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Plutella xylostella (L.} larvae by several inhibi

strains. Pretreatment of the BC strain with pb
15-fold, deltamethrin 13-fold, permethrin 6-fol

ABSTRACT  Swnergism of several pyrethroids in both susceptible (FS} and resistant (BC)

tors of detoxifying enzvmes and & compound

reported to affect the lnsect nerves was determined. Only permethrin was synergized con-
sistently and obviously in the resistant BC strain by the esterase inhibitors triphenyl phos-
phate and $,5 $-tributy! phosphorotrithivate. Piperony! butoxide (ph), a microsomal oxidase
inhibitor. synergized all four pyrethroids, although to different degrees, in both FS and BC

increased the effectiveness of fenvalerate by
Id, and cypermethrin 3-told. A tank-mis for-

mulation of ph, Butacide, when mixed and applied simultaneonsly with these pyrethroids
at varving ratios, also showed synergistic action. Among the four pyrethroids tested, ten-
valerate was most drastically synergized by Butacide. A 101 te 5:1 ratio for Butacide and

and effects on mammals, are discussed.

pyrethroids seemed optimal for the control of resistant P xylostella. The response of the
BC strain to deltamethrin and fenvalerate was affected somewhat by the pretreatment of
1,1-di~{4-chloropheny!) ethanol. Finally, the possible consequences of large-scale applications
of synergists, such as the appearance snd intensification of certain resistance mechanisms

575 that interfere with detoxification ol in-
ddes are of practical importance in uclucvmg
efficient control of insects, increasing the
m of activity of an insecticide. and restor-
the activity of an insecticide against resistant
truins of insects (Metcalf 1967). Recently, the suc-
siful development of new tank-mix formulations
“of piperony] butoxide (ph). one of the most im-
portant commercialized methylenedioxyphenyl

: has enhanced the prospects of greatly
ding the uses of many insecticides, especially
sthroids and carbamates, for agricultural insect

l.'

~ We determined the synergism of some pyre-
throids in both susceptible and resistant diamand-
moth, Plutella xylostella (1..) by several com-
pounds known as inhibitors of detoxifying enzymes,
and one of the carbinol analogues of DDT report-
i by Sawicki (1978) to affect the nerves of insects

ecls and possible consequences of large-scale
ation of synergists in pest control are dis-

Muaterials and Methods

susceptible (FS) and resistant (BC) straus
mondback moth were of the same origin as
by Liu et al, (1952a) Pupare or mature lar-
the BC strain were collected from the field
ed in the laboratory on rupe seedlings (Liu
n 1982). Larvae ol the first generation were
fa hlUmV

551

Technical grade pb (80%) (Food Machinery
Corp.) and Butacide 5 EC (91%) (Fairfield Amer-
ican Corp.) were used as microsomal oxidase in-
hibitors. The esterase inhibitors $.8,S-tributyl
phospharotrithioate (TBPT) (70.5% technical
grade) and triphenyl phosphate (TPP) (analytical
grade) were manufactured by Chemagro Co. and
E. Merck, respectively, 1.1-di-(4-chlorophenyl)
ethanol (DMC) (2% technical grade) was manu-
factured by Sherwin—-Williams Corporation.

For the experiment involving Butacide, com-
mercial pyvrethroid formulutions were used. These
were fenvalerate 20% EC (Sumitomo), deltameth-
rin 2.8% EC (Roussel Uclaf]. cypermethrin 3% EC
{eis: trans, 40:60) (Dow Chemical). and permeth-
rin 10% EC (cis:trans, 4060} (Shell Chemicall.
For the other experiments, 95% technical grade
fenvalerate (Sumitomo) and 95% technical grade
cypermethrin (cig trans, 50:501 (1C1] were used
instead of the commercial formulations

Fourth instars were spraved by a Shandon
spravgun with acetone salutions of the insecticides;
mortality was recorded 24 h later. Thirty to 40
larvae were treated ftor each concentration: two
replicates were done. AL least four concentrations
and a control were included in each bioassay. ex-
cept when DM was tested In the latter experi-
ment, three or four concentrations were used
Temperature ranged between 22 and 28°C
throughout the study. Bioassays whose results were
to he compared directly were carried out simul-
taneously to minimize the (nfluence of variable
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Fig. 1. Relationship between synergism difference
produced by pb on fenvalerate, deltamethrin, cyper-

methrin. and permethrin and LCy's of these pyrethroids
to both susceptible and resistant strains of diamandback

moth.

temperature. Results were corrected by Abbott’s
formula (Abbott 1925) and subject to probit anal-

ysis (Finney 1971).

