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Abstract

Emamectin benzoate (MK-0244) is a novel semi-synthetic
derivative of the natural product abamectin in the
avermectin family of 16-membered macrocylic lactones.
This epi-methyl amino derivative has unprecedented
potency against a broad spectrum of depiterous pests
with LC,, values ranging between 0.001-0.0g/ml in
ingestion-based foliar spray assays. Emamectin benzoate is
ca. 1,500-fold more potent against certain armyworm
species than abamectin. It is more potent against tobacco
budworm Heliothis virescengF.) and beet armyworm,
Spodoptera exigu@Hubner) than other new insecticides,
such as fipronil, chlorfenapyr, and tebufenozidén the
field, the compound is very effective at controlling all
lepidopterous pests on various crops at low use rates (8.4-
16.8 g ai/ha). The mode of action is similar to abamectin
(GABA- and glutamate-gated chloride channel agonist) and
is not cross resistant with any other compound currently
used commercially. The first registrations for the
compound in the U.S. and Japan are ardteig for 1997.
Registration on cotton is expected prior to the 1999 use
season. An overview of its potential for control of
lepidopterous pests on cotton is provided.

Introduction

Avermectins are a family of 16-membered macrocyclic
lactone natural product homologues produced by the soil
microorganismStreptomyces aveitiis MA-4680 (NRRL
8165) and were isolated at Merck Research Laboratories
from a soil sample collected in Japan by researchers at the
Kitasato Institute (see Campbell, 1989 and references
therein). Isolation of the crude fermentation productof
avermitilis yielded a complex of eight closely related
avermectin homologues @A, A1, A2,, A2, B1, B1,, B2,

and By,), of which avermectins B(a and b) were the major
components. Abamectin, then proprietary name assigned

to avermectin B, is a mixture of B, (> 80%) and B, (<
20%). This mixture was very potent against mites and
certain insect species (Dybetsal.,1989). Abamectin was
developed for wp protection and is currently sold
commercially for control of mites and certain insect pests on
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several ornamental and agronomic crops, including cotton,
in over 50 countries. Ivermectin, a 22,23 dihydro semi-
synthetic derivative of abamectin, was developed widely for
control of ecto- and endoparasites of food and companion
animals as well as for control of the causative agent of river
blindness,Onchocerca volvulusn man (see Campbell,
1989; Lariviereet al.,1985).

Although abamectin was potent against mites and a select
number of insects, it was considerably less potent against
most Lepidoptera. This spectrum deficiency prompted a
focused, medicinal chemistry and biological testing program
that resulted in the discovery of 4"-epi-methylamino-4"-
deoxyavermectin B(emamectin) in 1984 (Figure 1). MK-
0243 (the hydrochloride salt of emartia), which was
derived from abamectin via a five-step synthesis (Cvetovich
et al.,, 1994), was discovered after screening several
hundred avermectin derivatives iniarvivo screen using
tobacco budwormHeliothis virescengF.), andsouthern
armyworm, Spodoptera eridanigCramer) (Dybas and
Babu, 1988; Dybast al., 1989; Mrozik, 1994; Mrozilet

al., 1989). The benzoate salt of emamectin (coded MK-
0244) had improved thermal stability and greater water
solubility compared with the hydrochloride salt. MK-0244
was assigned the nonproprietary name emamectin benzoate
and is currently being developed as a cpptection
insecticide; first registrations in the U.S. and Japan are
anticipated for 1997. The present paper presents an
overview of the potential of emamectin benzoate for control
of lepidopterous pests on cotton.

Mode of Action

The mode of action of the averatims has been reviewed

by several authors (Arena, 1994; Fisher and Mrozik, 1984;

Rohrer and Arena, 1995; Turner and Schaeffer, 1989). All

studies suggested that there are few qualitative differences
in the mode of action of the avermectin compounds studied,

including emamectin benzoate; thus, it is believed that

most, if not all, avermectins have a similar mode of action.

The anthelmintic properties of the avermectins are due
predominantly to potentiation and/or direct opening of
glutamate-gated chloride channels, whereas in insects, it is
likely that avermectins bind to multiple sites (including
glutamate and GABA) in insect chloride channels. In
general, the chloride ion flux produced by the opening of
the channel into neuronal cells results in loss of cell
function and disruption of nerve impulses. Consequently,
invertebrates are paralyzed irreversibly and stop feeding.
Maximum mortality of arthropods is achieved within 4 days.
Although the avermectins do not exhibit rapid knock down
activity against insects, paralysis is rapid, and feeding
damage to crops is minimal because insects cease feeding
shortly after ingestion. Avermectins intoxicate arthropods
via contact and ingestion, although ingestion is considered
to be the primary route whereby arthropods accumulate a
lethal dose. The wide margin of safety for avermectin
compounds to mammals is attributed to (1) the lack of



glutamate-gated chloride channels in mammals; (2) the low
affinity of avermectins for other mammalian ligand-gated
chloride channels; and (3) their inability to readily cross the
blood-brain barrier (Arenat al.,1995).

