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at  a ra te  no t  exceeding 0.5 ml /mn.  Then  the  co lumns  
were  washed  w i t h  10 ml  0.02 M p h o s p h a t e  buffer  (pH 6.5) 
con ta in ing  0.2% EDTA.  Elu t ion  was pe r fo rmed  wi th  
1 N HC1. The f irs t  6 ml  of the  elut ion con ta ined  5-HT. 
Serotonin  was de t e rmined  f luor imetr ical ly  L 

The results  were expressed in 7/g of pineal  tissue, and  
the  s t anda rd  error  is measured  for each 3 de te rmina t ions .  

Results. 4 days  af ter  t he  operat ion,  no s ta t i s t ica l ly  
s ignif icant  differences in the  q u a n t i t y  of au tof luorescen t  
cells (Figure 1 and  Table  I) and  the  q u a n t i t y  of sero tonin  
(Figure 2 and Table II) be tween  the  cas t r a t ed  and  sham-  
opera ted  r a t  pineal  glands were observed.  

One week af ter  the  castra t ion,  the  q u a n t i t y  of auto-  
f luorescent  cells in the  pineal  gland of the  opera ted  ra ts  
was abou t  37% increased in respect  to the  sham-ope ra t ed  
ra t  group (Figure 1, Table  I). No s ta t is t ica l ly  s ignif icant  
differences have  been observed in the  serotonin  concent ra-  
t ion  in the  cas t ra ted  and  sham-opera ted  ra t  pineal  g lands  
(Figure 2, Table II).  

Three  -weeks af ter  the  operat ion,  the  q u a n t i t y  of auto-  
f luorescent  cells in t h e  pineal  gland of t he  cas t ra ted  ra t s  
was increased, th is  increase being larger t h a n  af ter  1 week 
(about  660/o in respect  to  the  sham-ope ra t ed  group) 
(Figure 1, Table I). However ,  no s ta t i s t ica l ly  s ignif icant  
differences were observed be tween  the  serotonin  concen- 
t r a t i on  of the  cas t ra ted  and sham-opera ted  ra t  pineal  
gland (Figure 2, Table  II). 

Discussion. Pineal  response to cas t ra t ion  appeared  to 
be ve ry  slow. 4 days  af ter  the  opera t ion  we have  no t  
observed  any  effect  on the  n u m b e r  of au tof luorescent  
cells and the  5-HT levels. After  1 week, a small  increase 
of the  q u a n t i t y  of autof luorescent  cells was observed,  
while af ter  3 weeks th is  increase is larger. This slowness of 
the  pineal  response is possibly due to the  pa rame te r s  
chosen. Indeed,  in o ther  exper iments  using di f ferent  
pa rame te r s  (metabolic compounds  S) , we have  observed a 
quick response of the  pineal  gland to cas t ra t ion.  

The fact  t h a t  there  was no modif ica t ion in serotonin  
levels in the  pineal  gland of orchidectomized adul t  ra t s  is 
in te res t ing  b u t  diff icult  to  in terprete .  I t  is possible t h a t  
t he  cas t ra t ion  does no t  effect  the  p roduc t ion  of pineal  
indole der ivat ives  bu t  it  is also possible tha t ,  af ter  castra-  
t ion, the  5-HT tu rnover  changes wi thou t  any  change in the  
5HT levels in tissue. 

The increase of q u a n t i t y  of cells conta in ing  autof luo-  
rescent  mater ia l  d e m o n s t r a t e d  t h a t  o r c h i d e c t o m y  has  an 
effect  on the  pineal  gland. Jus t  a f ter  cas t ra t ion ,  an ab ru p t  

