
Isolation of the Sex Attractant 

of the American Cockroach 

A bstract. The sex attractant of the 
female American cockroach, Periplaneta 
americana (L.), has been collected and 
isolated by a combination of extraction, 
distillation, and chromatographic proce- 
dures. Progress through these procedures 
has been followed by bioassay and by 
ultraviolet spectrophotometry. The attract- 
ant has been isolated by gas chromatogra- 
phy, and characterization by mass spec- 
trometry is proceeding. 

Specific sex attractants are produced 
by numerous animal species. Their 
identification has been attempted for 
many years (1), and two which are 
highly potent have been identified re- 
cently (2). The attractants of the gypsy 
moth and silkworm moth are active in 
quantities of 10's to 10"5 g; and we find 
that the attractant of the American 
cockroach, Periplaneta americana (L.), 
elicits a response from the male at 
levels of 1-'17 g or less. By contrast, the 
queen substance of the honey bee (3) 
is attractive (4) to the drone at rela- 
tively high dose levels (10' g). 

The virgin female American cock- 
roach emits its specific sex attractant in 
minute quantities (5); this attractant 
has been the object of study in these 
laboratories for some years. Previous 
reports (6-8) have dealt with the be- 
havioral response of the male to ex- 
tracts of active material, with conditions 
affecting its production, and with the 
development of a bioassay. The present 
report concerns the chromatographic 
isolation of the attractant. 

The initial steps in the isolation pro- 
cedure take advantage of the fact that 
the attractant is distillable with water. 
Aqueous extracts of paper (Whatman 
No. 1) on which virgin females had 
been kept were made 0. 1N in sodium 
hydroxide. After 15 minutes the ex- 
tract was acidified to a pH of 5.0 to 5.5 
with sulfuric acid and then heated until 
60 percent had been distilled with com- 
plete recovery of the attractant. The 
distillate was treated with dilute lead 
nitrate to remove fatty acids. This treat- 
ment also prevented the pH of subse- 
quent distillates from increasing. The 
distillate was redistilled and the process 
repeated until the volume of the final 
distillate was reduced to a convenient 
amount for extracting. The active ma- 

terial in the distillate was extracted 
completely with isopentane as shown 
by bioassay (7). 

Purification and final isolation of the 
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attractant compound was accomplished 
by two different chromatographic tech- 
niques. In the first, five liquid-adsorp- 
tion columns and one gas-liquid parti- 
tion column were used. In the second, 
two liquid-adsorption columns were fol- 
lowed by two gas-liquid partition col- 
umns. The efficacy of the procedures 
was evaluated through the course of the 
separations by bioassay and ultraviolet 
analysis. 

In procedure No. 1 the concentrated 
attractant solution was applied first to 
an acid-washed alumina column. After 
elution with water, the attractant was 
retained on the column and the column 
was extruded, added to water, and the 
mixture distilled. The distillate contain- 
ing the attractant was extracted with 
isopentane for purification through the 
following sequence of columns; florisil, 
silicic acid-celite, florisil, alumina, all 
of which were developed and eluted 
with graded concentrations of ether in 
isopentane ranging from 0 to 10 per- 

cent. The active eluates from each col- 
umn were evaporated to dryness and 
taken up in isopentane, then applied to 
the next column. 

Throughout the separations per- 
formed on the liquid-adsorption col- 
umns, over 90 percent of the attractant 
activity was recoverable from each col- 
umn as determined by bioassay. In this 
sequence of columns, ultraviolet-absorb- 
ing contaminants present in initial active 
fractions were shown to be separated 
from the activity, and the final eluate 
was without significant ultraviolet ab- 
sorption. 

