r  t i s sues  s lowly decreased  (Figure  1). 
T h e  level  in  t h e  serous  f lu ids  equa l l ed  t h a t  of t h e  blood.  
T h e  c o n c e n t r a t i o n  in  t h e  b r a i n  was low. T h e  choro id  
p l e x a  showed  a c t i v i t y  s imi la r  to  t h a t  of t h e  blood.  

1 K. D. COURTNEY, D. W. GAYLOR, M. D. HOGAN, H. L. FALK, R. R. 
BATES and J. MITCHELL, Science 168, 864 (1970). 
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Energy, Natural Resources and Environment of the Senate Com- 
merce Committee, April 15, by K. D. COURTNEY et al. 
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Fig. 2. Detail of an autoradiogram of a pregnant 
mouse 4 h after i.v. injection of z4C-2, 4,5-T. 
Note accumulation in the visceral yolk sac 
epithelium. No accumulation is seen in the 
fetus. 
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Plaoentae 
Fig. 3. Detail of an autoradiogram of a pregnant 
mouse 16 h after i.v. injection of 14C-2, 4,5-T. 
Note accumulation in the visceral yolk sac 
epithelium. No site of accumulation in the fetal 
tissues is seen. 

Visceral yolk sac Fetuses 

The  a c t i v i t y  s lowly passed  t he  p l acen ta ,  a n d  t he  fe ta l  
t i s sues  g r adua l l y  r e ached  a s imi la r  level  to  t h e  m a t e r n a l  
ones.  T h e  h ighes t  a c t i v i t y  was  f o u n d  in t he  fe ta l  blood.  
The re  was no  s i te  of a c c u m u l a t i o n  in t h e  fe ta l  t i ssues  
(Figures  2 a n d  3). C o n c e n t r a t i o n s  equa l  to  t h a t  in t h e  
b lood  could  be  obse rved  in serous  f luids  ( the  a b d o m i n a l ,  
pe r i ca rd ia l  a n d  ocular  l iquids).  

Labe l l ed  2, 4-D showed a s l igh t  t e n d e n c y  for accumula -  
t i o n  in t he  v i scera l  yo lk  sac, passed  to  t he  fe tus  a n d  was 
r a p i d l y  (wi th in  24 h) e l i m i n a t e d  f rom all  t issues,  inc lud ing  
t h e  v iscera l  yo lk  sac. The re  was  a g rea t  d i s c r epancy  in t h e  
d i s a p p e a r a n c e  r a t e  of 14C-2,4, 5-T a n d  1'C-2,4-D~. B o t h  
2, 4, 5-T a n d  2, 4-D h a v e  p r o v e d  to  be  s t a b l e  in t h e  body ,  
no  m a j o r  m e t a b o l i t e s  be ing  f o u n d L  I t  is the re fo re  l ikely 
t h a t  t h e  r a d i o a c t i v i t y  in  t h e  a u t o r a d i o g r a m s  r ep re sen t s  
on ly  t he  u n a l t e r e d  subs t ances .  

Discussion. T h e  e v e n n e s s  in  d i s t r i b u t i o n  p a t t e r n  wh ich  
was  obse rved  b o t h  for  2, 4, 5-T a n d  2, 4-D is r e m a r k a b l e ,  
w i t h  lack  of a c c u m u l a t i o n  in a l l  t i s sues  e x c e p t  t h e  v i scera l  
yo lk  sac  ep i the l i um.  I n  sp i t e  of  t h e  r a t h e r  e v e n d i s t r i b u t i o n  
of b o t h  subs tances ,  t h e  d i f fe rence  b e t w e e n  t h e m  is s t r i k ing  
w i t h  a m u c h  more  r a p i d  d i s a p p e a r a n c e  f rom all  t i s sues  for  
2 ,4 -D a n d  a s t r o n g e r  a c c u m u l a t i o n  in  t h e  yo lk  sac  
e p i t h e l i u m  for  2, 4, 5-T. 

