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Various aqueous ovicidal formulations, some of which pose minimum hazards Pfor higher
organisms, are described for use against Aedes aegypti (L.). These ovicides appear Lo
attack mainly layers of the eggshell which resist water permeabilitysan attack which
causes the egg to dehydrate and collapse under ambient conditions. s Humidity effects
were studied before and after treatment. Basic and acidic formulations containing both
nonpolar and polar compounds were found efiective against either dry or moist eggs
exposed to ambient conditions after treatment. The basic mixture contained a nonpolar
» long-chain aliphatic amine such as octylamine emulsified in an aqueous solution of a

s| fatty acid such as octanoic, acid in aqueous polar mercapto acid. Nonpolar compounds
alone in water were ovicidal under special conditions., An emulsion of fatty acid in

aqueous fatty aminss were ovicidal for eggs exposed to high humidity after treatment.

' polar compound such as ethanolamine or urea, and the a¢idic mixture contained a nonpolar

water was effective against eggs exposed to high humldity before or after treatment, and
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Fatty amines, ranging widely in chain length and polarity, were evaluated against both
. larvae and eggs. Relative larvicidal activities correlated roughly with ovicidal
activities. The least larvicidal of these amines, 6-amino-l-hexanol, used at 0.6% in

tested, it is presumably the least hazardous to higher organisms.
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water with 0.1% decyl alcohol and 6% urea, provided a good ovicide. Of all the ovicides
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ABSTRACT

Various aqueous ovicidal formulations, some of which
pose minimum hazards for higher organisms, are described
for use against Aedes aegypti (L.). These ovicides appear
to attack mainly layers of the cggshell which resist water
permeability, an attack which causes the cgg to dehydrate
and collapse under ambient conditions. Humidity effects
were studied before and after treatment. Basic and
acidic formulations containing botii nonpolar and polar
compounds were found effective againc’ either dry or
moist eggs cxposed to ambient conditions after treat-
ment. The basic mixture contained a nonpolar long-chain
aliphatic amine such as octylamine emulsitied in an aquc-
ous solution of a polar compound such as cthanolamine
or urea, and the acidic mixture contained a nonpolar
fatty acid such as octanoic add in aqucous polar mer-

capto acid. Nonpolar compounds alone in water were
ovicidal under special conditions. An emulsion of fatty
acid in water was effective against eggs exposed to high
humidity before or after treatment, and aqueous fatty
amines were ovicidal for eggs exposed to high humidity
after treatment.

Fatty amines, ranging widely in chain length und polar-
ity, weeo cvaluated against both larvae and epgs. Rela-
tive larvicidal uctivities correlated roughly with' ovicidal
activities. The least larvicidal of these amines, 6-amino-1-
hexanol, used at 0.6% in water with 0.1% decyl alcohol
and 6% urea, provided a good ovicide, Of all the ovicides
tested, it is presumabiy the least hazardous to higher
organisms,

Eggs of the yellowlever mosquito, Aedes acgypli
(L)), which arc not laid on water and can survive
for months under dry conditions, have shells which
are cffectively water-proofed with lipid and tanned
protein (Clements 1963) . Against the more perme-
able eggs of mosquitoes which lay their eggs on
water, nonpelar aliphatic amines were good ovicides
(Mulla and Chaudhury 1968), but these amines were
ineflective in aqueous sprays for acdine eggs unless
they were supplemenied with a polar cmine, such as
cthanolamine, hydrazine, or ethylenediamine (Wilton
et al. 1968, Cline et al. 1969, Wilton and Fay 1969).
These formulations then were found eflective in field
wrials (Jakob 1969, Jakol et al. 1970). When cggs
were exposed to ambient conditions for scveral hours
after such treatment, they characteristically collapsed
and some showed dehiscence, indicative of hatch
stimulation, such as Judson et al. (1962) described
for other ovicidal agents. Present evidence shows
that such amins damage primarily the eggshell and
thus reduce thie resistance of the egg to water loss
under ambient conditions. Acdine eggshell protein
resembles larval cuticle protein on the basis of X-
ray diffraction data (Harwood 1958), and cuticular
protein resembles collagen in some respects (Fraenkel
and Rudall 1947). Since collagen has labile ester
(Gallop et al. 1959) or cyclic imide (Bornstein
1970), linkages which can be broken by mild treat.
ment with hydrazine or hydroxylamine, similar link-
ages possibly may be broken in the ovicidal action
of polar amines on acdine cggs. Also, strong hydro-
gen bonding protein denaturants, such as urca in
ovicides, might be expected to damage the shell.
Some correlation was found hetween larvicidal and
ovicidal activitics of amines, which suggests that the
attack on the larval cuticle is similar to the attack
on the cggshell.

