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I ABSTRACT
The 11p1d solvent extractable materlal from the cut1c1e of Anabrus
simglex Hald.  (Mormon cricket) has been examineéd in an effort to elu-
cidate its chemical composition. Hydrocarbons, free fatty acids, esters,
free cholesterol and-acidic resins are present in measurable amounts.

Infrared spectrophotometry, column chromatography, and gas chromato-

graphy are utilized for -the separation and. characterization of these’
‘_varlous components
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II.INTRODUTION

It has been well established that the exoskeletons of all insects are
covered by a?ﬁ iﬁglipoidal'layer. The properties of this layer appear to
A differ somewhat between species. This difference may be related ‘to the
moisture levels of the habitats occupied by the insects. The lipoidal
component.of the exoskeleton_seems worthy,of_study since it has been shoun
to possess the mechanisms for the-maintenance of the correct‘water balance
Ibetween the‘insect and its environment 16° In additionm, it represents the.
‘barrier through which all contact poisonsunust pass‘before.they can become

effective as control agents. The Mormon cricket; Anabrus..simplex Hald.,

:was chosen for study because'of'its economic importance,-availability,
large size and the presence of a good waxy protective 1ayer The semie
arid habitat of this insect suggests relatively large amounts of a lipid
layer for moisture control

Much has been written on the phySical and chemical nature of lipids
obtained from‘various"insects1 Most of this work has been dome by foreign.

'investigators on insects that are of 1itt1e or no economic importance in
the United states. The'major portion of the work has been done on waxes
produced by the insects for purposes other than .as an exoskeletal covering
(i.e.'beeswax, chinese.insect wax, etc,)lbecause"these waxes are available ,
in appreciable quantities Publications‘of more specific studies relating
‘to the chemical structure of the lipids of the exoskeleton itself have beeéen
infrequent, A few-people have studied the cuticular lipids with an eye to

_elucidation'of the chemical nature :of .the individual components | 3 5 ¢ 7 8
. . . . 2
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Gilby and Alexanderu5 6.7 have conducted the most exhaustive studies to-

date. Their studies of the cuticular lipids of Ceroplastes destructor

.-1nd1cate that the wax‘ con51sts of n—paraffin chain acids and alcohols
that average about’twenty-seven carbons. Signlficant amounts of short.
chain acids and alcohols (about Cy,) were also reported. This work’
verlfles the essentlals of a paper. published by Hackman in 1951 g
-Beaument 2 and Donnell 3 have obtained ev1dence on the exoskeletal

wax of the cockroach. ‘This wax has been shown to contain n-paraffins
and alcohols | The presenee of appreciable qaantities of n~parafflns

in an insect wax was also reported by Teng-Han Tang in 1939 15° The
wax was presumably gimilar to chinese insect wax. Tang reported that
lthe wax was composed of 21 80% hentrlacontane, with the possibillty of_
4.72% cholestene. Ceryl‘alcohol (626) (7.45%), cerotic acid (25.72%)

_ and unsaturated acids (unspecified) (29.89%) were also.repo;tedt This
report waa overlooked by the present investigator until the time of
writing.this paper. This was unfortumate, for it would have tempered
a pre- concelved notion that insect waxes shoula consist chiefly of
esters,‘free fatty acids, and elcohols | It is equally apparent that
most of the other lnvestigators in the field have also overlooked Tang s
.-work.

In retrospect then, several.generalizatioaszon the reported composi~

tion of insect cuticular waxes‘can be'made. Hydrocarbons, esters, free
'fatty acids and free alcohols have oeen_reported. Ihe hydrocaroons

:epofted have all been saturated; the esters as such, have not been studied;




.
_the acids and~élcohols'have'been\eiﬁher'satufated or_hnSaturated; ahd
resinouS'materials'are evinced by the lac p:dducers. ‘This knowledge"

. of the composition of cuticular waxes is meager.  The work reported herein

_amplifies such knowledge through a partial elucidation of the cuticular

wax of Anabruswsimplex Hald., the MbrmonAcriCket,"

N
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ITI PROCEDURE

A Collection‘of wax

Crickets were.collected from.various bands located in south;central
Montana.; No'selectlon as to sex or\age was made; but the Crickets were
‘predominantly in the adult‘stage They were brought to the laboratory
in cages and . kept in a cool room for from three to five days This actioun-
was. prompted by the fact that, although the crickets are inactlve at |
this temperature,udlgestion proceeds and‘thereby permits a.relatively
complete evacuation of the digestive‘tract. It was hoped that this
:zprocedure would mlnlmize contamination of waxes extracted from the whole
cricket. The enforced inactiv1ty was found necessary in order to
'prevent tannibalism. Following thls treatment the crlckets were killed
-by subjecting them to chloroform and ammonia vapors in.a closed cone
:tainerﬁ. The presence of the ammonia in the killing medium-appeared‘to
reduce the‘regurgltation ofifluids from the crop.. The crickets were
then Washed with ﬁater‘hy spraying on 1arge-screens,-air‘dried, and
lrefrlgerated untll the extractlons could be completed

" The cutlcular wax' was extracted by wrapping the crickets in‘
cheese~cloth and extracting w1th a lipid solvent us1ng a soxhlet cone
tinuous extraction apparatus Slnce the solubllity-of-the "wax' was’
not knOWn several Aipid solvents ‘were tried chloroform, benzene, diethyl
ether, constant boiling chloroform«methyl alcohol, and skellysolve-B
(industrial n-hexane).  Variations in the’amounts of wax extracted were

insignificant., The "wax' extracted varied from 0.14% to 0.19% of total
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cricket welght, with deviations ‘between sncceedlng batches of the same.
solvent belng as large. as dev1ations ‘between- dlfferent solvents. Three
dlfferent "wax” samples were collected ~using three dlfferent solvents i.e.
skellysolve-B, chloroform, and the constant boiling chloroform-methyl
alcohol- The entire yLeld of "wax' was approximately 3 gms,
The ywax' extracts were washed with water in a saperatory funnel,
Each liter of extract was washed. successively with 250 ml., 250:ml. and
finally lOO ml7 of water. This procedure;was.used in\an;attempt to remove
any water soluble materials that may have been_e;tractedlfrom the crickets,
A characteristic ”cricket odor" which had been‘apparent in the "ywax"
~extract was noticeably transferred to the aqueous phase. This washing‘
procedure was markedly hampered by the formation of stable emulsions, and.
.losses off'wax” were unav01dable._ The f@wmeation of emulsions was least
troublesome nitn-the skellysolve-B{extractsd The washed extracts were
dried over "drierite" and the solvent was then allowed to evaporate‘at
room temperature.ﬂ The evaboration was.accelerated by blowing clean alr
over the surface of the solution.
The waxes obtained-inltbls na§ were designated "wax X", UY", and ”Zﬁ
for‘tbe constant boilingAchloroform-metbyl'alcohol, skellysolve-B, and
'cbloroform extracts_respectively. ‘Throughout this paper X,'Y,-and~3'will
carry-this connotation. :
In the latter stages of tbis project'verification of results was made
- by examination of the wax obtalned from egcised cuticles;' The collection

and treatment of the crickets was identical to previous collections. How-
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ﬁevet as soon as the crickets had- been Washed, and.air dtied{ they were
frozen to await-further handliné. As time aliowed-the.sbdoninal sclerites
',were removed from the crickets, and all extraneous and cellular material
‘wetevremoved by careful btushing under water. The cleaned abdomlnal scle-
rites were then dried and refrozen for later'extractions'with an appto--
, priate'solvent‘ -

