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Juvenile Hormone: Inhibition of,Ecdysis in Larvae 

The  capac i t y  of juven i l e  h o r m o n e  ( JH)  a n d  m a n y  of 
i t s  ana logues  to  d i s tu rb ,  p r e v e n t  or i n t e r r u p t  m e t a m o r -  
phosis  of m a n y  insec t  species is well  known.  The  insects  
a f fec ted  d u r i n g  m e t a m o r p h o s i s  v e r y  of ten  e x h i b i t  
serious diff icul t ies  in  ecdysi l lg f rom t h e  old skin.  These  
diff icul t ies  are no t  necessar i ly  connec t ed  w i t h  t h e  
m o r p h o g e n e t i c  effect  m e n t i o n e d  b u t  could as well  be 
t h e  resu l t  of a n  i n d e p e n d e n t l y  work ing  ecdys i s - inh ib i t i ng  
effect  of JH .  If  t h i s  a s s u m p t i o n  is correct ,  t h e  p roposed  
effect  shou ld  c lear ly  become  m a n i f e s t  d u r i n g  t h e  l a rva l  
m o u l t  because  t he  l a rva l  s tages  are  sub j ec t  to  no  or v e r y  
l imi t ed  m o r p h o g e n e t i c  t r a n s f o r m a t i o n .  W e  wish  to  
r e p o r t  here  t h a t  t he  Cecropia h o r m o n e  ( J H  = m e t h y l  10, 
11-epoxy- 7-ethyl-  3 ,11-d imethyl -  2, 6 - t r idecad ienoa te ;  cis/ 
tvans mix tu re )  a n d  one of i ts  ana logues  ( J H A  = 6, 7-epo- 
xy-1-/p-ethyl-phenoxy/-3, 7-d ime thy l -2 -oc tene ;  cis/tram 
m i x t u r e  ~, ~ are  able  to  p r e v e n t  ecdysis  in  a n y  l a rva l  s tage 
of t he  G e r m a n  cockroach,  Blaltella germanica (L.) 3. 

F i v e  f resh ly  h a t c h e d  l a rvae  of t h e  1st, 2nd, 3rd or 4 t h  
i n s t a r  of Blatlella germanica were conf ined  in  25 cm 3 
p las t i c  cups  t o g e t h e r  w i t h  a f i l te r  p a p e r  disc (10 cm ~) 
fo lded to  fo rm a t unne l .  Ten  f resh ly  h a t c h e d  p e n u l t i m a t e  
or  l a s t  s tage  l a rvae  were  p laced  in  200 cm 3 cups  w i t h  
2 p a p e r  discs (20 cm ~ each) a r r a n g e d  s imi la r ly  as above .  
The  ac t ive  s u b s t a n c e  was app l i ed  in a n  ace tone  so lu t ion  
e i t he r  to  t he  p a p e r  or to  t he  surface  of t h e  u n i n j u r e d  
a b d o m i n a l  tergi tes .  The  f i r s t  l a r v a l  s tage of t r e a t e d  as 
well  as u n t r e a t e d  an ima l s  las ts  9-10 days  a n d  apolys is  