MATERIALS AND METiiops.—Duomeen® L-11 (g-pro-

1 Diptera: Culicidac.

aUse of trade names is for identification purposcs only and
docs not constitute endorsement by the Public Health Scrvice or
the U, S, Department of Health, Education and Welfare,

3 Received for publication Apr. 27, 1971,
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pylenediamine with aliphatic chain of 11 carbons)
was furnished by Armour Industrial Chemical Co,
Chicago, Ill,, and (2-ethylhexoxy)-3-propy!imine by
BASK Corp., Paramus, N.J. The anionic surfactant,
Acrosol® TR-70% (sodium bis(tridecyl)sulfosuccinate),
was supplied by American Cyanamid Co., Wayne,
N.J. The nonionic surfactant, T-det® N-G (nonyl-
phenol ethylene o= le adduct), was furnished by
Thompson-Hayward Chemical Co., Kansas City, Mo,
and the nonionic Pluronic® L101 (polyoxypropylence-
polyoxyethylene condensate) by BASF Wryandotte
Corp., Wyandotte, Mich.

Aminoalcohols were synthesized by heating an alkyl
halide with excess amine. Most of these products were
solids and wese recrystallized from edianol and water,
Products were purified until they showed only traces
of byproducts on silict gel thin layer chromatograms
developed in n-propanol-31% ammonium hydroxide

7).

( ’I‘l)lc amines, tested as larvicides, were emulsified or
dissolved in tap water by shaking and in some cases
by heating. About 25 larvae were added to each 100
ml of mixture in a 400-ml beaker. Average mortal-
itics were derived from tests performed on 2 or more
different wecks.

Details for screening aqueous ovicidal formulations
by the dip technique were described  previously
(Cline ct al. 1969) . Briefly, the cggs on paper tabs
were dipped quickly in the formulation, excess fluid
was removed, and tabs were exposed on a shell at
ambient 74-78°F and 55-70% ru for 21 hr. Eggs
were then washed, and hatchability was determined
after submerging the tab in hawching medium con-
sisting of day-old culture of brewer's yeasi and pul-
verized lab chow contained in the center weil of a
culture microslide. Replicate determinations of ovi-
cidal activity were done on different wecks.

To condition cggs at 100% rm, a paper strip with
its eggs was placed in a beaker resting on a wet
paper towel in the bottom of a loosely scaled quart
jar in a room kept at 80°F and 65-75% R

In rad'acarbon studics, the treated egg tab was
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placed in a quart jar ca. 4 in. from 5 pliters of *C-
ethanolamine (1.25X10° counts/min), and the jar
was sealed. After a 3-hr exposure, the tab was
washed with ethanol, and 200 eggs were brushed
from the paper. These eggs were burned in a modi-
fied Coleman Carbon-Hydrogen Analyzer, the *CO,
was trapped in ethanolamine, and the trap solution
was used for scintillation counting as described pre-
viously (Cline and Pearce 1966) .

REesuLts AN DiscussioN.—Fatty-dwine Formula-
tions.—After cggs of A. acgypti were given a quick
dip in aqueous formulations of 0.19% decylamine or
Duomeen L-11  (N-alkylpropylienediamine) in 1%
cthanolamine and exposed to air at ambient 74-78°F
and 55-70% ru for 24 hr, they characteristically lost
water, collapsed, and gave a 0—1% hatch on submerg-
ence in hatching media. However, hatches were
fairly high after wreated eggs were exposed for many
days to very :oist rather than ambient conditions.
For the 2 nonpolar amines in combination with
ethanolamine at 1%, hatches after exposure for vari-
cus lengths of time in a moist jar (100% ri) were:
0.1% decylamine (1 day 56% hatch; 8 days 50%; 15
days 13%; 22 days 579; 29 days 50%), 0.192 Duo-
meen L-11 (8 days 64%; 22 days 42%; 29 days 68%).
With untreated cggs, hatches were 70-90% after
storage for 1-4 weeks at 10056 ru. The very moist
atmosphere of the jar promoted the partial hatching
and mortality of some of the eggs. Eggs stored at
65-75% ru for several weeks gave hatcl s of 90—
100%. When treated cggs were removed from the
very moist jar at any time and exposed to ambicnt
conditions for 24 hr, they collapsed and gave a
negligible hatch on submergence. Results of these
experiments indicate that the ovicidal amines attacked
primarily the cggshell rather than the larva inside
the shell. After destruction of water-proofing layers
of the shell, the laeva would he killed by dehydra-
tion if the egg were exposed to slightly less than
10065 ru.