Potency and Spectrum of Activity of Emamectin
Benzoate

Emamectin benzoate is highly potent to a broad spectrum of
lepidopterous pests. Igg values for emamectin benzoate
against a variety of lepidopterous pests range between
0.002-0.8ug/ml (Dybas, 1989; Cogt al.,1995b; Jansson
and Dybas, 1996) (Table 1). Emamectin hydrochloride was
up to 1,500-fold more potent against armyworm species,
e.g., beet armyworng. exigua(Hubner), than abamectin
(Dybaset al., 1989; Mroziket al., 1989; Trumbleet al.,
1987). Emamectin hydrochloride was also 1,720-, 884-, and
268-fold more potent to S. eridania than methomyl,
thiodicarb, and fenvalerate, respectively, and 105- and 43-
fold more toxic to cotton bollworm, Helicoverpa zea
(Boddie), and tobacco budworm larvae than abamectin
(Dybas and Babu, 1988). Recent studies showed that
emamectin benzoate was 875- to 2,975-fold 250- to
1,300- fold more potent than tebufenozide to tobacco
budwormand beet armywormrespectively. Emamectin
benzoate was also 12.5- to 20-fold and 250- to 500-fold
more potent than lambda cyhalothrin and 175- to 400-fold
and 2,033 to 8,600-fold more potent than fenvalerate to
these two Lepidoptera, respectively (Jansstoml., 1997).

In addtion, recent studies showed that emamection benzoate
was 2.0 to 4.8 orders of magnatude more potent to
lepidopterous pests of cotton (eg. tobacco budworm and
beet armyworm) than other new insecticides including
chlorfenapyr, fipronil and tebufenozide (figure 2.)

Emamectin benzoate is markedly less toxic to most non-
lepidopterous anropods (Tablé). Itis about 8- to 15-fold
less toxic to the serpentine leafminéitiomyza trifolii
(Burgess)and the twospotted spider mit€etranychus
urticae (Koch), respectively,than abamectinGox et al.,
1995a; Dybaset al. 1989). Emamectin benzoate and
abamectin are comparable in their potency against Mexican
bean beetle-pilachna varivestidulsant, and Colorado
potato beetleleptinotarsa decemlineata(Say) (Dybas,
1989). Emamectin benzoate is markedly less toxic to black
bean aphidAphis fabaecopoli, than abamectin (Table 1).

Like abamectin, emamectin benzoate is less toxic to most
beneficial arthropods (e.g., honey bees, parasitoids,
predators), especially when exposure occurs beyond one
day after application (Lasota and Dybas, 1991 and
references therein; Cet al.,unpublished). Foliar residues

of emamectin benzoate were only slightly toxic (< 20%
mortality) to most beneficial insects, including honey bees,
Apis mellifera, and several predators and parasitoids,
within one day after application and often within a few
hours after application (Caat al.,unpublished). The low
toxicity was related to the short half-life of emamectin
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benzoate on foliage. On celery, the half-life of foliar
dislodgeable residues was estimated to be approximately
0.66 days (Dunbaet al, unpublished). Kolet al. (1996)
showed that emamectin hydrochloride (MK-0243) displayed
minimal adverse effects against two hymenopterous
parasitoids Pteromalus puparumandCotesia orobenge

Like abamectin, emamectin benzoate provides ecological
selectivity (and in some cases physiological selectivity) to
a wide range of beneficial arthropods. For this reason, it is
compatible with integrated pest management (IPM)
programs.

Photostability and Translaminar Movement

Abamectin and emamectin benzoate are very susceptible to
photodegradation. MacCoalhet al. (1989) showed that

the half-life of abamectin was < 10 h in simulated sunlight
and that there were marked differences in the half-life of
abamectin on Petri dishes andleaves in light and dark
environments. The half-life of emamectin benzoate on
celery has been estimated to be 0.66 days; on cole crops, the
half-life is expected to be even shorter. Numerous
photodegradates of emamectin benzoate have been
identified (Feelyet al.,1992).

Despite the short half-life for avermectin insecticides in
sunlight, low levels of these compounds are taken up
rapidly via translaminar movement into foliage.
Translaminar movement of abamectin has been
demonstrated in numeus studies (Dybas1989 and
references therein; Wrighet al., 1985). Presence of
abamectin and emamectin beat® reservoirs in
parenchyma tissue accounts for their long residual activity
on certain crops under field conditions, and their ability to
control several phytophagous pest species (Jansson &
Dybas 1996).

Field Efficacy
Excellent effcacy of this compound at low usses (8.4

16.8 g ai/ha) has been demonstrated against numerous
lepidopterous pests in a variety of crops (Jansson and
Lecrone, 1991; Janssan al., 1996; Leibeeet al., 1995;
Merck, unpublished). Results from numerous field trials
conducted incotton were very consistent. Against beet
armyworm, emamectin benzoate at 8.4 g ai/ha provided
excellent efficacy equivalent to other new insecticides being
developed for cotton; such as, chlorfenapyr and
tebufenozide (figures 3 & 4.). Against cotton bollworm
and tobacco budworm field performance with emamectin
benzoate at 8.4 g ai/lha was comparable to spinosad,
chlorfenapyr and RH-2485 (figure 5,6, & 7.). Collectively,
these data demonstrate that emamection benzoate produces
very high levels of efficacy against several key
lepidopterous pests of cotton.