of the German Cockroach, Blattella germanica 

t akes  p lace  a t  t h e  7 th  d a y  fol lowed b y  t h e  depos i t ion  of 
t h e  new cuticle.  E v e n  a t  a dose of 100 ~g J H  or J H A / c m  ~ 
f i l te r  p a p e r  or 10 tzg of J H  app l ied  t op i ca l l y  each  2nd  
day,  t h e  an i ma l s  b e h a v e d  qu i t e  n o r m a l l y  d u r i n g  t h e  
f i r s t  week. The re  were abso lu t e ly  no  signs of d i s t u r b e d  
d e v e l o p m e n t  or of a n y  poisoning.  Af te r  8 days,  some 
an ima l s  s t a r t e d  to e x h i b i t  u n c o o r d i n a t e d  leg m o v e m e n t s ,  
o f ten  whi le  l ay ing  he lp less ly  on  t h e i r  back .  B y  t h e  
10th  d ay  al l  t r e a t e d  l a rvae  died.  A t  a b o u t  t h e  same  
t i m e  t h e  u n t r e a t e d  a n d  t h e  ace tone  t r e a t e d  a n i m a l s  
u n d e r w e n t  a n o r m a l  ecdysis  i n to  t h e  n e x t  stage.  A 
more  de ta i l ed  e x a m i n a t i o n  of t h e  dead  l a rvae  showed  
t h a t  t h e y  h a v e  fo rmed  a pe r fec t ly  t a n n e d  a n d  h a r d e n e d  
new cut ic le  u n d e r n e a t h  t h e  old one. I n  some an imal s ,  
t h e  old cut ic le  was  r u p t u r e d  a long  t h e  dorsa l  su ture .  
Most  of t h e m ,  however ,  d ied  w i t h i n  t h e  t o t a l l y  i n t a c t  
o ld  i n t e g u m e n t ,  be ing  obv ious ly  u n a b l e  to  unde rgo  
ecdysis.  Af te r  t h e  r e m o v a l  of t h e  old, s m o o t h  and  sh in ing  
cuticle,  t h e  wr ink l ed  a n d  cor iaceous  cut ic le  of t h e  n e x t  
s tage  b e c a m e  vis ib le  (Figure) .  Th i s  s t r u c t u r e  of t h e  new 

1 Stauffer compound No. R-20458. 
2 Both compounds were kindly supplied by F. Hoffmann-La Roche, 

Ltd., Basel. 
Results presented to members of the A. R. C, Unit of Invertebrate 
Chemistry and Physiology at Brighton (Prof. A. W. JOHNSON, 
Director) and Cambridge (Dr. J. E. TR~HErtNE, Deputy Director) 
on March 19 and 20, 1973. 

Wrinkled and coriaceous structure of the pronotum of a pharate 2rid stage larva which died inside the unshed skin of the preceeding 
~tage (a) in comparison to the smooth pronotum of the first stage (b). (10% I<OH, dehydration, canada balsam, interference contrast). 
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cut ic le  can  def in i te ly  n o t  be  cons idered  a d i rec t  effect  
of t h e  ac t ive  s u b s t a n c e  on  t h e  e p i d e r m a l  cells because  of 
i t s  s imi l a r i t y  to  u n t r e a t e d  p h a r a t e  n e x t  s tage  l a rvae  
sho r t l y  before  ecdysis.  T h e  new  cut ic le  is a p p a r e n t l y  
s t r e t c h e d  d i rec t ly  a f t e r  ecdysis  b u t  before  sc le ro t i sa t ion .  
Because  t r e a t e d  a n i m a l s  c a n n o t  escape f r o m  t h e  old  
cuticle,  sc le ro t i sa t ion  of t h e  u n s t r e t c h e d  cut ic le  t akes  
place  u n d e r n e a t h  t h e  old one. 

I n  o rder  to  d e t e r m i n e  a poss ib ly  ex i s t ing  sens i t ive  
p h a s e  of t h i s  effect, we k e p t  f i rs t  i n s t a r  l a rvae  for va r ious  
per iods  of t i m e  on  t r e a t e d  f i l te r  paper .  W e  could  d e m o n -  
s t r a f e  t h a t  t h e  l a rvae  h a v e  to  be  in  c o n t a c t  w i t h  t h e  
t r e a t e d  p a p e r  for a t  l eas t  6 succeed ing  days  to get  a 
p r o n o u n c e d  an t i -ecdys i s  effect. No c lear ly  def ined  
sens i t ive  p h a s e  could be  de t ec t ed  in t r ia ls ,  where  we 
k e p t  f i r s t  i n s t a r  l a rvae  on  t r e a t e d  f i l te r  p a p e r  b e t w e e n  
t h e  3rd a n d  5th,  5 th  a n d  7th, 4 t h  a n d  6 th  a n d  b e t w e e n  
t h e  3rd a n d  6 th  day.  i or 2 top ica l  app l i ca t i ons  of 10 lzg 
J H / l a r v a e  revea led ,  however ,  a n  increased  s ens i t i v i t y  a t  
t h e  3rd a n d  4 th  d a y  of t he  f i r s t  ins ta r .  

