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Summary. R I A  of ecdysones  are made  on n y m p h a l  ex t rac t s  of Pisaura mirabilis dur ing  the  in te rmoul t ing  cycle. The 
hormone  level is low dur ing  exuvia t ion  and the grea tes t  pa r t  of the in t e rmoul t ing  per iod bu t  increases no tab ly  before 
and af ter  ecdysis.  The main  hormona l  peak  or pre-ecdysia l  peak  is due to fi-ecdysone, charac te r ized  by  combined  
TLC/RIA.  

Changes in ecdysone  level in the  h e m o l y m p h  or in homog-  
ena tes  of whole animals  dur ing  pos t -embryon ic  develop-  
m e n t  are now wel l -known for a grea t  n u m b e r  of insects  ,-9 
and several  crus taceas  10, i t  As for the class of Arachnids ,  
the  s i tua t ion  is qui te  d i f fe rent  since physiological  s tudies  
have  been scarce up to now;  the  exis tence of ecdysones  
has ye t  t o  be revealed since no hormona l  analyses  has 
been made  on these  animals.  
Ecdys t e rone  in jec ted  in to  Pisaura n y m p h s  has a l ready 
yielded some in format ion  : it  induces  the  ear ly  appearance  
of p r e p a r a t o r y  moul t ing  phenomena ,  and ecdysis  it- 
self t2 14. This ac t iva t ing  effect  of injected ecdys te rone  is 
variable,  depend ing  upon the  period of in ject ion 15. This 
suggests  t h a t  the  effects  of exogenic ecdys te rone  are re- 
la ted to the  f luc tua t ions  of endogenic  ho rmone  level 
dur ing  the  in t e rmoul t ing  period.  In order  to  inves t iga te  
th is  problem,  ecdysone  analyses  were made  dur ing  one 
whole n y m p h a l  s tage by  rad io immunoassays .  Several  
analyses  were also made  on adul t  individuals  of bo th  
sexes. 
Material and methods. Pisaura nymphs ,  cap tu red  in ear ly  
January ,  are bred in the  same condi t ions  as descr ibed else- 
where  13. The rank  of the  n y m p h a l  s tages of the exper i -  
men t a l  and contro l  an imals  was de te rmined  by  the  tech-  
nique based on ' t r i chobo th r io t ax ic  schedules ' ~ .  The 
spiders  reach the  n y m p h a l  s tage 8 and weigh 30-70 mg 
before the  analyses  are made.  The mean dura t ion  of the  
n y m p h a l  in t e rmoul t ing  per iod was eva lua ted  f rom the  
contro l  animals  and  did no t  s ignif icant ly  differ be tween  
the  2 sexes a t  the  n y m p h a l  s tage 8, so the  results  ob ta ined  
for males  and  females  were grouped  (durat ion of the  
n y m p h a l  s tage 8:22 days  =t= 4, n = 16). 
Rad io immunoassays  (RIA):  T h e  spiders to be used for 
the  q u a n t i t a t i v e  analyses  are sonicated in pure  me thano l ;  
a f ter  cent r i fugat ion ,  in order  to discard the  proteins,  the  
s u p e r n a t a n t  is evapora t ed  unt i l  dry  under  reduced  pres-  
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Evolution of the level ecdysones during the intermoulting cycle 
(nymphal stage 8) in the spider Pisaura mirabilis. Ordinate: ecdy- 
sone level in pmoles/g fresh wt. Abscissa: length of nymphal-8-stage 
in days. El:  exuviation 1 (precise limit nymphal stages 7 and 8). 
E2: exuviation 2 (theoretical limit between nymphal stages 8 and 9). 

