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ANALYSIS OF INSECT HORMONES BY MEANS OF A RADIAL 
COMPRESSION SEPARATION SYSTEM 

Ernest S. Chang 
Bodega Marine L a b o r a t o r y  

P.O. Box 247, Bodega Bay, CA 94923 
and 

Department  of  Animal S c i e n c e  
U n i v e r s i t y  of C a l i f o r n i a ,  D a v i s ,  CA 95616 

ABSTRACT 

The u s e  of a r a d i a l  compress ion  s e p a r a t i o n  sys tem for t h e  
a n a l y s i s  of insect  hormones i s  d e s c r i b e d .  By s i m p l e  i socra t ic  
e l u t i o n ,  b o t h  s t e r o i d  m o l t i n g  hormones and t e r p e n o i d  j u v e n i l e  
hormones are r a p i d l y  s e p a r a t e d .  The sys tem i s  used  t o  a n a l y z e  t h e  
metabol i sm of j u v e n i l e  hormone by an e s t a b l i s h e d  c e l l  l i n e  of 
D r o s o p h i l a  m e l a n o g a s t e r .  

INTRODUCTION 

Two major  groups  of non-pept ide  hormones i n f l u e n c e  t h e  

development  of insects: e c d y s t e r o i d s  and j u v e n i l e  hormones (JH) 

( F i g .  1 ) . The e c d y s t e r o i d s ,  polyhydroxy s t e r o i d s  t h a t  i n i t i a t e  

m o l t i n g ,  a r e  p r e s e n t  i n  b o t h  i n s e c t s  and c r u s t a c e a n s  ( 1 , 2 ) .  The 

j u v e n i l e  hormones are  h o m o s e q u i t e r p e n o i d s  t h a t  m e d i a t e  t h e  q u a l i -  

t a t i v e  n a t u r e  of t h e  m o l t i n g  p r o c e s s .  J u v e n i l e  hormones have  been  

found c o n c l u s i v e l y  so f a r  o n l y  i n  i n s e c t s .  The s e p a r a t i o n  t e c h -  

n i q u e s  for  t h e s e  two groups  of hormones i n c l u d e  low-pressure  

column, t h i n - l a y e r  ( T L C ) ,  g a s - l i q u i d  (GLC), and high-performance 
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R R' 

COOCH, JH I: R: Et, R': Et 

JH II: R: Et, R': Me 

JH 111: R: Me, R': Me 

COOH JH Ill acid 

COOH 

OH 

HO 

HO 
0 

JH 111  acid-diol 

ecdysone: R: H 

20-hydroxyecdysone: R: OH 

FIGURE 1. Chemical s t r u c t u r e s  of t h e  insec t  hormones described i n  
t h e  text. 
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ANALYSIS OF INSECT HORMONES 293 

l i q u i d  chromatography (HPLC) ( 3 , 4 ) .  R a d i a l l y  compressed columns 

e n a b l e  even more r a p i d  s e p a r a t i o n s  of t h e s e  compounds t h a n  have  

p r e v i o u s l y  been r e p o r t e d .  

MATERIALS AND METHODS 

The j u v e n i l e  hormones ( J H  I ,  methyl  (2E,6E,102)- (10R, l lS>-  

10,11-epoxy-7-ethy1-3,11-dimethy1-2,6-tridecadienoate: J H  11, 

methyl  ~2~,6~,10~~-~10~,11~~-lO,ll-epoxy-3,7,ll-trimethyl-2,6- 

t r i d e c a d i e n o a t e ;  and JH 111, methyl  (2~,6~)-lO-ll-epoxy-3,7,11- 
trimethyl-2,6-dodecadienoate) were o b t a i n e d  from Calbiochem. The 

m e t a b o l i t e s  of J H  I11 ( t h e  JH I11 a c i d ,  JH I11 d i o l ,  and J H  I11 

a c i d - d i o l )  were p r e p a r e d  a c c o r d i n g  t o  p r e v i o u s l y  p u b l i s h e d  pro- 

c e d u r e s  ( 5 , 6 ) .  R a d i o l a b e l e d  J H  I11 (10- H )  was o b t a i n e d  from New 
England Nuclear  ( s p .  act .  11 C i h m o l ) .  Ecdysone (26,3B,14a,225,  

25-pentahydroxy-5B-cholest-7-en-6-one) was o b t a i n e d  from Simes and 

20-hydroxyecdysone ( 2 6 , 3 8 , 1 4 a ,  20s.  22R, 25-hexahydroxy-56-cholest- 

7-en-6-one) from Rohto P h a r m a c e u t i c a l  Co. Hormones and metabo- 

l i t e s  were p u r i f i e d  by TLC or HPLC i f  n e c e s s a r y .  

