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Material and methods. Female  i m m a t u r e  rats ,  weighing  
50 g, were used in t he  p r e s e n t  expe r imen t s .  A so lu t ion  of 
es t radiol - I7/~ in 5% e thano l - sa l ine  was in jec ted  in to  t he  
j ugu l a r  ve in  u n d e r  e the r  anes thes ia ,  us ing  a dosage of 
30 ~g/100 g b .wt .  The  con t ro l  r a t s  were s imi lar ly  in j ec ted  
w i t h  equa l  a m o u n t s  of t h e  vehicle.  The  p roprano lo l -  
t r e a t e d  a n i m a l s  were i.p. i n j ec t ed  w i t h  50 txg D L - p r o p r a n -  
olol (in sa l ine) /100 g b . w t  20 ra in  p r io r  to  t h e  e s t rogen  or  
vehic le  in jec t ion .  
The  an ima l s  were kil led 6 h a f t e r  es t rogen  (or vehicle) 
a d m i n i s t r a t i o n  a n d  t he  u te r i  excized. T he  r i gh t  u t e r ine  
h o r n  was used for b iochemica l  s tud ies  and  t he  left  u t e r ine  
h o r n  was f ixed in n e u t r a l  fo rma l in  for  s u b s e q u e n t  his-  
to logica l  s tud ies  17. 
The  fol lowing p a r a m e t e r s  were m e a s u r e d  for each  an ima l :  
u t e r i ne  wet  wt,  D N A  25, R N A  2~, p r o t e i n  ~.7 a n d  glycogen 28 
c o n t e n t ,  and  to t a l  n u m b e r  of u te r ine  eos inophi ls  1". The  
increases  in  u t e r i ne  w e t  wt ,  IRNA pe r  u n i t  of DNA,  pro-  
t e in  pe r  u n i t  of D N A  a n d  g lycogen pe r  u n i t  of D N A  were 
expressed  as p e r c e n t  change  over  t he  controls .  The  
u t e r i ne  eos inophi l ia  were expressed  as t he  t o t a l  n u m b e r  
of eos inophi ls  in  t h e  u te rus .  
Results. DL-Proprano lo l ,  i n j ec ted  i.p. 20 m i n  pr io r  to  t he  
e s t rogen  in jec t ion ,  does n o t  b lock  t he  e s t rogen - induced  
u t e r i ne  eosinophi l ia ,  t he  u t e r i ne  w e t  w t  response  or t he  
e s t rogen - induced  increases  in  u t e r ine  R N A  a n d  p ro t e in  
c o n t e n t s  (p < 0,001, p < 0.01; p < 0.025 a n d  p < 0.05 
r e spec t ive ly  as c o m p a r e d  to  cont ro l s  w i t h o u t  es t rogen  
in jec t ion)  ( table).  The  di f ferences  in  g lycogen c o n t e n t  
b e t w e e n  es t rogen  a n d  es t rogen  + p r o p r a n o l o l - t r e a t e d  ani-  
mals ,  as well  as those  b e t w e e n  con t ro l  a n d  es t rogen-  
t r e a t e d  an imals ,  are n o t  s t a t i s t i ca l ly  s ign i f ican t  
(p > 0.05) ( table).  
Discussion. Our  resu l t s  show t h a t  a p r e t r e a t m e n t  w i t h  
p rop rano lo l  does n o t  b lock  t h e  e s t rogen - induced  u t e r ine  
eosinophi l ia ,  t he  w a t e r  i m b i b i t i o n  effect  no r  t he  increases  
in u t e r i ne  R N A  a n d  p r o t e i n  con ten t s .  I t  was  p rev ious ly  
s h o w n  t h a t  a s imi la r  p r e t r e a t m e n t  w i t h  p roprano lo l  sup-  
presses  t he  e s t rogen - induced  increase  in u te r ine  c A M P  a, 7. 
Therefore ,  i t  c a n - b e  a s s u m e d  t h a t  t h e  e s t rogen - induced  
u t e r i ne  eos inophi l i a  and  t h e  w a t e r  i m b i b i t i o n  effect  
(proposed b y  one of us to  be  m e d i a t e d  b y  t he  eos inophi l  
r e cep to r  system13,15,17), a n d  t h e  e s t rogen- induced  in-  
creases  in  u t e r ine  R N A  a n d  p r o t e i n  c o n t e n t s  (genera l ly  
cons ide red  to be  m e d i a t e d  byJ the  cy toso l -nuc lea r  es t rogen  
r ecep to r  s y s t e m  ls-2~ are  i n d e p e n d e n t  of t he  es t rogen-  
i nduced  increase  in u t e r ine  c A M P  con ten t .  

