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Tile significance of difference be tween  means  was es tab-  
l ished by  S t u d e n t ' s  t - t e s t  and  unless o therwise  indicated,  
da t a  are expressed  as the  m e a n  • SEM. 
Results. The P G F - t r e a t e d . r a t s  gained 12.5 g ( n = 6 )  com- 
pa red  to a loss of 1.3 g ( n=9 ) ,  p < 0.05, for t he  contro l  
rats .  Blood sugar  de t e rmined  24 h pr ior  to sacrifice was 
no t  s ignif icant ly  a l tered by  l ~  492 4- 47 mg/  
100 ml blood for control  and  425 -1- 52 mg/100 ml blood 
for t r ea t ed  rats,  p > 0.3. The da t a  shown in table  1, 
however ,  clearly indicate  t h a t  BGF t r e a t m e n t  depressed 
hepa t ic  drug  me tabo l i sm in these  d i abe t i c -hypophy-  
sec tomized animals.  
In  a similar  manner ,  B G H  inject ions  resul ted  in a b .w t  
increase dur ing  the  t r e a t m e n t  per iod  of 19.4 g ( n = 7 )  
com pa red  to  a loss of 3.8 g ( n=4 ) ,  p <0 .05 ,  for controls  
a n d  was w i t h o u t  s ignif icant  effect  on blood sugar  de ter -  
mined  24 h pr ior  to  sacrifice; 543 nk 49 mg/100 ml blood 
for controls  compa red  to  441 • 36 mg/100 ml blood for 
t r ea t ed  rats ,  p > 0.1. T r e a t m e n t  wi th  B G H  also depressed 
the  hepa t ic  me tabo l i sm of aniline b u t  did no t  s ignif icant ly  
affect  aminopyr ine  me tabo l i sm (table 2). 

Table 2. Effect of in vivo treatment of diabetic-hypophysectomized 
rats with bovine growth hormone (BGH) on hepatic drug metabolism 
in vitro~ 

Drug Control BGH- treated b Inhibition 
substrate (%) 

(~xmoles/min g liver) (~zmoles/min g liver) 
Aminopyrine 62.45 ~ 3.10 (4) 56.99 -4- 1.66 (7) 4 
Aniline 16.00 :L 1.39 (4) 10.32 ! 0.43 (7) ~ 36 

a Results are expressed the same as for table 1. b Treatment con- 
ditions are described in 'methods'. c p < 0.01 versus control. 

Discussion. After  in ject ion of a l loxan in to  ra ts  to  produce  
diabetes ,  a small  a m o u n t  of immunoassayab le  insulin 
remains  in t he  p l a sma  even t h o u g h  the  abi l i ty  of be ta  
ceils to  secrete insulin in response  to  normal  s t imuli  is 
g rea t ly  d imin ished  s. A l though  insulin is necessary  for 
g rowth  in some species only v e r y  small  amo u n t s  of insulin 
are necessary  for the  express ion  of the  g rowth  response 
to  GH in h y p o p h y s e c t o m i z e d - p a n c r e a t e c t o m i z e d  ra ts  9. 
In  addi t ion  i t  has  previous ly  been  shown t h a t  P G F  s t im-  
ulates  the  g rowth  of al loxan d iabet ic  ra t s  10 and  t h a t  P G F  
has some ' insulin-l ike '  ac t iv i ty  11. In  l ight  of these  obser- 
va t ions  i t  is no t  surpr is ing t h a t  b o t h  B G H  and P G F  were 
observed  to s t imula te  g rowth  in the  d i abe t i c -hypophy-  
sec tomized ra ts  used in the  p r e s en t  exper iments .  
Al loxan d iabetes  in ra t s  has  also been  shown to  decrease 
the  in vi t ro  me tabo l i sm of aminopyr ine  bu t  increase the  
in v i t ro  me tabo l i sm of aniline 4. Insu l in  t r e a t m e n t  of 
d iabet ic  rats,  on tile o the r  hand ,  decreases  aniline me t ab -  
o l i sm b u t  has  no effect  on aminopyr ine  metabo l i sm 4. 
Likewise,  h y p o p h y s e c t o m y  alone has been  shown to de- 
crease hexoba rb i t a l  2 and aminopyr ine  i me tabo l i sm in 
rats .  The p re sen t  observa t ions  t h a t  P G F  ac ted  to  decrease 
the  ra te  of hepa t ic  aminopyr ine  and  aniline metabo l i sm 
w i t h o u t  a l ter ing blood sugar concen t ra t ions  dur ing a 
per iod of enhanced  g rowth  in d i abe t i c -hypophysec tomized  
ra ts  indicate  t h a t  P G F  affects g rowth  and drug  metabo l i sm 
by  a mechan i sm t h a t  is no t  d e p e n d e n t  on n o r m a l  insulin 
levels. The obse rva t ion  t h a t  B G H  affected only  aniline 
me tabo l i sm under  these  same condi t ions ,  however ,  sug- 
gests t h a t  m a m m a l i a n  g rowth  h o rmo n e  and  P G F  m a y  
affect  hepa t ic  drug  me tabo l i sm by  i n d e p e n d e n t  mecha-  
nisms.  