B.  Separations Based on Solubility:

‘Numetcusuattemgts at solubility‘fractionations were made in the
early stages cf‘the current work; . It became appatent that a degree
of fracticnatiqn could be‘accomplished by the qse of various cpmbinaticns
of skellysolve-B,~diethyl ether and methyl alcohol, Attempts at fraction-
s_tion involved'both ﬁot aﬁd cold solvent;systeﬁs.; Although this appraoch
proved impractical for ciean separations it did pt0V1de‘a clue to the
.ngeﬁeral character of the wax. | | |

The precipitation of a yellcw‘wax by addition of methyl elcohol to
elther solutlons of "wax ¥" produced a mixture which was pure ‘enough to
' e11c1t subsequent identlfication as a hydrocarbon “The soluble portion
waslshqwn toccontain a ninhydrin posltive component which to-date has been
.getthervisolatédanorliqentifieg.

Additional'informaticn was obtained from the methyl alcoﬁel—soluble
‘pottioc by removél-oﬁ the solvent and treatment of the residue with n-" .uy
, hexane; :The residue was only:partielly soluble in n-hexane -and left a
'resihous residue, This resinous residue‘hed solubility characteristics

reminiscent of#shellac, i.e. soluble in methyl alcohol, and bssic aqueous

ER
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solutigns (when heated) and insoluble in. the non-polar orgamie solvents.
The solubility studies suggested, therefore, that hydrocarbons, a lac,

and a nitrogenous material were componenﬁé of the wax.

i

C. Saponification:

Séﬁonifiqatioﬁ,proved to be of value when infrared spéctta indicated
the presence of the’suspeéted ester structures. AAttemptsato saponify
‘th; original "wax" were signally ﬁnSuccessful. 'This 1s, in retrospect,
.ggderstéﬁdable sihcé‘the‘hydrocarbbnszpresent would markedly complicate
the handling of tﬁé,séponif;catibn system. However, saponification and
the folloﬁing Separatipn éf:the saponifiables from the non-saponifiables
:was accomplished byvuse~of the'following procedure:

1) ca. 0.5 g. 6f samg%e was heéted‘at 150o C. with 5 ml. of 5% KOH
in ethylgne glycol.for 2 hr;.“ | |

2) The mixture ﬁas then.diluted to géf150ml.'and acidified‘to_congo
red by.the dropwise adﬁition of 3 N HZSdé. B

3) Tﬁe acidified éyétgﬁ;was_extractgd_with 3 successive volumes of
diethyl ether (50, 25 ana 25 ml.sw

' 4) Thg ether:extrapts were combined and back-scrubbed ﬁith 2-25 mi.
portions ofyﬁater: The washed ether éxéﬁgétswﬁére3théﬁ dried by-allowing
(them to stand over anhydrous sodium‘ﬁulféte'tdrie:ite could not be used be-
cause it appgrently absorbed some of the prodﬁc;;). |

5)-AAftqr &ryinga:the ether was removed ﬁy evaporation to yield the
produqts of sapanification. _ | |

6) This mixture was then taken up in ca. 500 ml. of nsheiane and
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peseed through a 3~stage_Kiesf9 counter~current extraction assembly (Fige
ure 1.); The stages of.the Kies' apparatus were filled with 100 ml. of
30% aqueous ethyl eicohol-solutiOns In addition, tubes 1 and 2 contained
1 meq of KOH and 0 5 meq of KOH respectlvely

I3 The aqueous fractions were comblned acidified to congo red with

H2304(end extracted three times with*diethyl either (25Q ml.; 250 ml.; and
100 ml.). N

8) The ether extracts were, comblned dried over Na2804, and the

solvent was removed to obtaln the free acids.
9 The n-hexane fraction-that had passed through the Kies' stages was

dried over Na,50, and the. solvent removedrto yield the‘non-saponifiables.‘

D. ‘Preperetion of methyl esters:

Various procedures for_the qualitatiye.iﬁentification of long chain
ac1ds were lnvestlgated and tried. Of the numeroue methods reported in :
the literature, gas chromatography of the c01respond1ng methyl esters proved
to be the best. The methyl esters, both standards, and unknowns were pre- .
pere& by the following scheme.

D The sample size taken for esterification. usually was - oi the order

of 0102 g., and this sample was refluxed.w1th_about 5. ml. of 10% (by wt.)
ﬁ2804 in meth&l‘alcohol for about 2 hours. The reflux oroceeded nicely
when -the bath temperature was held at about 80° C.
JZ). The eolutiontwas then diluted to ebout 30 ml., with distilled water,
_eno'extracted three times rith diethyl ether (25, 25 and 10 ml, portions);

The combined -ether extracts were back-scrubbed with 20, 20, and 10 ml.
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-portions of water to remove any residual acids (including the sulfuric).
3) The washed ether extract was dried over Na2504 and the solvent

‘rempved by evaporation to yield the methyl esters.

Ef Bromination of Esters
| The presence of unsaturated methyl esters can be shown by gas
chrometography Verification is made by brominating a system presumed
to contain unsaturated esters, paSSing through the column and com~
paring the resulting chromatogram With that of the same systen prior
to bromination | The disappearance‘of a peak 1ndicates_an ester susceptible
to bromination (1 e. unsaturated esters) Bromination was presumed to
occur only ot unsaturated systems and Was carried out as follows:
1L The esters were dissolved in dry diethyl either to give approxi--
_mately a 10% solution | This was'cooled to the femperature. of an ice=
salt bath and bromine was added by means of a capillary until the color
.of bromine persisted, |
2) ° The mixture was allowed_to stand in the dark for about- ten
minutesland‘the bromine color was then discharged by the capillary
addition of ‘@i-a‘mylenei
3) The sclvent was removed by evaporatien and the reaction products
"weredtaken up in a mininum ofvbenzene. This solution was suitable for
gas chromatography.

