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The ecdys terone-spec i f ic  b inding  p ro te in  is p robab l y  n o t  
syn thes ized  b y  the  p ro thorac ic  glands  (which syn thes ize  
ecdysone  in locust  larvae  s) or by  the  radiosens i t ive  cells 
of the  hemocy topo ie t i c  t issue,  as h a e m o l y m p h  f rom per-  
m a n e n t  larvae  ob ta ined  b y  ex t i rpa t ion  of t he  p ro thorac ic  
glands or b y  X - r a y  t r e a t m e n t  of the  hemocy topo ie t i c  
t issue g still  b inds  ecdys te rone  in vi tro.  
Ear l ier  work  on t h e  b ind ing  of insect  moul t ing  ho rmo n es  
to  h a e m o l y m p h  ( 'carrier ')  p ro te ins  has  been  unsuccessful  
so far  to  d e m o n s t r a t e  a specific and  sa turab le  b ind ing  10-15. 
A p a r t  f rom probab le  species differences,  the  d iscovery  of 
such a b ind ing  in Locus ta  m a y  be due to t he  use of 
3H-ecdys terone  a t  t he  t ime  of d e v e l o p m e n t  when  com- 
pe t i t ion  wi th  endogenous  ecdys te rone  was likely to  be 
minimal .  The physiological  significance of th i s  p ro te in  
b ind ing  has  now to  be es tabl ished.  Whi le  i t  is p robab le  
t h a t  t he  ' f ree '  ho rmone  is the  act ive  hormone ,  t he  b inding  
p ro te in  could poss ib ly  ac t  as a p ro tec t ion  aga ins t  inact i -  
va t ion  and /o r  excre t ion.  In  addi t ion ,  an impl ica t ion  of t he  
b ind ing  p ro te in  in t he  regula t ion  of the  ho rmone  u p t ak e  

by  the  t a rg e t  t issues has  to be considered.  As ecdysone  is 
h a rd l y  bound  by  the  ecdys terone-speci f ic  b ind ing  protein ,  
i t  is necessary  to  reeva lua te  the  respec t ive  roles of these  
2 forms of ' t he  moul t ing  h o r m o n e '  in t he  endocr ine  pro-  
cess of moul t ing .  
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Summary. P G E  2 (10 -~ M) caused increased cAMP accumula t ion  in 5 p h e o c h r o m o c y t o m a s ,  while in 3 h u m a n  adrenal  
medul lae  P G E  2 caused a s ignif icant  decrease of cAMP level on incuba t ing  slices in vi tro.  This  f inding is discussed in 
re la t ion  to  the  oppos i te  effect  of PGE~ on ca techo lamine  release f rom h u m a n  medul la  and  p h e o c h r o m o c y t o m a  slices 
in vi t ro .  

Secret ion of ca techo lamines  (CA) f rom the  cells of the  
adrena l  medul la  is t r iggered by  acetylcho!ine released f rom 
pregangl ionic  t e rmina l s  of the  sp lanchnic  nerves.  Pheo-  
c h r o m o c y t o m a s  secrete  large a m o u n t s  of CA into  t he  
c i rcula t ion which  cause the  var ious  s y m p t o m s  charac-  
ter is t ic  for th is  tumor .  However ,  p h e o c h r o m o c y t o m a s  are 
no t  i n n e r v a t e d  and,  therefore , re lease  of acetylchol ine  can-  
no t  be t he  t r igger  for t he  large secre t ion of CA in these  
tumors .  We have  recen t ly  r epor ted  on the  inh ib i to ry  ef- 
fec t  of a-adrenergic  s t imulan t s  and  of p ros tag land ins  
(PGE 1 and  PGE~) on CA secret ion f rom ra t  adrenals  in- 
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Effect of PGE~ on cAMP in human adrenal medulla and in pheo- 
ehromocytoma. Diagonally striped columns - cAMP in control slices. 
Dotted columns - cAMP in slices incubated in the presence of PGE~ 
(10 -7 M). Vertical bars - SE. Each column is the mean of i1 slices 
from one adrenal medulla or from one pheochromoeytoma. 1, 2, 3 
designate adrenals or pheochromocytomas from different patients. - 
*p < 0.01 for the difference in cAMP between slices of the same gland 
incubated with and without addition of PGE a. 

