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DETERMINATION OF THE COMPONENTS OF THE BOLL WEEVIL PHEROMONE 
W I T H  A HIGH PRESSURE LIQUID CHROMOTOGRAPHIC METHOD 

James E. Wright and B. R. Thomas 

AR, SEA, USDA, Boll Weevil Research Laboratory 
P. 0. Box 5367 

Mississippi State, Mississippi 39762 

ABSTRACT 

A high pressure liquid chromatographic method was developed 
to separate the 4 components of the pheromone of the boll weevil. 
Minimum detectable amounts with 3.5% tetrahydrofuran in hexane was 
10 ng for (+)-~-2-isopropenyl-l-methyl-cyclobutaneethanolY 1 ng 
for (Z)-3,3-dimeth 1 A1,B-cyclohexaneethenol, and 2.5 ng each for 
(Z)-3~3-dimethyl-hi~"-cyclohexaneacetaldehyde and @)-3,3-dimethyl 
-3,a-cyclohexaneacetaldehyde at 214 nm. 

INTRODUCTION 
The pheromone produced by the male boll weevil, Anthonornus 

grandis Boheman, is found in the frass of the feeding male and is 
attractive to females. 

Tumlinson et al. (1) first described the pheromone of the 
boll weevil as 4 components; compound I is (+)-=-2-isopropenyl- 
1-methyl-cyclobutaneethanol; 11, (~)-3,3-dimethyl-A1~B-cyclohex- 

aneethanol; 111, (23-3, 3-dimethyl-A1~a-cyclohexaneacetaldehyde; and 
IVY (E)-3 , 3-dimethyl-A1'a-cyclohexaneacetaldehyde. Several 
studies have since used GLC analysis of the pheromone from the 
frass of the male boll weevil. The limit of detection in these 

studies was about 20 ng of each compound by GLC. 
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1410 WRIGHT AND THOMAS 

The clean-up procedures used for the GLC method consisted of 
steam-distillation or extraction with microsoxhlets, which are 

quite tedious and time consuming. Because of our interest in the 
pheromone as an indicator of the quality of mass-reared insects, 
we needed a quick method for analysis with a sensitivity at least 
equivalent to that of the GLC method. We report i n  this paper the 

development of a sensitive high pressure liquid chromatographic 
procedure that requires a minimum of clean-up preparation and also 
permits the analysis of the four components of the boll weevil 
pheromone with a single injection by use of dual wavelength detec- 
tion at 214 and 254 nm. 

APPARATUS 
A high performance liquid chromatographic system (Waters 

Associates, Inc., Milford, Mass.) was used with an M6000-A solvent 

pump, a U6K injector coupled through a column to a Waters model 
440 fixed-wavelength detector @ 254 nm and a Laboratory Data 

Control (Riviera Beach, Fla.) fixed-wavelength detector (3 214 nm. 
For preliminary investigations, a Waters model 450 variable- 
wavelenth detector @ 214 nm and a Waters model R401 refractive 

index detector were used. A Texas Instruments Omniscribe 
(Houston, Tex.) dual pen chart recorder was used. A Waters micro- 
porasil column ( 3 . 9  mm ID x 300 mm L.) with a lop particle size 
was used i n  the system. Hamilton (Reno, Nev.) 10 and 25 pE 

syringes (1701 and 702) were used for injections. 
Puffer-Hubbard Calumet (Grand Haven, Mich.) incubators with 

envirotrol microcomputer programmers were used to hold the boll 
weevils at 55 
grammed for the 16L:8D, 2L:22D and OL:24D photoperiods used. A 

Vortex Jr. Mixer from Scientific Industries (Queens Village, N.Y.) 
was used to stir mixtures in the test tubes. 

