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Summary. Cocaine p o t e n t i a t e s  t h e  effects  of ep inephr ine  a nd  n o r e p i n e p h r i n e  in t e r m s  of aor t ic  a rch  m a l f o r m a t i o n  ill 
e m b r y o n i c  chicks.  Cocaine i tself  induces  aor t ic  a rch  m a l f o r m a t i o n s  w h e n  a d m i n i s t e r e d  in large doses.  

I n  a r e cen t  p ap e r  i t  was  d e m o n s t r a t e d  t h a t  ca techol -  
a m i n e s  i nduce  ca rd iovascu l a r  a b n o r m a l i t i e s  in em-  
b ryon i c  chicks  ~. Th e re  is also evidence  s u g g e s t i n g  t h a t  
ep inep h r in e  a n d  n o rep ineph r ine  are s y n t h e s i z e d  3 a n d  
t a k e n  u p  ~ b y  t h e  ch ick  e m b r y o  as ear ly  as t he  second  d a y  
of d e v e l o p m e n t .  However ,  c a t e c h o l a m i n e s  are c o n c e n t r a t -  
ed in e m b r y o n i c  ch ick  h e a r t s  on ly  a f te r  t h e  5 th  d a y  of 
d e v e l o p m e n t ,  s y m p a t h e t i c  i n n e r v a t i o n  h a v i n g  been  com-  
p le ted  b y  t h i s  t i m e  ~. Cocaine is k n o w n  to  p roduce  an  
e x a g g e r a t e d  r e sp o n s ivenes s  to  n e u r o h u m o r s  b y  p res ton-  
ab ly  p r e v e n t i n g  the i r  u p t a k e  in to  ne rve  end ings  "-9. Such  
a p h e n o m e n o n  h a s  also been  d e m o n s t r a t e d  in e m b r y o n i c  
chicks  ~, ~ an d  p r o b a b l y  al lows s y m p a t h o m i m e t i c  a m i n e s  
to pers i s t  n ea r  recep tors  of effector  o rgans  in h ighe r  con-  
c e n t r a t i o n s  for a longer  per iod of t ime .  Th i s  c o m m u n i -  
ca t ion  descr ibes  s tud ie s  in wh ich  e m b r y o n i c  ch icks  were 
p r e t r e a t e d  w i t h  cocaine pr ior  to a d m i n i s t r a t i o n  of four  
s y m p a t h o m i m e t i c  amines .  

W h i t e  L e g h o r n  eggs were i n c u b a t e d  a n d  p r epa red  for 
t h e  a d m i n i s t r a t i o n  of e x p e r i m e n t a l  c o m p o u n d s  u s ing  t h e  
m a t e r i a l s  a n d  m e t h o d s  descr ibed  p rev ious ly  a~ 

W h e n  e m b r y o s  h a d  deve loped  to HA~BIJRGEI~-HAMIL- 
TON n s t age  26 of embryogenes i s ,  t h e y  were p r e t r e a t e d  
w i t h  5 X 1 0  - :  M cocaine hyd roch lo r ide  in  5 ~I 0.9% 
sal ine so lu t ion .  These  in jec t ions  occurred  4 to  5 m i n  pr ior  
to a d m i n i s t r a t i o n s  of equa l  v o l u m e s  of s y m p a t h o m i m e t i c  
a m i n e s  d issolved in saline.  Doses  of 4 x 10 -9 M isopro-  
t e reno l  (I), n o r e p i n e p h r i n e  (N) and  p h e n y l e p h r i n e  (P) 
were u t i l ized  in th i s  s t udy .  On ly  5 X 10 -~~ M ep inephr ine  
(E) was  u sed  s ince doses  g rea te r  t h a n  th i s  t o g e t h e r  w i th  
cocaine r e su l t ed  in e x t r e m e l y  h igh  m o r t a l i t y  r a t e s  w i t h i n  
hou r s  fol lowing in jec t ions .  T h e  hyd roch lo r i de  sa l ts  of 
1-isomers were used.  All e x p e r i m e n t s  were c o n d u c t e d  in 
a cont ro l led  e n v i r o n m e n t  w i t h  t e m p e r a t u r e s  r a n g i n g  

f rom 37.0~ to 38.0~ I n j e c t i o n s  a n d  d issec t ions  were 
pe r fo rme d  b y  m e t h o d s  p r e v ious ly  doc ume n te d2 .  Control  
e m b r y o s  were a d m i n i s t e r e d  10 ~1 0.9% saline.  