F. Column Chromatography:

In the fimal analyses of the waxes, column.chromatography.using an

alumina column showed the greatest promise for separations of the various
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types of compounds in the wax, Numerous schemes were tried but only

silicic acid columns and. alumina columns seemed advantageous. The
alumina column seemed to give the best results and was, therefore;

used for the separations reported here This system provided for
elution of the hydrocarbon components completely free of all other mate-
rials and allowed for some resolution of the individual esters in the -
wai. - Other materials;were‘eluted, though not_identified, and acidic
materials were retained by the column and. could not. be recovered.

Several column 51zes, types of alumina and elution solvent systems

were tested. The following system-seemed'the most satisfactory.

l) Gdlumne-—— 10mm. or .16 mm, diameter ® 30 -em. -in length fitted
Wlth a teflon stopcock. '

2) Aluminaf-d .adsorption alumina (Fisher Scientific Co. A—540)§
about 3 g. alumina were used‘forﬂeach.O.l g of
material introduced on. the column

3) . Eluantg==~ approximately 50 ml. of each of the following sol-

| vents were passed through the column in order:
petroleum ether, l:l;petroleum“ether - benzene,
benaene,zlfi bengene'j:diethyl ether, diethyl
ether, 1l:1 diethyl:ether'w acetone, acetone,
l;l acetone ; methanol,-and methanol, |

4) -Fractions~. fractions were cut at ten minute intervals_with
an automatic-fraction collector, and everaged_

about 4 ml. per fraction.
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GL Gas Ghromatography

Thls technique progressed through many developmental stages durlné
the course of this work, and therefore different instrumentation was
uSed. _The developmentszwere‘of two types,.instrument improvement_itseif,

_and screening of column substrates for efficiency in resolv1ng specific
mixtures., Lt gradually became’ apparent that high temperature gas
chromatographyg(i.e., of the order of 300°‘Gp) would be necessary-tor

l'effectlve resolution of the hydrocarbons present in the wax. The
column sutstrate that proved most useful at this temperature was a sili-

fcone grease-(Dowecorning Hi-Vac Stopcock'Grease) placed.on Chromosorb- 30/60

omesh (Johns~Manville Co.). ‘"Apiezon” columns3operating to about 250° C
also proved useful for hydrocarbon analpsis, The methyl esters were run
‘with silicone, reoplex, Lac-466 (Wilkinhs Instrument Co,) and butanediol~
succinate poiyester‘columns. The‘butanediol~succinate polyester-column'
seemed to be the most effectivef |

‘The most useful instrumentation was eventually afforded b& an
Aerograph Chromatograph (Wilken 8 Instrument Co. ) using a hot-wire
thermal conductiv1ty cell, with reference and detector in a bridge
circuit. However, at temperatures above 300° ¢., an instrument utilizing
a single thermistor as detector and a specially designed proportional
controller for temperature control was preferable. This instrument was

~ designed by Dr. James Cason at the Uniuersity_of California.

H. Infrared Spectrophotometrz

All of the infrared data were taken in the rock salt region (5000 cm” -1
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to 680jcmfl), Spectra were obtained from materials in varipﬁs physical
states; liqqiés‘(as capilléry films), solids'(KBr disks and Nujol mulls),
and‘in_sdlutién with various solvents. A Baird Assoéiateé instrument |
was used for the méjo:ity.of;the garly sﬁudies. A Beckman IR-4 was
‘used in the later phases of the work. The infrared interpretatiﬁn has
been made oﬁ‘thelbas;s‘of personal observation and/or numerous articles
discuésing band assignmentsf The most inciusive of these artiqles is

a review paper by O'Connor on "Application of Infrared Spectrophotometry

o Fatty Acid Derivat;Vesnll,
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IV RESULTS
The "'waxes :K?'ﬁﬁ-and”ZU as extracted by. the procédupes outlined
in the previous sectioﬁ, are essentially iden£ical. .Differenqeé_do
exisf,_as‘evidenced by differences in-éolor,'bgt such diffeiences may, or
may nbt,be due to thelyariations in thé-lipids of the respective waxes.
This.consideration_ié based on the;absencé of cpnéiétant colpr diffé;ence

when.the wax was extracted from eXCised‘cuticlés by similar techniques,

~Moreover, no distinction, other than color was established by the

investigation. .
Therefore, although the texms "wax X', wax Y. and "wax Z" will be
used in describing the results, this does not imply any degree of dif-

ference. That is, data from one wax have been assumed to be applicable

. to another, The use of X, ¥, and Z is retained only to firmly establish

the basis on which the work was conducted. Where the term "wax' is used,

-a generality is implied, based on conclusions drewn from data obtained

from one or more of the individual "waxes" X", '"Y", or "Z".

. A, General Character'of Wax:

Thenegtréctable‘cuticular‘wax accounted for about 4.3% of air-dried
weight‘oflthe e%cised abdominal sclerites. This figure .agrees reasonably
well with data optained by ?eppgr and,Hastingé.in 194712. They estimated
that tﬁe_wax of cast:exoskeleténé amounted'to about 5%. ?hg moisturé
content variation.in the two types of sample, although not measured,
could:acpognt for the differenmce in measured wax percentages.

The wax is a light~ye119w solid at room temperature (ca. 23° ¢.). .
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as indicated by the shoulder at 3025 cm”

=18

At this temperature it is soft‘ typically_ waxy'' and forms films; It
has no sharp meltlng point, but gradually softens and ‘becomes dis-
tlnctly a 11quio at temperatures above 50° ¢

The, 1nfrared absorption pattern of. wax obtained from excised
cuticle is shown in Figure 2 CompariSOn of this spectrum with that of
”Wax Y (Figure 3) supports the contention that.the two waxes are
essentially identical.. The broad band at 1550 ‘cm” ; in the spectrum of
”Wax ¥ is anomolous. It's appearance in tﬁe’spectrum of '"Wax Y”‘as
well as ”Waxes‘X”‘end figt ig variable and inconsistent. It has been
assumed, therefore, that the presence or abseuce of this band is de=-
pendent on the physical state of the sample. Thus the absence_of this
band;in-the_spectruﬁ_of the excised cutrcudar wax does not imply a
significant difference iu the two waxes. Srucecall infrared data for

the various waxes (1ncluding "X and A as well as ”Y" and the ex-~

cised cuticular wax) have indlcated their essentilal identlty it has

been assumed that any informationqobtalned from one is applicable to

all. The strong band at 1713 em ! is characteristic of the carbonyl

stretch in fatty acids. The preseuce of an aciddconstituent in the wax

is further indicated by the general appearance of the spectra, and parti-
cularly by the broad hydroxyl band extending across the entire carbon—
hydrogen stretch reglon at 2851 cm™l and 2924 cm l. Esters are