An alternative mode of action of the amines, in-
volving a hatching response of the larva, was ex-
plored with usc of eggs killed by freezing for 2 days.
When these dead intact eggs were dipped quickly in
aequeous 0.2% octylamine or 0.1 Duomeen L-11 in
1% ethanolamine and exposedd to ambient conditions
for 24 hr, most of them collapsed more than 50%.
Most of the controls treated only with water re-
mained intact. These observations provide further
evidence of cggshell corrosion by the amines, since
dead cggs could not dehydrate as a result of a shell-
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cracking hatching response of the larva. Morcover,
as expected, freeze-kiiled eggs did not collapse after
treatment with formulations not found previously
(Cline ct al. 1969) to cause collapse or mortality in
live eggs. These formulations consisted of nonpolar
or polar amines used alone in water, combinations
of 0.29 of a surfactant, such as Acrosol TR-70% or
T-det N-6, with aqueous 1% ethanolamine, or 0.1%
of a nonpolar amine with 1% aqucous tertiary amine,
such as dimethylaminoethanol, tetranietl:ylethylenedi-
amiue, or triethanolamine,

Difiercut types of amines also produced different
effects on eggs killed by heating in water. Collapse
of acdine eggs in saturated NaCl at 50-55°C has been
attributed to disorganization of the wax layer of the
shell (Christophers 1960) . When eggs were heated in
water at 90°C for 1 min, a procedure described by
Beckel  (1958) . they collapsed almost  completely
shortly after submergence in hypertonic a solutions
of NaCl, urea, or certain amines (Table 1). These
data show a permanent collapse in solutions of NaCl,
urea, or tertiary amines but only a transitory collapse
in solutions of ihe primary amines, ethanolamine and
ethylencdiamine. Addition of only 0.1% of the non-
polar decylamine to the primary amine solutions
essentially prevented collapse, and when added to
solutions of the other compounds it shortened the
duration of the collapse. From these results, it ap-
pears that the primary polar amines and the non-
polar decylamine, in contrast with other compounds,
react with the heated eggshell to further increase
permeability.

The high ovicidal activity of primary amines, such
as cthanolamine, hydrazine, and ethylenediamine, in
contrast with tertiary amines, such as dimethylamino-
cthanol, tetramethylethylenediamine, and triethano-
lamine (Cline et al. 19G69), might be explained on
the basis of a greater reactivity of the primary amine
with hydrogen or other bonds of the shell protein.
The outstanding solvent action of polar amines for
protein was explained partly on the I asis of hydrogen
bonding (Singer 1962), and collagen was shown to
be degraded by mild treatment with dilute aqueous
hydrazine or hydroxylamine at 40°C (Gallop et al.
1959, Bornstein 1970). Well-known protein denatu-
rants, such as glycerol and urea, were also cffective in
ovicides.

Many nonpolar to moderately polar amines, found
eifective in ovicides containing 1% ethanolamine,
also were tested for 24-hr activity against 4th-stage
larvac. Table 2 lists these amines in the order of

Table 1.—Collapse of heat-killed cggs in hypertonic solutions of various compounds.

Avg % collapsc at intervals after submergence

1 M compound

1 M compound +
0.1% ducylamine

1 M compound 1 he 3hr 5 hr I hr 3hr 5 hr
NaCl (5.8%) 70 80 80 80 70 30
Ethanolamine (6.1%) 40 30 10 10 0 0
Dimethylaminocthanol (3.9%) 50 50 50 50 30 10
Ethylenediamine (6.0%) 50 Jo 10 5 0 0
NN N, N'-Tetramethylethylenediamine (11%) 80 80 80 70 30 10
Tricthanolamine (14.9%) 70 80 80 70 G0 50
Urea (6.0%) G0 80 80 70 40 10
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Table 2.—~Larvicidal activities of amines used with 1%
ethanolamine ovirides.