T h e  d a t a  in t h e  Tab le  d e m o n s t r a t e  t h a t  1. cocaine 
p o t e n t i a t e s  t he  effects  of ep inephr ine  a nd  no re p ine ph r ine  
in t e r m s  of inc reased  c a rd iova sc u l a r  a n o m a l y  ra tes  b u t  
ha s  l i t t le  effect  w i t h  i sopro te reno l  or p h e n y l e p h r i n e ;  a n d  
2. t h a t  t he  order  of p o t e n c y  of t he  4 d r u g s  (I > E  > N >  P) 
ill p r o d u c i n g  one specific t y p e  of aor t ic  a rch  a n o m a l y  
(IA-1)~ sugge s t s  t h a t  d - receptor  s t i m u l a t i o n  induces  
aor t ic  a rch  a n o m a l i e s  in e m b r y o n i c  chicks.  

A n a l y s e s  of d a t a  ind ica te  t h a t  ep inephr ine  a n d  norepi-  
n e p h r i n e  induce  more  t h a n  10 t i m e s  as m a n y  anoma l i e s  
w h e n  in jec ted  w i t h  cocaine as  t h e y  do w h e n  in jec ted  
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Effects of cocaine pretreatment on aortic arch anomaly rates in sympathomimetic amine treated chick embryos 

Dose (M)/Drug Frequency of aortic TheoreticaI range, agents Rate of IA-1 
arch anomalies ~ acting independently (%) anomalies 

% % 

Rate of aortic hypoplasia/ 
interrupted aortic arch eonlplexes 

% 

4 • 10 -9 lsoproterenol 14/52 25 6/53 11 8j53 15 
4 • 10 9 Epinephrine 5[47 9 3/47 6 2/47 4 
5 • 10 -1~ Epinephrine 0/27 0 0/27 0 0/27 0 
4 • 10 -9 Norepinephrine 2/87 0 2/87 2 0/87 0 
4 • 10 9 Phenylephrine 3/101 1 1/101 1 0/101 0 
5 • 10 7 Cocaine 6/97 4 3/81 4 0/81 0 

4 • 10 -9 Isoproterenol b 17/57 28 25-29 8/57 14 2/57 4 
5 • 10 10 Epinephrine b 5/28 16 Approximately 4 5/28 18 0/28 0 
4 • 10 .9 Norepinephrine b 13/71 16 Approximately 4 10/71 14 0/71 0 
4 • 10 .9 Phenylephrine b 2/30 5 4-5 2[30 7 0/30 0 

Controls 3/175 0 2/175 1 0/175 0 

~Values in second column here represent experimentally derived frequencies minus 2% due to spontaneous anomaly occurrences. 
~Compounds were administered 4 to 5 min subsequent to treatment with 5 x 10 -7 M cocaine. 
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alone.  The  p o t e n t i a t e d  a n o m a l y  ra tes  m a y  poss ib ly  be  
exp la ined  b y  i n h i b i t e d  c a t e c h o l a m i n e  u p t a k e  w i t h  t he  
use of cocaine.  These  resu l t s  agree  w i t h  a s t u d y  of ca- 
t e c h o l a m i n e  u p t a k e  in e m b r y o n i c  chicks us ing  t r i t i a t e d  
n o r e p i n e p h r i n e  and  ep inephr ine  4. Two enzymes  which  
me tabo l i ze  ca t echo lamines  (ca techo l -O-methy l  t r ans -  
ferase -- COMT and  m o n o a m i n e  oxidase  -- MAO) are 
p r e sen t  in  t he  ch ick  e m b r y o  on t he  4 t h  d a y  of incuba-  
t ion  12. However ,  MAO is i n t r ace l lu l a r  and  p r o b a b l y  does 
n o t  me tabo l i ze  t he  exogenous  n o r e p i n e p h r i n e  and  epine-  
phr ine .  The  e x t e n t  to  wh ich  COMT metabo l i zes  ca techol-  
amines  is mos t  l ikely insignificar_t in  t he  t e r m i n a t i o n  of 
overaI1 ca t echo l amine  a c t i v i t y  4. 