‘suggested by the band at 1740 cm. (carbonyl stretch), and again by the

-smalderubands in the 1200 =~ 1100 em~1 region. Unsaturation is probable,

1 The band at .720 em™! and
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sﬁoulder at 730 cm"l are characteristic of louglchain compounds and uave
been attributed to & rocking mode of multiple -(CHZ)- groups 13, 140
These salient features of the spectrum of the wax will be reconSLdered
in theilight of individual constituents separatedlfrom this mixturea

B Constitueﬁts of Wax:

The preceeding spectra suggested the presence of aPprecisble
| _quantities'of freeracids in the wax of'the_excised'cuticlei This evi-
dence Was:corroberated.by passing 506 ul."of s'skellysolve-B‘solutiOn
of 0.2114.g._bfiwe; through a Kies‘ counter-current_extraction apperatus,
,.This'reSulted in the recovery of 0. 0337 g. of acids which represented
approximately 18% of the “total material recovered from the separation
(0.1778 g.). That the materials recovered were acids,was established.
by‘means.or the infrared spectrum of a capillary film (Figure 4y,
;This_spectrum‘has all of the band configurations associated with fatty
acids and more important is free of extraneous absorption bands-indicam—
ing a reasonablv pure product ﬁ‘The band at 3020 cm -1 is clearly re- |
solved in this spectrum and firmly establishes unsaturation
These acids were recovered from the salt plates used for infrared
spectroscopy aud_were converted to thevcorresponding_methyl esters, The
conversion to methyl:eSters was ressonably successful althougﬁ_the-re-
'covery (0;0145ig.) was poor. The rroduct‘waslessentially the methyl
ester as shown by the infrared spectrum of a capillary film (Figure 5).
- The carbonyl at 1740 em™l and bands,in the 1200 om‘l region clearly

iudicate the ester. Moreover, the absence of carboxylic~cerbonyl stretch,
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and the carboxylic-hydroxyl‘band agsures a reasoeably pure prodsct.
Unsaturatidn is again predietable by the ﬁresenCe of the 3020_qm’1
shoulder “

The methyl esters were recovered from the salt plates and dis-
solved in benzene to yield a solutlon that approximated 0.%% g: of
ester in. 0.25 ml,~of benzene. Thls system was separated by means
of a gas ehrematograph operating at 210° C. The column substrate wés‘
a polyester of bﬁtanediel and succinic acid'(”Craig”;eoluﬁn - Wilken's

'”@* Co.) The results of this separation are portrayed in

”Figure 6. The peak assignments were based on the:deta obtained by
chromatographing:knOWn esters under ‘identical cdnditiops and plotting
log retention time vs. the'number of carbons. 'This is illustrated by
Figure 7 and adequately shows the straight line function_of menmbers
of an homologous series. This piot was.uséd to establish the nature
.and_approximate percentege of individual esters in the injected
sample. The percentdge composgition waslbased on the relative areas
underithe respective peaks of the chromatoéram;. An emperical formula
to account for deyiations from linearity rherein molecules exhibitipg
large differences in molecular weight are"concerned was pﬁblished by
Eastman, in 1957. This relationship )

- ' EETY'EFE
" was. used te-estimste the relative amounts of the methyl esters pre-
sent. In turn, %gﬂwasassumed that the conversion efficiency for all

ae;ds to esters was constant and therefore this relationmship could be
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Fig. 7 - Retention Time of Methyl Esters of Free Acids of the
Excised Cuticular Wax
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used as an expression of the precentages of free acids. -The_types_and .
relative amounts of free acids to be found in cricket wax are tabulated

in Table I.

TABLE I
FREE_ACIDS IN CRICKET WAX |
TYPE . % OF TOTAL FREE ACIDS noruAx
Cyy Y O O Y
Gpy =mmmmmmmmn- emmemm———— e 1.7 ----w;j--éf----4----~5-5---~~-0.3 :
Gy, - sdouble bond =-=-em-emm=mms 0.5 wdmmme e AL I
Ci4 - Z'doubie bonds -b;-;-—-—4f47 0;3' --------- e e o 0.1
Cys - 3 doubié(bénds ;f‘"'fF‘-;-"‘O.G"f""‘* ----- «——’ ----- mmmwm=-== 0.1
Cig -==-=-- U 7.9 memsmmsamemooommmenme e 1.4
(016 - iloublerfiond [x-onn-ize-nns= 4.0 -/-~- 0.7
Cig - 2 double bonds Bl R B -
Gjg - 3 double bonds =m-nmmsmmmmns 0.7 mmmmmmme SO 0.1
e - 0
Cig - 1 double bond memmmmmmmmmn 484w mmm e m——————— 8.7
018=_ 2 double bonds ~~-=-n=-- - 26.8.-4—--~}—-4-;-P-f--:rj-f~f*-**'4-3
f¢18 -3 aoublé.bonds ‘-'?'4f‘jf-“-6.o -_----_-__--;__;--;_- --------- 1.1
béol -—----—~---~----; -------- ;-—- Trace

The presence of unsaturation in the acids as reported in Table I
was verified by bromination of some of the'methyl ester mixture used
for the chromatogram of Figure 6. The bromination was carried out in

a ménner‘thét,WOuld bring about addition and minimize substution.
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The hrominated mixtnre was then passed through'the same column under

identical conditions. In every case where unsaturation is reported,

the peak for that particular ester was either markedly diminished or
absent.
The "nentral"-materials,thatrpassed through the-Kies'lsystem

with the skellysolve-B amounted to 0.1441 g. or about 82% of the

.total'materiai recovered. The infrared.spectrum of this material

is shown in Figure 8 The marked decrease in acid content lS clearly
apparent by comparison of Figure 8 with Flgure 2 | However, the acid
band at 1710 cm'l is present and. persisted at approxlmately the same

intensity even, after the material had been recycled through the Kies'
set~up. ‘This_must be interpreted as_indlcating.carbogyl'groups-which
are;involnedrin moiecular configurationsnmore.complex than that of

the free acids and'whose.solubility'preference remains with the

‘skellysolve-B The'ester band at 1736 em! is stili-evident as ex-

pected The carbon—hydrogen stretch and deformatlon bands are
extremely strong as compared to the carbonyl intensities. This impiies

either few carbonyl structures 1n,huge.molecules or,_as the evidence

Y

~accumulated, more likely a mixture containing considerable quantities

of free hydrocarbons.

At this point it was decided to sacrifice the acidic component

" of this mixture for the possibility of fu¥ther elucidating the hydro—

carbon and ester portions. Previous studies had indicated that hydro~

carbons could be freed from such a_mixtnre by passing-through.an alumina
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qolumn. This'Was doné by eluting the mixture from the column with
increasingly polar solyehts (describgd in the,precéeding séction).
The acidic matérialslwerg lost Becausé they wouid not elute from
the cglumn. The results of this attempt at cﬁromatographic separation
ére illustrated ianigure 9. The 28'frac;ions were reco%binéq into
the 5 fragtions indicated for furthef cﬁnsideration.