T h e  se lec t ive  u p t a k e  of 2, 4, 5-T in t h e  yo lk  sac  ep i the -  
l i u m  a n d  t h e  lack of p l a c e n t a l  t r a n s f e r  in  t h e  ear ly  preg-  
n a n c y  ind ica t e  a s imi la r  t e r a togen i c  m o d e  of ac t ion  for 
2, 4, 5-T to  t h e  one w h i c h  ha s  b e e n  p o s t u l a t e d  for  t r y p a n  
b lue  8. Th i s  azo-dye  was  shown  to  be  a p o t e n t  t e r a tog en i c  
s u b s t a n c e  w h e n  a d m i n i s t e r e d  to  r o d e n t s  *. T r y p a n  b lue  
was found  no t  to  pass  t h e  p l a c e n t a l  bar r ie r ,  b u t  to  
a c c u m u l a t e  in  t he  yo lk  sac e p i t h e l i u m  TM. LLOYD a n d  
BECK s,n,~* h a v e  p roposed  t h a t  t r y p a n  b lue  ac t s  b y  
e n z y m a t i c  i n h i b i t i o n  of t he  e m b r y o t r o p h i c  n u t r i t i o n .  T h e  
ear ly  e m b r y o n i c  n u t r i t i o n  is la rgely  ca r r ied  o u t  b y  enzy-  
m a t i c  b r e a k d o w n  of n u t r i t i o n a l  macromolecu les .  T r y p a n  
b lue  ha s  no  t e r a togen ic  effect  on  r a t s  a f t e r  t h e  10 th  d a y  

of p r e g n a n c y ,  w h e n  t h e  chor io -a l l an to ic  p l a c e n t a  a s sumes  
t h e  func t i on  of n u t r i t i o n  of t h e  fetus.  T r y p a n  b lue  is 
t e ra togen ic ,  b u t  n o t  i t s  r e d u c t i o n  p r o d u c t s  o- to l id ine  a n d  
2, 8 - d i a m i n o - l - n a p h t o l - 3 ,  6 -d i su lphonic  acid.  

The  m o r p h o l o g y  of t h e  p l a c e n t a  a n d  r e l a t ed  s t r u c t u r e s  
shows a g rea t  v a r i a t i o n  a m o n g  species. I n  roden ts ,  t h e  
yo lk  sac is t h e  on ly  e x t r a e m b r y o n i c  t i ssue  cap ab l e  of 
b r e a k i n g  d o w n  macromolecu le s  to  a n  apprec i ab le  ex t en t ,  
b u t  in o t h e r  m a m m a l i a n  fo rms  t h e  e m b r y o t r o p h i c  n u t r i -  
t i on  is car r ied  o u t  b y  a wide  v a r i e t y  of fe ta l  m e m b r a n e s  
a n d  d i s t u r b a n c e  of t h e  e m b r y o t r o p h i c  n u t r i t i o n  migh  be  
a n  i m p o r t a n t  t e r a t o g en i c  m e c h a n i s m  TM. I t  is, however ,  
l ike ly  t h a t  t h e  e m b r y o t r o p h i c  n u t r i t i o n  p lays  a q u a n t i t a -  
t i ve ly  more  d o m i n a n t  role for  r o d en t s  t h a n  for p r i m a t e s .  

Zusammen[assung. N a c h  I n j e k t i o n  des  He rb i z id s  2, 4, 
5-T wurde  bei  d e r  Maus  im D o t t e r s a c k e p i t h e l  e ine  selek-  
t i ve  K u m u l a t i o n  b e o b a c h t e t .  Be i  f r i iher  T r / i ch t igke i t  
pass i e r t  die S u b s t a n z  die  P l a c e n t a  n ich t .  D e r  W i r k u n g s -  
m e c h a n i s m u s  d i i r f te  m i t  d e m  des  T r y p a n b l a u s  i den t i s ch  
sein.  
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