The  an t i - ecdys i s  effect  could be  d e m o n s t r a t e d  in all 
l a rva l  ins tars .  I n  t h e  l a s t  ins tar ,  however ,  p e r m a n e n t  
exposure  to  10 ~g J H A  or 100 ~zg J H / c m  2 el ici ted ecdysis  
i n h i b i t i o n  on ly  in a b o u t  50% of t he  la rvae .  I n  th i s  case, 
t he  an t i - ecdys i s  effect  was  obv ious ly  o v e r r i d d e n  b y  t h e  
m o r p h o g e n e t i c  effect  s ignal led b y  t he  f o r m a t i o n  of 
e x t r a - l a r v a e  a n d  al l  sor t s  of adul fo ids .  The  morphoge -  
nef ic  effect  r e m a i n e d  s t rong ly  expressed  up  to  a dose of 
0.1 ~g J H A  or  1 ~g J H / c m  2. All  m o r p h o g e n e t i c a l l y  
effected males  or females  were  found  to  be p e r m a n e n t l y  
steri le.  

I n  Hyalophora cecropia, t h e  emergence  diff icul t ies  of 
adu l to id s  could be  exp l a ined  as t h e  resu l t  of a suppress ion  
of muscle  d e v e l o p m e n t  (RIDDIFORD4). D u r i n g  t he  l a rva -  

l a rva  moul t ,  however ,  no  p a r t i c u l a r  o rgan  r e c o n s t r u c t i o n  
t akes  place  a n d  consequen t ly ,  t he  d i ssec t ion  of l a rvae  
of t he  G e r m a n  cockroach  d y i n g  in ecdysis  d id  n o t  revea l  
a n y  p a r t i c u l a r  changes  of muscu l a tu r e .  DAVEY5 r e p o r t e d  
a v e r y  i n t e r e s t i ng  case of ecdysis  i n h i b i t i o n  in  l a s t  i n s t a r  
l a rvae  of Phocanema decipiens (Nematoda )  t r e a t e d  w i t h  
JH .  S t i m u l a t i o n  of t he  release of a n e u r o h u m o r a l  f ac to r  
f rom the  b r a i n  caused  d i s r u p t i o n  of t h e  f u n c t i o n  of t h e  
exuv ia l  fluid. The  l a rvae  d ied  e n c a p s u l a t e d  in  t h e  und i -  
ges ted  old cuticle.  The  m o u l t i n g  dif f icul t ies  of BlattelIa 
l a rvae  look v e r y  s imilar .  W e  bel ieve  t h a t  t he  i nh ib -  
i t i on  of m e t a m o r p h o s i s  a n d  ecdysis  are two  sepa ra t e  
effects  of J H  a n d  i ts  analogues .  The  ecdysis  i n h i b i t i o n  is 
t he  genera l  effect  of J H  a n d  can  ac t  in  a n y  s tage  of t h e  
p o s t e m b r y o n i c  d e v e l o p m e n t  of roaches .  M u c h  lower  
dosages  are r equ i r ed  to  i n h i b i t  me t amorphos i s .  F u r t h e r  
e x p e r i m e n t s  are now on  t he  w a y  in t h i s  l a b o r a t o r y  to  
u n d e r s t a n d  t h e  m e c h a n i s m  of ecdysis  i n h i b i t i o n  and  i ts  
r e l a t i on  to  t he  m o r p h o g e n e t i c  effect  of J H  ac t ive  com- 
p o u n d s  in b o t h  He te ro -  a n d  H o l o m e t a b o l a .  