Ffagtion nﬁmber'l, which QQCOuﬁts for 57.6% of total recovery
‘(47.é% based.oﬁ_total wax),.gavé the infrared spectrum éhéwn in
Figure 10. This specfrum indicate; baraffinic hydrocarbons with
very ipng chains (note bands gt_both'730 cm'l_and 720 cm‘l). A
éarbon—hydf?gén analysis on material obtained in this same,faéhion
gave carbon 85.00%, hydrogen 14]96%

Eraction number 2 is prpbabiy a mixtufe of ésters plus hydro—
cafbons._ This is based on its infrared spectrum (Figure 11)'in which.
the bandg characteristic of esters are present. They éppear
Wéaker than is usual for mést esters, It is assumed, therefore,
_that rather 1arge amounts offhydrogarbons afe.alSO"present in this
© cut. ‘The shoulder in the 3000 cm"llregion éf this spectrum suggestis
unsaturation, It should be,noted that this band did not appear in

the spectrum of the hydrocarbon cut. It is likely then that the

unsaturation is present in the‘ester moiety of this number 2 fraction.
"Fraction_nqmber 3-m;y inclﬁde esters and alcohols, esﬁers'in-; |

-volving hydroxy -acids, or various combinations of all three. } Evidence

for this stems. from the infrared spectrum of a capiilary film of this
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material (Figure 12) iﬁ which .the ester bandsxhave become quite
strong andAﬁ‘sﬁroﬁg hydroxyl band is also épparen;.at'3400‘cm‘1.
'Fraction'number 4.and number 5.give éssehtially the samé épectra
as number 3 so,thaﬁ no additional information can be inferred,
This particular-se:ies of #esté ﬁ#ilized virtually all of the

material obtained from thé excised cuticles. Hﬁwever, siﬁce‘all

of the evidence ‘gathered for the wax from the excised cu;icle:had
duplicated similar evidence fgr waxes "X", “Y” and "2", it’was'de-
cided to repeat the alumina chromatography studies with the remain~
der of-wax "y", The chromatographic sepgration of 1.4143 g. of this -
waﬁ, which included all matériai, not just thevneqtréls as‘in the
previous case, is iiIUStrated.by_the plot of weight:vs; tube number
(Figure 13). The 55 cuts were-regomhined‘into the 10 fractioms.’
illustrated. .

Fraction number 1 was a whité solid. The material melted

gradually .at about 30° ¢. 1Its infrgred spectrum (FigurEg145'
. clearly established itras a hydrocarbqn.énd is‘virtﬁallytidenticgl

‘to the spectrum for a similar cut from thelwax of the_éxéised cuticle:
(Eigure 105L~ The failure of the band aFv720 cm™! to exhibit two
“band headé.shouid havé been suggestion enough that this material might
.still contain sdme of the:pétro;epm efhér thét-wés uééd as'aﬁ eiuaﬁt.
Hoﬁever, at the time it. was not cogstrued in this.way and it Waé not
until later that it becamé‘obfious that these lower hydrocarboné could

be retained in the form of solid solutions. Althougﬁ this did not 1ea&
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to erroneouslconclusions as tofthe tyﬁe,of:hydrocarbons present,
it uﬁdoubtedly‘affected theIWeight percentage calculated for
hydrocarbons. Tte hydrocarbon.content calculatec.from_these parti-
' colar separation cata was 5?.8%.

‘Previous work on the hydrocarbons obtalnable from cricket wax »
had: indlcated that a wrde range of hydrocarbons was probably present
With_this in mind a‘sample of this material was separated by gas
chromatography utlllzlng a 2% foot lnch silicone column operated
at 255° C. The chromatogram (Flgure 15) fails to give complete
resolution although it is satisfactory for an estimatiom of molecular
size and relatrVe amounts, The log plot of retention time vs. number\

'_of carbons places the major peaks in the Cyq to 032 reglon (Flgure 16).
"The relative amounts were calculated on the basrs of molecular Welght
and area -under the curve csing the same emperlcal telationship as
_was‘used for tﬁe methyl esters, The results are tabulated in Table II.

TABLE II

HYDROCARBONS IN CRICKET WAX

‘Molecularrsize %,of.Total Hy&rocarbons . % of Wax
Cyq. group (Cpg to 025) i e 12,5 meemodmem et e 7.2
N o —..-------~_~.,-_---.-__-_ -_;.........‘..;.. —————— ,,_,...._.'.,.;_ ——————— |
027. 0 028 A . 20.6 - : 11.9
3 030 tO‘C31 fs——-a-~-—----j—---*——.5573 e e 31.9
632 ""“"'""'"""'""""".“'"“v"""--"-"""'""-" 11-4 """"""""""" ""-‘_""""" """"" 6.6

An effort was made to resolve these same hydrocarbons using a 5 foot

”Aplezon” column This column cannot be ggerated-atmas high a
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Fig. 16 - Retention Time of Hydrocarbons of Fraction Number 1 on
Silicone Column
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temperature as is. possible with silicone and as a result resolution

beyond C,. failed. Up to_this point, however, 19 differénﬁ ﬁeaks

27
were obtained (Figure 17). These data applied to the log plot (Fig-

ure 18) clearly establishes the presence of hydrocarbons with 16, 17,

18,'19,.20, 21, 22, 23, 24, 25, and 27 carbons as components of the wax..

iisi thought to

The instability of the base line above G5 (Figure.’

£

be due to thermal dracking resulting from the long residence time at
~ this temperatu:é. 'This could obiliterate a Cog peak iflczﬁ were a
minor constituent. This'ié meritioned siﬁce Céé is comspicuously ab-
sent:and because phe;ch:omatqgram.does suggest the presence of a peak '
at a time compatible.with the log plot for Coe elution.

' Ffaction number 2 from the alumina chromatography of "Wax Y is
a dark'—yellow.dil that mafy be e:sters of long ;:hain acids and alcohols.
This is indicated by'tﬁe infrared sﬁectrum of a capillary film (Figure
19) which.shqws_rathér«strdng;carbon—hydrogen bands as compared to
the ester carbonyl. This fraction represents 3.2%'of the original
wax. - |

‘Fracyion number 3 repreéents 2.7% of thé total and is characterized
by it$ infréred spectrum shown in Figure 20. This'spect?um'is tﬁﬁical
of:estgrg.-zThe single notable feature here is thé unsaturation in-
diqaped‘in the 3020 cm'l-région.. fhis_fraction,.too, was g_ygllow\oil.