sure. The d ry  pel le t  is suspended in a volume of c i t ra te  
buffer  al lowing a sa t is factor i ly  ad jus ted  dilution.  Eedy-  
sones are ana lyzed  by  R I A  according to the  m e t h o d  of 
De Reggi, Hi rn  and  Delaage 17. The results  are expressed 
as pmoles  of ecdys te rone -equ iva len t  per  g of fresh weight .  
General ly  speaking,  the  t e rm ecdysone is used to des ignate  
the  ecdys tero id  compounds  which react  pos i t ively  in the  
R I A  of ecdysones.  
Combined T L C / R I A  : In  some cases, the  R I A  act ive ma-  
terial  is charac te r ized  by  combin ing  th in- layer  ch romatog-  
r a p h y  wi th  the  RIA.  20 ~tl of the  previous methanol ic  ex- 
t r ac t s  are c h r o m a t o g r a p h e d  ola a silica gel p la te  in the  
solvent  sys tem ch lo ro fo rm-methano l  (80:20, v/v) dur ing  
2 per iods  of 1 h. The gel is d iv ided according to the  po-  
si t ion of the  s tandards ,  then  scraped off and suspended in 
methanol .  Af ter  sonicat ion,  the  gel is d iscarded and the  
so lvent  is evapora ted .  Last ly,  the  R I A  ac t iv i ty  of each 
fract ion is measured.  
Results. The R I A  analyses  of n y m p h  8 ex t rac t s  of Pisaura 
mirabilis show t h a t  ecdysone  are cons t an t ly  p resen t  
dur ing  the  in te rmoul t ing  cycle. 
The f luc tua t ions  in ho rmone  level are visualized in the  
figure;  t h e y  follow several  phases :  a) During exuvia t ion  
E l ,  the level of ecdysones  is re la t ively  low (mean: 150 
pmoles/g) ;  in th is  case, the  analyses  were made  on in- 
dividuals  sampled  exac t ly  dur ing  ecdysis,  b) F rom e x -  
uvia t ion  to abou t  the  5th days  of in te rmoul t ing  period,  
the  hormone  level seems to increase up to 300-400 
pmoles/g,  c) F r o m  the  5th to the  17th day, no very  high 
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va lues  are observed ,  d) F r o m  the  17 th  to  the  25 th  day,  
a m a i n  p e a k  appea r s  w h i c h  c u l m i n a t e s  a t  1000-1500 
pmoles /g .  
The  d ispers ion  of va lues  be t w een  t he  16th  and  t h e  25 th  
d a y  of t he  i n t e r m o u l t i n g  per iod  is due  to the  i m p o r t a n t  
i n d i v i d u a l  v a r i a b i l i t y  in  d u r a t i o n  of t he  i n t e r m o u l t i n g  
cycle, w h i c h  p roduces  a sh i f t  of t he  m a i n  peak.  The  low 
va lues  recorded  a t  the  b e g i n n i n g  of t he  s tage show t h a t  
t h e  level  of ecdysone  d rops  before  ecdysis.  Our  ana lyses  
show t h a t  t he  ex is tence  of a p e a k  of m o d e r a t e d  in tens i ty ,  
occur r ing  before  the  m a i n  p e a k  f rom t he  12 th  to t he  14th  
d a y  of t he  i n t e r m o u l t i n g  per iod,  is n o t  to  be d is regarded.  
The  c o m b i n a t i o n  of TLC w i t h  R I A  for each  of the  frac- 
t i ons  s epa ra t ed  b y  c h r o m a t o g r a p h y  revea ls  t h a t  the  R I A  
ac t ive  m a t e r i a l  is exc lus ive ly  local ized in the  zone cor- 
r e s p o n d i n g  to fl-ecdysone. No e-ecdysone  can  be  de t ec t ed  
us ing  the  same di lu t ion.  
As far  as adu l t s  are concerned ,  t he  R I A  yields the  fol- 
lowing va lues :  a) A d u l t  males  (n = 6) ecdysone  level :  
m e a n  of 50 pmoles /g ;  b) a d u l t  female  (n = 2) ecdysone  
level :  500 pmoles/g .  
Discussion. R I A  of t o t a l  e x t r a c t s  of n y m p h s  of Pisaura 
mirabilis shows f luc tua t ions  in ecdysone  level  d u r i n g  the  
i n t e r m o u l t i n g  period.  E v i d e n t  s imi lar i t ies  become  ap-  
p a r e n t  when  our  resu l t s  are c o m p a r e d  w i t h  those  o b t a i n e d  
for  o t h e r  a r t h r o p o d s :  T he  h o r m o n e  level  is r e la t ive ly  low 
d u r i n g  e x u v i a t i o n  as well  as du r ing  res t ing  per iod  of the  
t e g u m e n t ,  as d e t e r m i n e d  b y  B r o w n i n g  TM (from t he  5th  to 
t h e  16 th  d a y  of the  i n t e r m o u I t i n g  cycle in th i s  case);  
t h i s  level  increases  s l igh t ly  d u r i n g  t he  p o s t m o u l t i n g  
per iod  and  s t rong ly  d u r i n g  the  p r e m o u l t i n g  per iod  before 
d r o p p i n g  d ras t i ca l ly  before ecdysis.  As is now  well  e s tab-  
l ished for insects,  t he  poss ible  ex is tence  of severa l  pre-  
ecdys ia l  peaks  is no t  to  be  d is regarded .  

