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placed in ice-cold Krebs-lRinger buffer  ph  7.4 (gassed 
wi th  95% O 2 + 5% CO2), con ta in ing  1 mg/ml  glucose 
and I mg /ml  B S A  (Fr. V. Armour  Pha rmaceu t i ca l  Co.). 
Homogen i za t i on  of the  p i tu i tar ies  was pe r fo rmed  wi th  
10 strokes,  us ing glass homogenizers  and tef lon pest lers  
in 1.0 ml  solut ion conta in ing :  0.3 m M  sucrose, i m M  
mercap toe thano l ,  1 m M  disodium E D T A  and 1 m M  
MgC12 in 3 m M  Tris HC1 (ph 7.5) 6. The homogena t e  was 
cent r i fuged at  800 r p m  for 10 rain. The resul t ing super-  
n a t a n t  was cen t r i fuged  at  11,000 rpm in a Beckman  L-2 
u l t r acen t r i fuge  for 30 min. The pellet  was suspended  in 
41% sucrose solution,  which  was then  over la id  wi th  63, 
45, 37, 32, and 28% sucrose solutions.  Cent r i fugat ion  
was t h e n  carried out  a t  22,000 r p m  in the  Beckman  L-2 
u l t ra .cen t r i fuge  (rotor SW 2 5 ) f o r  2 h 16. The in terface  
f rom the  33% sucrose was collected and  washed  wi th  
1 m M  NaHCO a (1:1) and  cent r i fuged again for 30 min 
a t  20,000 rpm.  

The pellet  was r emoved  and resuspended  in 1 m M  
NaHCO 3 and 50 al a l iquots  used for the  pro te in  deter-  
mina t ion  n,  the  5-nucleotidase ~2 assay and  the  adenyl  
cyclase assay ~3. Adenyl  cyclase ac t iv i ty  was measured  
by  convers ion of sRP-ATP to aRp cyclic AMP (Krishna  
e~c al. la; RAMACHANDRAN 14. 

3", 5" cyclic A M P  level. Anter io r  p i tu i t a ry  glands f rom 
'Sabra '  s t ra in  ra ts  (4 groups of 6 rats) weighing 150-200 g 
were used for m e a s u r e m e n t  of cyclic AMP levels, using 
the  GILLMaN assay 15. 

Cyclic AMP formation by anterior pituitary membrane fractions 
and cyclic AMP content of the pituitary glands of rats exposed to 
different environmental temperatures 

Temperature c-AMP Formation ~ c-AMP Level No. of 
(~ (% over control) (pmole/mg protem) rats 

22 54-60 5.0i0.6 12 
34 78-86 b 9.8=t=3.4 b 12 
37 144 160 ~ 16.8~-0.52 b 12 
4 0 b 2.7• 12 

• SEM. ~Stimulation by 50 ng TRH. ~p 0.001. 

The T R H  was a generous gift  f rom Farbwerke  Hoechs t  
An . ,  F rankfur t ,  phospho-eno l -pyruva te ,  p y ru v a t e  kinase 
and cyclic A M P  were purchased  f rom Sigma Co., myo-  
kinase f rom Boer inger  Co., and a2p-ATP from The Radio-  
chemical  Co., Amersham.  

Results and discussion. The Table shows t h a t  there  is a 
difference be tween  the  adenyl  cyclase ac t iv i ty  in the  
m e m b r a n e  of t he  p i tu i t a ry  gland f rom ra ts  which had  
been exposed to  di f ferent  t empera tu res .  Adenyl  cyclase 
ac t iv i ty  a t  34~ was 22% higher,  and a t  37~ 56% higher  
t h a n  the  control  (22 ~ At  4 ~ the  adenyl  cyclase ac t iv i ty  
was 98% lower t h a n  in the  control  group. The level of 
cyclic AMP in the  p i tu i t a ry  shows a s ignif icant  increase 
a t  34~ and at  37~ and a decrease a t  4~ At  34~ the  
p i tu i t a ry  cyclic AMP level was 150% higher,  and at  37 ~ 
210% higher  t h a n  the  control ,  bu t  a t  4~ there  was a 
decrease of 50~ 

In  a previous s t u d y  ~4, it  was observed t h a t  a t  37 ~ and 
0~ there  was a s ignif icant  decrease in the  ievel of T S H  
in the  blood, b u t  there  was an increase in the  level of 
T S H  co n t en t  of p i tu i t a ry  37 ~ and  a t  0~ no difference 
in T S H  co n t en t  of the  p i tu i ta ry .  I t  was also observed 
t h a t  the  level of cyclic A M P  in the  p i t u i t a ry  gland was 
increased a t  37~ and  t h a t  there  was a s ignif icant  de- 
crease a t  0~ F r o m  this  s t u d y  i t  has  become ap p a ren t  
t h a t  adenyl  cyclase ac t iv i ty  in ra ts  exposed to 37 ~ for 
4 days  is ve ry  strong.  