Larvicide Ovicide
Avg LCw, Avg %>

Amine ppm % Amine  hatch
N,N-Dimcthyldodecylamine 20 0.1 0.5
N-Dodecyl-3-amino-1,2-

propancdiol 20 1 5
N-Dodccyl-N-methylamino-

cthanol 20 J 1
N-Decyl-1-amino-2-propanol 25 J 0
2.Octylamniocthancthiol 30 N 6
N-Dodecyldiethylenetriamine 30 Jd 2
Duomeen L-11 35 Jd 1
N-Decylaminoethanol 40 Jd 2
N-Decyl-2-amino-1-butanol 40 B 02
N-Dodecyliminodicthanol 40 Jd 3
Cyclododecylamine 10 Jd 7
Decylamine 45 A 2
N-Octyl-3-amino-1-propanol 45 1 3
N-Hexy1-1,3-diamino-2-propanol 60 A 4
N-Dodccyl-2- (2-

aminoethoxy) c¢thanol 75 J 5
Octylamine 80 A 2
N-Octyl-6-anino-1-hexanol 80 J 3
Trihexylamine 80 Jd 4
N-Octyl-2-amino-1-

methoxypropane 90 1 0
(2-Ethylhexoxy) -3-propylamine 100 A 5
Heptylamine 150 3 1
N-Octyl-1.amino-2-propanol 170 1 6
2-Ethylhexylamine 250 2 12
Cyclooctylamine 350 4 3
N-Hexyl-8-amino-1-propanol 360 2 4
Hexylamine® 370 4 4
N-Hexyl-6-amino-1-Lexanol 440 4 13
N,N-Dibutylaminocthanol® 1050 1 4
Cyclohexylamine 1500 2 10
6-Amino-1-hexanol 6000 3 10

* Avg of 2 replicates. Old dry eggs as in Table 4,
b 0.025%% Acrosol TR-70% added,

decreasing larvicidal activity, which also scems to be
‘roughly the order of increasing polarity based on
chain length and number arnd types of polar groups.
The concentration of nonpolar amine required for
clfective ovicidal action, whicl varied frora 0.1 to
3%, was roughly proportional to the larvicidal LCe,
which varied from 20 to 6000. Therefore, it seems
possible that the fatty amine had a destructive ac-
tion on the larval cuticle similar to that on the
eggshell.

When cggs were treated with nonpolar amine
alone in water, effective ovicidal action never re-
sulted, although evidence was obtained which indi-
cated appreciable uptake of the amine by the shell.

Table 3.—Uptake of C-cthanolamine vapor after treat-
ment of eggs with various aqueous surfactants.

Counts/min/100 cggs

0.2% surfactant Ccentrols Treated
Decylamine 118 1190
Duomeen L-11 524 1399
Acrosol TR-70% 492 572
T-det N-G 1172 1204

CLINE: FATTY AMINES, AcIDS iN MosQuiTo LARvICIDES, OVICIDES

179

Table 4.—Aqucous ovicidal formulations containing
compounds with low mammalian toxicities.

— — —— a—

Avg %
hatch (3
replicates)

Polar compourd  Young Old
moist  dry

Amine (%) Name % cggs' cogs"
Duomeen L-11 (0.1) Urea 8 4 4
Decylamine (0.1) Urea 7 8 4
Octylamine (0.2) Urca 5 2 7
Glycerol 3 2 8
Water alone 8 10
Heptylamine (0.2) Water aloue 4 3
N-Octyl-1-amino-2- Urea 5 3 2
propanol (0.2) Glycerol 5 0 10
2-Ethylliexylamine (0.4) ¢ Urea 6 11 10
Cyclooctylamine (0.2) ¢ Ethanolamine 1 1 8
Urea G 2 1
N-Hexyl-3-amino-1- Urea 6 4 4
propanol (0.3) Glycerol 5 1 2
Hexylamine (0.3) Water alone 15 17
N-Hexyl-6-amino-1- Urea 6 2 3

hexanol (0.3) ¢

N,N-Dibutylamino- Ethanolamine 1 1 1
cthanol (0.4) © Urea 6 3 15
Cyclohexylanine (0.4) ¢ Ethanolamine 1 6 8
Urea 6 1 2
6-Amino-1-hexanol (0.8) © Ethanolamine 1 3 8
(0.6) ¢ Urea 6 2 2

Conditioning between oviposition and treatment: 8 1005 wru for
6 days, cotrol hatch rates 90-1009%; " 100% wru for 4 days fol-
lowed by 65-75% ru for 25 days, control hatch rates 95-1009;
€ 0,15 Decyl alcohol added.