8 C.R. Morgan, and A. Lazarow, Diabetes 14, 669 (1965). 
9 R.O. Scow, Endocrinology 61, 582 (1957). 
10 W.R. Ruegamer and J. F. Mueller, J. Nutr. 703, 1496 (1973). 
11 D.R. Harlow, W. Mertz and J. F. Mueller, J. Parasit. 53, 449 
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Summary. Specific b inding  of 3H-ecdys te rone  to a h igh  mol. w t  p ro te in  f rom Locus ta  migra tor ia  h a e m o l y m p h  was 
shown b y  gel f i l t rat ionl  The ho rmone -p ro t e in  complex  shows a dissociat ion co n s t an t  Ka  -- 3.10 -~ M, and  the  con- 
cen t r a t i on  of b inding  sites var ies  dur ing  the  last  larval  instar .  

The moul t ing  ho rmones  of insects,  ecdysone  (e-ecdysone) 
and  ecdys te rone  (fl-ecdysone, 20-OH-ecdysone) ,  are poly-  
hyd roxys t e ro ida l  molecules.  These hormones  circulate in 
the  h a e m o l y m p h  a t  levels which  are a t  least  a 100fold 
below the i r  solubi l i ty  in water .  I t  has  thus  been general ly  
agreed 1 t h a t  these  ho rmones  circulate  in a ' f ree '  form, 
r a the r  t h a n  par t i a l ly  bound  to  p ro te in  carriers  as s teroid 
ho rmones  of ver tebra tes ,  I r epor t  here  t he  occurrence of a 
specific and  sa tu rab le  b ind ing  p ro te in  for ecdys te rone  in 
Locus ta  migra tor ia  h a e m o l y m p h .  
Ecdysone  d i sappears  quickly f rom the  h a e m o l y m p h  when  
in jec ted  in to  locust  larvae 2, and  chemical  assay (gas 
c h r o m a t o g r a p h y - m a s s  f r agmen tography)  shows t h a t  
ecdys te rone  is the  pr inc ipal  ho rmone  molecule c i rculat ing 
in larval  h a e m o l y m p h  3. Moreover,  a f ter  in jec t ion  of 3H- 
ecdysone,  in v ivo b ind ing  of aH-ecdys terone  to  a macro-  
molecular  f rac t ion of t he  h a e m o l y m p h  of locust  larvae 
has  been  shown by  gel f i l t ra t ion  on Sephadex  G100 4. 