Cocaine does n o t  increase  t h e  a n o m a l y  ra t e  a m o n g  
i sopro te reno l  t r e a t e d  embryos .  Th i s  resu l t  m a y  poss ib ly  
be exp la ined  b y  the  fac t  t h a t  i sopro te reno l  is a p p a r e n t l y  
n o t  t a k e n  up  b y  pos t -gangl ion ic  s y m p a t h e t i c  neu rons  la. 
However ,  cocaine  in c o m b i n a t i o n  w i t h  i sopro te reno l  in- 
duces  d i f f e ren t  t y p e s  of anomal i e s  f rom those  f r equen t ly  
i nduced  b y  i sopro te renol  alone,  t h a t  is, less cases of aor t ic  
h y p o p l a s i a  a n d  i n t e r r u p t e d  aor t i c  a rch  complexes  were 
observed .  

F u r t h e r m o r e ,  cocaine does no t  increase  t he  a n o m a l y  
ra t e  a m o n g  those  e m b r y o s  t r e a t e d  w i t h  pheny lephr ine .  
A s s u m i n g  t h a t  ca rd iovascu la r  anomal ie s  can  be induced  
in e m b r y o n i c  chicks b y  ]3-adrenoreceptor  s t imula t ion ,  
th i s  resu l t  is expected .  P h e n y l e p h r i n e  ac ts  p r i m a r i l y  on 
e -adrenerg ic  receptors .  

Th i s  s t u d y  ha s  also shown  t h a t ,  us ing  as a c r i te r ion  for 
p o t e n c y  t he  f r equency  of aor t i c  a rch  a n o m a l y  t y p e  IA-1 
( formerly  descr ibed as absence  of t he  3rd r i g h t  aor t ic  a rch  
w i th  an  a n o m a l o u s  origin of t he  r i gh t  c o m m o n  caro t id  
a r t e r y  f rom the  r i gh t  duc tus  carot icus)  ~, I is more  p o t e n t  
t h a n  E wh ich  in t u r n  is more  p o t e n t  t h a n  N or P a t  
4 • 10 -9 M / e m b r y o .  This  r e l a t ion  of I >>E > N  or P cor- 
re la tes  w i t h  a f i -adrenoreceptor  response  to  t he  drugs  and  
conf i rms  prev ious  f indings  t h a t  a f l-receptor m e c h a n i s m  
m i g h t  poss ib ly  be invo lved  in t he  i n d u c t i o n  of cardio-  
va scu l a r  anomal ie s  ~. 

F u r t h e r m o r e ,  cocaine specif ical ly p o t e n t i a t e s  t h e  ef- 
fects  of ep inephr ine  a n d  no rep ineph r ine  in t he  f o r m a t i o n  
of aor t ic  a rch  a n o m a l y  t y p e  IA-1 ;  f rom 0 to  14% in the  
case of ep inephr ine  (considering IA-1 anomal ie s  i nduced  
s p o n t a n e o u s l y  a n d  w i t h  cocaine) a n d  f rom i to  10% in  t h e  
case of no rep ineph r ine  ( computed  f rom Table) .  Cocaine 
does no t  p o t e n t i a t e  t he  IA-1 a n o m a l y  ra t e  w h e n  admin i s -  
t e red  w i t h  i sopro te renol  or pheny lephr ine .  Cocaine in all 
cases d id  no t  p o t e n t i a t e  aor t ic  hypop la s i a  or i n t e r r u p t e d  
aor t ic  a rch  complexes .  

Cocaine in smal l  doses (5 • 10 -9 to  1 • 10 -~ M) does no t  
induce  aor t i c  a r ch  or card iac  anomal ie s  in  e m b r y o n i c  
chicks.  However ,  t y p e  IA-1 is occas ional ly  i nduced  w h e n  
5 • 10 -7 M is a d m i n i s t e r e d  (see Table) .  F u r t h e r m o r e ,  sev- 
eral  cases were obse rved  which  d e m o n s t r a t e d  p r e m a t u r e  
closure of the  r i g h t  d u c t u s  a r te r iosus  a n d  pers i s tence  of 
t he  lef t  d u c t u s  carot icus .  This  m a y  be  exp la ined  if cocaine 
also affects  t he  r e u p t a k e  of endogenous  ca t echo l amines  
in to  n e r v e  endings.  I n  effect  large a m o u n t s  of c i rcu la t ing  
endogenous  ca t echo l amines  m i g h t  poss ib ly  cause cardio-  
vascu la r  anomal ie s  in  th i s  sys tem.  Since i t  has  been  dem-  
o n s t r a t e d  t h a t  cocaine  in a dose 1/7 to  */a t h a t  used in 
th i s  s t u d y  inh ib i t s  more  t h a n  80% of no rep ineph r ine  up-  
t ake  b y  t he  whole  ch ick  e m b r y o  and  more  t h a n  50% b y  
t he  e m b r y o n i c  h e a r t  on  t h e  5 th  day  of d e v e l o p m e n t  4, th i s  
h y p o t h e s i s  seems possible.  