Cross Resistance and Resistance Management

Cross resistance between abamectin and emamectin
benzoate and other classes of chemistry has not been
documented widely, nor is it well understood. Recent




studies by Lasotat al. (1996) showed that there was no

cross resistance between abamectin, emamectin benzoate,

permethrin and methomyl . xylogella using an
ingestion bioassay Additional evidence from studies
conducted at Merck Research Laboratories also suggested

that there was no cross resistance between abamectin and

emamectin benzoatélanssoret al.,unpublished).;

Pro-active resistance management programs were developed

for abamectin. Similar programs are being formulated for
emamectin benzoate. Part of this pro-active strategy
includes the development of monitoring systems to detect
resistance in high risk populations of arthropods.

Monitoring programs for problematic Lepidoptera; such as,

Spodoptera, Heloithis and Heliocoverpa , are planned.

To minimize the risk of resistance to emamectin benzoate in
lepidopterous pests, most product labels will provide
restrictions on the type, number, and sequencing of
applications allowed per growing season. These and other
strategies, such as advocation of rotation of emamectin
benzoate with other chemical and biological insecticides
with different modes of action, and advocation of IPM
programs in all crops, should help to prolong the life of
emamectin benzoate in the commercial sector.
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Table 1. Comparative toxicity of abamectin and emamectin benzoate to

different arthropod pests of agricultural importance.

LCqq pg/ml Emamectin
Arthropod species Abamectin_Benzoate PR
Acarina

Foliar spray/contact assay
Tetranychus urticae,
adults 0.03 0.29¢ 0.07
Insecta
Coleoptera
Leptinotarsa
decemlineata

neonates, foliar spray 0.03 0.03¢ 1.0
Epilachna varivestis,

neonates, foliar spray 0°2 0.2¢ 1.0
Diptera

Liriomyza trifolii,

first instar, plant dip 0.19 1.45f 0.13
Homoptera

Aphis fabae

foliar spray/contact 0.2-05 19.9¢ 0.01-0.02
Lepidoptera

Manducca sexta,

neonates, foliar spray 0.02 0.003¢ 7
Plutella xylostella

neonates, foliar spray 0.02 0.002¢ 10
Heliothis virescens,

neonates, foliar spray 0.13 0.003¢ 43
Trichoplusia nj neonates,

foliar spray 1.0 0.014¢ 71
Helicoverpa zea

neonates, foliar spray 1°5 0.002¢ 750
Spodoptera exigua

neonates, foliar spray 1.97 0.005¢ 394
Spodoptera eridania

neonates, foliar spray 6°0 0.005¢ 1,200
Spodoptera frugiperda

neonates, foliar spray 25%0 0.010¢ 2,500

Pseudoplusia includens

neonates, foliar spray - 0.019 -
Ostrinia nubilalis,

neonates, diet assay - 0.024 -
Agrotis ipsilon,neonates,

diet assay 0.044 -
Argyrotaenia velutinana,

neonates, foliar spray - 0.009 -
Cydia pomonella

neonates, diet 1350 0.89" 152

2 PR, potency ratio = L& abamectin/LG, emamectin benzoate
b Royalty and Perring (1987)

¢ Dybas and Green (1984)

4 Dybaset al. (1989)

¢ Dyas (1989)

" Coxet al. (1995a)

9 Merck, unpublished data

" Coxet al. (1995b)
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Figure 1. Structure of Emamectin benzoate.
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Figure 2. Log, - Transformed ratio of the Lgvalue of chlorfenapyr,
fipronil, or tebufenozide divided by the L{value for emamectin benzoate
against beet armyworm and tobacco budworm. LC values were generated
using an agar-based artificial diet assay in which different concentrations
of each compound were applied to the surface of the diet (Jansson et al.,
unpublished).
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Figure 3. Beet armyworm control in Alabama. Research by Dr. R. Smith,
Auburn University 1994). Means with the same letter are not significantly
different (DMRT, p=0.05).
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Figure 4. Beet armyworm control in Arkansas. Research conducted by
Dr. D. Harlan, Mid-South Ag Research, Inc. (1995). Means with the same
letter are not significantly different (DMRT, p-=0.05).
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Figure 5. Control of cotton bollworm and tobacco budworm in Louisiana.
Research conducted by Dr. R. Leonard, LSU Northeast Research Station.
Means with the same letter are not significantly different (DMRT, p=0.05).
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Figure 6. Control of cotton bollworm and tobacco budworm in Louisiana.
Research conducted by Dr. Steve Micinski, LSU Red River Research
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Figure 7. Control of cotton bollworm and tobacco budworm in Louisiana.
Research conducted by Dr. R. Leonard, LSU Northeast Research Station
(1996). Means with the same letter are not significantly different (DMRT,
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