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t h e  end  of t he  expe r imen t .  The  t i t r e  of th i s  a n t i s e r u m  
d e t e r m i n e d  r a d i o i m m u n o e h e m i c a l l y  was 1 : 2000. A radio-  
i m m u n o a s s a y  for d D A V P  was deve loped  wh ich  p e r m i t t e d  
rou t i ne  de t ec t ion  of 30 pg  d D A V P / m l .  
A s t u d y  was m a d e  of t he  capaci t ies  of va r ious  ana logues  
of A V P  to i nh ib i t  t he  b i nd i ng  of [I~bI]-dDAVP to  t he  
an t ibod ies .  The  f igure shows t he  d e p e n d e n c e  of the  b ind -  
ing of label led  h o r m o n e  on  t he  un labe l l ed  pep t ide  con-  
c e n t r a t i o n  on loga r i thmic  scale. The  b i nd i ng  a f f in i ty  of 
each  s u b s t a n c e  to t he  a n t i s e r u m  re la t ive  to  t he  b ind ing  
a f f in i ty  of D A V P  is expressed  as a percen tage ,  i.e. 100 • 
[ the a m o u n t  of D A V P  requ i red  to d isplace  50% of 
labe l led  h o r m o n e / a m o u n t  of ana logue  requ i red  to dis- 
p lace  5 0 % of label led h o r m o n e  ], t he  va lues  be ing  p resen ted  
in t h e  t ab le .  
I t  is e v i d e n t  f rom t he  t ab l e  t h a t  d e a m i n a t i o n  did  n o t  
r educe  t he  a f f in i ty  of t he  ana logue  to t he  an t ibodies .  
On t he  o t h e r  hand ,  i m m u n o r e a c t i v i t y  of t he  n a t u r a l  hor-  
m o n e s  AVP,  L V P  a n d  OT was lower. I t  can  be  seen f rom 

these  d a t a  t h a t  the  s t rong  bas i c i t y  a n d  specific s ter ic  
c o n f o r m a t i o n  of t he  amino  acid in pos i t ion  8 of t he  pep t id ic  
cha in  are i m p o r t a n t  fac tors  in  the  i n t e r a c t i o n  w i t h  t h e  
an t ibodies .  The  specif ic i ty  of porc ine  an t ibod ie s  to  D A V P  
shows the  same r egu la r i t y  as the  specif ic i ty  of porc ine  
an t ibod ie s  to  AVP% W e  m a y  conc lude  t h a t ,  even  t h o u g h  
the  sens i t i v i ty  of the  deve loped  r a d i o i m m u n o a s s a y  for 
d D A V P  is 10-50 t imes  lower t h a n  the  s ens i t i v i t y  of 
r ecen t l y  deve loped  R I A s  for A V P  12-1~, i t  can  be useful  for 
d i s t r ibu t ion ,  b i n d i n g  and  me tabo l i c  s tudies  of the  d D A V P .  
The  an t ibod ies  are specific enough  no t  to  in te r fere  w i t h  
t he  c o n t e n t  of AVP,  AVT a n d  OT in biological  mater ia l .  
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Summary. Ecdysone  h a e m o l y m p h  levels h a v e  been  ana lyzed  in neck-  or t h o r a x - l i g a t e d  Pieris l a rvae  in order  to  exp la in  
t h e  physio logica l  s ignif icance of cr i t ical  periods.  I t  appea red  t h a t  head  cr i t ica l  per iod cor responds  to  an  incomple te  
a c t i v a t i o n  of p ro tho rac i c  glands,  while  t he  t ho rac i c  cr i t ica l  pe r iod  is r e l a t ed  to t he  secre t ion  of a m i n i m a l  a m o u n t  of 
ecdysone  necessa ry  for moul t ing .  D u r i n g  Pieris' l as t  l a rva l  ins tar ,  t he re  is no  ev idence  for a n y  no t iceab le  syn thes i s  of 
ecdysone  in i sola ted abdomens .  

L iga t ion  e x p e r i m e n t s  h a v e  been  widely  used w i th  Lepi-  
d o p t e r a n  larvae,  due  to p a r t i c u l a r l y  f a v o u r a b l e  m o r p h o -  
logical  fea tures .  T h e y  led to the  'c lass ical  scheme '  of 
m o u l t i n g  con t ro l  b y  2 hormones ,  a b r a i n  neu rosec re t ion  
or p ro tho rac i co t rop i c  h o r m o n e  (PTTH)  a n d  a p ro tho rac i c  
g l and  (PG) s tero id  hormone ,  ecdysone.  L iga tu res  def ine  
2 c r i t i ca l  periods,  a head  cr i t ica l  per iod  re l a t ed  to  P G  
a c t i v a t i o n  b y  P T T H ,  and  a p r o t ho r ac i c  cr i t ica l  per iod  
c o r r e s p o n d i n g  to ecdysone  syn thes i s  a n d  re lease  b y  PG.  