3 

Analyses  were performed w i t h  a Waters  s y s t e m ,  c o m i s t i n g  of a 

M-45 s o l v e n t  d e l i v e r y  sys tem,  U6K i n j e c t o r ,  440 UV d e t e c t o r  s e t  t o  

254 nm, RCM-100 r a d i a l  compress ion  module, and a C8 Radial-Pak 

c a r t r i d g e  (0.5 i . d .  x 10 cm). Data were a n a l y z e d  w i t h  a r e p o r t i n g  

i n t e g r a t o r  (3390A, Hewle t t -Packard) .  The s o l v e n t s ,  r e a g e n t  g r a d e  

w a t e r  ( M i l l i - Q ,  M i l l i p o r e  Corp.) and methanol  (Nanograde,  

M a l l i n k r o d t ) ,  were f i l t e r e d  and degassed  by means of e x t e n s i v e  

s t i r r i n g  p r i o r  t o  use. 
methanol  a t  a flow ra t e  of 1.0 ml p e r  min, t h e  J H  homolags w i t h  

75% methanol  a t  2 .0  ml p e r  min,  and t h e  JH m e t a b o l i t e s  w i t h  60% 

methanol  a t  1.5 m l  p e r  min. 

The e c d y s t e r o i d s  were e l u t e d  w i t h  50% 

The D r o s o p h i l a  m e l a n o g a s t e r  Kc ce l l s  were c u l t u r e d  as  de- 

s c r i b e d  p r e v i o u s l y  (7). To examine t h e  metabol i sm of H-JH 111 by 

t h e  Kc c e l l s ,  a p p r o x i m a t e l y  lo8 c e l l s  were washed i n  RIK b u f f e r  
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294 CHANG 

(10 mM Tris, 5 mM MgC12, 150 mM K C 1 ,  pH 7.4) and resuspended  i n  1 

m l  of 'IMK b u f f e r ,  c o n t a i n i n g  1 U C i  of t h e  l a b e l e d  hormone. The 

cells  were i n c u b a t e d  a t  25' for 30 min w i t h  g e n t l e  a g i t a t i o n .  

cel ls  were t h e n  p e l l e t e d  and t h e  s u p e r n a t a n t  was e x t r a c t e d  w i t h  3 
x 2 m l  e t h y l  a c e t a t e .  The o r g a n i c  p h a s e s  were combined and 

c o n c e n t r a t e d .  The r e s i d u e  was resuspended  i n  1 m l  of methanol ,  

f i l t e r e d  (0.22 urn, F l u o r o p o r e  membrane, M i l l i p o r e  Corp.) ahd 

c o n c e n t r a t e d  t o  50 p l  p r i o r  t o  in jec t ion .  

The 

RESULTS 

F i g u r e  2 i s  a chromatogram of ecdysone  and 20-hydroxyecdy- 

sone. P r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  other e c d y s t e r o i d s  can  a l s o  

be s e p a r a t e d  by t h i s  system. 

The s e p a r a t i o n  of t h e  t h r e e  p r i n c i p a l  homologs of JH i s  shown 

i n  F i g u r e  3. Reduct ion i n  t h e  s i d e - c h a i n  l e n g t h  from e t h y l  t o  
methyl  r e s u l t s  i n  an i n c r e a s e  i n  t h e  p o l a r i t y  of t h e  m o l e c u l e ,  

r e f l e c t e d  i n  a d e c r e a s e d  e l u t i o n  volume. 

I t I 1 I 
0 4 8 

TIME (minutes) 

FIGURE 2. Chromatogram of 20-hydroxyecdysone (2.68 min, 88 pmol)  
and ecdysone  (4.23 m i n ,  138 pmol). S o l v e n t ,  50% aq.  
methanol :  flow-rate, 1.0 ml lmin .  
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L I I I I I 1 
0 4 8 12 

TIME (minutes)  

FIGURE 3. Chromatogram of JH I11 (3.90 min, 1.0 nmol) ,  JH I1 
(5 .44 min,  0.4 nmol) ,  and JH I (7.38 min, 0 .7  nmol). 
S o l v e n t ,  75% aq. methanol ;  f l o w - r a t e ,  2 m l h i n .  

1 I I I I I ,  
0 4 8 I2 

TIME (minutes) 

FIGURE 4. Chromatogram of J H  m e t a b o l i t e s :  JH I11 a c i d - d i o l  (1.56 
min, 0.46 nmol), JH I11 a c i d  (2.27 min,  0.33 nmol) ,  JH 
I11 d i o l  (4.41 min, 0.48 nmol), and JH I11 (9 .60 min,  
0.37 nmol). S o l v e n t ,  60% aq.  methanol :  f l o w - r a t e ,  1.5 
m l h i n .  
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2 0  

.. 
u .... I 

5 10 15 20 2 5  30 3 5  40 

Fract ion Number 

FIGURE 5 .  Radiochromatogram f o l l o w i n g  HPLC a n a l y s i s  of 3H-JH 111, 
i n c u b a t e d  w i t h  D r o s o p h i l a  Kc ce l l s .  S o l v e n t ,  60% aq. 
methanol ;  flow-rate, 1.5 m l h i n ,  f r a c t i o n s ,  0.45 m1/0.3 
min. Arrow, e l u t i o n  of a u t h e n t i c  JH 111. 

