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TESTS OF COMMERCIAL REPELLENTS ON HUMAN SKIN
AGAINST AEDES AEGYPTI!

M. D. BUESCHER?, L. C. RUTLEDGE? anp R. A. WIRTZ?

ABSTRACT. A comparison of 9 commercial
repellents was made -on human volunteers
against Aedes aegypti using dose-response
methods. In the first series of tests measuring
intrinsic repellency (0 hour), Stabilene® and
MGK?® Repellent 326 were significantly in-
ferior (p < 0.05) to deet, dibutyl phthalate,
Indalone®, dimethyl phthalate, MGK® Repl-
lent 11, ethyl hexanediol, and Citronyl®
(ranked by EDg,). A second series of tests con-

Scientific investigations involving effi-
cacy testing require relevant and accurate
baseline data by which to measure the
potencies of the experimental materials
being tested. In particular these data
should be acquired by quantitative, stan-
dardized methods- that reasonably ad-
dress the variables and conditions in
which the ultimate product will be
utilized. In the past, up to and including
the present, the comparative efficacy of
insect repellents has been determined by
a variety of methods including in vitro
and in vivo techniques that have generally
used a “time protection” test, or repellent
efficacy as measured by time to first
bite(s) (Grannet 1940). A problem with
this criterion is that insects responding in
this system are only those in the least sen-
sitive tail of a population, and mea-
surements taken from the extremes of a
population distribution are less reliable
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ducted to measure the persistence of these
compounds showed Stabilene, MGK Repellent
326 and dibutyl phthalate were ineffective
after 4 hours. Efficacy ranking by 4-hour EDj,
was Indalone, Citronyl, dimethyl phthalate,
ethyl hexanediol and deet. The relative
superiority of deet in comparison to other
standard repellents is discussed with re-
ferences to the literature.

than those taken from the median (Bar-
Zeev 1962). In addition, this method has
been modified for reasons of comfort and
convenience using olfactometers (Schreck
et al. 1967), cloth or membrane systems
(USDA 1967) as substitutes for skin, and
as Feldman and Maibach (1970), and
Reifenrath et al. (1980) have pointed out,
significant quantities of repellent are lost
through percutaneous absorption.
Hence, tests utilizing human skin substi-
tutes may skew results optimistically and
may be more appropriate for initial
screening rather than advanced or final
evaluation.

To circumvent these problems, dose-
response type testing may be used as an
alternative to evaluate repellent efficacy
(Bar-Zeev and Smith 1959). Test results
may be reported as the median effective
dosage required to repel 50% of the in-
sect test population (EDy,). The ED g5 may
also be reported to give an estimation of
the concentration needed to give protec-
tion against 95% of the population (Dre-
mova et al. 1976).

The present paper rates the efficacy of
9 commercially available repellents
against Aedes aegypti (Linn.), both intrinsi-
cally (0 hour) and at the 4 hour persis-
tence level on human volunteers. In ad-
dition to providing a data base for com-
parison with experimental compounds,
we believe these data constitute the most
inclusive and quantitative testing of pro-
prietary repellents ever conducted against
this species.



SEPTEMBER, 1982

MosqQurto NEwWs

429

MATERIALS AND METHODS

TEsT InsecTs. All tests were conducted
using nulliparous Ae. aegypti (UCSF
strain), 5—15 days of age. Mosquitoes
were maintained at 27°C and 75% RH
under a 12:12 hour photoperiod incorpor-
rating 1 hour of simulated sunrise and 1
hour simulated sunset. Daytime illumina-
tion was held at 30 fc. Larvae were reared
on a diet of Purina Guinea Pig Chow®
(ground to 40-mesh), brewer’s yeast and
undefatted, desiccated, powdered liver
(ratio by weight, 4:4:1). Adult mosquitoes
were maintained on 10% sucrose ad
libitum.

RereLLeNTs TEsTED. The following
materials were tested against Ae. aegypti
using human volunteers: (1) deet, (N,N-
diethyl-m-toluamide) 75% in ethanol,
Federal stock no. 6840—753—-4963, Airsol
Company Inc., Neodesha, KS. (2) Di-
methyl phthalate, technical grade, FMC
Corporation, Middleport, NY. (3) ethyl
hexanediol (2-ethyl-1,3-hexanediol),
technical grade, FMC Corporation. (4)
Stabilene® (butoxy polypropylene giycol),
technical grade, Union Carbide Chemical
Co., New York, NY. (5) MGK® Repellent
326 (di-n-propyl 2,5-pyridine-dicarboxy-
late), technical grade, McLaughlin
Gormley King Co., Minneapolis, MN. (6)
MGK® Repellent 11 [1,52,6,9,9a, 9b-hex-
ahydro-4a (4H)-dibenzofurancarboxal-
dehydel], technical grade, McLaughlin
Gormley King Co. (7) Indalone®, (butyl 3,3-
dihydro-2,2-dimethyl-4-oxo-2H-pyran-
6-carboxylate), technical grade, K & K
Laboratories Inc., Plainview, NY. (8) di-
n-butyl phthalate, technical grade, Union
Carbide Chemical Co. (9) R-69, (Cit-
ronyl™) [3-acetyl-2-(2-6-dimethyl-5-hep-
tenyl)-oxazolidine], technical grade, S. C.
Johnson and Son, Inc., Racine, WL

TesT PROCEDURE. The test system used
in these experiments is identical to the
procedure first reported by Buescher et
al. (1982) with the exception that 15 fe-
male mosquitoes were used per test (rep-
licate) with a 90 second test period. As
before, the flexor region of the test sub-
ject’s forearm was used as the substrate.

