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Carbamate resistance in Anopheles albimanus
Cross resistance spectrum and stability of resistance *

VELUPPILLAI ARIARATNAM I & GEORGE P. GEORGHIOU I

Carbamate resistance induced in a field strain of A. albimanus from El Salvador by
laboratory selection with propoxur remainedfairly stable on relaxation ofselection pressure
for 12 generations. Studies on cross and multiple resistance showed that this strain was not
resistant to the pyrethroids bioresmethrin, bioallethrin, and CRC 11451, although resistance
to cismethrin was 2.3-fold. Resistance to 10 carbamates of various structural configurations
covered a broad spectrum, being for example >100 x to Bay 38799, Ciba 17474, and Ciba
18107, 74.8 x to carbaryl, 20.57 x to carbanolate, and 2.27 x to Stauffer R 15396. The
possible causes of the presence or absence of cross resistance and the implications of
stability of resistance and cross resistance are discussed.

A field strain of A. albimanus from El Salvador,
when subjected to laboratory selection by the
carbamate propoxur, responded in three generations
by the development of high levels of resistance to
carbamate and organophosphorus compounds (1).
The rapid attainment of such resistance was attrib-
uted to indirect selection pressure by agricultural
pesticides to which this strain had been exposed in
the field for several years. It was suggested that this
exposure had resulted in the accumulation of ancil-
lary genes and reorganization of the genome, so that
the population responded readily to selection under
conditions that prevented dilution of the gene pool
by migrants. This was further substantiated by the
subsequent development of resistance to both groups
of insecticides by this population in the field (2-4).

In this paper we report further studies carried out
to determine the cross resistance spectrum and to
elucidate the stability of propoxur resistance.

MATERIALS AND METHODS

Mosquito colonies
Propoxur-selected strain. This strain was derived

from the El Salvador collection by selection of the
larval stage with propoxur (1).
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Haiti-Panama strain. This was obtained by inter-
breeding 2 strains, one from Haiti and another from
Panama, maintained separately in our laboratory for
over 10 years. Both strains were susceptible to
organophosphorus and carbamate insecticides. How-
ever, the Haiti strain was susceptible to DDT but
resistant to dieldrin (Georghiou, G. P. & Gidden,
F. E., unpublished report to WHO, 1965), whereas
the Panama strain was moderately resistant to both
insecticides (5).

Gorgas strain. This susceptible strain was obtained
from the Gorgas Memorial Laboratory, Balboa
Heights, Canal Zone where it has been reared since
1936 (6).

Rearing techniques
The rearing method employed has already been

described (3). The colonies were maintained under a
photoperiod of 15 h of simulated daylight and 9 h of
darkness. The females were fed on either guinea-pigs
or white mice. The larvae were fed daily with a 1: 2
mixture of brewers' yeast and Purina Laboratory
Chow.

Bioassay techniques

Larvae. The bioassay method as already described
(7) consisted of exposing groups of 20 early-fourth-
instar larvae in 250-ml waxed paper cups containing
the appropriate concentration of insecticide in
100 ml of water. The insecticides were of technical or
analytical grade and were applied from standard
acetone solutions at the rate of 1 ml per 100 ml of
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water. Bioassays were made 24 h after treatment.
The tests were replicated 4 or 5 times on different
days and the results subjected to probit analysis (8).

Chemicals. In addition to the standard insecticides
used in this study, the following were also employed:
bioresmethrin, 95% purity, cismethrin,a 90% purity,
and bioallethrin, supplied by the National Research
Development Corporation, London, England; CRC-
11451,b synthesized by Dr D. A. Wustner, University
of California, Riverside, USA; Stauffer R 15396;c
Landrin;4 Chevron Ortho 11775 ;e Hercules 9007;f
Mobam;9 carbanolate; Bayer 38799 ;h Ciba 17474 ;
and Ciba 18107.V

RESULTS AND DISCUSSION

Stability ofpropoxur resistance

A subcolony from the Fs selected generation was
reared separately and carried over into subsequent
generations without selection pressure. The suscep-
tibility levels were monitored at each generation up
to the twelfth with one or more dosages of propoxur
ranging from 100 to 1 000 mg/litre. The results are
given in Table 1. The percentage mortalities at each
of the concentrations fluctuated from generation to
generation, but even at the F3+12 generation the
percentage mortality caused by 100 mg/litre pro-
poxur was only 14. The abnormally high mortalities
observed in certain generations may have been due
to the microsporidial infections that were evident in
the colony from time to time. It is therefore
concluded that the propoxur resistance induced in
this strain is fairly stable for at least 12 generations
without selection pressure. Studies on the genetics of
carbamate resistance in this strain, which will be
published separately, have revealed that carbamate
resistance is monofactorial but influenced by modi-
fiers. It is therefore likely that selection pressure by

a [5-(phenylmethyl)-3-furanyl]methyl cis-(+)-2,2-dime-
thyl-3-(2-methyl-1-propenyl)cyclopropanecarboxylate.

b (2-chloro-4,5-methylenedioxyphenyl)methyI 2,2,3,3-te-
tramethylcyclopropanecarboxylate.

c O,O-diethyl O-[4-[[[[(hexylamino)carbonyl]oxy]imino]me-
thyl]phenyl] phosphorothioate.

d 3,4,5 trimethylphenyl methylcarbamate+ 2,3,5-trime-
thylphenyl methylcarbamate.

e 3-(1-methylpropyl)phenyl methyl(phenylthio)carbamate.
f 3-(1-methylethyl)phenyl (chloroacetyl)methylcarbamate.
g benzo[b]thiophen-4-yl methylcarbamate.
h 2-cyclopentylphenyl methylcarbamate.
i 2-[(2-propenyl)methylamino]phenyl methylcarbamate.
i 2-(1-methoxy-1-methylethoxy)phenyl methylcarbamate.