The  di f ferences  in  g lycogen c o n t e n t  b e t w e e n  es t rogen  a n d  
e s t r o g e n + p r o p r a n o l o l - t r e a t e d  an ima l s  were n o t  s t a t i s t i -  
ca l ly  s ign i f ican t  in  our  e x p e r i m e n t s  (p > 0.05). I t  was, 
however ,  p rev ious ly  s h o w n  t h a t  exogenous ly  admin i s -  
t e red  c A M P  produces  a n  es t radio l - l ike  i n d u c t i o n  of s ew  
era l  g lycogenolyt ic  enzymes  8, ~ a n d  t h a t  t heophy l l i ne ,  a 
d rug  t h a t  p r o m o t e s  c A M P  a c c u m u l a t i o n  b y  i n h i b i t i n g  
phosphod ies t e ra se ,  p o t e n t i a t e s  t h e  ac t ion  of s u b m a x i m a l  
doses of e s t rad io l  on  severa l  u t e r ine  g lycogenoly t ic  en-  
zymes  29. Th i s  suggests  t h a t  c A M P  is i nvo lved  in t h i s  
es t rogenic  effect, p r o b a b l y  as a s epa ra t e  m e c h a n i s m  of 
es t rogen  ac t ion .  Our  p rev ious  s tud ies  w i t h  co r t i so l - t r ea ted  
a n i m a l s  h a v e  also d e m o n s t r a t e d  t he  i n d e p e n d e n c e  of t he  
g lycogen effect  f rom es t r0ge~- induced  u t e r ine  eosino- 
phi l ia3~ and  our  e x p e r i m e n t s  w i t h  es t rad io l  and  es t r io l  
h a v e  sugges ted  t he  poss ib i l i ty  t h a t  t h e  glycogen effect  is 
i n d e p e n d e n t  of t he  cy toso l -nuc lea r  es t rogen  r ecep to r  
s y s t e m  at. 
Our  p rev ious  s tud ies  h a v e  s h o w n  t h a t  cor t i sol  d ras t i ca l ly  
decreases  t he  e s t rogen - induced  u t e r ine  eos inophi l ia  and  
w a t e r  i m b i b i t i o n  responses3~ I t  was  sugges ted  t h a t  t he  
cor t i so l - induced  b lood eos inopen ia  l imi t s  t he  n u m b e r  of 
eos inophi ls  e n t e r i n g  t he  u t e rus  a f t e r  es t rogen  a d m i n i s t r a -  
t ion ,  t h e r e b y  l imi t ing  all  e s t rogen  responses  a s sumed  to  
be  d e p e n d e n t  on  t he  eos inophi l  e s t rogen  recep to r  s y s t e m  
(i.e. w a t e r  i m b i b i t i o n  effect) 8~ Al t e rna t ive ly ,  the  lyso- 
some m e m b r a n e - s t a b i l i z i n g  p roper t i e s  of cor t isol  could  
a c c o u n t  for th i s  an t i e s t rogen ic  effect  of cortiso132. Our  
p r e s e n t  resu l t s  p e r m i t  us  to d i scard  t he  l a t t e r  poss ib i l i ty  
s ince propranolo l ,  a d r u g  w i t h  lysosome m e m b r a n e -  
s tab i l i z ing  p roper t i e s  s imi lar  to  cortiso111, fai led to  i n h i b i t  
b o t h  t he  u t e r ine  eos inophi l i a  and  t h e  w a t e r  i m b i b i t i o n  
es t rogenic  effects. 
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Reversal of metamorphos i s  in mealy bugs  treated with  juvenile hormone-act ive  
insect growth regulator 1 

w .  Vogel, P. Masner ,  M. L. F r i s c h k n e c h t  a n d  H. Zang  ~ 

Dr R. Maag Lid, CH-8157 Dielsdorf (Switzerland), 25 April 1977 

Summary. Ana l  pore -p la t e s  are  a t yp i ca l  a d u l t  cha rac t e r i s t i c  of male  m e a l y  bugs.  N y m p h s  t r e a t e d  w i t h  a juven i le  
h o r m o n e - a c t i v e  insec t  g r o w t h  r egu la to r  m o u l t  severa l  t imes  in to  i n t e r m e d i a r y  forms  b e t w e e n  n y m p h  and  adul t .  The  
n u m b e r  of t he  ana l  pores  is r educed  d u r i n g  each  of these  s u p e r n u m e r a r y  moul ts .  

