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Abstract

[t was shown that permethrin resistance in adult Anopheles steplhioas 1
tue 1o at least three separate mechanisms, Cytochrome P-450s and esterascs are
responsible for two-thirds of the 8-fold enhanced tolerance of the DUR-APR
resistant stramn as compared with a sensitive strain, IND.S. 11 was postulated
that target site insensitivity is also involved, To test this hypothesis, we
conducied a neurophysiological study with the thoracic nerves of adult female
Anstephens:  under perfusion with saline, Spontancous neural activily was
recorded with saline alone and in the presence of permethrin. There was no change
n the frequency of spontaneous firing during a 1h application of saline in cither
strain. Applicafion of a single dose of 10™" Molar permethrin rapidly produced
a 3-fold increase in firing rate in the susceptible strain. In contrast, the
resistant siramn did not respond to this concentration. In a comulative dose
assay, the susceptible strain responded to the lowest concentration of permethrin
(10" Molar), but the resisiant strain required a much higher dose (10%- [0
Molar) to produce the same rise in frequency of action potentials. This strongly
suggesls that nerve insensitivity contributes 1o permethrin resistance in this
masguito,

Introduction

Airstephensi is an important malaria vector in the Persian Gulf, e
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Middle-East and Indian subcontinenl. As a result of the intensive application of
insecticides in these regions, some populations of this species have become
resistant to several classes of insecticides including DDT (6), dieldrin (26) and
malathion {10} In recent years the synthetic pyrethroids , with their high
msecticidal  activity, low  mammalian  toxicity, and degradability in  the
environmenl have been used increasingly in vector control programmes, especially
for impregnation of bed nets. There have been several reports of pyrethroid
resistance in An stephenss based on laboratory selections (5,11,12,13,18.22) but
only one report of pyrethroid resistance in a field population (12), from Dubai,
Llnited Arab Emirate,

We have studied the basis of resistance to permethrin in An srephensi
dertved  from this  partially  resistant field population. Following  laboratory
selection of adult female mosquitoes through § generations, the LTS0 of the
resistant stramn was 300 min following  exposure to  papers impregnated with
Ipgfem® permethrin (11). Since the original selection this strain has been
periodically reselected with permethrin but, at the time of the experiments
reported here, the LT50 stood at 82 min (95% Cl= 77.4-87.0 min, slope+
SE"standard Error) 3.57 + 0.4 1) compared with an LT50 of 10.6 min (95% ] =
9.4-12.1 min, slope+ 5E= 374 + 0.42) in the susceptible TND-S strain.

To montor the mvolvement of enzyme activily, synergist studies were
conducted using, inlibitors of esterases and mixed functhion oxidases; TPP and PB.
Results indicated that cytochrome P-450s and esterases are responsible for two-
therd of the enhanced wlerance of the DUB-APR resistant strain as compared with
i sensitve strans, IND-S0 11 has also been shown that ™C-permethrin penetrated
cyually well an resistant and susceptible strains and there were no significance
dilferences between susceptible and refractory strain with respect to the dynamic
ol permethrin penetration {unpublished data). The fact that some resistance
reminins following synergism by inhibitars of these enzymes suggests that another
component of resistance may be o target sile insensitivity mechanism,

It has been known for many years that the nervous system of insects is
highly susceptible to poisoning by pyrethroids (15). Although the precise sites
ol lethal action of these compounds aré poorly defined , effects upon both
ventral and peripheral nervous activity are well documented, Pyrethroids  show
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Fresh msect saline {(19) was prepared each day at the start of the
na_-u.:'n|~|h}'~¢|ulngiuz|| caperiments,

Sylgard dishes provide an inert resin for neurophysiology assays. Sylgard
resin 15 prepared by mizing Sylgard 184 silicon clastomer (Dow corning) and
curing agent moa rabio of 10:1. Aller mixing, the resin was poured mto 50-mm
digmeter plastic petrt dishes W oa depth of 3-5 mm, Preparations were left to air
dry Lor 48 b Cmee dried, the dishes were placed into a bath of distilled water
for a further 48 b then washed once more o remove any remaining surface oil, The
dred Sylgard dishes were then used for neurophysiology assays.