Whi le  m a n y  e x p e r i m e n t s  h a v e  conf i rmed  t he  v a l i d i t y  of 
t h i s  scheme,  f i r s t ly  e s t ab l i shed  w i th  Bombyx mori 3, some 
more  r e c e n t  obse rva t i ons  i nv i t e  cau t ion ,  essen t ia l ly  due  to 
t he  p resence  of no t i ceab le  P T T H  a c t i v i t y  in  Bombyx 
a b d o m e n s  4, and  the  poss ib i l i ty  of ecdysone  syn thes i s  ou t -  
side P G  in b o t h  sexes of severa l  insec t  species s-8. More-  
over ,  t he  pos i t ion  of c r i t i ca l  per iods  appea r s  to  v a r y  m u c h  
more  t h a n  expected ,  as for i n s t ance  a cr i t ica l  per iod  m a y  
t a k e  place  in the  foregoing stage% I t  is the re fore  essent ia l  
to  ge t  more  d i rec t  i n f o r m a t i o n  a b o u t  the  s ignif icance of 
c r i t i ca l  periods,  t h a t  is to  d e t e r m i n e  the  a c t u a l  h o r m o n a l  
t i t e r s  in l iga ted  animals .  
Materials and methods. W e  used las t  i n s t a r  l a r v a e  of 
Pieris brassicae, where  ecdysone  levels a n d  cr i t ica l  per iods  
h a d  p rev ious ly  been  d e t e r m i n e d  10,11. In  t he  p r e s en t  work,  
a n i m a l s  careful ly  s t aged  were l iga ted  a t  va r ious  ages 
before  a n d  a f t e r  t he  respec t ive  cr i t ica l  periods,  a n d  t h e i r  
h a e m o l y m p h  col lected a t  r egu la r  i n t e rva l s  a f t e r  l igat ions .  
The  t i m e  of p u p a l  ecdysis,  w h e n  i t  occurred ,  was  also 
recorded.  Due  to the  smal l  n u m b e r  of a n i m a l s  used for  
e ach  h a e m o l y m p h  sample ,  ecdysone  levels were de te r -  
m i n e d  us ing  a r a d i o i m m u n o a s s a y  (RIA) p rocedure  12. 

Results. I. Cephal ic  cr i t ica l  per iod.  The  d i ag ram of f igure 
1A r eminds  t he  m a i n  even t s  wh ich  occur  du r ing  the  las t  
l a r v a l  ins ta r .  The  h e a d  cr i t ica l  pe r iod  t akes  place du r ing  
t he  feeding period.  I t  co r responds  to an ima l s  which  h a v e  
r eached  t he  2/3 of t he i r  m a x i m u m  weigh t  and  coincides 
w i t h  the  end  of Obl igatory  feeding period.  If  t he  l a rvae  are 
l iga ted  a f te r  t he  cr i t ica l  per iod,  a b o u t  50% t h e m  n o r m a l l y  
ecdyse and  t r a n s f o r m  themse lves  in to  headless  pupae .  The  
l a t t e r  can  su rv ive  for severa l  m o n t h s  as long as t h e y  are  
m a i n t a i n e d  in mo i s t  cond i t ions  ( the p u p a l  cut icle  is 
t h i n n e r  t h a n  in controls)  a n d  t h e y  neve r  give a n y  sign 
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of adul t  deve lopment .  Figure  1B shows t h a t  the  ecdysone 
peak  which precedes  pupa l  ecdysis  is deeply  affected by  
such l igatures.  The hormona l  release is progressive.  The 
med ian  value of the  peak  is de layed (figure 2) and  
s t rongly  reduced  (an effect  amplif ied by the  lack of 
synchron i sm of opera ted  animals,  especially when  t h e y  
were l igated shor t ly  af ter  the  cri t ical  period).  Not  only  
the  peak  value is reduced,  b u t  the  whole a m o u n t  of 
ecdysone  p roduced  is also s t rongly  reduced (figure 3). 