F i g u r e  4 is  a chromatogram of t h e  predominant  b i o l o g i c a l  

i n a c t i v a t i o n  p r o d u c t s  of J H .  The JH a c i d  i s  formed i n  b i o l o g i c a l  

s y s t e m s  by t h e  a c t i o n  of an e s t e r a s e ,  the  JH d i o l  by h y d r o l y s i s  of 

t h e  d i o l  by an e p o x i d e  h y d r o l a s e ,  and t h e  J H  a c i d - d i o l  by t h e  

s e q u e n t i a l  a c t i o n  of b o t h  of these two enzymes. Depending on t h e  

enzyme sys tem,  e i t h e r  t h e  a c i d  or t h e  d i o l  may be t h e  p r e f e r r e d  

i n t e r m e d i a t e  i n  t h e  a c i d - d i o l  f o r m a t i o n .  

I n  o r d e r  t o  d e t e r m i n e  whether  t h e  above s e p a r a t i o n  sys tem 

c o u l d  be used to  a n a l y z e  m e t a b o l i t e s  from a b i o l o g i c a l  s y s t e m ,  

'H-JH I11 was added t o  an e s t a b l i s h e d  c e l l  l i n e  of D r o s o p h i l a  
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m e l a n o g a s t e r .  These ce l l s  have e s p e c i a l l y  h i g h  l e v e l s  of t h e  

c a t a b o l i c  enzymes ( 8 ) .  As s e e n  i n  F i g .  5 ,  a l m o s t  a l l  of t h e  

r a d i o l a b e l e d  hormone was m e t a b o l i z e d  t o  t h e  a c i d  and t h e  a c i d -  

d i o l .  By a d d i t i o n  of an i n t e r n a l  J H  I11 s t a n d a r d ,  it was 

a s c e r t a i n e d  t h a t  t h e  b i o l o g i c a l  extract  d i d  n o t  a l t e r  t h e  e l u t i o n  

volume of t h e  a u t h e n t i c  hormone. 

DISCUSSION 

Because t h e  two groups  of i n s e c t  d e v e l o p m e n t a l  hormones,  

e c d y s t e r o i d s  and j u v e n i l e  hormones, i n t e r a c t  i n  a complex manner 

(11, it i s  i m p o r t a n t  t o  c o n s i d e r  t h e  e f fec ts  and t i t e rs  of b o t h  

c l a s s e s  of hormones i n  insect  s y s t e m s .  HPLC h a s  been used for  

such  s t u d i e s .  L a f o n t  e t  a l .  ( 9 )  have  a p p l i e d  r e v e r s e d - p h a s e  HPLC 

for  t h e  s e p a r a t i o n  of complex m i x t u r e s  of e c d y s t e r o i d s  and t h e i r  

m e t a b o l i t e s .  The c o n d i t i o n s  r e p o r t e d  i n  t h e  p r e s e n t  p a p e r ,  though 

p e r h a p s  n o t  a s  well s u i t e d  f o r  complex mixtures of e c d y s t e r o i d s ,  

p r o v i d e  a more r a p i d  method for  t h e  a n a l y s i s  of ecdysone  and 20- 

hydroxyecdysone ,  t h e  two m o l t i n g  hormones most f r e q u e n t l y  

e n c o u n t e r e d  i n  b i o l o g i c a l  s y s t e m s  ( 1 0 , l l ) .  T h i s  s e p a r a t i o n  s y s t e m  

s h o u l d  be s u i t a b l e  for  t h e  rou t ine  d e t e r m i n a t i o n  of t h e  ecdysone  

t o  20-hydroxyecdysone r a t i o s  i n  a r t h r o p o d  blood (12). 

Rapid s e p a r a t i o n s  by r e v e r s e d - p h a s e  HPLC have  a l s o  been 

developed  f o r  JH (131, p r i m a r i l y  a s  a p u r i f i c a t i o n  s t e p  p r i o r  t o  
mass s p e c t r o m e t r y .  The a d v a n t a g e s  of t h e  c o n d i t i o n s  r e p o r t e d  i n  
t h e  p r e s e n t  p u b l i c a t i o n  are s p e e d ,  u s e  of t h e  same s o l v e n t s  f o r  

a l l  s e p a r a t i o n s ,  and r e l a t i v e l y  low cost  of t h e  r a d i a l l y -  

compressed columns. 

Although more e x t e n s i v e  p u r i f i c a t i o n  of b i o l o g i c a l  samples  is 

r e q u i r e d  for d i r e c t  q u a n t i t a t i o n  of t h e s e  hormones by UV absorp-  

t i o n ,  t h e  s e p a r a t i o n s  d e s c r i b e d  a r e  a d e q u a t e  for  hormone a n a l y s i s  

by an i n d i r e c t  method, such  as radioimmunoassay (14,151 or 
s c i n t i l l a t i o n  s p e c t r o m e t r y .  The s e p a r a t i o n  of r a d i o l a b e l e d  JH 
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298 CHANG 

m e t a b o l i t e s  d e s c r i b e d  i n  t h i s  r e p o r t  i n d i c a t e s  t h a t  no a d d i t i o n a l  

p u r i f i c a t i o n  i s  n e c e s s a r y  for  HPLC a n a l y s i s  f o l l o w i n g  e x t r a c t i o n .  
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