cuba ted  in v i t ro  3,4. W h e n  PGE~ was added  to  slices of 
h u m a n  adrena l  incuba ted  in vi tro,  a s imilar  inhibi t ion of 
CA release was observed  5. However ,  PGE~ caused an in- 
verse  effect  on CA secret ion b y  slices of pheochromo-  
cy toma ,  i.e. an increased r a t e  of CA secret ion s. 
The effect  of P G E  could be med i a t ed  t h r o u g h  a ' s econdary  
messenger ' .  The  oppos i te  ac t ion  of P G E  on adrena l  me-  
dulla and  p h e o c h r o m o c y t o m a  could, therefore ,  resul t  f rom 
an opposi te  effect  of t he  ' s econdary  messenger '  ill these  2 
t issues.  Al te rna t ive ly ,  the  p r i m a r y  effect  of P G E  could be 
the  opposi te  in adrena l  medul la  and  p h eo ch ro mo cy t oma .  
Since P G E  has  been  r epo r t ed  to  cause ac t iva t ion  or in- 
h ib i t ion  of adenyl -cyclase  in var ious  t issues 7, it  seemed of 
in te res t  to  s t u d y  the  effect  of P G E  on 3', 5 '-cyclic AMP 
(cAMP) in h u m a n  adrena l  medul la  and  in pheochromo-  
cy toma .  
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Materials and methods. H u m a n  adrenals  were ob ta ined  
f rom cases of acc identa l  d e a t h  which, served as k idney  
donors .  P h e o c h r o m o c y t o m a s  were ob ta ined  dur ing  sur- 
gery  for r emova l  of t he  tumor .  The adrenals  and  pheo-  
c h r o m o c y t o m a s  were immed ia t e ly  placed on ice and  t rans -  
ferred to the  labora tory .  Adrena l  medul la  was separa ted  
f rom cor tex  b y  careful dissection.  Slices of 10-15 mg of 
adrena l  medul la  and  of p h e o c h r o m o c y t o m a  were  pre-  
pa red  and  incuba ted ,  each slice in a 50 ml E r l e n m e y e r  
con ta in ing  10 ml of m e d i u m  of the  following compos i t ion :  
NAC1-154 mM, KC1-5.6 raM, CAC12-0.5 mM, MgCI~-5.5 
mM, glucose-5 mM, NaHCO3-1.8 mM and  theophy l l ine  
10 -~ M. 11-12 slices of each gland or t u m o r  were in- 
cuba ted  in contro l  m e d i u m  and  an equal  n u m b e r  of slices 
were incuba ted  in t he  presence  of PGE~ (10 -~ M) P G E  2 
was k ind ly  suppl ied  by  Dr  J. Pike,  The U p j o h n  Co., 
Ka lamazoo  Mi., U S A  
cAMP assay,  cAMP in the  slices was assayed using a k i t  
of The Radiochemica l  Center,  Amersham,  wi th  b ind ing  
p ro te in  f rom bovine  muscle.  Resul ts  are expressed  as 
nmoles  cAMP/g  t issue a t  the  end of 10 min incubat ion .  
Results and discussion. The figure shows the  effect  of 
P G E  2 on 3 d i f ferent  adrena l  medul lae  and on 5 pheo-  

ch romocy tomas .  In  each of the  h u m a n  adrenalsl  add i t ion  
of PGE~ caused a r educ t ion  of cAMP in the  slices. In  each 
of t he  p h e o c h r o m o c y t o m a s  P G E  2 caused s ignif icant  in- 
crease of cAMP level in t he  slices. Since all the  incuba t ions  
were carr ied ou t  in t he  presence  of theophyl l ine ,  PGE~ 
could no t  have  af fec ted  cAMP level by  inh ib i t ion  of 
phosphodies te rase .  Therefore,  the  p r i m a r y  effect  of PGE~ 
was, p resumably ,  on adenyl-cyclase ,  and  showed an op- 
posi te  effect  in h u m a n  adrena l  and  in pheochromocyLoma.  
cAMP causes release of CA f rom the  adrenal  gland s (and 
our  own unpubl i shed  obse lva t ions) .  A change of cAMP 
level could, therefore ,  be the  ' s econdary  messenger '  of 
P G E  2 action.  The reason for t he  opposi te  effects of P G E  2 
in no rma l  adrena l  cells and  in p h e o c h r o m o c y t o m a  is no t  
clear. However ,  it  is in t r iguing to  suggest  t h a t  a change  in 
some charac ter i s t ic  of the  cell m e m b r a n e  which  accom- 
panies  t h e  t r ans fo rma t ion  of no rma l  adrenM medul la ry  
cell into a t u m o r  cell is reveled b y  th is  a l tered response to  
P G E  2. 
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Summary. The pr incipal  c o m p o n e n t  of the  successful, mol t - induc ing  ecdys te rone  ace ta te  mix tu re  was es tabl ished as 
ecdys te rone  t r i ace ta t e  and  shown to have  the  same ac t iv i ty  as t he  ace ta te  mix ture .  The t r i ace ta t e  induced ecdysis  in 
male  lobs ters  collected in win te r  and summer  and  in female lobs ters  collected in winter .  I n t r amu s cu l a r  in ject ions  of 
t r i ace ta t e  in e thanol  were as effective as those  wi th  oil emulsions.  