Synergism produced by esterase inhibitar STBPT
and TPF in FS strain was limited. Nearly a 2-fold
increase of toxicity of fenvalerate and deltameth-

Table 1. Synergism of fenvalerate, deltamethrin, cypermethrin. and permethrin by TBPT and TPP in FS and

Resulis

strains of diamondback moth

Vol 77,

rin at LC,, was noted (Table 1). Permethrin
the only compound synergized consistently hy th
synergists in the resistant BC strain, a result sinl
to that reported by Liu et al. (1981). This e
have been due to a more rapid hydrolysis of g
methrin compared to the other a-cyano-3-ph
noxybenzy| esters (Casida and Ruzo 1980).

Piperonyl butoxide (pb) was unmistakably
fective in synergizing the toxicity of all four p
throids, though to varying extents, against b
susceptible FS and resistant BC strains of
mondback moth (Table 2). A significant linear
lationship was established between the L,
the four pyrethroids and the synergism produg
by pb against both FS and BC strains (Fig
When pb was used, the resistant BC strain to
ated large additional quantities of pyrethroids,
pecially fenvalerate In contrast, the FS strain ps
treated with pb tolerated little addition
pyrethroids.

A further experiment was performed lo
whether a new tank-mix formulation of pb, B
tacide, when used simultaneously with, instead
before, the insecticides, would produce simi
synergistic phenomena. In the FS strain, Butaci
mixed with pyrethroids al ratios of 1:1, 5:1, g
10:1 produced limited synergism (Fig. 2) Amo
the four pyrethroids tested, deltamethrin was ag
synergized more than the rest. For the resist
BC strain, fenvalerate toxicity was maost drastical
increased by Butacide. At a concentration of 2
ug/ml, fenvalerate killed only 3% of the resists
larvae. Inclusion of Butacide at ratios of 1:1 ad
5:1 increased mortality to 53 and 87%, respectiw
ly. At a 1:1 ratio, Butacide increased the mortali
of resistant diamondback moth treated with 1,04
ug/ml fenvalerate from 23 to 98%. The effectiv

FS BC
Treatment 1.Ca0 (95% F1.) . LGCso (95% FLI ) L RRY
ag il Slape + SE o8] Slape = SE
Fenvalerate
Alone | 64 (0.9)-3.20) 245 « |38 339 (2 64-4.94) 092 + 030 2,067
+ TBPT 1.22 (0.09-1T1) 1.69 = 034 3.79 (2.86-501) L7] £ 024 3,107
+ TPP 0.88 (0.54-1 42) 131 = 0350 3.90 (279-5.45) 148 = 030 4.432
Deltamethrin
Alone 023 (0 18-0.30) 252 £ 0538 050 (0.35-0.65) 18] + 026 2,174
+ TBPT 0.17 (0.11-0.25) 178 + 050 087 (071-1.32) | 56 + 025 5.700
+ TPP 012 (0.04-0.28) 107 + 0.34 080 (0 55-1 10) 139 + 024 6,667
Cypermethrin '
Alone 210 (1.70-258) 3233 = 060 0.27 (0.22-0.33) 307 = 057 124
+ THPT 221 (1 14-4.28) 191 = 0356 0.25 (0.21-030) 129 = 058 113
+ TPP 2.59 (1 74-3.84) 238 ¢+ 066 0.2 (0.17-0.25) 344+ 060 51
Permethrin
Alone 211 (1.69-271) 304 = 060 63 (D.48-0 % 2.27 £ 037 290
+ TBFT 2,49 (205-3.03) 471 + 065 0.24 (0.18-0.32) 1.96 + 0.36 6
+ TPP 215 (1.54-297) 192 + 050 021 {0 16-028) i 1.87 + 035 98

Two roplicates with 30 1o 40 larvae per replicate were used {or each concentiation
7 Resistance ratio = LCgy of BO straim/ LCsy of FS strain for corresponding trestment
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3% of the resistant
d 87%, respective- il

ased the mortality '£ ess of deltamethrin and eypermethrin was also  ed with DMC, a potent DDT-dehydrochlorinase
treated with 1,000 ) sed significantly by mixing with Butacide at  inhibitor, their response to the pyrethroids ap-
8%. The eftective- Il ratios tested. This synergism, however, was peared to change (Fig. 3). This change was very
‘k‘ tht less pronounced for permethrin. limited for the FS strain, However. it was seem-
~ When diamondback moth larvae were pretreat-  ingly significant, in terms of LC., difference be-