The  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 t he  mea ly  bugs  is a 
r a t h e r  compl i ca t ed  process.  T he  f i r s t  2 la rve l  s tages  of 
b o t h  sexes are  s imi la r ;  in  t h e  females  even  t he  3rd a n d  
4 th  i n s t a r s  - t he  l a t t e r  m a y  be  r ega rded  as be ing  t h e  
neo ten ic  a d u l t  - s t i l l  r e t a i n  t he  same basic  form. The  
male  l a rvae  of t he  3rd and  4 t h  ins tars ,  cal led p r o n y m p h  
a n d  n y m p h ,  deve lop  t he  wing  b u d s  as t he  f i rs t  a d u l t  
charac te r i s t i cs .  The  v e n t r a l  p a r t  of t he  ana l  s e g m e n t  
remains ,  however ,  st i l l  s m o o t h  as in  younge r  i n s t a r s  
(figure 1). The  n y m p h  m o u l t s  i n to  t h e  a d u l t  male  wh ich  

is, besides t he  fuIIy deve loped  wings,  cha rac t e r i zed  b y  
2 p la t e s  on  t h e  v e n t r a l  s ide of t he  ana l  s e g m e n t  w i t h  
n u m e r o u s  pores  (80-100) (f igure 2). 
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T h e  j u v e n i l e  h o r m o n e  ( J H )  a n d  t h e  J H - a c t i v e  i n s e c t  
g r o w t h  r e g u l a t o r s  ( I G R s )  i n h i b i t  m e t a m o r p h o s i s  a n d  o f t e n  
e c d y s i s  in  m a n y  o t h e r  i n s e c t s .  T h e  m e a l y  b u g s  a n d  s e v e r a l  
o t h e r  s p e c i e s  of  sca le  i n s e c t s  w e r e  f o u n d  to  be  v e r y  
s e n s i t i v e K  T h e  d e v i a t i o n s  f r o m  t h e  n o r m a l  s c h e m e  of  
d e v e l o p m e n t  o b s e r v e d  o n  t h e  t r e a t e d  l a r v a e  a r e  t h e  s u b -  
j e c t  of  t h e  p r e s e n t  p a p e r .  
Materials and methods. C i t r u s  m e a l y  b u g s  (Planoccocus 
cirri) were  r e a r e d  o n  t h e  p o t a t o  t u b e r s  4, d i p p e d  i n t o  a n  
a q u e o u s  e m u l s i o n  of  6 , 7 - e p o x y - 3 - e t h y l - l - ( p - e t h y l - p h e n -  
o x y ) - 7 - m e t h y l n o n a n e ,  c i s / t r a n s  m i x t u r e  (a c o n s t i t u e n t  

o f  e p o f e n o n a n e ) K  T h e  m a t e r i a l  for  m i c r o s c o p y  w a s  
t r e a t e d  w i t h  l ac t i c  a c i d  a n d  m o u n t e d  in  l a c t o p h e n o l  
m e d i u m .  
Results and discussion. T h e  d e v e l o p m e n t  of  t h e  p o p u l a t i o n  
of  c i t r u s  m e a l y  b u g s  r e a r e d  o n  p o t a t o e s  t r e a t e d  w i t h  