.The=yellow, wax¥~solid of Fragtion number 4 repfesents“abqut 1.4%
of ;he fotal. The salieht-features'of its infrared spectrum (Filgure

21) are the absence of Qnéaturated carbon~-hydrogen stretch and the
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appearance oflhydtoxyl stretch. In'othet regpects an estei'is
indtcated. This fraction may be the result of esters .of hydroxy
acids. Eguelly‘nossible‘is that the fraction contains free alcohols
in an admixture with esters., This probability is enhanced by the
reiatiyely snell carbonyl band. |
%ﬂt‘ | Fraction number 5 is a white solid {some yellowloccluded) that
will not form £ilms for infrared spectroscopy_es have‘the.previous
fractions. It was necessary to examine this cut in carbon disnlfide
-1

golution. The markedly enhanced band at 1050 cm” ~ in Figure 22 sug-

gests that this cut may contaln a secondary alcohol The hydroxy
'stretch as it appears in solutlons, is ev1dent in the 3500 cm -1
region. Unsaturation is indicated though not pronmounced in this. .
'spectrum., This fraction, accounting for 2u3%'of the total, ma& well

be an alcohol with a trace of estets. ‘Tne:spectrum'of.this materiel‘

is s1milar in many respects to valious published spectra for sterols 15 16.
ﬁ;-f‘ “No degree of certainty of 1dent1f1catlon is p0331ble here since this
fraction is very likely a mlxture However, if the absorbancmesnat
*1736 cm” l and 1170 cm‘l are discounted as due to a trace of

extraneous ‘ester, the remaining structure 1s indeed comparable to the
spectrum of cholesterol (Figure 23).
The spectte of fractions number 6 and number 7 are nearly identicel.

-These combined fractions would therefore account for.Z.Z%‘of the total.

The infraxed spectrum of fraction number 6 (Figure 24) is agein strongly

reminiscent of esters and once again shows unsaturation. The hydroxy
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'sfretch is quité evident .and the sgggesyibn is for an uhsaturated
hvdroxy ester ':
The 1ight~yellow solid of fraction number 8 that amounts to
2.4% of the total‘is_anomolpus. Although the general ester and
hyéroxy.ﬁénds ée appear in this spectrum (Figure 25) the very

sprong'bgnds at 1640 cm‘l,gand 1280 cm™t and*840 cm-;

are dominant.
These Strongﬂand broad bands might Be_the'result of nitro groups
but other groups or comblnatlons of groups could also account for
them. Inexperlence in the lnterpretatlon of infrared data 1eaves
thlS particular fractlon essentlally unldentlfied

Fract1ons number 9 and number 10 give 1nfrared‘spectra that
are nearly identical. The combingd fractions account for 12.9%
of the tota1; The'yellow-green oilAmay‘have a slight residual
'méthanol imburity as suéggsted.by_the.strqng methyl band at 1380 cmfl
and st;oné hydrpxyl bands (Figure 26). All‘thiﬁgs cogsidered; how-
ever; it seems more likely that compdpenté of tﬁé wax are responskle
for these bands, : Thé c%rbony; band_has.broadened péxceptib;y whiqh '
suggests more than one_typelof carbonyl structure. This fraction
.is very likely a mixture of esters and alcohols with the.strong
pogsibility of some polymerizatioﬁ. -Carboxyl‘systéms are quite
likely andltﬁeif e}ution from the alumina cquld be aécounted_for_if
they were npt free bﬁt associated with‘a 1grge polymer containing
ester linkages, hydroxy groups, aﬁd.pipbably aldehyde and ketone‘

structures. Such is the system presumed for shellac. The spectrum
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of a commercial shellac sample is presented for combariSon (Figure
27)7 Mild support is given to.the shellac suggestion b& the infrared
pattern shown in FigﬁreOZS. 'This is the_spégffum_of a materi;l ob-
tained frOm'the o;iginal r;Wax Y" by egtraction with methanol,
‘evapoéating the solvent aﬁd,finally waghing with skellysolvefB.
This matéfigl, thgrefore, resembles shellac in itS'éolubility
'charaéteristics;_soluble in methanol, insélublé in skellysolve-B.
A tébulation of-the data from‘;he alumina chromatog;épﬁy of

~"Wax Y is ﬁresented in Table III. |

| TABLE III

SEPARATION OF "WAX Y" VIA ALUMINA CHROMATOGRAPHY

Fraction No. " Probable Compos1t10n : % of Total
| 1 Sl hydrocarbons, 012 to Cgg "mmmmm=oo mommmmmmmees 57.8
i 2 =w=escwe-o---- esters; probably saturated --—-—-;--: ----------- 3.2
3 ~h—-----—-4%—'éster§; some unsaturation -e--m-scceocmcmmemna. 2.7
4 =riwm—mesww-- esters and alcohols and/br - - 1.4
' hydroxy esters; saturated o

5 mwemmme— et cholesterol and trace of esters ~=-ewmmme-—r--- - 2.3
6 =mmmemmmam=m-- gsters and alcohols and/or ==~=====- mmmmimm e ], 5

_ . ~Hydroxy esters; unsatuxated o ‘ '
7 -==-mcmesmc- same 85 6 =mw---- e - ——— o 0.7
8 mememmmmoenae unidentified ~~e~---- -_;-;__--_-7 ------ e e 2.4
9 —mommmmemme esters and polymerized products‘;-~-—-~-~-:---—; 3.1

with carboxyl groups, similar to shellac |

10 ~==m- mememees SAME 48 9 mmmmmmeeo- e ————— mmwmmnmene 9.8

acidic material remaining on column mmmmmmemmnee 14,9




4500

1900

1800

WAVELINGTH

1600

1700 1600 1500

IN MICRONS
13 14 15 16

FIG. 26 - FRACTION 10 FROM THE ALUMINA
CHROMATOGRAPHY OF WAX Y

FIG. 27 - SHELLAC

A



Jt

3500

3000

2000

1900

1800

WAVELENGTH

1700 1600 1500
WAVENUMBER

IN MICRONS

13 14 15 16

FIG. 28 - METHANOL SOLUBLE-SKELLYSOLVE B
INSOLUBLE COMPONENT OF WAX Y

1400 1300
IN KAYSERS

1200

1100

1000

900



the significantly larger peaks for the saturated acids 016,.C1
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' The obvious approach on comp}eting.this‘phéé;.of the work was

© to examine the individual fractions via sapomification, counter-

current separation, etc. However, not enough material was avail-

. able at this time to conduct such an extensive investigation of the

individuéi fractiéns. The resuits to be cited now are, therefore,
éased‘onvéorrelations of this latter phgsgﬁof,the work involving.
égparatibp.with an. earlier phése in which saponification studies
ﬁefé:made on:”Wax Z”‘(i;e; a chloroform extract); In this parti=-
cular inﬁestiéatibn attempts.werélgeing made to effect‘solvent

éeparatibns and a fraction of "Wax Z"" was obtained by extracting

it with methanol. It is this methénol‘soluble system that is con~

' sidered now, In the light of later information it seems that this

methanél.soluble:system probably contains all of the wax components
with the-exéeption of the higher mﬁlecular weight hydrocarbons.