5% relative humidlty, 29 5 1'C; and were pro- 
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BOLL WEEVIL PHEROMONE 1411 

CHEMICALS 

A l l  HPLC s o l v e n t s  were obta ined  from Burdick and Jackson 

Labora tor ies  (Muskegon, Mich.). The t e t r a h y d r o f u r a n  w a s  h e l d  i n  

c o n t a i n e r s  f lushed  wi th  N2 g a s  and k e p t  i n  t h e  dark  t o  prevent  

peroxide formation.  Solvents  f o r  e x t r a c t i o n  of  t h e  samples were 

obtained from F i s h e r  S c i e n t i f i c  Co. (Norcross, Ga.). The phero- 

mone s t a n d a r d s  were obta ined  from Chem-samp Co., Inc .  (Columbus, 

Ohio) and had a r a t i o  of 30:40:15:15 of compounds 1:II:III:IV. 
I n d i v i d u a l  s tandards  were a v a i l a b l e  f o r  compounds I and 11 b u t  n o t  

III and I V  which were mixed. 

METHODS 

A l l  a n a l y s e s  were conducted a t  25°C. The e l u t i n g  s o l v e n t  

c o n s i s t e d  of 3.5% te t rahydrofuran  i n  hexane degassed under reduced 

p r e s s u r e  w i t h  s t i r r i n g .  Samples were i s o c r a t i c a l l y  e l u t e d  from 

the m i c r o p o r a s i l  a t  a f low rate of 2 ml/rnin. 

d e t e c t i o n  system c o n s i s t i n g  of s i n g l e  wavelength d e t e c t o r s  a t  214 

m and 254 nm. 

m l  methanol, 100 m l  methylene c h l o r i d e ,  and then  500 m l  hexane. 

We used a d u a l  

The m i c r o p o r a s i l  column w a s  washed weekly w i t h  100 

F r a s s  ( f e c e s )  was c o l l e c t e d  from 100 male b o l l  weevi l s .  The 

newly emerged a d u l t s  were fed  f o r  5 days on s l a b s  of a r t i f i c i a l  

r e a r i n g  d i e t  (3) i n  p l a s t i c  t r a y s  h e l d  under t h r e e  d i f f e r e n t  

photoperiods:  16L:8D, 2L:22D and OL:24D ( t o t a l  darkness) .  A f t e r  

t h e  f i v e  day feeding  OP s l a b s ,  a l l  weevi l s  were f e d  c o t t o n  s q u a r e s  

( f lower buds) and he ld  i n  a photoperiod of 16:8 f o r  3 days. 

procedure i s  similar t o  t h a t  used f o r  mass-reared weevi l s  t o  be 

r e l e a s e d  i n  t h e  f i e l d .  The f r a s s  w a s  c o l l e c t e d  on day 3 and 

s t o r e d  below 0°C i n  a c losed  c o n t a i n e r .  

This  

Samples of b o l l  weevi l  f r a s s  w e r e  p laced  i n  graduated test 

tubes,  hexane o r  pentane (5  ml) added, and then  t h e  tubes  were 

s toppered and vortexed v igorous ly  f o r  30 seconds.  The suspens ion  
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1412 WRIGHT AND THOMAS 

was allowed to settle for about five min, and then a 10-to 25-p9. 
aliquot of the clear supernatant was injected into the chromato- 
graph. 

RESULTS 
The final choice of solvent for the assay was 3.5% tetrahy- 

drofuran in hexane after methylene chloride and ethyl acetate 

were found in preliminary experiments to be inappropriate. A 

Waters refractive index detector was sensitive to ug quantities, 
but a Waters variable wavelength detector set at 214 nm would not 

maintain a stable baseline and was an order of magnitude less 
sensitive than the single-wavelength 214 nm detector chosen for 
the assay. Detection at 254 nm was also used, and although it 

did not detect compounds I and 11, it was nearly as sensitive as 
the 214 nm detector for compounds 111 and IV. The advantages of 
dual detection were the ability to determine the pheromone peaks 
I11 and IV when obscuring peaks were present and the accurate 
quantitation of compounds 111 and IV relative to the differences 
in sensitivity at the two wavelengths. The isocratic 2 mlfmin. 
flow rate was chosen because it was simple and because gradient 
methods with either solvent concentration or flow rate did not 

