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JOURNAI, OF L I Q U I D  CIIROMATOGRAPHY, 6( 11) , 2055-2066 (1983) 

BOLL WEEVIL: DETERMINATION OF ECDYSTEROIDS AND JWENILE 
HORMONES WITH HIGH PRESSURE L I Q U I D  CHROMATOGRAPHY 

James E. Wright and B i l l y  R. Thomas 

Boll  Weevil Research Laboratory 
A g r i c u l t u r a l  Research Service 

U.S. Department of Agr i cu l tu re  
Miss i s s ipp i  S t a t e ,  MS 39762 

ABSTRACT 

High pressure l i q u i d  chromatographic methods were developed 
t o  sepa ra t e  20-hydroxyecdysone and j u v e n i l e  hormone I i n  the pupal 
and a d u l t  s t a g e s  of the b o l l  weevi l .  Minimum d e t e c t a b l e  l e v e l s  
were 4 ng f o r  20-hydroxyecdysone and 4 ng f o r  j uven i l e  hormone. 
No juven i l e  hormones were de tec t ed  i n  male b o l l  weev i l s ,  whereas 
t i t e rs  were r e a d i l y  determined i n  female b o l l  weevi ls .  The 
ecdys te ro id ,  20-hydroxyecdysone was p resen t  i n  pupae (not  
sexed) ,  i n  a d u l t  males from 3 t o  6 days of age,  and i n  a d u l t  
females from days 2 through 6. 

INTRODUCTION 

Methods cu r ren t ly  a v a i l a b l e  f o r  q u a n t i f i c a t i o n  of 

ecdys t e ro ids  i n  i n s e c t s  i nc lude  bioassays ( 1 )  , chromatography (21, 

radioimmunoassay ( 3 )  , and high pressure l i q u i d  chromatography 

(HPLC) ( 4 ) .  Ecdysteroids  have been i d e n t i f i e d  from hemolymph and 

o v a r i e s  of i n s e c t s  (5,6) and are involved i n  an i n t e r a c t i o n  with 

j u v e n i l e  hormones (JH) i n  reproduct ive cyc le s  of i n s e c t s .  The JHs 

may regu la t e  the s y n t h e s i s  of the v i t e l l o g e n i c  p r o t e i n  p re sen t  i n  

developing eggs ( 7 )  and ecdys te ro ids  may i n h i b i t  JH s y n t h e s i s .  A 
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2056 WRIGHT AND THOMAS 

highly s e n s i t i v e  and s p e c i f i c  assay fo r  JHs is the 
radioimmunoassay technique ( 8 ) ;  another  method i s  gas chromatog- 

raphy-mass spectrometry ( 9 ) .  HPLC has not  been u t i l i z e d  

ex tens ive ly  f o r  determinat ion of ecdys t e ro ids  o r  JHs because of a 

lack of s e n s i t i v i t y .  We r e p o r t  h e r e i n  the determinat ion of 

ecdys t e ro ids  i n  pupae and JHs i n  a d u l t s  of the b o l l  weevi l ,  

Anthonomus g rand i s  Boheman, with HPLC methodology. 

MATERIALS AND METHODS 

Ecdysone Ti te rs  i n  Pupae 

Larvae, pupae and prepupae were washed o f f  the su r face  of 

l a r v a l  d i e t  t r a y s  with warm water a t  13 days a f t e r  egg 

implantat ion.  Pupal age then was synchronized by sepa ra t ing  and 

removing only prepupae. The prepupae were h e l d  i n  t o t a l  darkness 

a t  50% RH and 30°C. 

Juveni le  Hormone and 20-hydroxyecdysone Ti te rs  i n  Adults 

Newly emerged a d u l t  weevi ls  were obtained from the Gast 

Rearing Laboratory (10) and he ld  at 50% RH and 30°C i n  a 16 h 

l i g h t : 8  h dark regime. One hundred male and 100 female weevils 

were sexed and c o l l e c t e d  each day f o r  assay.  They were frozen o r  

assayed on the day of c o l l e c t i o n .  

Apparatus and Chemicals 

A high performance l i q u i d  chromatography system from Waters 

Associates ,  Inc.  (Milford,  Mass.), model M-6000 A solvent  pump, a 

model 6UK i n j e c t o r  coupled t o  a Waters C18 Bondapack (10 p 

s i l i c a )  column (3.9 mm x 300 mm) and a model 440 fixed-wavelength 

d e t e c t o r  @ 254 nm was used f o r  ecdys t e ro id  determinat ions.  A l l  

HPLC so lven t s  were obtained from Burdick and Jackson Laborator ies  

(Muskegon, Mich .>. 
was used to  confirm peak i d e n t i t i e s .  