Tﬁis extraét, designated Ms-z’ was saponified and tﬁe acids and
neutrals separated by the Kiesf;teghnique. The acids we;é in

turn converted to the methyl ;sters and/;nvestigated via gas
chromatography. The chromatography wa§.¢arried out -at 204°.C. usihg
asb fooE LAC.445"column. Idéﬁtification of peaks from the chroma-
togram (Figure 29) was made ig Ehg‘usual way. The esters involved
hgre ofiginated froﬁ the free acids present in M., 28 well as from
acids'ffeed as thé result of saponification."'Cdmpéri#on of this

chroﬁ%togram with that for the ffee aclds (Figure 6)-emphasizes

89



Q [} [} ] o
- - - C FH
=4 o Q
@ @ @

F1G. 29 - GAS CHROMATOGRAM OF THE METHYL
ESTERS  OF THE ACIDS FROM THE p Clo

g SAPONIF [CATION OF WAX Z g g
5" LAC 446 COLUMN |

° 204°C e o

' 20 A INJECTION

2 g 8 8 3

22 -
[ v T o

;OS -




-51-

020 and Cpyp. '~ This implies, of course, that although the esters do

L cohtain'unsaturated systems, as evinced by their infrared spectra,

theig fatty aqids composition must exhibit saturated acids to a
gréatér degree than do the free.acids. This gonjecture‘is sup-
ported by the.fact that the ester fractions from alumina chrom;to-
g:aéhy of.”Wax-Y” seem to be'éredominan;ly saturated. Fractions
:number 2, 4, 5,'9'and 10 show little, if ahy, unsaturation and.
aqéount for 19f$% of the total whereas fraétions 3, 6, and %

which exhibit the unsaturation répreseht only_5.7%;
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V DISCUSSION: LIMITATIQN OF INTERPRETATION
The interpretation of data as set forth in the previous section
can best be classified as a reasonable estimate of the constitution
of the wax of_the'Mbrmon cricket, It is based on a summation of data
gathered from many trilals, many of which were unsuccessful, and
necessitated a recovery of materials; This has led to‘obvious discre=
pencies in the.data presented. ‘A glaring example is in the estimated a~-
mountsfof free acids in the an. ‘These'acids obtained.by means of a counter
- current extraction appear to account for'approximately'ls% of the total'

wax (page 20), whereas a calculation based on the amount of material re=

)

i

tained on the alumina’ column 1nd1cates 14.9% (Table.III)
The poss1billty of error in the hydrocarbon content has already been
discussed (page 31) and is manlfested by comparison of 47.2% for the hydro-
carbon content of excised cuticular wax (page 28) with the 57.8% reported |
‘for ”Wax e (page 34). It must be assumed, therefore,,that all percen»
tage relarionsblps may be in error by the same order of magnitude since
this known hydrocarbon error would reflect itself in all other calculations.
No attempt has beéen made to make a_critical assignment of the wvarilous
acids whose molecular size and type was indicated by gas chromatography.
AC acid with'sufficient branching, for eXample,.could be_mistakenly

18

assigned as a Cld acid. The position of a double bond im am acid has not

been indicated and, although it iS‘tempting to speak of a 018“1 double

bond acid as oleic acid, no such ev1dence has been presented

The assignment of molecular sizeée to the hydrocarbons via gas chromato-
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_gréphy hasgfhe samé'ﬁossibility for confusion that has already'been'dited

for the acids. ;1

" In’short, the eviden?e‘presented'has rather cléérly indicatéd the

,général éhemicgl“naturefaﬁd.prbbablé moiecular size for the lipids of the

cuticular wax of. the Mormon cricket but in nqt‘oné instance has a gpecific

structure been proven.
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‘VI. CONJECTURE
Interpretation éf the evidence pertineqt to gluqidation of Mormon
cricket wax'composition_has been reborted in £he‘previgus,$ection$. A
short resume' will be presenﬁed hefe which représepts the author's ideas‘

on the probable make~up and function of this wax. These ideas are ob~-

.viously not based completely on facts or they would not be presented in

this manner, Rather these thoughts stem from a summation of all thing$
involved in this project - fact and fancy.
The wax produced by a cricket probably consists of hydrécarbons,

free fatty acids, cholesterol, cholesteryl esters of fatty acids, an

‘acidic resin similar to shellac and an amine emulsifier.

An aqueousgemulsion of -this system is probably exuded just prio; to
moult into the region befween the newly formed cuticle and fhé exuyium
about to be cast. In this region it can sérvé twp functions: 1) it
can aid in dissolution of matégials.bonding tbe old cuticle to ;he body
of the éricket, 2) If,can éét as a lubriéant_iﬁ;the acfdél feléaSgﬁof

the cgét skin after all direct bonds have been destroyed.: The newly ex-

.. posed surface is indeed labile. -The wax now feéponds;to.its new environ-

. ment by "drying" just as commercial floor waxes do. The presence of the

shellac in the wax provides a film with sufficient rigidity to give the
insect a degree of protection umtil the "tanning" of the proteins within _
the matrix of the new cuticle is complete. A concurrent function of the

driéd f@lm, of céurse, is the rather wellhestgblished fuﬁction of mois-

:turé control. This is not ‘to suggest . .that:the cikicket:ceases.to .produce
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thesge waxes after thié time,ﬁbut thag the waxés are exuded to thé suf-ﬁ
face and perhaps produéed_at a ‘much greafer rate just priﬁr to moult.
Perhaps_thesé.éame waxes are produced throughout the life of the‘ﬁrigkq
et for repaif of this-sufféce.coat s0 éubject-to phy;icai abfasion.. |
The production of this wax is; of course, bfﬂiﬁtereSt.  Although

thé mechanism for the production of fatty acids in Biolpgiéai systems

~of any.type'ié not too clearly established,:féasqhable Suggeétions have

been made-aﬁd it ma§ be assumed that si@ilar processes produce these
fatty acids.. Certainly the fogd eatén-could'be in itse}ﬁla'morg direct
sourée of these same fatty acids.-_Cholésterol.syntheses ha§e=likewise
been pfoposed and similéf mechanisms may account for its‘product;on in
the cricket. A mpdifiﬁétibn of‘pIant sterols.ingestediwi£h the food

might be a shortfcut. The creation of esters from.existing alcohols gnd'

- fatty acids creates no problems and since no structural identity has

beén given the amine it.would be foolish to consider a mechanism for its

production., The bioéhemical production of hydrocarbons is another mat-

ter. 'Presumably‘the hydrocarbons.could result from the reduction of

" fatty acids (reductions are not uncommon in known biological processes).