drop of androgen  p lasma  levels occurs. This causes a 
rapid  increase in p lasma gonadot rop in  ~-n. At  t h a t  
m o m e n t  i t  is no t  possible to de te rmine  w h e t h e r  t he  
effect  of cas t ra t ion ,  descr ibed in the  p resen t  paper ,  is due 
to the  decreasing p l a sma  androgen  level or to the  increase 
of F S H  and  L H  levels. Pe rhaps  b o t h  m a y  have  an effect  
on the  pineal  gland. I t  is in te res t ing  tha t ,  some t ime  af ter  
cas t ra t ion,  a no tab le  increase was observed of p ineal  
pro te in  synthesis ,  i.e., increase of the  q u a n t i t y  of au to-  
f luorescent  mater ia l .  In tens i f ied  pineal  pro te in  syn thes i s  
is also k n o w n  to occur in e s t rogen- t rea ted  i m m a t u r e  
female rats.  This is caused by  increased L H  secret ion by  
the  adenohypophys i s  12. As cas t ra t ion  also provokes  an 
increase of L H  secret ion 9-~1, it  m a y  therefore  be t h a t  the  
increase of au tof luorescent  p inealocytes  af ter  cas t ra t ion  is 
caused by  increased L H  secretion.  

I t  is possible  t h a t  t he  yellow autof luorescent  mater ia l  
represents  an act ive  pro te in  c o m p o u n d  (pineal h o rmo ne  ?) 
d i f ferent  to  p ineal  indole der ivat ives .  Unde r  these  exper i -  
men ta l  condi t ions ,  cas t r a t ion  m a y  be res t r ic ted  to t he  
synthes is  of these  act ive  pro te in  compounds  ~a. 

Summary.  The o rch idec tomy  of the  adul t  r a t  induces  an 
increased q u a n t i t y  of cells conta in ing  au tof luorescen t  
mater ia l  (proteinaceous mater ia l  1, 2). 
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Suppression of Pupal Esterase Activity in Aedes aegypti (Diptera: Culicidae) by an 
Insect Growth Regulator 

Considerable in teres t  has  been genera ted  by  the  sug- 
gestion t h a t  insect  popula t ions  m a y  be control led by  use 
of analogues and mimics  of na tura l  juvenile  ho rmone  1, 2. 
These insect  g rowth  regulators  (IGR) are bel ieved to 
al ter  the  normal  ho rmona l  balance and thus  interfere  
wi th  pos t - embryon ic  deve lopment ;  however ,  the  precise 
mode  of act ion has  no t  ye t  been resolved. SLADE and  
WlLI~INSON 3 have  indica ted  tha t ,  because m a n y  I G R ' s  
are s t ruc tura l ly  dissimilar  to the  na tu ra l  hormone ,  i t  is 
unlikely t h a t  the i r  effect  is med ia ted  di rec t ly  t h rou g h  an 
in te rac t ion  wi th  the  na tura l  ho rmone  receptor .  T h e y  
propose t h a t  the  I G R ' s  stabil ize the  na tura l  ho rmone  by  
inhib i t ing  the  normal  degrada t ion  pa thways .  One 
enzyme responsible  for ca tabol i sm of endogenous  juvenile  
ho rmone  is a ca rboxyes te rase  which is induced wi th in  30 

min of the  appearance  of juveni le  hormone  4. The p re sen t  
s tudy  was u n d e r t a k e n  to de te rmine  the  effect  of one I G R  
(isopropyl 11-methoxy-3,  7, 11- t r imethyl-dodeca-2,  4- die- 
noate,  Altosid | (ZR 515) on the  esterases  of the  mosqui to ,  
Aedes aegypti (L.), an insect  species which  is pa r t i cu la r ly  
sensit ive to the  effects of I G R ' s  ~. 
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Materials and Methods. E x p e r i m e n t a l  an ima l s  were 
ra ised  f rom eggs o b t a i n e d  f rom a s tock  colony of t he  
yel low-fever  mosqu i to ,  A. aegypti (from a co lony or ig ina-  
t i ng  f rom the  fo rmer  C a n a d a  Agr icu l tu re  l a b o r a t o r y  a t  
t3elleville, Ontar io)  m a i n t a i n e d  u n d e r  s t a n d a r d  condi t ions  
of 28~ and  a pho t ope r i od  of L D :  12:12.  Eggs  were  
h a t c h e d  a t  1 h fol lowing t h e  in i t i a t ion  of t h e  p h o t o p h a s e ;  
to  insure  s y n c h r o n y  of h a t c h ,  eggs were sub jec t ed  to  a 
r educed  pressure  of 350 m m  H g  as a h a t c h i n g  s t imulus .  
1000 newly  h a t c h e d  l a rvae  were aded  to  2 1 of dis t i l led 
w a t e r  in ename l  p a n s  (9 • 14 • 2 inches),  c o n t a i n i n g  1/4 t sp  
of l iver  powder  as a l a rva l  diet .  T h e  d ie t  was  rep len ished  
a t  i n t e rva l s  of 48 h and,  d u r i n g  t h e  4 t h  ins ta r ,  a t  i n t e rva l s  
of 24 h. 