Thus, eggs were: killed by a combination of amines
even when a period of 4 hr scparated dipping first
in aqueous nonpolar amine and second in aqueous
polar amine (Wilton and Fay 1969) . Table 3 shows
that eggs dipped quickly in aqueous decylamine or
Duomeen L-11 and exposed to the vapor of *C-etha-
nolamine for 3 hir absorbed ca. 3 times as much radio-
activity as controls dipped in water. Two com-
mercial nonnitrogenous surfactants, Aerosol TR-709%
and T-det N-6, which were ovicidally ineffective .c
0.2% in 1% ethanolamine, ¢id not [acilitate radio-
carbon uptake. These data indicate that after the
shell absorbs nonpolar amine it becomes more per-
meable to polar amines or has a greater affinity for
them.

In further ovicidal formulation studies, efforts were
made to avoid or decrease the use of amines, espe-
cially fatty amines, because of the potential hazard
of such compounds to higher organisms. With the
fatty diamine, Duomeen L-11, tested in the adult
male rat, Gaines' found LDw values of 122 mg/kg
oral and 1140 dermal, and a severe skin reaction
with a single dosage of only 25 mg/kg. The more
polar ethanolamine gave much higher Lpw values
of 1100 oral and > 6000 dermal. Ebeling (1964)
showed that anionic and nonionic surfactants greatly
increased the rate of penetration of water through a
layer of beeswax. However, such nonnitrogenous sur-
factants gave poor results when tested as fatty amine

4 Personal communication (1970), ‘Thomas B. Gaines, Super-
visory Rescarch Pharmacologist, Atlanta Toxicology Branch, Ene
vironmental Protection Agency, Chamblee, Ga. 80341,
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Table 5—Ovicidal action of aqueous emulsions of fatty acids on moist and dry eggs.
Avg % hatch (4 replicates)
Moist cgps Dry eggs
Aqucous formulations Young ol Rehydrated Young old
04% Octanoic acid, 0.01% A* 6 0.3 9 39 76
0.29% Nona -oic acid, 0.01% A 9 Bl 6 18 75
0.2% Undccylenic acid, 0.01% A 1 A 7 47 G9
0.01% A 70 54 18 56 69

8 A = Acroso]l TR-70%.

substitutes in ovicides. Table 4 shows that good re-
sults were obtained with Table 2 formulations modi-
fied by substitution with various relatively nontoxic
compounds, such as decyl alcohol for some of the
fatty amine, and urca or glycerol for ethanolamine,
In Table 4, the farty amines are listed in the order
of decreasing Lavvicidal activity, which also may be
the order of decrcasing mammalian toxicity. Table
4 tests were mude with 2 types of eggs which might
be expected to differ in suscptibility, young cggs
stored moist and old cgps stored comparatively dry.
Altiiough most of the old eggs collapsed alter these
treatments, many ol the young moist eggs remained
intact,  With the lawer, it therelore appears that
somnce other mechanism of ovicidal action may be in-
volved in addition o shell destruction,  Towever,
when killed by [reezing, most of both types of eggs
collapsed aflter treament with Table 4 formulations
and exposare to ambient conditions for a week.
Control dead eggs treated only with water 1emained
largely intact.

In maay tests, eges were veated with 1
alone in water, allowed to dry, stored 1 a0 jar at
1009 ru for 214 hir, exposed to ambient conditiens
for 21 hr, and then hatched. Table 4 shows that
good results were obtained with octylunine, heptyla-
mine, and hexylamine. In an experiment with oayla-
mine, mortality was high even though exposure to
high relative homidity was begun 24 hr after treat-
ment. These treatments weve chavacterized by much
collapse of the eggs. Control cggs treated with water
alone gave hatches ol 95-100%%,