An alternative would be decarboxylation of fétty acids. This fits well .

' for odd hydrocarbons resulting from even acids, but requires very large

acids which have not been found (certainly not to be ruled out, bhowever,
since an. acid of such size would not have been found by amy of the tech-
niques employed in this study). An .intriguing thought is that -these hy-

drocarbons might stem from cholesterol, or be the result of an alterna-
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tive pathway to the final steps-in the production of cholesterol. This.
;hought is derived from the‘molecular size of the predominant hydrocar-
bgns (027 to C39 cémparing favofably with the mo}ecular sizefof stgrols);
It.is conceivable that cholestérol miéht fqrm‘the nucleus for such sys-
temg_b& a mecﬁgnisﬁ-that.opens thé rings. This WouId.produce long
chain hydrocarbons with considerable branching. - This idea has just a
tinge of support from the infrafed spectrum of the hydroéaybonS'in :
which ‘the intensity of the methyl-methylené band is more inteﬁse than
would pe expected for heptacésane, indicating gore'methyl groups, This
could be a result éf shorter chain hydrocarboﬁs mi#ed with the hepta-
cosane as well_as branching of a Ca7 gysfem. Current literaﬁqre gener-
ally suggest mechanisms for the production of sqpaléne via either méva-
lonic acid,‘of dimethylacrylic écid.':Subsequént coupling ‘with décarb9x~
jlaﬁion gnd loss of water presumably accounts for the'bﬁi1d~up of iso-
prenemuqits. It is suggested that the squalene is the precursor for
chélesterol. Such a mechanism requirés reductidh aﬂd ring closure. It
is conceivable that similar reductions could occur at stages prior to
ring cipsurewand ip,this way account for hydrocarbons of the types ob-
served”hepe. | |
Such'thoughts are indeed conjecture and must remain so until the pre-
cise str#qtureé.of tﬁese various compounds are knoﬁﬁ.‘ It is to be hoped.

that this paper can providg'é starting point for this more specific study.
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has been made by interpretation of this data.

VIT SUMMARY

the probable constitution of the wax.

i - . TABLE IV

SUMMARY OF THE COMPOSITION OF MORMON CRICKET WAX

A study of the cuticular wax of the Mormon cricket, Anabrus simplex
Hald., has‘been‘made.' An estimate of the chemical composition of the wax

Table IV is a summary of

.Chemical Class %'of'Wax . Individual Component -~ o of.Class' % of Wax
012: C135 Cl4s. C15, C16 6-7
‘ 12.5
C17, Cis, 019, Ca0: CZl y| equally
distributed
“Hydrocarbons 48-58 C22: Coqs 024, Cogs’ Cog. ' ‘
Cqy 7 11.4 '5-7
¢, 0.4 1
Cyy 1.7 0.4
Gy, - 1 double bond 0.5 0.1
Cog =2 "o ™ 0.3 0.1
Free Acids | 15-18 Cyy =3 m o 0.6 0.1
Cig 7.9 1-1.4
Ci, - 1 double bond 4,0 0.6
16 ket [
'016 -2 double_bond 0.3 0.1
Cl6 - Sr ‘“ . i 0-7 Ovl '
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TABLE IV (continued)

. % of Class

Chemidal Glass‘i.% of Wax 'Individual‘compongnt ',Z 6f.Wag
A .
_,018 | 2.4 0.4
| Cjg - 1 dolible bond 48,4 | 7-9
Free Acids - 1518 |Cg-2 " u 26.8 | 4-5
_3 I tr 6.0 1
18 -
Cop trace- trace
saturated 34 } 3.2-3.9
saturated & ﬁnsaturated 28 2ﬂ7i3;3
Esters 9-11 - :saturated and/or hydroxy | 15 ‘1é%,1.7
:ugsaturated‘ahd/or'hydroxy 23~ 2.2-2,7
Free alcohols 2-3 “fqholesterol 2-3
Polymers 12-14 .acidic resins of varying 12-14
o ' molecular.size
. Unidentified 2-4 | may be nitre containing f 2-4
' | compounds ' '
Emulsﬁfiér ‘trace’ “probablyﬂan_amine trace




659_
VIII ACKNOWLEDGEMENTS
I W1sh to thank Dr Leon H Johnson for his thoughtful guidance and
encouragement Without which this'the31s would not have been completed
My thanks to Dr. James H. Pepper and Mr llsworth Hastings for their
]l‘ - part 1nvthe collection‘and handling of‘the crickets;'_They:sre to be ac-
| knowledged,fas well, forltheir~contributions to our discussions on the
, problem | |
| : A special vote of thanks goes to Dr. James Cason for the generous.
contribution of hlS tine and talents 1n directing me Whlle d01ng a por-
 tion of'this work at the University of~Ca11forn1a at Berkeley., My thanks,

too,.to the Chemistry Department of the University of California for the '

-use of its facilities during this time

136881




10.

11.
12.
13.
14
15.

16.

-6'0- .

IX LITERATURE CITED

' Beaument,‘J W.L., J. Exptl Blology 32, 514 (1955)

. ‘Dobrlner, Katzenellenbogen, and Jonmes, Infrared Absorgtion SEecEra

of,SterOLds,:An Atlas, Intersc1ence Publishers Inc., 1953

. Dommell, R., and Malek, S.R.A., Proc. Roy Soc s B145 249. (1956)
.-~ Eastman, Richard J. Am. Chem. Soc. 79, 4243 '(1957)

. Gllby, A.R. and Alexander, A.E.; Arch, Biochem. Biophys. 67, 302 (1957)

Gllby, A.R. and Alexander A.E., Tbid, 67, 307 (1957)

. Gilby, A.R. and Alexander, A.E., Ibid, 67, 320 (1957)

Hackman, R.H., Arch, Blochem & Blophys -33, 150 (1951)
Kies, Marion W., and Davis, Paul L., J. Biol. Chem 189 637 (1951)

Labarrere, J.A., Chipault, J.R., and Lundberg, W.O., Anal. Chem,
30, 1466 (1958) T '

0'Gonnor,. Robert J., J. Am. 0il Chem. Soc. 33, 1.(1956)
Pepper, J.H., and Hastinge, Ellsworth‘ Private Communication

Sheppard N and Sutherland ‘¢.B.B.M. , Nature 159 739 (1947)

-Sutherland G.B.B.M. and Jones, A. Vallance, Nature 160, 567 (1947)

Tang,_Teng-Han, J Chem Eng. China 6, 19 (1939)

Wigglesworth, V.B., 1957 Annual Review of Entomology v. 2




QU

3 1762 10005132 3

378 ‘ o '
Bl73c e 136881
_feop.2

aker, G. L.
Composition of the cuticular
wax of Anabrus simplex Hald

—
2T (F




