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tha t  the  an t ibody specific for the  Cls compound  const i tu ted  
no more than  4% of the  to ta l  populat ion.  

We have  thus  shov~n tha t  the present  J H  ant ibodies  
are highly specific for the  s t ructure  of the  immunogen .  
High  an t ibody specificity was demons t ra ted  in the  com- 
pe t i t ion  exper iments ,  in t ha t  the  only major  compet i tors  
of ei ther  the rad ioac t ive  Cls -JH or C16-JH (der ivat ive  11) 
were the  C~7 and C~6 epoxy compounds.  The  ant isera  used 
in these exper iments  were of compara t ive ly  low binding 
affinities;  however  the  af f in i ty  should increase wi th  
increasing t ime  of immuniza t ion  and this aspect  is 
current ly  being invest igated.  W i t h  be t te r  sera and a C16 
radiol igand of higher specific act ivi ty ,  the sensi t iv i ty  of 
t he ' r ad io immunoassay  should increase well  beyond tha t  
repor ted  in th is  paper.  I t  is obvious tha t  these techniques  
will be useful in quan t i fy ing  and screening for s t ruc tura l ly  
re la ted juveni le  hormones  in insects ~6. 

Rdsumd. Les auteurs  ont  p rodui t  des ant icorps  contre  
l ' hormone  juveni le  du parasi te  du tabac  Manduca sexta 
(C16 JH)  par  immunisa t ion  avec un conjug6 haptgne-  
prot6ine. Les ant is6rums 0nt montr6  une forte sp6cificit6 

pour  le C~ J H  et le C17 ] H  et  ils con t iennen t  tr&s vra i -  
semblablement  un groupe d 'an t icorps  ayan t  une affinit6 
plus grande pour  le C17 J H  que pour  le C16 ] H .  
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Antibodies to the Insect Moulting Hormone ~-Ecdysone 

The moul t ing  hormone of insects and crustaceae, 
fi-ecdysone 1, in conjunct ion  witt l  tile juveni le  hormone,  
regulates metamorphos is  1, and together  wi th  s imilar  
compounds  is widely  d is t r ibuted in var ious insects, 
crustaceae and plant  species 2. A rapid  and sensi t ive 
me thod  of detect ion and quant i f ica t ion  of fl-ecdysone 
would be a va luable  tool  in fur ther  invest igat ions  concern- 
ing its physiological  role. To this  end we have  sought to 
develop an immunochemica l  assay for fl-ecdysone and here 
repor t  the  successful prepara t ion  of ant ibodies  h ighly  
specific for /~-ecdysone and capable of dist inguishing it  
f rom closely related compounds.  

Methods and materials. A hapten-pro te in  conjugate  of a 
hemisuccinate  der iva t ive  of fl-ecdysone wi th .human serum 
a lbumin  was used as the  antigen. The hemisuccinate  was 
prepared by  t rea t ing  40 mg of fi-ecdysone in 20 ml  of 
t e t rahydrofuran  containing 25 ~1 of pyr id ine  witt~ 25 tzl 
of succinyl chloride (freshly distilled) at  0~ fo r  16 h. 

Excess succinyl  chloride was decomposed wi th  water  and 
the mater ia l  was purif ied by prepara t ive  layer  chro- 
ma tog raphy  on silica gel. The ~, f l -unsaturated carbonyl  
sys tem showed a U V  m a x i m u m  at  242 nm (14,500) and 
N M R  (d 0 pyridine,  d 0 pyr id ine  + conc. HC1) showed the  
product  to be an equimolar  mix tu re  of 2, 3, 22-mono- 
hemisuccinates  2. 

T r e a t m e n t  of the  hemisuccinates  wi th  N-hydroxy-  
succinimide and d icyclohexylcarbodi imide  in te t ra -  
hydrofuran  for 24 h at  4~ followed by  48 h at  room 
tempera tu re  yielded the  N-hydroxysucc in imide  ester* 3. 

1 p. KARLSON, Angew. Chem. int. edn. 2, t75 (1963). 
2 I{. NAKANISHI, Pure appl. Chem. 25, 167 (1971). D. H. S. HORN, 

Naturally Occurring Insecticides (Eds. JACOBSON and D. G. CROSBY 
Marcel Dekker, New York N.Y. 1971), ehapt. 9. 

3 G. W. ANDERSON, J. ]~. ZIMMERMAN, and F. M. CALLA~IAN, J. Ami 
chem. Soc. 86, 1839 (1964). 
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Compound Picomoles Factor 

f l -Ecdysone 4.6 1.0 

5-fl-OH-ecdysterone 7.5 1.6 
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fl-ecdoysone is taken as 1. b 50% inhibition was not reached. 