~ Fig. 2. Synergism of fenvalerate, deltamethrin, eypermethrin, and permethrin by Butacide in FS and BC
rains of diamondback moth

d TPP in FS and BC

=3 3

Table 2. Synergism of feavalernte, deltamethrin, rypermethrin, and permethrin by pb in FS and BC strains of
REF o k moth
SE =
S B
LCep (95% FLI . . sDf LCao (95% FL) N SD
). 50 o ag ml Slope = SE ug/ml SK mmgv'ml Slope = SE mg/ml R
). 24 3,107
)50 4.432
094 (082-1.07) SH6 L DA 359 (2 64-4.43) 082 + 0.20
053 (0410 684) 235 + 041 41 (] 022 {0.15-033) Lo ¢ 022 317 154
).26 2,174 .
.25 5.706 smett
124 6,667 ~ Alome 025 (0.18-040) 228 + 048 050 (0.35-0.65) 181 = 026
+pb 0.06 (0.04-0.08) 185 = 036 020 43 0.04 (0.025-0056) . 147 =026 .46 i
).57 129 R
)58 1135 LI (0ST-1.44) 239 *» 041 027 {0.22-0.34) 307 = 057
160 81 49‘* 479 1055-1.14) 153 = 036 035 4 010 (0UT7-0.13) 222 £ 050 07 a7
.37 298 5.09 (4.353-59%) 278 £ 031 0.63 (0 45-0.580) 227 + 097
0.536 06 156 (1.32-2.63) 191 + 043 325 27 011 (00850 141 241 + 040 .52 57

0.35 o8
) T seplicates with 30 to 40 larvae pee replicate were used lor each concentratinn
Lw&lﬂw = LUy of umsynergized lreatment — Ly of svnengized

‘;m ratio = LCuy of unsynergized treatment (1.0 synergized treattmnent
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Fig. 3. Effect of pretreatment with DMC on the
response to fenvalerate and deltamethrin in FS and BC
strains of diamondback moth

tween the pyrethroid alone and pyrethroid + DMC
treatments, for the resistant BC strain

Discussion

Brindley (1977} proposed using synergist differ-
ence as an estimate of microsomal oxidase activity
in viva in insects. Thus, the role of microsomal
oxidation in the overall resislance to pyrethroids
in this insect pest can be easily and better appre-
ciated (Fig. 1). Nevertheless, the synergism ratio
is still useful for practical purposes. Table 2, for
example, shows that pretreatment of resistant dia-
mondback moth with pb could increase the effec-
tiveness of fenvalerate by 15-fold, deltamethrin
18-fold. permethrin 6-fold, and cypermethrin
3-fald.

The optimal ratios of mixtures of Butacide with
pyrethroids for the control of resistunt diamond-
back moth appear to be from [:1 to 5:1. Under
grower conditions, a ratio of 5:1 ol pb: pyrethroid
was suggested to be most effective for the control
of resistant Colorado potato beetles, Leptinotarsa
decemlineata (Say) (G. M. Ghidiu, personal com-
munication). However, slight phytotoxicity to
eggplant and tomato was observed when pb was
mixed with some pyrethroids al a ratio of 41
(Anonymous 1952).

Vol 77, na

Though no plausible explanation can be offer
for the observed effect of DMC on pyrethroil
compounds similar 1o those suggested to affect
unknown site of action on insect nerves (Sawid
1978) might be sought to synergize the insecticid
at target level.

Patentially, any modification of the processes
absorption, distribution, biotranstormation, as
excretion of an insecticide and its interaction wi
the site of action in insects that permits a greal
quantity of the active compound into and, sub
quently, a more efficient attack upon the larg
site would result in apparent enhancement of W
icity, or synergism. However, Sun and Johns
(1672) used the term "quasisynergism’ to describ
the enhancement of insecticidal action resulti
from an increase of insect cuticle permeahilis
The term synergism has been reserved gene
for the improvement of toxicity by a synergist th
interferes with the detoxifying metabolism of 4
insecticide. Many types of compounds are know
to have svnergistic action; methylenedioxyphe:
compounds are the most important ones (Casid
1970).