F o u r t h - i n s t a r  l a rvae  a p p e a r e d  a t  96 h fol lowing 
h a t c h i n g  and  a t  th i s  t i m e  a single app l i ca t ion  of Z R  515 
was added  to  t h e  cu l tu re  a t  a c o n c e n t r a t i o n  of 0.1 ppm.  
Th i s  dose ha s  p rev ious ly  been  shown  to  cause  100% 
m o r t a l i t y  u n d e r  l a b o r a t o r y  cond i t ions  s. Cont ro l  a n d  
e x p e r i m e n t a l  an im a l s  were m a i n t a i n e d  in sepa ra te  incuba-  
to rs  to  avo id  c o n t a m i n a t i o n  of con t ro l  cu l tu res  due  to  
cold d is t i l la t ion  of t he  analogue.  A t  g iven  t imes  du r ing  
s u b s e q u e n t  l a rva l  a n d  p u p a l  deve lopmen t ,  50 ind iv idua l s  
were r e m o v e d  f rom t r e a t e d  a n d  con t ro l  cu l tu res  and  s tored 
a t  --20~ 

Pr ior  to  e lec t rophore t i c  s epa ra t i on  of soluble  pro te ins ,  
a sample  of 40-60  m g  (wet  weight )  was  homogen ized  a t  
0~ in 0.2 m l  of a 25% sucrose so lu t ion  con ta in ing  a smal l  
a m o u n t  of pheny l t h i ou r ea .  T he  h o m o g e n a t e  was cent r i -  
fuged a t  3,000 g for 30 � 9  a n d  50 [xl i n f r a n a t a n t  appl ied  
to  a p re - run  5% ac ry lamide  gel for c o n v e n t i o n a l  disc 
e lec t rophores i sL The  r u n  was pe r fo rmed  a t  4~ w i t h  
Tris-glycine buf fe r  (pH 8.6) a n d  us ing  b r o m o p h e n o l  blue 
as t r a c k e r  dye.  

Es te rase  a c t i v i t y  was de t ec t ed  b y  t he  m e t h o d  of 
lXTACHLAS a n d  SELIGMAN s us ing  e - n a p h t h y l a c e t a t e  as 
s u b s t r a t e  a n d  F a s t  B lue  B B  as a diazo s ta in .  The  
re la t ive  c o n c e n t r a t i o n  of each  b a n d  was e s t i m a t e d  us ing  
a record ing  d e n s i t o m e t e r  (Clifford I n s t r u m e n t s  Ltd . ) .  

Results. F o u r t h - i n s t a r  l a rvae  of A. aegypti w h i c h  h a v e  
been  t r e a t e d  w i t h  a l e tha l  dose of Z R  515 do  n o t  d i sp lay  
obv ious  adve r se  effects  un t i l  pupa t ion .  P r e l i m i n a r y  
e x p e r i m e n t s  in  t h e  p r e s e n t  s t u d y  failed to r evea l  a n y  
m a r k e d  differences in  non-specif ic  es terases  be tween  
t r e a t e d  a n d  n o n - t r e a t e d  larvae .  
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Diagram of electrophoretic separation of non-specific pupal esterases 
of Aedes aegypti, with (T) and without (C) prior larvaI treatment with 
a lethal dose of ZR 515. 