Using a plastic template as a guide, five 29
mm diameter circles were outlined with a
felt tipped pen and each test area was
labeled “A” thru “E” beginning with the
area nearest the elbow. A control (ethanol)
and 4 serial dilutions of the test repellent
in ethanol were assigned at random to the
5 test areas. Dosages were calculated in
mg/cm? using a constant application vol-
ume of 0.025 ml and spread evenly within
the outlined area with the tip of a glass
rod. The plastic test cage containing the
mosquitoes was then applied over the
treated areas using Velcro® strips, the
slide at the bottom withdrawn, and the
number of bites taken over time was re-
corded. In addition, a 4 hour test was
executed to measure the persistence of
the compound tested. This. procedure
was similar to that described above with
the difference that the insects were
applied 4 hours after the repellent and
correspondingly higher dosages of the
latter were utilized. During the 4 hour
pre-test interval the volunteers conducted
normal office activitdes, but were not
allowed to wash, abrade, or conduct vig-
orous physical activities that might affect
the treated areas. In subsequent 0 or 4
hour test trials the range of dosages
applied was adjusted to bracket the me-
dian effective dosage (EDjy) of the test
repellent. If a dose-response relationship
could not be established for a particular
repellent (i.e. an EDsy was not estimated),
that compound was considered ineffec-
tive after a mininimum of 10 replicates
were completed. In all testing 5 male vol-
unteers were used.

STATISTICAL ANALYSIs. Data collected in
this study were analyzed on a Data Gen-
eral Eclipse 330 computer by the method
of probit analysis. The calculation of the
confidence limits was based on the
method of Goldstein (1964).

RESULTS AND DISCUSSION

The results of over 150 tests conducted
to estimate the median effective dose of
the 9 repellents tested are shown in Table
1. A minimum of 10 up to 30 replicates
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Table 1. Effectiveness of .commercial repellents against Aedes aegypti using human volunteers.

95% 95%
mg/cm? confidence mg/cm? confidence

ED;, limits EDys limits
Diethyl toluamide 0.0034 0.00281-0.00404 0.0145 0.01178-0.01948
Dibutyl phthalate 0.0037 0.00131-0.00590 0.0181 0.01269-0.03315
Indalone 0.0041 0.00212-0.00640 0.0156 0.00943-0.06058
Dimethyl phthalate 0.0042 0.00240-0.00625 0.0125 0.00819-0.03187
MGK repellent 11 0.0044 0.00257-0.00650 0.0151 0.00955-0.04460
Ethyl hexanediol 0.0052 0.00268-0.00925 0.0166 0.00935-0.11442
Citronyl 0.0052 0.00208-0.00836 0.0740 0.04937-0.16154
MGK repellent 326 0.0249 0.01144—-0.03626 0.1425 0.09323-0.37697
Stabilene 0.3183 0.21713-0.44274 0.8745 0.59784—-1.83501

(tests) were required to -estimate an EDs,,
depending on accuracy of the initial brac-
keting range. The ranking of the repel-
lents is based on the ‘point.estimate of the
ED;, for statistical accuracy. In this series
of tests which may be said to measure
intrinsic repellency (0 hour), MGK Re-
pellent 326 and Stabilene showed signifi-
cantly inferior repellency to the other
compounds tested. Deet, dibutyl phtha-
late, Indalone, dimethyl phthalate, MGK
Repellent 11, -ethyl hexanediol and Cit-
ronyl ranked first thru seventh respec-
tively based on the point estimate of the
EDj3,. However taken in conjunction with
their respective confidence limits these
differences were not statistically signifi-
cant (Table 1, Fig. 1).

The results of a second series of tests
conducted to measure the persistence of

these compounds are found in Table 2.
After 4 hours, MGK Repellent 326,
Stabilene and dibutyl phthalate were
found to be ineffective. Once again, no
significant differences in efficacy among
the remaining compounds could be de-
termined at the 4-hour ED;, level.
Further scrutiny -of these data indicates
the oftentimes theoretically large
amounts of repellent required ‘to obtain
protection after 4 hours. The EDy; values
can best be put into perspective by the
fact that complete saturation and pooling
of these compounds on the skin occurs in
the 2-4 mg/cm? range (W. G. Reifenrath,
personal communication). Indalone,
deet, and MGK Repellent 11 provided
the lowest estimates for 95% protection
after 4 hours.