Fatty-Acid Formulations —Simple aqueous  cemul-
sions of fatty acids were found effective against eggs
preconditioned in a watersaturated aimosphere but
were ineffective against dry eggs. Shell protein seems
likety to be involved in this cllect, for Richards
(1958) found wet arthropodin to be more permeable
to solvents than the dry protein. Table 5 shows that
moist eges gave very low hatches alter treatment
with 0.29 ol the 9-carbon ronanoic acid, or the 11-
carbon undecylenic acid, or 0.4% of the 8carbon
octanoic acil. The anionic surfactant, Acrosol TR-
70%, which was added to facilitate cmulsification,
had insignificant activity when used alone. Between
oviposition and treatment, moist eggs were subjected
to relative humidities as follows: young cggs (5 days
1009%), old cggs (28 days 100%), rchydrated cggs
(4 days 100%, then 24 days 65-75%, and then 7 days
1009%) . With dry cges, conditions of relative humid-
ity were: young eggs (4 days 100%, then 1 day in a
scaled jar witl dricrite), old cggs (4 days 1009, then
24 days G5-75%) . Susceptibility is clearly dependent

amine

on moisture rather than on age, because young
moist eggs lost susceptibility after only 1 day in a
jar with desiccant; old dry eggs gained susceptibility
alter exposure to moist conditions for 1 week; and
young and old cggs were equally susceptible after
Moist storage,

The ovicidal action of fauty acids, emulsified in
water, against moist eggs appeared to involve a
smothering cffect or in“~rference witls respiration,
rather than destruction of waterproofing layers, be-
cause such action was not accompanied by much egg
collapse, and the action was reversed by exposure to
oxygen alter treatment. In 3 experiments in which
moisi. eags were dipped in 026 of a fauy acid
emulsified in aqueous 0.019% Acrosol ‘TR-700%, allowed
to dry, and exposed to oxygen or air in a sealed jar
for 21 hr, average hatches were: nonanoic acid
(oxygen 5% air 0.452) and undecylenic acid  (oxy-
gen H7%; air 0.390) .

Exposure to very high relative humidity alter wreat-
ment led o faivly good results only with 0.4% octa-
noic acid in 0.1z Pluronic L1101, In 4 experiments
in which young moist ¢ggs were dipped in this formu-
‘ation, allowed nearly to dry, stored in a moist jar
for 24 hr, and exposed to ambient conditions for 24
hr, the average hatch was 19, Old dry eggs sub-
jected to this treatment gave an average hatch of
89, Control voung and old eggs dipped in 0.1%
Pluronic L1601 gave hatches of 614 and 91, respee-
tively.,

Addition of mercapto acids and urea to aqueous
fatty acids provided formulations effective against
botl dry and moist eggs (Table 6). The action of

Table 6.—Acidic ovicides containing mercapto  acids
and urca,

Avg % hatch
(8 replicates)
somponents in addition to 0.2%  —

nonanoic acid and 0.01% Acrosol Young Oold
TR-70% moist cgps®  dry eggs®
None 12 72
8% Urea 6 80
1% 'Thioglycollic acid 10 14
1% “Ihioglycollic acid, 2% urea 3 4
0.5% "T'hioglycollic acid, 4% nvea |18 2]
1% 3-Mercaptopropionic acid 14 26

% 8-Mercaptopropionic acid, 2% urea 5 b
0.5% 3-Mcercaptopropionic acid, 4 4 urca 8 10

&b See Table 4,
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such formulations resembled that of the amine for-
mulations in giving evidence of damage primarily to
the eggshell. Thus, old dry eggs when dipped in
aqueous 0.2% nonanoic acid, 1% 3.mercaptopropionic
acid, 2% urca, and 0.01% Aerosol TR-70%, and
stored in a moist jar for 2 weeks gave a 79% hatch
on direct submergence but a hatch of only 9% when
exposed to ambient conditions for 24 hr between
moist storage and submergence. Most of the eggs
with low hatch were collapsed badly. Freezekilled
eggs also collapsed after treatmnent with the mercapto
acid formuiation. The effectiveness of mercapto acids
in ovicidal formulations suggests the cleavage of
disulfide bonds of the shell protein. These bonds
could mot be very numerous, because Christophers
(1960) found the sulfur content of the aedine cgg-
shell to be very low. Small amounts of sulfur amino
acids were found in insect curicles, and it was con-
cluded that the disulfide bond has a role in the
hardening of the cuticle (Hackman and Goldberg
1971). A variety of sulfur compounds, tested as sub-
stitutes for the mercapto acids, gave poor results,
Mercapto acids are lughly toxic and corrosive to
mammals.
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