3 W. Vogel, P. Masner and M. L. Frischknecht, Mitt. schweiz. 
ent. Ges. ,19, 245 (1976). 
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Fig. 1-4. Tip of the ventral part  of the male abdomen of citrus mealy bug. Lactophenol. The anal plates with pores are indicated by arrow. 
Fig. 1. Nymph,  untreated. • 740. 
Fig. 2. Male adult, untreated. • 740. 
Fig. 3. Intermediate nymph-adul t ,  JH-active IGR treatment.  • 740. 
Fig. 4. 3 successive nymphal-adul t  intermediates ecdysing without eclosion, JH-active IGR treatment.  Note the anal plates of the oldest 
outermost skin of intermediate I with numerous pores and the plates of the innermost skin of intermediate III with very few pores. X 185. 
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0 .001% emul s ion  of t he  I G R  was comple t e ly  s topped .  
M a n y  l a rvae  d ied  a l r eady  in t he  f i rs t  ecdysis,  a n d  those  
of t he  male  la rvae ,  w h i c h  passed  t h rough ,  p roceeded  
successful ly  on ly  to  t he  n y m p h a l  s tage  b u t  fai led to 
m e t a m o r p h o s e  in to  adul t s .  
T h e  af fec ted  n y m p h s  died  m o s t l y  in  ecdysis  b u t  some 
of t h e m  succeeded a c t u a l l y  in  m o u l t i n g  in to  i n t e r m e d i a r y  
fo rms  b e t w e e n  t he  s u p e r n u m e r a r y  n y m p h s  a n d  adu l t s  
( i n t e rmed ia t e s  I) cha rac t e r i zed  b y  n y m p h a l - l i k e  sho r t  
wing  b u d s  and  adu l t - l ike  ana l  p la tes  a t  t he  a b d o m i n a l  
t ip  covered  w i t h  pores  (figure 3). The  i n t e r m e d i a t e s  
s t a r t e d  1-2 a d d i t i o n a l  ecdyses  wh ich  were n e v e r  f in ished 
w i t h  eclosion. The  l a c t opheno l  whole  m o u n t s  o f ten  re- 
vealed ,  u n d e r n e a t h  t he  skin  of t he  i n t e r m e d i a t e s  I, 1-2  
cu t i cu l a r  layers  of i n t e r m e d i a t e s  I I  a n d  I I I .  T h u s  t he  
m o r p h o g e n e t i c  changes  occur r ing  d u r i n g  2-3 supe rnu -  
m e r a r y  i n s t a r s  could  be  s tud ied  on  t he  same a n i m a l  
(figure 4). The  m o s t  s t r i k ing  fea tu re  was t he  r e d u c t i o n  
in  the  n u m b e r  of pores  on  t he  ana l  p la t e s  in t he  succession 
f rom the  i n t e r m e d i a t e  I ( uppe rmos t  skin) w i t h  a b o u t  ha l f  
t he  n u m b e r  (35-50) to  t he  i n t e r m e d i a t e  I I I  ( the v e r y  
i n n e r  skin) w i t h  on ly  few pores  lef t  (0-3). S imul t aneous ly ,  
also t he  t ip  of the  a b d o m e n  is g e t t i n g  more  b l u n t  in  each  
successive s tage.  
The  ana l  pore  p la t e s  of t he  male  m e a l y  bugs  are t he  a d u l t  
cha rac t e r i s t i c  w h i c h  d i f f e ren t i a t e s  d u r i n g  t h e  n y m p h a l  
m e t a m o r p h o s i s  ins ta r .  T he  r educ t i on  of t he  n u m b e r  of 
these  pores  in  2-3 successive n y m p h a l - a d u l t  i n t e r m e d i a r y  
i n s t a r s  is a new e x a m p l e  of reversa l  of a n  a d u l t  s t r u c t u r e  
i nduced  b y  a J H - a c t i v e  s u b s t a n c e  in a n  i n t a c t  insect .  
Th i s  o b s e r v a t i o n  is c o n s i s t e n t  w i t h  t he  resu l t s  of exper i -  
m e n t s  wh ich  p r o v e d  t h a t  t he  a d u l t  ep idermis  ha s  t h e  
c a p a c i t y  to  secrete  juven i l e  cut ic le  w h e n  t r a n s p l a n t e d  
in to  or c o n n e c t e d  w i t h  t he  l a rva l  mil ieu 6-n.  J H  appea r s  
t o  be  respons ib le  for these  changes  as J H - a c t i v e  I G R s  
app l ied  to  Tenebrio p u p a e  cause  a ' l a r va l i z a t i on '  of t h e  
cut ic le  TM. All these  resu l t s  p rove  t h a t  J H  and  J H - a c t i v e  
I G R s  possess an  in t r ins i c  m o r p h o g e n e t i c  a c t i v i t y  which  
is exe r t ed  d i rec t ly  on  t he  t a r g e t  t issues.  M a n y  p a r t s  of 
t he  ep ide rmis  r e m a i n  c a p a b l e  of r e v e r t i n g  f rom t he  more  