D e v e l o p m e n t a l  changes  occur r ing  in p u p a l  es terases  
h a v e  n o t  p rev ious ly  been  descr ibed  for  th i s  species;  t he re  
is a m a r k e d  increase  in a c t i v i t y  of 1 f r ac t ion  ('X', re la t ive  
m o b i l i t y  0.45) wh ich  occurs  d u r i n g  p u p a l  d e v e l o p m e n t  
(Figure).  13 b a n d s  were p r e sen t  t h r o u g h o u t  t h e  p u p a l  
s tage  w i t h  on ly  m i n o r  q u a n t i t a t i v e  differences a p p a r e n t  
a t  d i f fe rent  p u p a l  ages. The  F igure  also d e m o n s t r a t e s  t he  
suppress ion  of b a n d  ' X '  due  to l a rva l  t r e a t m e n t  w i t h  a 
l e tha l  dose of Z R  515. The  poss ib i l i ty  of d i rec t  i nh ib i t i on  
of t he  e n z y m e  b y  t he  ana logue  was t e s t ed  b y  i n c u b a t i n g  
homogen i zed  con t ro l  p u p a e  w i t h  Z R  515 and  d e t e r m i n i n g  
e n z y m e  ac t iv i ty .  No loss of a c t i v i t y  was  de t ec t ed  w h e n  
t h i s  e x p e r i m e n t  was  pe r fo rmed  9. 

Discussion. The  ontogenes is  of non-specif ic  es terases  in  
A. aegypti has  been  descr ibed  p rev ious ly  I~ a l t h o u g h  no 
a t t e m p t  was m a d e  to  d i s t i ngu i sh  be tween  t he  va r ious  
p u p a l  ages. The  p r e sen t  s t u d y  fills t h i s  gap  and  revea ls  a 
m a r k e d  increase  in a c t i v i t y  assoc ia ted  w i t h  one es terase  
f ract ion,  w i t h  increas ing  p u p a l  age. 

Juven i l e  h o r m o n e  func t ions  to  f a v o u r  t he  express ion  
of l a rva l  cha rac te r i s t i c s  a n d  is no t  n o r m a l l y  p re sen t  in  the  
p u p a  n.  The  absence  of t he  h o r m o n e  m a y  resu l t  f rom 
decreased  p r o d u c t i o n  b y  t h e  co rpora  a l l a ta  and  (or) an  
increased  r a t e  of d e g r a d a t i o n  of t he  ho rmone .  One of the  
enzymes  respons ib le  for d e g r a d a t i o n  of t he  n a t u r a l  
h o r m o n e  is a ca rboxyes t e ra se  4, a n d  i t  is possible  that  t h i s  
e n z y m e  m a y  p l ay  a role in m a i n t a i n i n g  a low endogenous  
level  of juven i le  h o r m o n e  d u r i n g  t he  p u p a l  stage. T h u s  
t h e  increased  es terase  a c t i v i t y  obse rved  in one f rac t ion  
d u r i n g  n o r m a l  p u p a l  d e v e l o p m e n t  m a y  reflect  increased  
a c t i v i t y  of t he  ca rboxyes t e r a se  respons ib le  for hydro lys i s  
of n a t u r a l  juven i le  ho rmone .  

Suppress ion  of th i s  a c t i v i t y  b y  l a rva l  t r e a t m e n t  w i t h  
Z R  515 suppor t s  t he  p roposa l  of SLAOE a n d  WILKINSON 8 
t h a t  m a n y  I G R ' s  func t ion  to  s tabi l ize  endogenous  levels 
of n a t u r a l  juven i le  ho rmone ,  r a t h e r  t h a n  ope ra t ing  a n t a g -  
on is t ica l ly  a t  t he  si te  of t he  h o r m o n e  receptor .  The  s t u d y  
does not ,  however ,  exp la in  t he  m e c h a n i s m  b y  wh ich  l a rva l  
t r e a t m e n t  induces  t he  suppress ion  of p u p a l  enzyme.  

Summary. Changes  in non-specif ic  es terases  of Aedes 
aegypti were  n o t e d  d u r i n g  p u p a l  deve lopmen t .  One 
es terase  b a n d  was found  to increase  m a r k e d l y  w i t h i n  3 h 
of p u p a t i o n  and  th i s  increase  in a c t i v i t y  was suppressed  
b y  pr io r  t r e a t m e n t  of l a rvae  w i t h  a n  insec t  g rowth  regula-  
tor ,  Z R  515. I t  is sugges ted  t h a t  t he  es terase  a c t i v i t y  m a y  
he lp  to  reduce  endogenous  levels of juveni le  "hormone 
du r ing  m e t a m o r p h o s i s  a n d  t h a t  t h e  g rowth  r egu la to r  
m a y  p r e v e n t  th i s  n o r m a l  regula t ion .  
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