I n  conclusion,  whereas  cocaine was a d m i n i s t e r e d  to 
e m b r y o s  3 h pr ior  to  ca t echo l amine  in jec t ion  in a p rev ious  
s tudy% th i s  s t u d y  d e m o n s t r a t e d  p o t e n t i a t i o n  w i t h  a 5 
m in  p r e t r e a t m e n t  period.  This  f ind ing  suggests  t h a t  
cocaine r ap id ly  affects  t he  u p t a k e  m e c h a n i s m  of ne rve  
end ings  in e m b r y o n i c  chicks.  
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Summary. W e  found  t h a t  i t  was  nea r ly  imposs ib le  to  a p p l y  t he  q u i n o l i n e - c a r b a m a t e  aphic ide  per  os b y  m e a n s  of 
s y n t h e t i c  diets,  owing to i ts  h i g h  feeding-de ter ren t -e f fec t .  Af te r  app l i ca t ion  v ia  t he  roots  of the  hos t  p l an t ,  t h i s  sys temic  
c o m p o u n d  is depos i ted  on  the  leaf  surface.  The  resu l t s  sugges t  t h a t  t h e  tox ic  effect  is n o t  t he  resu l t  of tt~e oral  u p t a k e  
of p h l o e m  sap, b u t  of the  t a r s a l  c o n t a c t  w i t h  the  tox ican t .  Sens i t i v i t y  of aph ids  to  th i s  c o m p o u n d  a n d  LD ~0-values 
were d e t e r m i n e d  a f te r  top ica l  appl ica t ions .  

The  aph ic ida l  effect  and  t h e ~ s y m p t o m s  a n d  phases  of 
t h e  i n t o x i c a t i o n  of a new aphic ide  were inves t iga ted .  
Ea r l i e r  e x p e r i m e n t s  f rom t he  p roduce r  h a d  shown  t h a t  
t he  c o m p o u n d  was  m u c h  more  ef fec t ive  aga ins t  a p h i d s  
t h a n  aga ins t  o the r  insects.  T he  fol lowing aph id  species 
were used:  Aulacorthum circumflexum (Buckton) ,  Aphis 
craccivora Koch  and  two s t r a in s  of Myzus persicae 
(Sulzer), one suscept ib le  to  insect ic ides  a n d  t he  second 
r e s i s t a n t  to  o r g a n o p h o s p h o r u s  compounds .  All aph ids  
were rea red  p a r t h e n o g e n e t i c a l l y  on  su i tab le  hos t  p l a n t s  
in  t h e  l abo ra to ry .  The  e x p e r i m e n t s  w i t h  oral  appl ica-  
t ion  were car r ied  ou t  on ly  w i t h  A. circum/lexum since i t  
h a s  a s p o n t a n e o u s  and  even  n u t r i e n t  u p t a k e  f rom ar t i -  
ficial med ia  4, 5. 

The  aphicide ,  ( concen t r a t i on  99.9%) a quinol ine-  
c a r b a m a t e  ~, 4 ( N . N - d i m e t h y l - c a r b a m o y l o x y - ) - 2 - m e t h y l -  
5 .6 .7 .8 - te t rahydro-qu ino l ine ,  also k n o w n  as Hoe 25 682, 

1 We are grateful to the Deutsche Forschungsgemeinschaft for 
offering a grant. 

2 Inst i tut  ffir Angewandte Zoologic der Universit~it Bonn (BRD). 
3 Israel Inst i tute  for Biological Research, Ness-Ziona, visiting pro- 

fessor (Oct. 1974-Sep. 1975), Inst i tut  fiir Allgewandte Zoologic 
der Universit~it Bonn (BRD). 

4 p. EHRHARDT, Habilitationsschrift, Universitfit Bonn (1968). 
s D. HOLTGRXWE and W. KLOST, Oeeologia 74, 229 (1974). 
6 W. KNAUF, G. SALBECK and F. SCHWERDTLE, Meded. Land- 

bhoogeseh. Opzoek Stns Gent 27, 427 (1975). 