Af te r  r e m o v a l  of d i cyc lohexy lu rea  b y  f i l t ra t ion ,  0.2 ml  
of f i l t r a te  c o n t a i n i n g  t he  2 m g  ac t ive  es ter  were added  
d i rec t ly  to  10 m g  of h u m a n  se rum a l b u m i n  in 1 ml  of 50% 
aqueous  t e t r a h y d r o f u r a n  a t  p H  8.5 (ad jus ted  w i t h  0 . t  N 
NaOH) .  Af ter  24 h a t  4~ t he  so lu t ion  was d ia lyzed  
aga ins t  r u n n i n g  water .  The  con juga t e  was recovered  b y  
lyoph i l i za t ion  and  c o n t a i n e d  20 h a p t e n  groups  pe r  
molecule  of p ro t e in  as e s t i m a t e d  b y  m e a s u r e m e n t  of t he  
r e m a i n i n g  free p r o t e i n  a m i n o  groups  4. 

Three  New Zea land  w h i t e  r a b b i t s  were i m m u n i z e d  w i t h  
con juga t e  emuls i f ied  w i t h  comple te  F r e u n d ' s  a d j u v a n t  to  
give a f inal  c o n c e n t r a t i o n  of 1 mg/ml .  The  i m m u n i z a t i o n  
schedule  was  as follows: alI 3 r a b b i t s  were in jec ted  w i t h  
0.1 m l / t o e p a d  (0.4 ml  pe r  r a b b i t ) ;  2 of t h e m  were boos t ed  
w i t h  t he  same  a m o u n t  of an t igen - tw ice  a t  I week  i n t e rva l s  
a n d  twice  a t  1 m o n t h  in te rva l s .  M o n t h l y  b leed ings  of t he  
r a b b i t s  were m o n i t o r e d  b y  O uch t e r l ongy  gel d i f fus ion  5 
aga ins t  a r a b b i t  s e rum a lbumin- f l -ecdysone  c o n j u g a t e  
(E-RSA) .  1 m o n t h  a f t e r  t he  p r i m a r y  in jec t ion ,  al l  3 
r a b b i t s  showed a p rec ip i t i n  b a n d  aga i n s t  E - R S A  b u t  n o t  
aga ins t  1RSA alone. M o n t h l y  b leed ings  were also t e s t ed  
aga in s t  3H-fl-ecdysone (New E n g l a n d  Nuctear )  b y  
r a d i o i m m u n o a s s a y .  A n t i s e r u m  f rom each  r a b b i t  was  
d i lu ted  in sal ine a n d  0.1 ml  was mixed  w i th  0.1 ml  of 
aH-fl-ecdysone (abou t  2000 cpm, 160 p icograms ,  6 Ci/ 
mmole)  in t e s t  tubes .  Af t e r  i n c u b a t i o n  a t  37 oC for  1 h, 
0.1 m l  of n o r m a l  r a b b i t  or  sheep se rum was a d d e d  as a 
carrier ,  fol lowed b y  7 ml  of h a l f - s a t u r a t e d  a m m o n i u m  
sulfate.  Af te r  p r e c i p i t a t i o n  and  w as h i ng  w i t h  a m m o n i u m  
su l fa te  so lu t ion  (twice) t he  p rec ip i t a t e s  were dissolved 
ill 1 m l  Soluene 100 (Packard)  to  wh ich  10 ml  of to luene-  
omni f luo r  (Packard)  was  a d d e d  and  coun t ed  in a n  Ansi-  
t r o n  I I  l iqu id  sc ien t i l l a t ion  counter .  Cont ro ls  were r u n  
w i t h  p r e i m m u n i z a t i o n  bleedings.  

The  speci f ic i ty  of t he  an t ibod ie s  was  s tud ied  b y  
r a d i o i m m u n o a s s a y  c o m p e t i t i o n  expe r i m en t .  Sal ine  solu- 
t i ons  c o n t a i n i n g  2000 c p m  of sH-fl-ecdysone a n d  0.05 ml  

of ser ial  d i lu t ions  of un labe l l ed  fl-ecdysone and  re l a t ed  
c o m p o u n d s  were i n c u b a t e d  for 1 h a t  37 ~ d i lu ted  w i t h  
carrier ,  p r e c i p i t a t e d  w i t h  a m m o n i u m  sulfate,  and  coun t ed  
as above .  