These resul ts  allow pos tu la t ion  t h a t  a t  37~ perhaps  
the  i nvo lvemen t  of cyclic AMP is only essent ial  for t he  
b iosynthes is  of T S H  and has no direct  bear ing on the  
secret ion process.  One th ing  t h a t  is clear f rom this  s t u d y  
is t h a t  the  act ion of the  hea t  is no t  on the  phospho-  
diesterase system.  

However  the  possibi l i ty  is no t  ruled out  tha t ,  a t  37 ~ 
the  m e m b r a n e  has a h igher  sens i t iv i ty  to TRH.  
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O c c u r r e n c e  of E c d y s o n e  in the  B l o o d  of the  Che l i cerate  A r t h r o p o d ,  Limulus  p o l y p h e m u s  1 
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Summary. A mol t  p romot ing  substance,  assumed to be ecdysone,  was discovered in Limulus haemolymph .  Pre l iminary  
b ioassay  suggests  a t i t re  of 9 ng ecdysone per  ml of haemolymph .  

Seven species of p o l y h y d r o x y  steroid mol t ing  hormones  
(ecdysones) have  been  isolated f rom whole a r t h ropod  
bodies  or eggs ' ,  a. Few studies  have  repor ted  ecdysone  
f rom the  blood of a r th ropods  4-6 and  none have  concerned 
the  blood of a chelicerate,  a l though  J e o L a  7 has repor ted  
fl-ecdysone in whole Limulus larvae. We have  therefore  
e s t ima ted  the  ecdysone  blood t i t re  in in termol t ,  juvenile  
Limulus.  

Materials and methods. Juveni le  Limulus (66-235 g 
f resh weight) were ob ta ined  in June  and Augus t  1975 f rom 
the  Marine Biological Labora to ry ,  Woods  Hole, Massa- 
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chuse t t s ,  and  m a i n t a i n e d  in ar t i f ica l  sea w a t e r  a t  13-14~ 
w i t h o u t  feeding.  Blood was r e m o v e d  b y  syr inge w i t h i n  a 
few days  a f te r  t he  an ima l s  a r r ived  in t he  l a b o r a t o r y  and  
p laced  in to  a t  leas t  two vo lumes  of MeOH. 

I so la t ion  of ecdysones  followed t he  genera l  p rocedure  
of Kap lan i s  e t  al. 8 and  deta i l s  are g iven  in WlNGET 9. Blood 
was e x t r a c t e d  in MeOH,  washed  w i th  hexane ,  p a r t i t i o n e d  
in to  n -bu tano l ,  dr ied in vacuo  and  e x t r a c t e d  in 20% 
M e O H  in benzene .  The  s u p e r n a t a n t  was pur i f ied  b y  si- 
licic acid c h r o m a t o g r a p h y  (5% MeOH:  Benzene  followed 
b y  25% M e O H :  Benzene)  and  t h i n  layer  c h r o m a t o g r a p h y  
(TLC) ( B r i n k m a n  silica gel H F  254, ChCla: MeOH 4: 1, 
U V  v i sua l i za t ion  a t  254 nm).  The  silica gel was Muted w i th  
t e t r a h y d r o f u r a n  and  t h e  e x t r a c t  solubi l ized in 10% 
E T O H  for b ioassay  and  100% E T O H  for h igh  pressure  
l iquid c h r o m a t o g r a p h y  (HPLC) (Corasil I I ,  ChCla: 95% 
E T O H  9:1,  U V  v i sua l i za t ion  a t  254 nm).  Based  on 
ana lys i s  of 100 ml  b lood a l iquots  in jec ted  w i t h  a l i a -  or 
~-ecdysone,  t he  e x t r a c t i o n  procedure  t h r o u g h  t he  silicic 
acid s tage was nea r ly  q u a n t i t a t i v e  (95%). However ,  a 
15% loss of r a d i o a c t i v i t y  occurred  du r ing  TLC, p r imar i l y  
due to lack of q u a n t i t a t i v e  e lu t ion  b y  t e t r a h y d r o f u r a n .  
E l u t i o n  w i t h  ho t  E T O H  did no t  i m pr ove  recovery.  

