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ABSTRACT

A joint research program was initiated in 1979 to investigate
the potential avian repellency and toxicity of 55 selected insect
repellents originating from or related to naturally occurring
chemicals. Seven of the chemicals or extracts tested exhibited
avian repellency and two of these were considered to be moderately
active, with Rso's (analogous to LDSO) of 0.237 (trans-asarone)
and 0.240% (safrole). None of the 55 chemicals or extracts exhib-
ited acute oral toxicity at 100 mg/kg or less to the red-winged
blackbird (Agelaius phoeniceus).

INTRODUCTION

The U.S. Departments of Agriculture and Interior maintain a
number of research programs designed to identify and develop

chemicals to alleviate insect and wildlife depredations to many
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agricultural crops. Although most of the chemicals tested in
these programs are synthetic, an expanded effort has been made to
identify and quantify the efficacy of chemicals of natural origin.
In 1979, the authors and their respective Tlaboratories (USDA's
Agricultural Environmental Quality Institute and the USDI's Denver
Wildlife Research Center) instituted an informal cooperative
program for testing the response of wild birds to a number of
naturally occurring chemicals or extracts that had demonstrated
repellency to insectsl. The purpose of this effort was three-
fold: (1) to test a number of natural plant products that are
repellent to insects for biological effects on birds; (2) to
determine if any gross relation exists between effects on insects
and birds; and (3) to observe relations between compound structure
and bird response.

METHODS AND MATERIALS

Expressed neem 0il was obtained from Chemiloids Ltd.,
Vijayawada, India. Extracted neem 01l was obtained by extracting
crushed dried seed kernels of Azadirachta indica A. Juss.
(obtained in India through the courtesy of the American Embassy,
New Delhi) overnight with ether in Soxhlet extractors and evapo-
rating the solvent from the resulting extract.

Tetrahydropyranyl (THP) ethers of the alcohols and phenols
were prepared (in >90% yield) as follows: to a stirred
solution of 0.5 mole of the alcohol or phenol and 4 drops of
concentrated HC1 in 75 ml1 of reagent grade ether was added
dropwise a 20% excess of dihydropyran. After addition was
complete, the solution was refluxed for 4.5 h, the solvent and
excess dihydropyran were removed by evaporation at reduced
pressure, and the residue was dissolved in ether. The solution

was washed twice with cold 5% sodium bicarbonate solution and
once with saturated sodium chloride solution, dried over sodium
sulfate, and freed of solvent at reduced pressure. The resulting
THP ethers were purified by distillation.
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The compound 1,2,4-Trimethoxy-5-propylbenzene was prepared by
hydrogenating trans-asarone in ethanol solution. A1l other com-
pounds were purchased from Aldrich Chemical Company, Milwaukee,
Wisconsin.

Chemical Abstract Service (CAS) registry numbers and the 9th
Collective Index (9CI) names were obtained from various CAS
sources, or were assigned by CAS at the authors' request.

Red-winged blackbirds (Agelaius phoeniceus) were wild-trapped

in the South Platte River Valley of Colorado and were held under
communal aviary conditions for 2 to 8 weeks before testing. Avian
repellency (R50 which is analogous to LD50) values were

calculated from tests conducted under no-choice conditions for 18
consecutive hours, using groups of five individually caged red-
wings. The procedures we used were those described by Starr et
a1.2 as modified by Schafer and Brunton3. For acute oral avian
L050 tests, birds were dosed by gavage with known levels of
candidate chemicals. Propylene glycol was used as the carrier

and two individually caged redwings per dose level were used to
estimate toxicity4’5. Both data sets were evaluated statisti-

cally by the moving point interpolation method of W. R. Thompsons.
RESULTS

The chemicals which were subjected to redwing screening were
divided into six basic structural categories, as indicated in
Table 1.