Gas chromatography was accom- 
plished with a conventional packed col- 
umn apparatus employing a radium- 
argon ionization detector. Eluates from 
the column were collected in specially 
designed coiled traps (9) in a Dry Ice- 
alcohol bath at a temperature of -80'C. 
Contents of the traps were recovered 
by washing with isopentane. The active 
material was shown by bioassay to be 
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Fig. 1. Gas chromatogram of the isopentane solution of the attractant material after 
purification by five liquid adsorption columns. 
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Fig. 2. (A) Gas chromatogram of attractant material (one-half total) after two liquid 
adsorption columns. Adjusted to sensitivity lx. In superposition, graph of active peak 
is shown at sensitivity lox, as actually observed. (B) Rerun of total trapped active 
material. Sensitivity 30x. Four-foot Chromosorb W column (80 to 100 mesh) coated 
with 5 percent by weight Apiezon M. Column temperature, 1 300C; detector tempera- 
ture, 1500C; inlet temperature, 1500C; argon flow rate, 110 ml/min. 

SCIENCE, VOL. 137 



confined to a well-separated peak with 
a reproducible retention time, illus- 
trated within dashed vertical lines in 
Fig. 1. Fifteen to thirty percent of the 
active material was recoverable with 
this trapping procedure. 

In procedure No. 2 the first two 
liquid adsorption columns were used as 
previously, and the concentrated active 
eluates from the second column applied 
in two aliquots to a freshly packed gas 
chromatographic column. Trapping of 
the effluent stream was now carried out 
at -160'C in a bath of isopentane and 
liquid nitrogen. The two aliquots of 
attractant solution gave reproducible 
chromatograms of the form shown in 
Fig 2A, the attractant peak being de- 
noted by the dashed vertical lines. The 
longer retention time in Figs. 2A and 
2B, as compared to Fig. 1, is attribut- 
able to the fact that a separately pre- 
pared batch of column packing was 
used. 

The graph of Fig. 2A, adjusted to an 
amplifier gain of 1, shows that the 
amount of active substance was minute 
compared with the contaminants. The 
trapped active material from the two 
aliquots was combined and rerun in the 
same column at a gain of 30, as shown 
in Fig. 2B. This graph shows that 
the attractant was effectively separated 
in the first gas chromatogram and is 
now free from evident contamination. 
Seventy-five percent of the total peak 
area attributable to the attractant on 
the chromatograms of the two aliquots 
(see Fig. 2A) was observed on the 
chromatogram obtained from the com- 
bined eluates (see Fig. 2B), and iden- 
tically 75 percent of the activity was 
trapped as measured by bioassay. The 
remaining 25 percent of the activity 
was accounted for as a residual on the 
implements used for transferring the 
material. This complete accountability 
of activity indicates, firstly, that a direct 
relation exists between the peak area 
and the attractant, and, secondly, that 
the attractant passes through the col- 
umn unaltered. Based on the response 
of the detector and the recovery, the 
amount of attractant isolated was calcu- 
lated to be approximately 28 ttg. The 
fact that the chromatogram of the iso- 
lated attractant compound shows no 
peak before or after the attractant peak 
indicates that the compound has been 
obtained in a highly purified state. For 
the detector response used, the sensi- 
tivity was of the order of 0.02 fig. 

Infrared spectra obtained by means 
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of microspectrophotometric techniques 
(10) indicate that the compound is 
aliphatic in nature. The presence of an 
ester carbonyl is also indicated. Char- 
acterization of the attractant is pro- 
ceeding by means of mass spectrometric 
analysis of the isolated compound. 

D. R. A. WHARTON, E. D. BLACK, 
C. MERRITT, JR., MARTHA L. WHARTON, 

M. BAZINET, J. T. WALSH 
Quartermaster Research and 
Engineering Center, 
Natick, Massachusetts 

References 

1. C. W. Collins and S. F. Potts, U.S. Dept. 
Agr. Tech. Bull. No. 336 (1932). 

2. M. Jacobson, M. Beroza, W. A. Jones, 
Science 132, 1011 (1960); A. Butenandt, R. 
Beckmann, D. Stamm, Z. Ph)ysiol. Chem. 324, 
84 (1961). 