Quan t i f i c a t i on  of ecdysones  was d e t e r m i n e d  b y  the  
Limulus  bioassay.  This  assay,  deve loped  b y  JEGLA et  al. 1~ 
consis ted  of in j ec t ing  f i rs t  i n s t a r  Limulus ,  14-16 days  
a f t e r  ha t ch ing ,  w i t h  0.5 ~1 of pur i f ied  e x t r a c t  or k n o w n  
a m o u n t  of fl-ecdysone. Precocious  ecdysis w i t h i n  12 days  
c o m p a r e d  to  cont ro l s  in j ec ted  w i th  an  equa l  v o l u m e  of 
10% E T O H  ind ica t ed  t he  presence of a molecule  w i th  
mo l t i ng  ac t iv i ty .  

Results. 220 ml  of b lood  were r e m o v e d  f rom 42 an imal s  
( to ta l ing  5285 g f resh weight)  col lected in ear ly  June.  
Af te r  e x t r a c t i o n  a n d  d e v e l o p m e n t  of 4 successive t h i n  
layer  c h r o m a t o g r a p h s ,  3 U V  abso rb ing  b a n d s  appea red  in 
co -mig ra t ion  w i t h  a u t h e n t i c  ~- and  fl-ecdysone a n d  in- 
okosterone.  Severa l  o t h e r  less polar  b a n d s  also appeared .  
A l t h o u g h  a u t h e n t i c  e -ecdysone  was c lear ly  sepa ra t ed  
f rom fl-ecdysone in th i s  sys tem,  inokos te rone  and  fl-ec- 
dysone  over lapped ,  as d id  t he  co r respond ing  ma te r i a l  
f rom Limulus  blood. 

B ioas say  of t he  f rac t ions  co -mig ra t ing  w i t h  ~- and  fl- 
ecdysone  a n d  inokos t e rone  p roduced  t he  resul t s  g iven  in 
t he  Table.  I t  is c lear  t h a t  these  f rac t ions  c o n t a i n e d  
m o l t i n g  a c t i v i t y  a n d  t h u s  p r e s u m a b l y  one or more  ec- 
dysones .  A l t h o u g h  q u a n t i f i c a t i o n  of the  Limulus  assay  
is sti l l  in t he  in i t ia l  s tages  in th i s  l abo ra to ry ,  p r e l i m i n a r y  
resul t s  ind ica te  t h a t  t h e  c o n c e n t r a t i o n  of ecdysone  f rom 
aI1 3 f rac t ions  cons idered  t o g e t h e r  is a p p r o x i m a t e l y  9 ng/  
ml  blood, based  on  an  overa l l  e x t r a c t i o n  efficiency of 50%. 

Effect of LimuIns blood extracts on molt cycle duration in first 
instar Limulus 

Treatment No. of animals Molt within 12 days 
injected after injection (%) 

10% ETOH 29 0 

/~-ecdysone (ilg/animal) 
5 28 54 

25 9 100 
50 11 100 

blood extracts 
7 71 

fl 10 70 
I 8 75 
Sum 25 72 

~, [3 and I refer to material that co-m/grated with authentic ~-ecdy- 
sone, fl-ecdysone and inokosterone on TLC. Sum equals consideration 
of these fractions in total. 

Cons iderab ly  more  t h a n  th i s  a m o u n t  of m a t e r i a l  ap-  
pea red  on  the  t h i n  l aye r  plates .  I n  order  to  t e s t  t he  as- 
s u m p t i o n  t h a t  t he  e x t r a  m a t e r i a l  r ep re sen t ed  impur i t i e s  
w i t h  c h r o m a t o g r a p h i c  b e h a v i o r  s imi la r  to  ecdysones ,  t he  
f rac t ions  f rom TLC were ana lyzed  w i t h  HPLC.  I n  each  
case, peaks  appea red  w i t h  r e t e n t i o n  vo lumes  t h a t  indi-  
ca ted  less po l a r i t y  t h a n  t he  co r re spond ing  a u t h e n t i c  ec- 
dysone.  No peaks  appea red  a t  t he  r e t e n t i o n  vo lume  of ~- 
ecdysone.  U V  spec t ra l  ana lys is  of H P L C  f rac t ions  in 
E T O H ,  t h a t  r ep resen ted  the  obse rved  peaks  or t he  re- 
t e n t i o n  vo lume  of fl-ecdysone, d id  no t  ind ica te  t h e  pre-  
sence of ecdysone.  Based  on  a sens i t i v i ty  of a p p r o x i m a t e l y  
500 ng  of / / -ecdysone for the  pa r t i cu l a r  l iquid c h r o m a t o -  
g r a p h  used, t he  H P L C  d a t a  ind ica te  t h a t  cons iderable  
q u a n t i t i e s  of U V  a b s o r b i n g  impur i t i e s  f rom Limulus  blood 
co-migra te  w i t h  var ious  ecdysones  on  TLC and  t h a t  the  
a m o u n t  of ecdysone  p re sen t  shou ld  be less t h a n  37 ng/ml ,  
as conf i rmed  b y  t he  bioassay.  