increase resolution. 
A separation of standards with 3.5% tetrahydrofuran in hexane 

demonstrated the minimum detectable amounts of the pheromone com- 
pounds to be 10 ng of compound I, 1 ng of compound 11, and 2.5 ng 
each of compounds 111 and IV at 214 nm. At 254 nm, 5 ng of com- 
pounds 111 and IV were detectable. In comparison, Bull et al. (3) 
stated that in their GLC method 20 ng of each component standard 

was needed for accurate quantitation, and McKibben et al. (4) 
found that 1 ug of total pheromone was necessary for quantitation 
because of interfering peaks in actual frass samples. 

Figure I is a chromatograph of a typical frass sample. Elu- 
tion time for good resolution was approximately 20 min. with 3.5% 
tetrahydrofuran in hexane. The a-terpineol used in GLC assays as 
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1414 WRIGHT AND THOMAS 

an internal standard was found t o  elute before compound I1 and 
was impure, as 3 peaks were identified on the HPLC, although only 
one peak was found on the GLC. Therefore, we did not use a-ter- 
pineol as an internal standard for quantitation. Other peaks 
were present in the analysis besides those of the pheromone 

components; in most cases, these did not interfere with analysis. 
The relatively simple and quick extraction method used gave 100% 

recovery from frass spiked with pheromone. The extraction method 

for GLC required 1 hour or more for a single sample, whereas 5 
min. or less was required for 10 samples with our method. 

The results in Table I were from 3 separate experiments with 
100 male boll weevils each. Three injections were made of each 
sample from each experiment. While the weevils were fed on diet 
slabs no pheromone was found in their frass, but when they were 
later fed squares in the 16L:8D photoperiod pheromone was pro- 

duced. The weevils held in the dark and then fed squares in 
16L:8D produced more pheromone than the weevils maintained in the 
other photoperiods. This was significant since the 24L:OD photo- 
period, not total darkness, is used in mass rearing the boll 

weevil. Gueldner and Wiygul (9) found low levels of pheromone in 
frass of weevils fed on squares and reared in total darkness, but 

TABLE I 
Effects of Photoperiod on Pheromone Production. 

Photoperiod Pheromone Compounds (ng/Weevil t SD) 
~ 

a/ (light: dark) I I1 III+IV Total- 

16:B 14% 8 102 8 8 5  9 32 a 
2:22 26+25 - 115 7 20510 51 a 

0:24 96522 56517 6 952 2 187 b 

Means not followed by a common letter differ significantly 
at the 0.01 level of probability according to Duncan's 
multiple range test. 

- a/ 
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BOLL WEEVIL PHEROMONE 1415 

because they did not later feed these weevils in the 16L:aD 
photoperiod a direct comparison i s  not possible. 
only in darkness on slabs of diet produced no pheromone. 
weevils in the dark produced a pheromone compound ratio of 

approximately 2:l:l (I:II:III+IV). 

Our weevils fed 
The 

McGovern et al. (6) reported that with the GLC method the 
ratio of components was 40:18.5:23:18.5, and Hedin et al. (7) 

reported a ratio of 40:40:14:6 Hardee et al. (8) used a formula- 
tion in the field based on the ratio 23:17:30:30. 

DISCUSSION 
The HPLC method presented in this paper is more sensitive, 

i.e., 10 ng I, 1 ng 11, 2.5 ng 111, and 2.5 ng IV, than the 
reported GLC methods that require about 20 ng for each of the 
compounds. The methods of McKibben et al. (3), Bull et al. (2), 

Hedin et al. (6), and Gueldner and Wiygul (9) depend on crucial 
sample preparation and have not been extended to assay the phero- 
mone produced by an individual weevil as this HPLC method has. 

Boll weevils are reared in large numbers (millions) for release 
as sterile insects, and it is necessary to quantitate pheromone 
production as a measure of the quality of the released adults. 

This HPLC method now gives us a rapid and sensitive assay in a 

minimum of time. 
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