20-hydroxyecdysone (Fig.  1 )  were obtained from Sigma Chemical Co. 

A Hewlett-Packard 59858 GC-mass spectrometer  

Standards of ecdysone and 
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OH OH 

HO 5 HHo#OH 

HO OH HO OH 

" 0  H O  

ecd ysone 20-Hydroxyecdysone 

FIGURE 1. The Chemical S t r u c t u r e s  of Ecdysone and 
20-hydroxyecdysone . 

( S t .  Louis,  Mo). The j u v e n i l e  hormones I, 11, and IT1 (Fig.  2) 

were obtained i n  ampules from Calbiochem (San Diego, CA). An ES 
I n d u s t r i e s  (Marlton, NJ) 10 p MC-18 Chromegabond column (30 cm X 

4.6 mm) a l s o  was used f o r  ecdys t e ro ids .  For JH determinat ions the 

HPLC column used was an RCM-100 column system with an 8 mm X 10 aa 

s i l i c a  (10 p). 

EXTRACTION PROCEDURES 

E x t r a c t i o n  of Ecdysone 

Assays were conducted at  8 h r  i n t e r v a l s  on 400-700 weev i l s  

with the beginning of the prepupal s t age  as the  s t a r t i n g  t i m e  (0 

hour) .  A t  hours  40 t o  56 (pos t  prepupal s t a g e )  samples were 

assayed at 4 hour i n t e r v a l s .  Weevils were ground i n  50 ml 
a c e t o n i t r i l e  with a W i l l e m s  Po ly t ron  homogenizer. 

f i l t e r e d  with a Buchner funnel  and q u a l i t a t i v e  f i l t e r .  The funnel  

and r e t a i n e d  m a t e r i a l  were r in sed  t h r e e  t i m e s  wi th  10 m l  

a c e t o n i t r i l e ,  and the f i l t r a t e  w a s  evaporated t o  dryness  a t  60°C 

under reduced pressure i n  a r o t a r y  evaporator .  The sample w a s  

taken up i n  20 m l  of a c e t o n i t r i l e  and then was divided i n t o  two 10 

mf a l i q u o t s .  One of the  a l i q u o t s  was spiked with 25 ng ecdysone 

and 25 ng 20-hydroxyecdysone. The two samples were p a r t i t i o n e d  

Samples were 
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R R' 0 

I 
t 

I 

' 0  OMe 

JH I :  R=R'Et 
JH II: R=Et R'=Me 
JH I l l :  R=R'=Me 

FIGURE 2. The S t ruc tu re  of the Juveni le  Hormones. 

t h ree  times with 20 m l  hexane i n  a sepa ra to ry  funnel to  remove 

nonpolar l i p i d .  The a c e t o n i t r i l e  l aye r  was removed and evaporated 

t o  dryness at 60°C under reduced pressure i n  a ro t a ry  evaporator .  

The dry samples were taken up i n  1 m l  methanol and f i l t e r e d  with a 

Swinney adaptor  through a 0.45 p f i l t e r .  

Ex t r ac t ion  of Juven i l e  Hormones 

One hundred male o r  female b o l l  weevi ls  were homogenized i n  

40 m l  a c e t o n i t r i l e .  The samples were f i l t e r e d  with a Buchner 

funnel and the funnel w a s  r i n sed  with a c e t o n i t r i l e  t o  give a 

volume of 50 m l .  D i s t i l l e d  water (25 ml) was added t o  make the 

f i n a l  volume 75 m l .  Juvenile hormones were e x t r a c t e d  by 

p a r t i t i o n i n g  with 25-30 m l  pentane i n  a separatory funnel t h ree  

t i m e s .  The pentane f r a c t i o n s  were combined and evaporated t o  

dryness under reduced pressure i n  a r o t a r y  evaporator  a t  30°C. 

The samples were taken up i n  2 m l  hexane f o r  i n j e c t i o n  on the 

HPLC. 