d i f f e ren t i a t ed  t y p e  b a c k  to t he  l a rva l  p a t t e r n  u n d e r  t he  
inf luence  of J H ;  t he  o t h e r  p a r t s  are ea r ly  c o m m i t t e d  
i r r evocab ly  to  lay  d o w n  imag ina l  s t r u c t u r e s  13. 
The  J H - i n d u c e d  r eve r sa l  of m e t a m o r p h o s i s  c an  be  well  
exp la ined  b y  a n  a c t i v a t i o n  of specific genes of conser-  
v a t i v e  cha rac t e r i s t i c s  1,. A n o t h e r  concep t  which  views t he  
J H  as a repressor  of t h e  new genet ic  i n fo rma t ion ,  t he  
s t a t u s  quo concept15,1~, leaves  no room for a n y  such  
revers ion  of t he  once a t t a i n e d  degree  of d i f fe ren t ia t ion .  
A p a r t  f rom i ts  d i r ec t  m o r p h o g e n e t i c  effect,  J H  seems to  
inf luence  t he  m e t a m o r p h o s i s  also ind i r ec t ly  b y  reduc ing  
t he  t i t r e  of t he  m o u l t i n g  and  d i f f e r en t i a t i on  h o r m o n e  
ecdysone  in t he  b l o o d l L  This  d u a l  role of J H  expla ins  
t he  i n h i b i t i o n  of ecdysis  occur r ing  para l le l  to  t he  m o r p h o -  
genet ic  changes  in m e a l y  bugs  a n d  m a n y  o t h e r  insec ts  
t r e a t e d  wi th  J H - a c t i v e  IGRs .  On t he  o t h e r  h a n d ,  t he  
ecdysone  i n h i b i t i n g  role of J H ,  s epa ra t ed  f rom t h e  
m o r p h o g e n e t i c  ac t iv i ty ,  is d e m o n s t r a t e d  b y  t he  d e a t h  of 
t he  y o u n g  l a rvae  in  t he  f i rs t  ecdysis  in  m e a l y  bugs  3, 
scale insectslS, TM, roaches  ~~ and  o the r  insec ts  ~t t r e a t e d  
w i t h  J H - a c t i v e  IGRs .  
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J u v e n i l e  h o r m o n e :  Ev idence  for a role  in the  f eed ing  r h y t h m  of Oncopeltus fasciatus (Da l la s )  

W. F. W a l k e r  1 
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Summary. The  d i u r n a l  feeding r h y t h m  of female  mi lkweed  bugs  was d a m p e d  w h e n  fed n o n h o s t  seeds. J u v e n o i d  t r ea t -  
m e n t  p a r t i a l l y  r e s to red  t he  n o r m a l  r h y t h m .  Precocene  I I - t r e a t e d  mi lkweed  seed-fed females  fed a r r h y t h m i c l y  du r ing  
t he  l igh t  phase  w i t h o u t  r educed  t o t a l  feeding ac t iv i ty .  This  effect  was  la rgely  p r e v e n t e d  b y  s imu l t aneous  t r e a t m e n t  
w i t h  J H  I I I .  

L i t t l e  is k n o w n  a b o u t  t he  role of h o r m o n e s  in insec t  
c i r cad ian  r h y t h m s .  Poss ible  neu roendoc r ine  coupl ing  in 
t he  c i r cad ian  locomoto r  r h y t h m s  of a cockroach  ~ and  a 
c r i cke t  3, as well  as for  s p e r m a t o p h o r e  p r o d u c t i o n  in 
cr ickets  4 ha s  been  proposed .  However ,  i t  has  been  po in t ed  
o u t  5,~ t h a t  t he  ev idence  is in  no i n s t ance  en t i r e ly  con-  
s i s t en t  no r  comple t e  and  hence  needs  f u r t h e r  s tudy .  
T r u m a n  a n d  R idd i fo rd ' s  7 d e m o n s t r a t i o n  of t he  invo lve-  
m e n t  of a d i f fusable  b r a i n  h o r m o n e  in the  c i r cad ian  eclo- 
sion b e h a v i o u r  of s i l k m o t h s  t h u s  s t a n d s  as t he  on ly  un-  
d i s p u t e d  example  of i n v o l v e m e n t  of a h o r m o n e  in a n  
insec t  b e h a v i o u r a l  c i rcad ian  r h y t h m .  
D u r i n g  t he  f i rs t  week  a f t e r  eclosion, adu l t  f emales  of t h e  
large mi lkweed  bug,  Oncopeltus ]asciatus (Dallas),  g r a d u a l l y  
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