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Fig. 1. Diagrammatic representation of the main developmental 
events and of ecdysteroid haemolymph levels during the last larval 
instar of Pieris. A Control animals, with the position of the 2 critical 
periods (CP 1 and CP2); B neek-ligated animals (arrow indicates the 
time of ligation); C thorax-ligated animals. Time-scale between 
eedyses is divided according to: feeding stage (F), wandering stage 
(W), spinning (S) and pharate pupa (PP). 
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Fig. 2. Effects of neck-ligations at various ages upon development 
rate. The vertical bar indicates the time of ligation, the triangle 
eedysteroid peak and the black rectangle the time of pupal ecdysis 
(very asynchronous when animals are ligated shortly after the 
critical period). EC = ecdysis; L IV, L V: larval stage IV resp. V; 
CP 1 = first or cephalic critical period. 

2. Thoracic cri t ical  period.  I t  t akes  place abou t  a t  the  
end of the  wander ing  period,  before the h a e m o l y m p h  
ecdysone t i t e r  has  reached its m a x i m u m  value. If post-  
thoracic  l igat ions are se t  af ter  th is  period,  ecdysone  con- 
cen t ra t ion  immedia te ly  falls down and rap id ly  becomes 
qui te  unde tec tab le ,  a t  a ra te  cor responding  to an half-  
life of 3 h (figure 1C). During the  same t ime,  ecdysone 
can reach a h igh  concen t ra t ion  in the  anter ior  p a r t  of the  
body,  bu t  the  survival  of th is  pa r t  is too shor t  for precise 
analyses.  
Discussion.  Post -cephal ic  and pos t - thorac ic  l igatur ing ex- 
pe r imen t s  lead to the  not ion  of ecdysone  efficiency for 
la rva l -pupal  moul t  which  can be expressed as mole h/ml,  
in accordance  wi th  the  formula t ion  previously  es tabl ished 
by  Marks la in the  case of in vi t ro  cuticle synthes is  by  
exp lan ted  ep idermal  f ragments .  We observed t h a t  in 
Pier i s  brassicae the  la rva l -pupal  moul t  can take  place in 
animals  which  show s t rongly  reduced  amo u n t s  of ecdy- 
sone. Thus,  in normat  physiological  condi t ions ,  the  whole 
hormona l  release is a t  least  twice t h a t  required for 
ecdysis.  However ,  it  should be po in t ed  out  t h a t  reduced 
amo u n t s  of ecdysone resul t  in delaying the  moul t ing  pro-  
cess and t h a t  pupal  cuticle syn thes i s  is d iminished.  As a 
consequence,  bo th  cephalic and  thorac ic  crit ical per iods 
appear  to cor respond to the  secre t ion of a minimal  
a m o u n t  of ecdysone,  in fact  much  less t h a n  physiolog-  
ically observed.  
On the  o the r  hand ,  we note  t h a t  p ro thorac ic  gland act iva-  
t ion  is progress ive  in the  case of Pier i s .  This could mean  
t h a t  P T T H  produc t ion  and release is a r a the r  cont inuous  
process in Pier~s, in con t ras t  wi th  M a n d u c a  sexta 14, 
where  P T T H  release proceeds dur ing  shor t  gates.  Our 
hypo thes i s  is suppor t ed  by  the  fact  t h a t  a neck ligation 
decreases more  or less the  a m o u n t  of ecdysone produced.  
As a consequence,  the  cephalic cri t ical  cor responds  to a 
par t ia l  ac t iva t ion  of PG, as previous ly  observed in 4 instar  
M a n d u c a  larvae15. However ,  we m u s t  note the  long lag 
which separa tes  the  neck l igat ion and ecdysone  peak. 
The P T T H  storage in the  nervous  chain (outside the  
brain) would pe rhaps  give the  basis for an exp lana t ion  
for th is  p rob lem and the  var iab i l i ty  observed in the  posi- 
t ion of the  2 cri t ical  per iods among  species 9,16,17. Ab- 
domina l  synthes is  of ecdysone,  while found wi th  o ther  
species of Lep idop te ra  dur ing the  last  larval instar  5,6, 
does no t  appear  signif icat ive in our  case, as in isolated 
a b d o m e n s  ecdys tero id  level remains  below 5 ng/mL How- 
ever,  the s i tua t ion  is very  d i f ferent  during the  pupa l  
stage,  where  not iceable  syn theses  (de novo or from an 
inact ive derivat ive)  seem to take  place in isolated ab- 
domens  is. 
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Fig. 3. Effects of age at neck-ligation on subsequent ecdysone syn- 
thesis, estimated by irltegration of ecdysone level curves between 
last larval-larval ecdysis and larval-pupal ecdysis. 
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