Material and methods. In  order  to  allow an in v i t ro  s t u d y  
of th is  binding,  aH-ecdys terone  of h igh  specific ac t iv i ty  
was f irs t  synthes ized .  F a t  b o d y  and Malpighian tubules  
are t he  p r i m a r y  si tes of the  convers ion  of ecdysone  into 
ecdys te rone  in locusts  2. Malpighian tubules  of 50 late 
f i f th  ins ta r  locusts  were  dissected and r insed for a t  least  
2 h a t  4~ in locust  saline 5. 15 nmoles  aH-ecdysone 

1 L.I.  Gilbert and D. S. King, in: The Physiology of Insecta, vol. 
1, p. 249. Ed. M. Roekstein. Academic Press, New York 1973. 

2 R. Feyereisen, M. Lagueux and J. A. Hoffmann, Gem Comp. 
Endoer. 29, 319 (1976). 

3 A. Bouthier, J. L. Pennetier, B. Mauchamp and R. Lafont, C. 
r. hebd. S6anc. Acad. Sci. Paris 280 D, 1837 (1975). 

4 R. Feyereisen, M. Lagueux and J, A. Hoffmann, C. r. hebd. 
S6ane. Aead. Sei. Paris 280 D, 1709 (1975). 

5 W. Mordue and G. J. Goldsworthy, Gen. Comp. Endocr. 12, 
360 (1969). 



1112 Specialia EXPERIENTIA 33/8 

(sp. act .  ~ 60 Ci /mmoles)  were t a k e n  up  b y  5 ml  of 
L a n d u r e a u ' s  m e d i u m  (personal  c o m m u n i c a t i o n )  a n d  t he  
M a l p i g h i a n  t u b u l e s  were a d d e d  to t h i s  m e d i u m  a n d  
i n c u b a t e d  for 6 h a t  37 ~ w i t h  gen t le  shak ing .  The  reac-  
t i on  was  s t o p p e d  b y  a d d i t i o n  of m e t h a n o l  a n d  ecdy-  
s t e ro ids  were e x t r a c t e d  and  a n a l y s e d  b y  T L C  2. A b o u t  
800/0 of t h e  recovered  label  was  a t t r i b u t a b l e  to  e c d y s t e r o n e  
wh ich  was  de f in i t ive ly  ident i f ied  b y  cocrys ta l l i sa t ion .  
T he  3H-ecdys t e rone  b i o s y n t h e s i z e d  was  n o t  d i lu ted  w i t h  
e n d o g e n o u s  e c d y s t e r o n e  as s h o w n  b y  r a d i o i m m u n o a s s a y  
u s i n g  a 12~I-iodinated a n t i g e n  ~. 
Resul ts  and  discussion. U s i n g  t h i s  h i g h  specific a c t i v i t y  
8H-ecdys te rone ,  we i n c u b a t e d  cell-free h a e m o l y m p h  f rom 
2-day-o ld  f i f th  i n s t a r  l a rvae  (low e n d o g e n o u s  h o r m o n e  
t i t re)  w i t h  3H-ecdys te rone  a n d  f r a c t i o n n a t e d  i t  b y  
S e p h a d e x  G25 gel c h r o m a t o g r a p h y .  F igu re  1 shows  t h a t  
9% of t h e  label  r ecovered  f r o m  the  c o l u m n  is a s soc ia ted  
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Fig. 1. Binding of 3H-ecdysterone to locust baemolymph proteins: 
100 ~xl cell-free haemolymph from 2-day-old fifth instar locusts were 
incubated for 60 rain at 4~ with 3.2 • 10 s M 3H-ecdysterone and 
fractionated by gel fittratioi1 on Sephadex G25 {15 cnl column; 
0.8 ml/min; 100 mM phosphate buffer, pH 6.9). Optical density was 
monitored with an LKB Uvicord II at 280 nm and the radioactivity 
of 100 ill aliquots from 450 p.1 fractions was counted by liquid scintil- 
lation. The first peak of radioactivity eo-eluted with the macro- 
molecular fractions and accounted for 9% of the total radioactivity 
recovered. 