Results and discussion. The  resuI ts  of c o m p e t i t i o n  
e x p e r i m e n t s  in  which  r ad ioac t ive  aH-/3-ecdysone was 

�9 d isplaced w i t h  increas ing  mo la r  concen t r a t i ons  of un-  
label led  ecdysone  a n d  i ts  ana logs  are  shown  in t he  Table .  
The  assay  was  found  to  be  b o t h  sens i t ive  a n d  specific. 
As l i t t l e  as 80 p i cograms  of /~-ecdysone could be  de tec ted .  
W i t h  r ega rd  to specif ici ty,  modi f i ca t ions  a t  C-20 were 
m o s t  cr i t ical .  Indeed ,  c o m p o u n d s  lack ing  h y d r o x y l  
s u b s t i t u e n t  in  th i s  pos i t ion  were e i the r  weak ly  compe t i t i ve  
or n o n - c o m p e t i t i v e  in  t he  assay.  

Af te r  t h i s  work  was begun,  a n o t h e r  r a d i o i m m u n o a s s a y  
for f l-ecdysone was r epo r t ed  6 in wh ich  a t t a c h m e n t  to  t h e  
p ro t e in  car r ie r  was  v ia  a d e r i v a t i v e  of t h e  6-keto  group.  
Cross reac t ions  w i t h  fl-ecdysone a n d  inokos te rone  were 
also observed .  No q u a n t i t a t i v e  d a t a  were g iven  for the  
l a t t e r ;  50% d i s p l a c e m e n t  of 3H-fl-ecdysone b y  ~-ecdysone 
occur red  a t  a b o u t  a 5-fold h ighe r  c o n c e n t r a t i o n  t h a n  
requ i red  for d i s p l a c e m e n t  b y  cold /~-ecdysone. Th i s  
compare s  w i th  a f ac to r  of 19.6 in our  assay  (Table).  

I t  is i n t e r e s t i ng  to  no te  t h a t  r a b b i t  R3, wh ich  received 
on ly  1 in j ec t ion  of t he  i m m u n o g e n ,  p roduced  t he  h ighes t  
t i t e r  of specif ic  an t i body .  A l t h o u g h  one shou ld  n o t  d r aw  a 
genera l  conclus ion f rom these  resuIts,  we h a v e  obse rved  
t h i s  p h e n o m o n e n  a t  t i m e s  w i t h  o the r  i m m u n o g e n s  as 
well  2. 

4 A. F. S. A. HABEEB, Analyt .  Biochem. ld, 328 (1966). 
E. A. KABAT and M. IV[. MAYER, Immunochemistry, 2nd edn. 
(Springfield Thomas ,  1967). 
J. D. O'CoNNoR and D. W. BORST, Science 778, 418 (1972). 
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Rdsumd. Nous  avons  pr@par6 des an t i co rps  con t re  
l ' h o r m o n e  de m u e  fl-ecdysone p a r  i m m u n i s a t i o n  avec  u n  
conjugu6  hap t~ne-pro t6 ine .  Les an t i s6 rums  on t  pu  d6 tec te r  
des q u a n t i t 6 s  de fi-ecdysone auss i  pe t i t e s  que  80 pico- 
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g rammes .  Les aff ini t6s  re la t ives  pou r  le fl-ecdysone et  
l ' a -eedysone  des a n t i s 6 r u m s  son t  de 20 con t re  1. 
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Effect  of P r e g n e n o l o n e - 1 6  a - C a r b o n i t r i l e  on  Mitot ic  Act iv i ty  in the  Intact  
and R e g e n e r a t i n g  Rat  Liver  

A n u m b e r  of i nves t iga to r s  h a v e  n o t e d  mi to t i c  a c t i v a t i o n  
of l iver  cells in  an ima l s  t r e a t e d  w i t h  a v a r i e t y  of hepa t i c  
mic rosoma l  e n z y m e  inducers  ~-~. B u t  general ly ,  t h e  mi to t i c  
response  was smal le r  t h a n  in p a r t i a l l y  h e p a t e c t o m i z e d  
ra ts .  Because  of th is ,  t h e  h e p a t o m e g a l y  fol lowing ad-  
m i n i s t r a t i o n  of some drugs  was r a t h e r  cons idered  as 
h y p e r t r o p h y  of t h e  p a r e n c h y m a l  l iver  ceils p r o v o k e d  b y  
increased  cell p ro te ins ,  R N A  a n d  l ip id  c o n t e n t  7,s. 
Never the less ,  t he  p ro l i fe ra t ive  effect  of some inducers  
u n d e r  ce r t a in  e x p e r i m e n t a l  cond i t ions  was h i g h  enough  
to  be  cons idered  as a l iver  g r o w t h  p r o m o t i n g  fac tor  ~, 3, 4, 6 
However ,  because  of t he  l imi t ed  n u m b e r  of obse rva t ions ,  
t h e  r e l a t ionsh ip  be t w een  t h e  p ro l i fe ra t ive  effcet  of t h e  
d rugs  and  t he  i n d u c t i o n  of d rug  m e t abo l i z i ng  enzymes  is 
poor ly  unders tood .  