I n  an  ear l ier  a t t e m p t  to  measu re  Limulus  ecdysone  
t i t res ,  b lood e x t r a c t s  f rom juveni les  col lected in A u g u s t  
were ana lyzed  b y  t he  Musca assay, as deve loped  b y  
KAPLANIS et  al. 11. Some cut ic le  t a n n i n g  was obse rved  in 
l a rva l  M u s e s  a b d o m e n s  ( the c r i te r ion  for ecdysone  pre-  
sence) compared  to no  t a n n i n g  in l a rvae  in jec ted  w i th  
10% E T O H .  However ,  t he  resul t s  were no t  s t a t i s t i ca l ly  
meaningfu l .  M a n y  l a rvae  in jec ted  w i t h  b lood e x t r a c t s  be- 
came necrot ic ,  while  necrosis  was no t  a serious p rob l em 
wi th  controls .  I t  t he re fo re  appea r s  t h a t  Limulus  blood 
con ta ins  ma te r i a l  wh ich  is toxic  to  Musca larvae,  even  
af te r  TLC and  H P L C  pur i f ica t ion .  Tox ic i ty  is n o t  a n  un-  
c o m m o n  p r o b l e m  w i t h  th i s  assayl~. 

Discussion. W e  h a v e  d e m o n s t r a t e d  t h a t  m a t e r i a l  ob- 
t a i n e d  f rom TLC f r ac t i ona t i on  of juven i le  Limulus  blood 
e x t r a c t  p roduced  precocious  mo l t i ng  in Limulus  l a rvae  
and  assume t h a t  these  obse rva t i ons  ind ica te  the  presence  
of ecdysone.  We  do no t  h a v e  suff ic ient  ev idence  to ident i -  
fy the  ecdysone  (s) involved ,  b u t  t he i r  t h i n  layer  ch roma-  
t og raph i c  b e h a v i o r  is s imi lar  to  ~- and  fl-ecdysone and  
inokos terone .  The  exis tence  of ecdysone  in t he  blood 
p rov ides  f u r t h e r  s u p p o r t  for t he  c o n t e n t i o n  t h a t  th i s  
s teroid  is a Limulus  h o r m o n e  u n d e r  t he  classic def in i t ion  
t h a t  h o r m o n e s  r e p r e s e n t  a b lood bo rne  c o m m u n i c a t i o n  
sys tem.  

A p l e t h o r a  of s tudies  9, is h a v e  m e a s u r e d  ecdysone  con- 
c e n t r a t i o n  in whole a n i m a l  ex t r ac t s  (which m a y  con t a in  
gu t  con ten ts ) ,  b u t  few h a v e  e x a m i n e d  isola ted blood. 
OHTAKI et  al. 5 r epo r t ed  ecdysone  concen t r a t i ons  of 10-50 
n g / m l  in l a rva l  Sarcophaga blood, depend ing  on age. The  
lower end  of th i s  r ange  compares  f a v o r a b l y  w i th  9 n g / m l  
e s t i m a t e d  for Limulus  juveni les  in the  i n t e r m o l t  stage, 
wh ich  p r e s u m a b l y  r ep resen t s  t he  lowest  mol t  h o r m o n e  
levels. However ,  Limulus  m o l t  in  la te  Ju ly  and  A u g u s t  in 
t he  "Woods Hole area.  The  ind iv idua l s  assayed appea red  
to be i n t e r m o l t s  b u t  were col lected a b o u t  6-8  weeks  be- 
fore la te  p remol t s  n o r m a l l y  a p p e a r  and  m a y  h a v e  been  in 
the  earl iest ,  u n d e t e c t a b l e  s tages  of premol t ,  w h e n  ec- 
dysone  t i t r es  are increas ing  in o the r  a r t h r o p o d s  la, 14. 
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