3. C. G. Butler, R. K. Callow, N. C. Johnston, 
Proc. Roy. Soc. London, Ser. B, 155, 417 
(1961). 

4. N. E. Gary, Science 136, 773 (1962). 
5. L. M. Roth and E. R. Willis, Am. Midland 

Naturalist 47, 471 (1952). 
6. D. R. A. Wharton, G. L. Miller, M. L. 

Wharton, J. Gen. Physiol. 37, 461 (1954). 
7. , ibid. 37, 471 (1954). 
8. M. L. Wharton and D. R. A. Wharton, J. 

Insect Physiol. 1, 229 (1957). 
9. M. L. Bazinet and J. T. Walsh, Rev. Sct. 

Instr. 31, 346 (1960). 
10. E. D. Black, Anal. Chem. 32, 735 (1960). 

27 July 1962 

Generation of Electric Potentials 
by Bone in Response to 
Mechanical Stress 

A bstract. The amplitude of electrical 
potentials generated in stressed bone is 
dependent upon the rate and magnitude of 
bony deformation, while polarity is de- 
termined by the direction of bending. 
Areas under compression develop negative 
potentials with respect to other areas. 
Similar results were obtained both in liv- 
ing and dead bone. Removal of the in- 
organic fraction from bone abolishes its 
ability to generate stress potentials. It is 
probable that these potentials influence the 
activity of osseous cells directly. Further- 
more, it is conceivable that they may di- 
rect, in some manner, the aggregation 
pattern of the macromolecules of the ex- 
tracellular matrix. 

Malaligned fractures in children usu- 
ally straighten in time as new bone is 
deposited on the concave side of the 
deformity and old bone is removed 
from the convex side (1). Similar be- 
havior has been described during heal- 
ing of fractures in vitro (2). These 
and other examples indicate that me- 
chanical factors may direct the pattern 
in which bone is deposited and re- 
moved. While the relationship between 
stress and bone architecture has long 

been recognized (3), the mechanisms 
by which force may influence cellular 
activity in bone are not completely 
known. Despite the fact that mechani- 
cal factors have been demonstrated to 
have a direct action on osteogenic cells 
in vitro (4), other regulatory proc- 
esses may be in operation. Since bio- 
electric or direct-current fields have 
been linked with cellular migration 
(5), tumor formation (6), morpho- 
genesis (7), and regeneration of am- 
phibian limbs (8), it seemed desirable 
to investigate whether mechanical de- 
formation could produce measurable 
d-c potentials in bone. Both mammalian 
and amphibian bone were employed in 
our study. Potentials were measured 
with matched silver-silver chloride elec- 
trodes and direct-coupled amplifiers hav- 
ing input impedances ranging from 106 
to 10O4 ohms. There was minimal elec- 
trode polarization during the procedure. 

Initial observations were made on 
fresh preparations of feline fibulae from 
which the soft tissues surrounding the 
central portion of the shafts had been 
removed by subperiosteal dissection. 
Care was exercised to prevent drying 
and to limit artifacts produced by elec- 
trode movement during deformation of 
the bone. With one electrode placed on 
the posterior aspect and another one 
opposite it on the anterior aspect at 
midshaft, stress was applied so that the 
thin fibula bowed-concave posterior- 
ly. The posterior electrode instantly be- 
came negative with respect to the an- 
terior one and remained so, though 
with a slowly decreasing difference, un- 
til the deforming force was removed. 
The bone immediately returned to its 
normal shape but the anterior electrode 
became briefly negative with respect to 
the posterior, and then returned to a 
state of isopolarity. An equal deforma- 
tion of the bone in the opposite direc- 
tion produced a reversed polarity of 
equal magnitude. The amplitude of the 
potential was dependent upon the rate 
and magnitude of the bony deforma- 
tion, while its polarity was determined 
by the direction of bending. Subse- 
quently, freshly removed specimens of 
cat fibula, rat femur, and bullfrog tibio- 
fibula (Fig. 1)-fixed in insulated 
clamps-demonstrated the same phe- 
nomena. The potentials generated in 
these stressed bones apparently were 
not dependent upon cell viability, since 
frozen and thawed or air-dried speci- 
mens behaved like the fresh prepara- 
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