I n j e c t i o n s  

Ten m i c r o l i t e r s  of the ecdys te ro id  samples were i n j e c t e d  i n t o  

the chromatograph. The e l u t i n g  so lven t  was 18% a c e t o n i t r i l e  i n  

water and the flow r a t e  was 2 ml/min. Quan t i t a t ion  was achieved 

by comparison of peak he igh t s  of samples to  peak he igh t s  of known 
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BOLL WEEVIL: ECDYSTEROIDS AND HORMONES 2059 

q u a n t i t i e s  of s tandards.  Ecdysone was used a s  an i n t e r n a l  

s tandard . 
Collected peaks of 20-hydroxyecdysone were evaporated t o  

dryness and taken up i n  methanol t o  be placed on the s o l i d  probe 

of the mass spectrometer f o r  confirmation of peak i d e n t i t y .  The 

spec t r a  of samples were compared t o  spec t r a  of s tandards prepared 

under the same condi t ions.  

One hundred m i c r o l i t e r s  of samples f o r  JH a n a l y s i s  were 

i n j e c t e d  i n  the HPLC assays .  The flow r a t e  was 3 ml/min. and the 

e l u t i n g  so lven t  was 3% tetrahydrofuran i n  hexane. 

Peak a r e a s  were obtained and q u a n t i t a t i o n  f o r  JHs and 

ecdys te ro ids  w a s  made by comparison of sample peak a reas  to  the 

a r e a s  of s tandards.  Hewlett-Packard i n t e g r a t o r s  (33908)  were used 

t o  p l o t  peaks and give d a t a  reduct ion.  Figure 3 shows chromato- 

grams of s tandards f o r  JHs and ecdys te ro ids  and of samples. 

RESULTS 

Ecdysteroids  

Figure 4 shows the t i t e rs  of 20-hydroxyecdysone from 24 

through 64 hours a f t e r  pupation. I n  the prepupal s t a g e s ,  no 

20-hydroxyecdysone was de t ec t ed .  A t i t e r  of 20-hydroxy- 

ecdysone was found beginning at 24 hours a f t e r  pupation. The 

q u a n t i t y  inc reased  t o  the h i g h e s t  l e v e l  determined 48 hours a f t e r  

pupation. The 20-hydroxyecdysone was a l s o  found i n  hemolymph at  

t h i s  t i m e .  A t  48 hours ,  the q u a n t i t y  of 20-hydroxyecdysone 
present  was 600 f: 40 ng/g. 

r ap id ly  and was not de t ec t ab le  a t  64 hours.  Ecdysone was not 

found i n  any of these samples. 

Af t e r  48 hours the quan t i ty  dropped 

On day 2 ,  the a d u l t  female b o l l  weevi ls  produced a peak of 

20-hydroxyecdysone (11 ng/weevil)  . The l e v e l  of 20-hydroxy- 

ecdysone decreased through day 5 ( 7  ng/weevil)  and ended on day 6 .  

The a d u l t  male b o l l  weevi ls  on days 3-6 produced small amounts ( 4  

ng/weevil)  of 20-hydroxyecdysone (Figure 7 ) .  
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start start 

F s-ecdysone 
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start 
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/------ 
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stop t 
FIGURE 3. Chromatograms of Standards and Samples for Juvenile 

Hormones and Ecdysteroids. 
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FIGURE 4. T i te rs  of 20-hydroxyecdysone i n  Boll  Weevil Pupae. 

The time requ i r ed  t o  assay one sample f o r  ecdysone ( a )  and 

20-hydroxyecdysone ( ) was ca. 20 minutes.  The minimum 

d e t e c t a b l e  q u a n t i t y  of ecdysone o r  20-hydroxyecdyeone w a s  4 ng. 

Each of the samples t e s t e d  f o r  recovery averaged 95%. 

The s tandard curve f o r  20-hydroxyecdysone and ecdysone i s  i n  

Figure 5. The r a t i o  of area counts  ob ta ined  from the  H e w l e t t -  

Packard i n t e g r a t o r  f o r  concen t r a t ion  of ecdys t e ro id  was l i n e a r  

over a wide range. 

Juven i l e  hormones were not found i n  male b o l l  weevi ls  i n  

these  s t u d i e s .  Figure 6 a l s o  shows the p a t t e r n  of JH I product ion 

by the female b o l l  weevil  f o r  10 days.  Each po in t  r e p r e s e n t s  4 

r e p l i c a t e s .  T i te rs  were low u n t i l  the peak on day 4 (55 

ng/weevil)  which then decreased u n t i l  day 9 .  No JH I1 or  I11 was 

found i n  the samples. 