These data would seem to address 2

Table 2. Effectiveness of commercial repellents against Aedes aegypti after 4 hours

using human volunteers.

oy

959 95%
mg/cm? confidence mg/cm? confidence

EDy, limits EDyg; limits
Indalone 0.1337 0.00418-0.27358 0.56921 0.28424—+#dwdkskk
Citronyl 0.1464 0.04298-0.24031 2.56485 1.32989-15.22678
Dimethyl phthalate 0.1904 0.09744-0.27314 7.28383 3.20595— #k ki
Ethyl hexanediol 0.1906 0.00495-0.42644 7.04690 3.10860— #kwkakkakx
Diethyl toluamide 0.1976 0.11988-0.28221 1.14408 0.72255-2.61279
MGK repellent 11 0.2393 0.18081-0.40887 1.64437 0.74021-15.77367

MGK repelient 326

Stabilene
Dibutyl phthalate

EEEEES

feskok stk

*

Rkl sk deakokok

* Ineffective or not determined.
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Fig. 1. Dose-response curves at 0 and 4 hours for 4 standard repellents— against Aedes aegypti

on human volunteers. Dosages are plotted on the
the probit scale.

points: the difference between the con-
cept of intrinsic repellency and persis-
tence, and relatively and quantitatively,
how much better is one repellent than
another. As Busvine (1971) has pointed
out the qualities of repellency and per-
sistence have been confounded in the
past. In this paper we have used the term
intrinsic repellency as defined by Garson
and Winnike (1968). While Schreck
(1977) has objected to the use of this
term, his argument is more pertinent to
the limitations of the human language
rather than to the question of whether
these attributes do in fact exist for any
and all repellents. We believe the data
from this study would support the latter
contention. In the first set of experiments
all 9 compounds were demonstrated to
show a constant degree of repellency
(50%), but varying with the dosages of the
different repellents tested. In the second
series of tests 3 of these could demon-
strate no repellency after 4 hours, in ad-

logarithmic scale, while responses are plotted on

dition to the fact that the efficacy ranking
of the compounds changed simply as a
factor of time.

The question of the relative efficacy of
deet in relation to other standard repel-
lents when applied on the skin has been
reported by Gilbert et al. (1955, 1957)
and Schreck (1977). In the earlier studies
deet was introduced as an. “outstanding”
new repellent “superior or equal” to the
other repellent compounds tested. While
this study would tend io confirm: that deet
is at least as good as the other standards
tested against Ae. aegypti, the question of
its degree of superiority would seem open
to interpretation. Khan et al. (1973)
found no significant differences in re-
pellency between deet, ethyl hexanediol,
and dimethyl phthalate against Ae. aegypti.
Dremova and Markina (1975) reported
deet was no more effective than dimethyl
phthalate against Ae. vexans Meigen. Gil-
bert and Gouck (1955) claimed deet ap-
peared only slightly more effective than
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ethyl hexanediol and dimethyl phthalate
against Anopheles albimanus Wied. and
Mansonia titillans (Walker). Mahadevand
and Varma (1967) found deet to be only
as effective as dimethyl phthalate against
Culex pipiens fatigans Wied. (= Cx. quin-
quefasciatus Say). Whittemore et al. (1961)
reported that 100% M-2020 (dimethyl
phthalate 40%, ethyl hexanediol 30%,
dimethyl carbate 30%) afforded equal
protection to 75% deet against Ae.
scapularis (Rondoni). Indeed, deet has
been found inferior to some of these
older repellents in other investigations.
Schreck (1977) reported that dimethyl
phthalate and ethyl hexanediol were
more effective than deet against An. quad-
rimaculatus Say and that ethyl hexanediol
was more effective than deet against An.
albimanus. Further examples of these ten-
dencies have been reported in the lit-
erature against other species of blood
sucking arthropods as well. Schmidt
(1977) reported ethyl hexanediol was
more effective than deet against Glossina
morsitans Westwood. Schmidt and
Schmidt (1969) found Indalone was as
effective as deet against Phlebotomus
papatasi Scopoli while Buescher et al.
(1982) found an identical result with Lui-
zomyia longipalpis (Lutz and Neiva). Gil-
bert et al. (1957) reported M-2020 was
just as effective as deet against Chrysops
discalis Williston during field tests in Ore-
gon. Finally deet has been shown to be
totally ineffective against still other spe-
cies: Dermacentor marginatus (Sulz.),
Hyalomma asiaticum Schulze (Dremova
and Smirnova 1970), Anopheles pulcher-
rimus Theobald, (Zhogolev 1968), Or-
nithodoros coriaceus Koch (Loomis and
Furman 1977), Leptoconops kerteszi (Kief-
fer) (Sjogren 1971). Thus, it would seem
that while over 350 different reports on
deet have been published (Rutledge et al.
1978) the question of the relative
superiority -of this compound remains to
be definitively answered.
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