DDT-dehydrochlorinase, micrasomal oxidase
esterases, and glutathione transferases are the en
zymes often cited as involved in the enhanced m
tabolism of insects resistant to many insecticid
(Oppencorth and Welling 1976). Dittrich (1981
sugpested that screening and development of s
ergists which would effectively block resistasg
mechanisms were among industry’s efforts to cap
with insecticide resistance. However, pb is cu
rently the only synergist available for agricultus
use. Toxicologically acceptable esterase and g
tathione transferase inhibitors have vet to be d&
V(’](,ped.

Use of synergists to cope with a resistance prob
lem is expected to be more satisfactory where on
dominant mechanism exists for the resistance to
number of insecticides. such as esterase hydrolys
for organophosphorus resistance in Culex pipie
quinguefasciatus Say (Georghiou et al. 1975), My
zus persicae (Sulzer) (Devonshire and Mouore
1982), and Nephotettix cincticeps Uhler (Ozak
1968), Optimal synergists may vary with the i
species and the insecticides (Jao and Casida 1678
Chang and Jordan 1983).

Chang and Jordan (1983) also reported signif
cant in viva inhibition by carbaryl and pirimipha
methyl of permethrin-hydrolyzing enzvmes in th
larvae of porina moth, Wiseana cervinata.
work suggests the possible use of mixtures of a
ganophosphorus or carbamate insecticides wil
some pyrethroids to obtain more than an addit
effect.

Compounds that produce an effect at the targd
site level may be of potential value as synergisy
Recently, chlordimeform, reported to strong
synergize pyrethroids applied to Heltothis sp. o
cotton (Plapp 1979). has been suggested to be s
target-site synergist by Chang and Plapp (1983)
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lanation can be offered
DMC on pyrethroids,
» suggested to affect an.
insect nerves (Sawicki
nergize the insecticides

A possthle consequence of large-seale applica-
Hon of synergists in the field for insect control may
be the emergence and subsequent intensification
~of certain known or even unknown resistance
mechanisms. Ranastnghe and Georghiou (1979
* goneluded that selection of C. p. fatigans Wiede-
mann with insecticides and insecticide /synergist
~ eombinations yvielded strains with distmetly differ-
ent resistance churacteristics. They stated that the
phenomenon of synergism may permit the extend-
¢l use of an insecticide where alternative resis-
tance mechanisms are either absent or of low ef-
Mgiency in the target population. Yet, use of an
- Insecticide plus a synergist may allow the selection
of alternative resistance pathways ([ appropriate
are present in the population. In the case of
'mumﬂmck moth, use of pb might eventually
ageelerate and intensify the suspected insensitive
| penve resistance mechanism for pyrethroids (Lin
) - 1952h), and the msensitive acetylcholinester-
aw resistance mechanism for organophosphorus
and carbumate insecticides (Sun et al. 1983)
A practice. farmers may choose to use Hhese
fids of synergists Indiseriminately with all their
\mm!dﬁ The long-term consequence of apply-
synergists at rates up to 10-fold of the dose of
insecticides would be very difficult to assess
Reutinely monitoring populations of important in-
‘30t pests in the field for known primary tesistance
mechantsms to each major group of insecticides
wsed sinee Lhe introduction of synergists may be
required in order 10 gather infarmation on any
long-term changes in response

Muost insecticide svnergists have low acute and
subacute tovicity  to mammals (Casida  1970)
¥ er, fundamentul similarities between mi-
gresomal oxidases facilitate the ability of maost syn-
ergists to nhibit the enzymes (rom both insect and
mammalian sources (Wilkinson 1976). Svnergists
are suspected of increasing the persistence of -
gedticide residues Thus, pesticides of low toxivity
tight become substantinlly more toxie and haz-

s In addition, pb was reported to have heen

govarcinogenic in mice (Epstein et al 1967)

ttion of the processes of
siotransformation, and
and its interaction with
 that permits a greater
pound into and, subse
attack upon the target
nt enhancement of tox-
wer, Sun and Johnson
isynergism’’ to describe:
ticidal action resulting
t cuticle permeability.
een reserved generally
icity by a synergist that
ying metabolism of an
compounds are knowny
methylenedioxyphenyl
important ones (Casida

. microsomnal oxidases,
transferases are the en
ed in the enhanced me-
it to many insecticides |
- 1976). Dittrich (1981}
nd development of svn-
tively block resistance
ndustry’s efforts to cope
. However, pb is cur-
vailable for agricultural
table esterase and glu-
tors have vet to be des

- with a resistance prob--
- satisfactory where one
s for the resistance to s
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stance in Culex pipiens
rghiou et al. 1975), My~
evonshire and Moores
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