Three of nine 9,10-anthracenediones had redwing R50‘s
<1.000% (Compounds 1,4,6) and exhibited no oral toxicity at 100
mg/kg. Although seven of the nine chemicals indicated some degree
of avian repellent activity (food consumption <100% at the 1.000%
treatment level), relations between the structure of a compound
and its repellency were somewhat confusing. Based on R50 values,
the 1- and 2-mono-substituted compounds (chloro- and amino-)
showed inconsistent activity (i.e., compounds 1 and 4 were
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effective but 2 and 3 were not). None of the dihydroxy compounds
(7-9) showed R50 activity. The 1,8-dichloro derivative

(Compound 6) showed weak food reduction, but the 1,5-dichloro
derivative (Compound 5) did not.

Of the 25 benzene derivatives tested, 8 contained primarily
methoxy substituents and no alkane/alkene substituents (Compounds
10-17). Most of the other 17 benzene derivatives contained
methoxy substituents, and either one or more propyl (Compounds
18-21), propenoic acid (Compounds 22-24), or propenyl (Compounds
25-35) group. None of the eight methoxy-substituted benzenes
showed any R50 activity, although four compounds did cause a
slight reduction in food consumption at the 1.000% treatment
level (Compounds 11,14,16,17). Three of the four compounds that
caused a reduction in feeding included at least one substituent
that was not methoxy. Two of the 4-propyl-substituted benzenes
caused some reduction in food consumption, although none showed
any measurable R50 activity. None of the propanoic acid
derivatives caused any reduction in food consumption or showed
any R50 activity.

We tested 11 propenylbenzenes, 2 of which (Compounds 27,34)
indicated some potential bird repellency based on R50 values
(<0.316%). One other compound (30) in this series showed R50
activity and 9 of the 11 compounds reduced food consumption at
the 1.000% level. Of the 11 compounds tested in this series,
trans-asarone (Compound 27) showed the greatest potential.
Little difference between l-propenyl and 2-propenyl derivatives
was noted; however the presence of the benzodioxole substituent
at the 3- and 4-position relative to the propenyl group appeared
to enhance repellency (Compounds 34, 26). We also tested four
bicyclo[2.2.1]heptanes (Compounds 36-39), none of which showed
any R50 activity, even though all four caused consistent but
small reductions in food consumption.

Four 1,4-naphthalenediones (Compounds 40-43) were tested; one
(Compound 40) showed R50 activity at less than 1.000% and three
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of the four caused some reduction in food consumption; however,
the repellency of the parent compound (1,4-naphthalenedione) was
greater than that of the compounds containing substituents. Seven
tetrahydropyrans (Compounds 44-50) were also tested, none showed
any R50 activity, although all seven reduced food consumption

to various degrees. The final group of five compounds or extracts
that we tested (Compounds 51-55) showed minimal or no avian
repellency.

DISCUSSION

Of the substituted benzenes, trans-asarone (Compound 27) was
the most effective bird repellent found, and it appears that the
trans-propenyl configuration may be essential for repellency
since the compounds with a cis-configuration (Compound 28) and
hydrogenated asarone (Compound 21) were inactive. Replacement of
the propenyl group with aldehydic (Compound 16) or carboxylic
acid (Compound 17) groups resulted in much less activity as did
complete removal of the propenyl group (Compound 14). Some
repellency was noted in the 1,4-napthalenediones and the 9,10-
anthracenediones, although no relation between structure of the
compound and repellency could be established due to the small
number of chemicals tested in each group.

Although the avian repeliency of the compounds tested was not
strong enough to warrant further testing or development, it is our
opinion that more promising compounds could probably be found by
investigating substituted trimethoxypropenylbenzenes, 9,10-
anthracenediones, and 1,4-naphthalenediones more thoroughly. One
very encouraging aspect of all the compounds we tested which are
present in nature or related to natural products is that they are
not very toxic to birds; none of the 55 chemicals had acute oral
LDSO's less than 100 mg/kg.

The limited number of compounds that were observed to have
avian repellency in our screening program would seem to preclude
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the use of insect data as a potential data source for recommending
chemicals for potential avian repellent use. In fact, however,
using insects to select chemicals for avian testing appears to be
at least as effective as random screening. Our present ratio of
compounds showing avian repellency to those randomly tested is
about 5%, and with selectively procured chemicals is about 10%
(unpublished data).
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