The  ecdysone  peaks  d u r i n g  the  pre-  and  p o s t m o u l t i n g  
per iods  seem to be  re la ted  to pre-  and  pos t - exuv ia l  
cu t i cu la r  synthes is .  F r o m  a q u a n t i t a t i v e  p o i n t  of view, 
t h e  h o r m o n e  level  in  the  A r a c h n i d s  s tud ied  is a r o u n d  
100 pmoles /g  (i.e. a b o u t  50 ng/g) a t  t he  lowest  and  a r o u n d  
1000-1500 pmoles /g  (about  500-750 ng/g) in t he  m a i n  
peak.  The  h o r m o n a l  form, cha rac t e r i zed  b y  c o m b i n e d  
TLC and  RIA ,  is fl-ecdysone (ecdysterone) .  These  ecdy- 
sone levels are c o m p a r a b l e  to  those  o b t a i n e d  b y  iden t ica l  
or d i f fe ren t  t e chn iques  f rom t o t a l  e x t r a c t s  of in- 
sects  2, 3, 5, 7,19 or c rus taceas  10, 20 
I m p o r t a n t  q u a n t i t i e s  of ecdysones  are revea led  in adu l t  
females  spiders,  wh ich  para l le ls  o t h e r  pub l i shed  resul ts  of 
a d u l t  females  insects19,21 a n d  is p r o b a b l y  in r e l a t ion  to 
t he  m a t u r a t i o n  of ovocy tes  22. 
N y m p h a l  i n t e r m o u l t i n g  s tages  of Pisaura mirabilis are 
di f f icul t  to  d e t e r m i n e  precise ly  a t  h o m o g e n i z a t i o n  for no  
morpho log ica l  c r i t e r ia  c o m p a r a b l e  to  those  used for in- 
sects  and  c rus taceas  are avai lable .  His to logica l  s tudies  of 
t he  t e g u m e n t  d u r i n g  t he  i n t e r m o u l t i n g  cycle are pre-  
s en t ly  u n d e r  way  and  should  give some i n f o r m a t i o n  as to  
t he  loca l iza t ion  of apolysis  in pa r t i cu la r ,  wh ich  would 
g rea t ly  c o n t r i b u t e  to  the  i n t e r p r e t a t i o n  of our  results .  
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Summary. Resul t s  of a p r e l i m i n a r y  e x p e r i m e n t  ind ica te  t h a t  in jec t ions  of m e l a t o n i n  elici t  t e s t i cu la r  regress ion in male  
l izards  h a v i n g  m a x i m a l l y  rec rudesced  gonads  a t  t he  ou t se t  of s tudy .  

Mela ton in ,  an  i ndo leamine  syn thes i zed  and  secre ted  b y  
t h e  p inea l  g land  2, is r epo r t ed  to  h a v e  b o t h  pro-  a n d  an t i -  
g o n a d o t r o p h i c  effects w h e n  a d m i n i s t e r e d  to a d u l t  m a m -  
mals ,  d e p e n d i n g  upon  t h e  t r e a t m e n t  level  used a n d  t he  
mode  of a d m i n i s t r a t i o n  3-7. Converse ly ,  a l imi ted  n u m b e r  
of s tud ies  of e c to the r m i c  v e r t e b r a t e s  ind ica te  t h a t  exo- 
genous  m e l a t o n i n  elicits on ly  a n t i g o n a d o t r o p h i c  effects 
in  these  a n i m a l s S - l ~  W e  here  r e p o r t  resul t s  of a p re l imi-  
n a r y  e x p e r i m e n t  f u r t h e r  d o c u m e n t i n g  t he  a n t i g o n a d o -  
t r o p h i c  ac t ion  of m e l a t o n i n  in lower  ve r t eb ra t e s .  
A d u l t  ma le  l izards  (Callisaurus draconoides), col lected in 
May  1975 on  t he  Mojave  Deser t ,  were  m a i n t a i n e d  in a n  
o u t d o o r  enclosure  n a t  t h e  Dese r t  Resea rch  I n s t i t u t e ' s  
l a b o r a t o r y  in Bou lde r  City,  N evada .  The  an ima l s  the re -  
fore were exposed to n a t u r a l  p h o t o t h e r m a l  cond i t ions  for 
t h e  d u r a t i o n  of t he  s tudy .  All  l i zards  were a p p r o a c h i n g  
p e a k  r e p r o d u c t i v e  cond i t ion  a t  t he  t i m e  of c a p t u r e  13. 
E x p e r i m e n t a l  an ima l s  were in jec ted  w i t h  5 txg of mela-  
t o n i n / d a y  for 20 days,  a n d  con t ro l s  rece ived  in jec t ions  of 
saline.  The  ave rage  b. w t  of t he  l izards  was 17.9 g, a n d  so 
each  was g iven  a p p r o x i m a t e l y  0.3 ag  of m e l a t o n i n / g  b. w t  

1 Supported by grants from the National Science Foundation 
(No. BMS74-04861), the American Philosophical Society 
(Penrose Fund), and the Biomedical Research program at 
Colorado State University. 

2 C.L. Ralph, Am. Zool. 16, 35 (1976). 
3 K. Hoffmann, Naturwissenschaften 67, 364 (1974). 
4 G.R. Lynch and A. L. Epstein, Comp. Biochem. Physiol. 53C, 

67 (1976). 
5 R . J .  Reiter, D. E. Blask and M. K. Vaughan, Neuroendo- 

crinology 19, 72 (1975). 

6 R . J .  Reiter, M. K. Vaughan, P. K. Rudeen and R. C. Philo, 
Am. J. Anat. 747, 235 (1976). 

7 F .W.  Turek, C. Desjardins and M. Menaker, Science 190, 280 
(1975). 

8 V .L .  DeVlaming, M. Sage and C. B. Charlton, Gen. comp. 
Endocr. 22, 433 (1974). 

9 J.C. Fenwick, Gen. comp. Endocr. ld, 86 (1970). 

10 I .L.  Levey, J. exp. Zool. 185, 169 (1973). 

11 G.C. Packard and M. J. Packard, Copeia 7972, 695 (1972)t 

12 W.W. Tanner and J. E. Krogh, Herpetologica 37, 302 (1975). 