Pe rhaps  due  to  the  large adu l t  size of the  Amer ican  lobster ,  
ecdys te rone  (fi-ecdysone, c rus tecdysone ,  20-hydroxyec-  
dysone) t r e a t m e n t s  have  been  a lmost  ent i re ly  unsuccessful  
a t  inducing ecdysis  w i th  survival2, 3. In  th is  animal,  
ecdys te rone  ( 'mol t  ho rmone ' )  t r e a t m e n t  induced  rapid  
p remol t  d e v e l o p m e n t  b u t  t he  lobsters  died in late  p r emo l t  
or a t  ecdysis  w i thou t  a t t e m p t i n g  to emerge,  even  when  

Table 1. Treatment of male lobsters with emulsions containing ee- 
dysterone and ecdysterone acetate 

Treatment* Number** of Mean time in days from 
(Jig/g) last treatment*** to 

molts deaths molt death 

Control 0 0 
E 2.0 0 5 24 :t: 1 
EAc 2.5 4 0 38 :L 23 

3.8 4 0 34 -t- 8 
5.0 4 1 57 -4- 5 41 

EA% 2.7 3 0 43 -4- 17 

*E, ecdysterone; EAc, crude ecdysterone acetate; EA%, crystalline 
eedysterone triacetate. **All groups were 5, intermolt animals or 
early premolt (stage C to Do) randomly selected. *** Second treatment 
given 34 days after the first to animals which showed no significant 
premolt development. 

the  t r e a t m e n t  was smal l  r epea ted  doses ~ which p roduced  
a p p a r e n t l y  per fec t  p remol t  deve lopment .  In  fu r the r  tr ials 
of pro longed h o rmo n a l  exposure,  we found t h a t  t r e a t m e n t  
w i th  ecdys te rone  emulsion p roduced  the  usual  le thal  
p remol t  d e v e l o p m e n t  b u t  t h a t  t he  crude ecdys te rone  
ace ta te  emulsion was h ighly  successful a t  inducing 
ecdysis  4 in lobs ters  collected in fall and  winter .  
To ex t en d  the  above s tudies  to  lobs ters  collected in the  
s u m m e r  and  to ob ta in  in fo rma t ion  on the  dose-response 
re la t ionship  of the  crude aceta tes ,  small, male, adul t  
lobs ters  in ear ly  p r emo l t  (C-Do to no t  beyond  s tage Do 4) 
were t r ea t ed  wi th  emuls ions  of t he  ace ta tes  in F r e u n d ' s  
incomple te  a d j u v a n t  (FIA;  F I A  : wa te r  : e thanol ,  2 : 1 : 1) 
as before ~ b y  in jec t ion  into t he  abdomina l  muscle  a t  the  
indica ted  doses (see table  1). The pr incipal  cons t i tuen t  
of the  crude ace ta te  mix tu re  was isolated,  crystal l ized 
and  also in jec ted  in F I A  emuls ion (table 1). All lobsters  
were held  as before I in individual  t anks  (21 • 29 • 13 cm) 
in flowing, unrec i rcu la ted  sea wa te r  a t  15~ in a closed 
room wi th  control led  l ight ing (16 h l ight/8 h dark).  They  
were fed on live c lams or beef  l iver chunks.  Since f irs t  
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