For the newrophysiclogy assay, 2-6 day old females of An.stephenss were
clulled for 300 seconds and pinaed out onoa layer of saline-washed Sylgard resin
o St plaste petr dishe Legs, wings and head were removed, The thorax was
dissected aned the ventral nerve cord and was picked up with a 27 gauge slainless
steel, hyvpodermic needle, electrically insulated on the external surface. This
necdle serve s a recording electrode. A stainless steel entomological pin (0.1
o dsmeter X015 mm length) grounded the preparation and served as a reference
clectrinle, The preparation was placed on a low-vibration table at a4 constant
wmperature (25 4 1907 The recording electrode was connected o the remote head
ol u Meurolog high-gain, amplifier and conditioning system {Mewrolog; Digitumer,
VR Spontancous oerve aclivity was monitored on an oscilloscope and activity
recorded  on MaclabiZe data recorder and  analyzed on a Macintosh LCII
computer (14,

In & single dese assay, the preparations of susceplible and resistant
straans were bathed o control sabime for 1 bour Tollowed by saline solutions
contsining o supra-threshold concentration of permethrin (10 Molar). In a
camulative dose assay, the number ol action potentials inoa 5 minule control
pernwl wis st recorded and then saline was removed with a disposable plass
pipetie. Preparations whose Tinng rate remained relatively stable over the
contrul pernal were then reated with permethnn. An wentical volume of fresh
saline contammyg e test compound was apphed, Girst the lowest concentralion
(0 Molar) and subsequently, at further five minutes intervals, successively
higher concentrations up o 107 Molar. The mean number of action potentials for
cach concentration was recorded and analyzed, For vach strain, the frequency and

SE of respunse il cach concentration in the assay was calcolated.
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I is not known where in the nervous system permethrin acts to cause the
neurophysinlogical effects observed. The neurophysiology extracellular recording
technigue developed here is not specific for a single nerve cell. Action
potentials ol several nerves could be recorded and nerve insensitivity detected

by the assay may be a function of ion channels or synaptic neurotransmitter

release.

Acknowledgements

[ wish to express my deep gratitude to professor H. Townson, University
af Liverpoul, for bis proper encouragement and helpful advice which mad possible
the consolulation of the results presented here. My great vote of thanks goes to
D AL MeUalTery, e AL Callaghan, Mr. AL Doubbeldam, Mrs, H, Oakley, Mr. I
Cishorn and other stalfs of University of Reading, for allowing me to use
neurophysiological  equipments, their helpful advice and hospitality o the
planning the experiments.

Sincere thanks are recorded to the Ministry of Health, Islamic Republic
of lran for sponsorship o undertake the course,

An elecernphysiological ..

1

100 7 (eermemnnn-susceptibie)

g

:

Action potentials (Hz)

permathrin
application

0 10 20 20

40 50 &0 mn

Time in minutes

100 —| {perfmethrin-resistant

¢

44

Action polentials {Hz)

permathrin
application

Q i 20 30

4 50 60 0

Time in minutes

Iz Al MNeurai .:ﬂspou:«:.e of permethrin-susceptible and resistant strains of
n.slephens: to a single dose (107" Molar) of permethrin, vertical bars= S|E



Vieraaudoost et af

is

Action potentiala (Hz)

Achon potantals (H2)

y
Iﬂ

oo [permarran-auscepnale)

-

Cul  EdaM E4IM E-11M E-10M E-9M  E-8M  E-TM

8
I

1
1

:
-
- HH
-1
}__
___HH

20 ,1'r—:£- !
|
|

0-5 510 1015 1520 20-25 2530 30-35 3540

100 (permethrin-resisiant]
B0~ Cwl E-13M E42M E-1IM Eq1OM ESM E-BM E-TM

80 -

7
|

03 510 10413 13-20 20-25 25-30 30-35 35-40

Timz i mnulas

- Newral response of permethrin-susceptible and resistant srains of
Agpstephenst W permethnn in o cumulative dose assay {concentrations shown

above hars range from 1077107 Mular). vertical bars= 3E

A eleviropioysaedogreal. A7

Heferences

- Bloomnguist, 1 R (1996): lon channels as targets for insecticides. Annual
Eeview of Entomology. 41: 163-190,

2- Bloomguist, I R, & Miller, T. A (1985): A simple bioassay for detecting aml

characterising insecticide resistance. Pesticide Science. 16: 611-614.

- Brealey . O Crampton. PL.; Chadwack | PR & Rackert | 110 (19R4

Resistance mechanisms to DDT and frns-permethrin in Acdes acgyvpt Pesticnle

Science. 8 121-132

- Busvine, I R. {1951} Mechanism of resistance 1o insecticides in house s,

Mature, [68: 193-195

A Uhakravorihy , B.O. & Kalyanasundaram, M. (19921 Selection of pormethnm

resistance in the malana vector Apophefes siephens, Tndian loarnal ol

Malariology, 29: 161-165.