The LDC 214 nm d e t e c t o r  had a d e t e c t i o n  l i m i t  of 4 ng f o r  

each JH. The assay t i m e  on the HPLC was 6 minutes due to  the high 

flow rate and r e s o l u t i o n  of the RCM-100 s i l i c a  c a r t r i d g e  system. 

Figure 6 i s  the s tandard curve f o r  the juven i l e  hormones I ,  11, 

and 111. The r a t i o  of  a r e a  counts  measured by the Hewlett-Packard 
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FIGURE 5 .  Standard Curve fo r  Ecdysone and 20-hydroxyecdysone. 
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FIGURE 6 .  Standard Curve f o r  Juvenile Hormones I ,  11,  and 111. 
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i n t e g r a t o r  t o  the concentrat ion of JH was l i n e a r .  All t h r e e  

hormones showed an absorpt ion curve t h a t  increased i n  the UV a s  

the wavelength decreased. 

DISCUSSION 

To s tudy the hormonal i n f luence  on reproduction i n  the b o l l  

weev i l ,  i t  was necessary t o  de f ine  methodology f o r  d e f i n i t i o n  of 

the ecdysteroid and juven i l e  hormones. The e x t r a c t i o n  methods 

were compatible f o r  i n j e c t i o n  and subsequent s epa ra t ion  and 

q u a n t i f i c a t i o n  by the methods developed i n  t h i s  study f o r  these 

compounds. The s e n s i t i v i t y  for the JH was less than =-elect ion 

capture  technique of Hagenguth and Rembold (11) but  t h i s  HPLC 

method was f a s t e r  with less complications caused by impur i t i e s .  

The RIA method fo r  ecdys t e ro id  q u a n t i f i c a t i o n  i s  more s e n s i t i v e  

but  lacks s p e c i f i c i t y  (12) .  

Our r e s u l t s  demonstrate the presence of one ecdyster iod 

(20-hydroxyecdysone) and JH I were i n  the b o l l  weevil .  The JH 
found i n  most Coleopterans i s  JH 111 whereas JH I i s  found 

pr imari ly  i n  Lepidoptera (13) .  Henson e t  a l .  (14) reported t h a t  

20-hydroxyecdysone was found i n  b o l l  w e e v i l  pupae and used a 

bioassay t o  es t imate  17-35 pg/kg w e t  weight. Otherwise,  l i t t l e  

information is a v a i l a b l e  o r  known concerning the presence o r  

changes i n  ecdys t e ro id  and JH t i t e r s  i n  the b o l l  weevil .  

Embryogenesis begins i n  the pupal s t age  i n  t h i s  i n s e c t  and 

our  r e s u l t s  i n d i c a t e  t h a t  20-hydroxyecdysone i s  present  i n  the 

e a r l y  prepupal s t ages  (mixed sexes )  and decreases  b e l o w  d e t e c t i o n  

l e v e l s  a s  the pharate a d u l t  s t age  appears .  For days 1 and 2 a f t e r  

a d u l t  emergence n e i t h e r  JH I nor 20-hydroxyecdysone was de t ec t ed  

but  the ecdys te ro id ,  i n  females,  reached a high t i t e r  I day p r i o r  

t o  t h a t  of JH I and remained so u n t i l  day 6 .  The JH remained at  a 

de t ec t ab le  l e v e l  throughout day 9 (F ig .  7). Bownes (15) r epor t ed  

t h a t  t h i s  ecdys t e ro id  must be continuously p re sen t  i n  Drosophila 

f o r  f a t  body syn thes i s  of yo lk  polypeptides i n  females. No JH was 
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FIGURE 7 .  20-hydroxyecdysone and Juven i l e  Hormone Ti te rs  i n  
Adult Male and Female Boll  Weevils. 

de t ec t ed  i n  the males and 20-hydroxyecdysone was found i n  a d u l t  

males a t  3 t o  6 days of age.  I ts  r o l e  i n  males i s  y e t  unknown. 

The HPLC method developed and the r e s u l t s  obtained i n  t h i s  

s tudy provide an immediate, r a p i d ,  and s e n s i t i v e  system f o r  

determining the l e v e l s  of 20-hydroxyecdysone and JH I i n  the b o l l  

weevil  at  given t i m e s  on an immediate b a s i s .  These determinat ions 

can be performed on whole body t i s s u e s ,  hemolymph, or f r a c t i o n s  

t h e r e o f .  
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