Zusammenfassung. Das J u v e n i l h o r m o n  v o n  Cecropia 
u n d  eines se iner  Ana loga  b e w i r k e n  le ta le  HAutungss t6 -  
r u n g e n  in a l len L a r v e n s t a d i e n  y o n  Blattella germanica. 
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U r i n a r y  Kal l ikre in  f r o m  N o r m a l  and H y p e r t e n s i v e  Rats  

Accord ing  to  severa l  repor ts ,  t h e r e  is a s ign i f i can t  
decrease  in ka l l ik re in  a c t i v i t y  in  t h e  u r ine  of h y p e r -  
t en s ive  r a t s  1, 2 a n d  of essent ia l  h y p e r t e n s i v e  pa t i en t s ,  as 
c o m p a r e d  w i t h  n o r m a l s  3-5. F u r t h e r m o r e ,  ev idence  has  
been  p r o v i d e d  t h a t  u r i n a r y  ka l l ik re in  is s imi la r  to  t h a t  
c o n t a i n e d  in r ena l  t i s sue  6 a n d  t h a t  t he  exc re t ion  of t h i s  
e n z y m e  is co r re l a t ed  w i t h  sod ium excre t ion  7, s. I t  h a s  been  
e s t ab l i shed  t h a t  a good cor re la t ion  exis ts  b e t w e e n  t h e  
es terase ,  k in inogenase  a n d  oxytoc ic  ac t iv i t i e s  of t he  u r ine  
of n o r m a l  r a t s  9, b u t  no  a t t e m p t s  h a v e  been  u n d e r t a k e n  to  
i n v e s t i g a t e  t h  9 e n z y m a t i c  k ine t ics  of ka l l ik re in  o b t a i n e d  
f rom t h e  u r ine  of h y p e r t e n s i v e  rats .  On t he  o the r  hand ,  i t  
h a s  n o t  been  rn led  ou t  t h a t  t h e  occurence  of an  i n h i b i t o r  
could a c c o u n t  for  t he  low ka l l ik re in  ac t iv i ty .  

I n  t he  p r e sen t  repor t ,  a c o m p a r a t i v e  chemica l  s t u d y  of 
t he  effect  of i n h i b i t o r s  was u n d e r t a k e n  b e t w e e n  pur i f ied  
ka l l ik re in  o b t a i n e d  f rom t he  ur ine  of n o r m a l  a n d  h y p e r -  
t en s ive  ra ts .  

Material and methods. A d u l t  Sp rague -Dawley  r a t s  were 
used. Two ba t ches  of u r ine  were o b t a i n e d  f rom h y p e r -  

Purification step KU/mg protein/rain Purification factor 

Normal Hypertensive Normal Hypertensive 
1 Sephadex G-200 4.35 0.14 1 1 
2 Sephadex G-200 6.25 0.22 1.48 1.57 
CM-52 130.00 6.25 30.00 44.50 

t en s ive  r a t s :  a) 1 of 860 ml  f rom 17 r a t s  (mean  b lood  
pressure ,  178 m m  Hg) ;  a n d  b) 1 of 820 ml  f rom 11 r a t s  
(mean  b lood pressure ,  152 m m  Hg).  A 3rd b a t c h  of 1,450 ml  
of n o r m a l  r a t  u r ine  was used as control .  The  ope ra t i on  to  
induce  h y p e r t e n s i o n  was p e r f o r m e d  accord ing  to  GROLL- 
MAN'S p rocedure  10. Blood pressure  was m e a s u r e d  a t  week ly  
intervals by the FRIEDMAN and FREED method 11. For 
the experiment, only those rats showing a blood pressure 
consistently over 145 mm Ilg were selected. The rats 
were placed in metabolic cages to collect urine in conditions 
which prevent contact with feces. 
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