Davidson . G (1958) ¢ Swdies on nsecticwde resistance in anophc o

muosquitoes. Bulletin of World Health Organization, 18: 379621,

- DeVres, DHL & Georghiou, G, P {1981 Absence of enbanced detosacation o
permethnin in - pyrethrodd - resistant house {lies. Pesticide Biochennstry and
Physiology. 15: 242-252,

8- Farnbam, A, W. [1977): Genetics of resistance of house flies { Musca domesiica
L) o pyrethroids. 1. Knock-down resistance. Pesticide Science. 8 631-030

G- {ribson, A. L Oshorne, M. P. & Ross, H. F. (1983 An glcclr{:p!]}'s]tml;35jL';||
mvestigation of the susceptible (Cooper) and  resistant (kofr o super Lol
strains of adult howse fly, Musca domestica. Pesticide Science. 23: 283-242

-

L0- Tlemingvuy . 1 (1983): The genetics of malathion resistance in Aniophefos
stephecs tom Pakistan, Transactions of the Rewal Society of  Tropacal
Medicme and Hygiene, 77: [06-108,

V- Ladonni, FLO(1988): Geneties and biochemistry of isceticide resistance m
Anopheles siephenss, Ph.D Thesis, University of Liverpool: pp. 231

13- Tadonm . 1. & Townson, H. (1996} A major gene conlerming insceticid
resistanee i lhe larvae of malara vector Anopholes seepdonss, Bulleun o
Fmomoelogica]l Research {in press),

Pi- Maleolm, C0 A (1988) - Reduced  susceptibility 1o pormethon and s
celationship to DDT resistance in larvac of Anopheles stephensi. Moedieal and
Volermary Bntomelogy, 20 3746,

I4- MoCaflery, AR, IInl]nway. LW & Gludwell, R.OT. (19mas L0
wsensiivity resistance o cypermethrin in larvae ol the lobacen bl o
Heltonins virescens Torm USA cotton Deld peplation, Pestivide S
44: 237-247.



Viadaridoost el a8

LS. Marahashi, 1. (1992): Nerve membrane Na® channels as target of insecticides.
Trends in Pharmacological Sciences, 13: 236-241.

16- Michelson, B A, Hart, R L & Osborne, M. P, (1979): Mechanism invelved in
the development of resistance to  pyrethroids with particular reference o
knock-down resistance in house flies. pp. 466-471 in Insect Neurobiology and
Pesticide Action (Neurotox 793, Society of Chemical Industry. London.

17- Nicholson, R. A, & Miller, T. A (19%5) Multifactorial resistance to trans-
permethrin i field - collected strains of the tobacco budworm FHelothis
virescens P Pesticide Science. 16: 561-567,

18- Omer, 5. M., Georghiow, G. P. & Irving, S. N. (1980): DDT/pyrethoid resistance
iter-relationship in Anophefes stephensi, Mosquito News. 40: 200-209.

19- Oishorne, M. P& Hart, R. L (19790 Neurophysiological studies of the effects
of permethein upon pyrethrowd  resistant { kdr ) and susceptible strains of
chipteran larvae. Pesticide Scicnce. 100 407-413,

20- Pap, L& Toth, A (1995): Development and characteristics of resistance in
the suscepuble WO SRS house fly { Musca domestica ) strain subjected 1o
selection with Beta-cypermethnn. Pesticide Science, 45; 335-349,

21-Prester . T M. & Georghiow. P, (1980): Penetration of permethrin and
knuckdown i larvae of pyrethrowd-resistant and susceptible strains of the
southern house mosquitoes. Journal of Feonomic Entomolology. 73: 165-167.

22- Sahgal, A Kumar, S & Pillai, M. K. K. (1994): Microplate assay of elevated
esterases activity in mdividual pyrethroid - resistant  mosquitoes. Journal
of Biosciences. 19 1931049,

23- Salgado, V. L, Lrving, S N & Miller, T. A. (1983} The importance of nerve
terminal depolanization  in pyrethroid poisoning ol insects. Pesticide
Bochemustry and Physiology. 20: 169-182,

24- Seabrook, G. R, Duce , I R, and Irving, §. N. (1988): Effects of pyrethroid
cypermethrin on [L-glutamate-induced changes in the input conductance of the
ventrolateral muscles of the larvae housce [y, Musca domestica, Pesticide
Hiochemistry and Physiology, 32: 232-239.

25 smalleombe, AL (19%1): Some investigations inlo knock-down resistance in
house Mies (Musca domestica), PRD Thesis, University of Birmingham. pp-141.

26 Lty MO 19RT) Malaria control in Tran: Present and future, Journal of The

Aamernican Maosguite Contrel Association. 3 392-306.