Severa l  groups  h a v e  e x a m i n e d  t he  response  of re- 
gene ra t i ng  l iver  to  a v a r i e t y  of d rug -me tabo l i z ing  e n z y m e  
inducers  du r ing  d i f fe ren t  s tages  of l iver  regeneration�-14. 
The  genera l  conclus ion  was t h a t  t he  me tabo l i c  a d j u s t m e n t  
of t he  l iver  imposed  b y  pa r t i a l  h e p a t e c t o m y  exer t s  
suppress ive  inf luence  on  t he  in i t ia l  a c t i v a t i o n  of t he  drug-  
m e t a b o l i z i n g  enzymes" .  A recen t  r epo r t  f rom th i s  
l a b o r a t o r y  ind ica tes  t h a t  p regneno lone-16~-ca rbon i t r i l e  
(PCN) r ep resen t s  a n  except ion .  T h e  a d m i n i s t r a t i o n  of a 
single or r epea t ed  doses of PCN, a t  t i m e  of pa r t i a l  
h e p a t e c t o m y  or 20 h later ,  r e su l t ed  in a 3- to  5-fold 
increase  in e t h y l m o r p h i n e  d e m e t h y l a s e  (EMD) and  
an i l ine  h y d r o x y l a s e  (AH) a c t i v i t y  in r egene r a t i ng  and  
s h a m - o p e r a t e d  r a t ' s  l ivers  15. Otherwise  PCN, l ike o the r  
d r u g - m e t a b o l i z i n g  e n z y m e  inducers ,  b r ings  a b o u t  a 
complex  b iochemica l  and  s t r u c t u r a l  r eo rgan i sa t i on  of 
h e p a t o c y t e s  a c c o m p a n i e d  b y  m a r k e d  h e p a t o m e g a l y  ~6-~s. 
I n  v iew of these  da ta ,  i t  seemed of i n t e r e s t  to  e x a m i n e  t h e  
l iver  g r o w t h  p r o m o t i n g  inf luence  of PCN in i n t a c t  a n d  
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The effect of PCN on l iver  weight  in i n t ac t  and  pa r t i a l ly  hepatee-  
tomized rats .  

p a r t i a l y  h e p a t e c t o m i z e d  r a t s  w i t h  special  reference to 
m i to t i c  a c t i v a t i o n  of p a r e n c h y m a l  l iver  cells. 

Materials and methods. 2 series of e x p e r i m e n t s  were 
pe r fo rmed  on female  A R S  Sprague -Dawley  r a t s  (Madison, 
Wiscons in ,  USA) ,  a v e r a g i n g  100 g (90-110 g) a n d  
m a i n t a i n e d  ad  l i b i t u m  on P u r i n a  L a b o r a t o r y  Chow 
(Ra l s ton  P u r i n a  Co. of Canada)  and  t a p  water .  I n  t h e  
1st series, we used 36 animals ,  of wh ich  6 served  as con- 
trols.  I n  t he  2nd, 60 p a r t i a l l y  h e p a t e c t o m i z e d  r a t s  19 
were d iv ided  in to  2 equa t  groups.  Here ,  t h e  f i rs t  g roup  
served  as controls .  

PCN (3 f i -Hydroxy-  20 -oxopregn-  5-ene- 16 a -ca rbon i t r i l e  ; 
Upjohn-U.14 .975)  was g iven  to  each  r e m a i n i n g  group  in 
b o t h  series a t  t h e  dose of 10 m g  in I ml  w a t e r  (homogenized  
w i t h  a t r ace  of Tween  80) twice  da i ly  b y  s t o m a c h  t u b e  for 
1, 2, 3, 4, or 5 days.  T r e a t m e n t  and  p a r t i a l  h e p a t e c t o m y  
were s t a r t e d  a t  t he  same  t ime.  The  an ima l s  were o p e r a t e d  
on and  ki l led b e t w e e n  09.00 and  10.00 h. L ive r  sect ions  
were f ixed in  alcohol  formol,  e m b e d d e d  in pa ra f f i n  a n d  
s t a ined  w i t h  h e m a t o x y l i n - p h l o x i n e .  The  n u m b e r  of 
mi toses  a n d  p a r e n c h y m a l  l iver  cells were d e t e r m i n e d  b y  
e x a m i n i n g  115 v i sua l  fields a t  • 560. The  mi to t i c  i ndex  
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