w i t h  t he  m a c r o m o l e c u l a r  f rac t ions .  Cell-free h a e m o l y m p h  
does  n o t  me tabo l i ze  ecdys te rone ,  a n d  b o t h  pe a ks  of 
r a d i o a c t i v i t y  are a t t r i b u t a b l e  to c h r o m a t o g r a p h i c a l l y  
pu re  ecdys te rone .  A s s a y i n g  t he  h o r m o n e  b i n d i n g  b y  gel 
f i l t ra t ion ,  i t  was  seen  t h a t  R N a s e  does no t  m o d i f y  t h e  
p e r c e n t a g e  of e c dys t e rone  bound ,  whereas  t r e a t m e n t  w i t h  
p ro t ease  decreased  i t  b y  78%.  H e a t  t r e a t m e n t  (60~ 
30 min)  or h igh  N E M  c o n c e n t r a t i o n s  (3 mM) also a f fec ted  
e c dys t e rone  b ind ing .  These  d a t a  d e m o n s t r a t e  t he  exis-  
t ence  of a n  e c d y s t e r o n e - p r o t e i n  complex .  Th i s  e c d y s t e r o n e  
b i n d i n g  p ro t e in  h a s  a m o l . w t  g rea te r  t h a n  2.5 • 105 dal -  
t o n s  as  s h o w n  b y  S e p h a d e x  G200 gel c h r o m a t o g r a p h y .  
W h e n  cell-free h a e m o l y m p h  f rom f i f th  i n s t a r  locus t s  on 
d a y  1 was  i n c u b a t e d  w i th  inc reas ing  a m o u n t s  of ecdys t e -  
rone,  b i n d i n g  a p p e a r e d  to be s a t u r a b l e  (figure 2). O n ly  
one t y p e  of b ind ing  si te  could  be  d e m o n s t r a t e d .  T h e i r  
t o t a l  c o n c e n t r a t i o n  on  d a y  1 is a b o u t  8 • 10 -s  M. T h e  
d i ssoc ia t ion  c o n s t a n t  K a  of t he  h o r m o n e - p r o t e i n  c o m p l e x  
is a b o u t  3 x 10 7 M. 3H-ecdys te rone  b inds  to h a e m o l y m p h  
p ro t e ins  f r o m  la rvae  as well as f r om a du l t s  f r o m  b o t h  
sexes.  The  t ab le  show s  t h a t  t h e  pe r c e n t a ge  of 3H-ecdy-  
s t e rone  b o u n d  var ies  in reciprocal  f u n c t i o n  of t he  level of 
e n d o g e n o u s  h o r m o n e .  Moreover ,  t he  c o n c e n t r a t i o n  of 
b o u n d  e c d y s t e r o n e  on d a y  7 is g rea te r  t h a n  t he  to t a l  con-  
c e n t r a t i o n  of b i n d i n g  s i tes  on d a y  1. Thus ,  t he  t o t a l  
c o n c e n t r a t i o n  of b i n d i n g  s i tes  is n o t  c o n s t a n t  d u r i n g  t h e  
las t  l a rva l  ins ta r .  
I n  our  in v i t ro  i n c u b a t i o n  a n d  a s s a y  condi t ions ,  b i n d i n g  
of 3H-ecdysone ,  3H -3 -de hyd roe c dysone  a n d  3H-3-de- 
h y d r o e c d y s t e r o n e  n e v e r  exceeded  2% of tile b i n d i n g  
n o t e d  for 3H-ecdys te rone  a t  t he  s a m e  c onc e n t r a t i on .  
E c d y s t e r o i d  c o n j u g a t e s  7 were n o t  b o u n d  a t  all. I t  t h u s  
a ppe a r s  t h a t  locus t  h a e m o l y m p h  c on t a in s  a specific 
e c d y s t e r o n e  b ind ing  p ro t e in  w i th  l imi ted  capac i ty .  Our  
a s s a y  cond i t ions  do n o t  exc lude  t he  ex is tence  of a d d i t i o n a l  
lower a f f in i ty  b i n d i n g  s i tes  w h i c h  m a y  release the i r  l igand  
u p o n  c h r o m a t o g r a p h y  on S e p h a d e x  G25. 

6 M.L.  De Reggi, M. Hirn and M. Delaage, Biochem. biophys. 
Res. Commui1. 66, 1307 (1975). 

7 J. Koolman, J. A. Hoffmann and P. Karlson, Z. Physiol. Chem. 
354, 1043 (1973). 
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Fig. 2. Effect of increasing amounts of ecdysterone on its binding to 
haemolymph proteins from i-day-old fifth instar larvae. 100 ~zl 
samples of cell-free haemolymph from 1-day-old fifth instar larvae 
were incubated for 60 min at 4~ with various concentrations of 
8H-ecdysterone. The details for the binding assay were the same as 
described for figure 1. Binding was plotted according to Scatchard le 
to give the dissociation constant (Kd = 3.10 -~ M) and number of 
binding sites (N = 8.10 -s M). 

Ecdysterone binding to locust haemolymph proteins during the last 
larval instar 

Fifth Endogenous 3H-ecdysterone Concentration 
instar, hormone bound (% of total of ecdysterone 
day titre radioactivity bound 

recovered) 

2 1 �9 10  - 7 M  9 9 �9 10  - g M  
5 9.4 �9 10 -7 M 4.2 3.9 �9 10 -s M 
7 7.6 �9 10 -e M 1.8 1.4 �9 10 -v M 
9 2 �9 10 eM 2.1 4.2 �9 10 - s M  

100 Ill cell-free haemolymph Ir0m 2-, 5-, 7- and 9-day-old fifth instar 
larvae (duration of the last larval instar = 10 days) were incubated 
for 60 min at 4~ with 3.2 • 10 .8 M 3H-ecdysterone and the binding 
assayed as on figure 1. Values of the endogenous hormone titre in 
haemolymph are obtained by radioimmunoassay 6 and it is assumed 
that this activity is solely due to ecdysterone a. The concentration of 
ecdysterone bound to haemolymph proteins was calculated from ec- 
dysterone titre and the percentage of 3H-ecdysterone bound, as- 
suming a normal isotopic dilution. 
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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 .  

8 J .A.  Hoffmann, J. Koolman and C. Beyler, C, r. hebd. Sganc. 
Acad. Sci. Paris 280 D, 733 (1975). 

9 J .A.  Hoffmann, C. r. hebd. S~anc. Aead. Sci. Paris 273 D, 2568 
(1971). 

10 H. Emmerieh, J. Insect. Physiol. 76, 725 (1970); Z. vergl. 
Physiol. 68, 385 (1970). 

11 L. Cherbas and P. Cherbas~ Biol. Bull. mar. biol. Lab., Woods 
Hole 138, 115 (1970). 

12 H. Chino, L. I. Gilbert, J. B. Siddall and W. Hafferl, J. Insect. 
Physiol. 16, 2033 (1970). 

13 T.A.  Gorell, L. I. Gilbert and J. Tash, Insect Biochem. 2, 94 
(1972). 

14 G. Thamer and P. Karlson, Z. Naturforseh. 27b, 1191 (1972). 
15 E.M. Butterworth and H. D. Berendes, J. Insect. Physiol. 

20, 2195 (1974). 
16 G. Scatchard, Ann. N. Y. Acad. Sci. 51,660 (1949). 

Opposi te  effect of PGE~ on c A M P  levels  in h u m a n  adrenal  medul la  and p h e o c h r o m o c y t o m a  1 

P u n y a  Boonyavi ro j  and  Y e h u d a  G u t m a n  2 

Department o~ Pharmacology, The Hebrew University-Hadassah School o~ Medicine, Jerusalem (Israel) I 1 October 1976 

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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