Table 1. 24-hour mortalities monitored with high
dosages of propoxur at different generations after
relaxion of selection pressure

Percentage mortality at the following dosages
Generation (mg/litre)

100 500 700 1 000

F3+1 9 7 19 81

F3+2 1 54 89 100

F3+3 3 13 50 100

F3+4 10 31 71 98

F3+5 5 25 64 93

F3+6 8 39 85 100

F3+7 12 36 65 -

F3+8 18 25 59

F3+9 31 48 79

F3+10 11 - -

F3+11 24 - -

F3+12 14 8 31

agricultural sprays in the field for several years
resulted in the accumulation of ancillary genes that
favoured the stabilization of resistance.

Cross and multiple resistance spectrum a

Because of the different levels of resistance present
in the parental strain, it was difficult to ascribe with
certainty the changes in susceptibility either to cross
resistance or to multiple resistance. For this reason
all changes in susceptibility are dealt with together. It
is realized, however, that changes in susceptibility to
organochlorine and cyclodiene insecticides should
more appropriately be ascribed to multiple resis-
tance. Enhanced resistance to some organochlorine
and organophosphorus insecticides induced in this
strain in the course of selection has already been
reported (1).

Tests with three pyrethroids showed that no
enhancement of resistance to bioresmethrin or bio-
allethrin had occurred (Table 2). There was, how-
ever, a small increase in tolerance (2.3 x) toward
cismethrin. Bioallethrin was somewhat more toxic to
the propoxur-selected than to the Gorgas strain.

a "Cross resistance" refers to those cases in which one
mechanism confers protection against a variety of toxicants,
whereas " multiple resistance " refers to those in which
different mechanisms confer protection against different
toxicants.
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Table 2. Cross and multiple resistance of propoxur-selected A. albimanus to carbamate
and pyrethroid insecticides

Gorgas Propoxur-selected
Compound (mg/litre) slope LC50 slope RRa

pyrethroids

bioresmethrin 0.015 b 4.6 0.015 8.7 1

cismethrin 0.012 b 2.2 0.028 5.1 2.3

bioallethrin 0.396b 3.6 0.24 2.6 0.61

CRC 11451 0.159b 1.4 0.14 5.8 0.88

carbamates

propoxur 0.39 b 7.74 >100 - >100

carbaryl 0.89 b 6.59 66.65 3.95 74.8

Stauffer R 15396 0.011 3.32 0.025 2.88 2.3

Landrin 1.81 4.19 4.9 4.57 2.7

Chevron 0-11775 0.062 5.89 0.22 4.92 3.6

Hercules 9007 0.8 9.9 4.4 3.58 5.5

Mobam 1.1 8.9 8.2 4.85 7.5

carbanolate 2.45 4.7 50.4 1.27 20.6

Bayer 38799 0.75 6.41 >100 - >100

Ciba 17474 1.02 9.04 >100 - >100

Ciba 18107 1.35 8.05 >100 - >100

a Resistance ratio -
LCs0 of resistant strain
LCso of susceptible strain

b LC50 of susceptible Haiti-Panama strain

In the case of CRC 11451, a pyrethroid-like
compound with a methylenedioxyphenyl moiety, the
resistance ratio (RR) obtained was 0.88. Incorpora-
tion of the methylenedioxyphenyl moiety into carba-
mate molecules has been shown to enhance the
toxicity of carbamates. This autosynergism was
attributed to the role of the carbamoyl group in
providing the methylenedioxyphenyl group with
maximum orientation to a key nucleophilic group at
the active site of the detoxification enzyme (9).
The high resistance (>1OOx) to Bay 38799, Ciba

17474, and Ciba 18107 may be attributed in part to
their structural similarities to propoxur, i.e., the
presence of ortho substituents in all four compounds.
However, a propoxur-selected strain of Culex fati-
gans with a resistance ratio of 25.4 for propoxur
showed cross resistance to Bay 38799 of only 7.8 x
(10). Shrivastava et al. (11) have shown that resistant
strains of C. fatigans metabolize propoxur, primarily

into hydroxylation products but also into other
metabolites including acetone, 2-hydroxyphenyl me-
thylcarbamate, 2-(1-methylethoxy)-5-hydroxyphenyl
methylcarbamate, 2-(1-methylethoxy)phenyl carba-
mate, and 2-(1-methylethoxy)phenyl N-hydroxy-
methylcarbamate. A similar pathway in the metabo-
lism of propoxur has been demonstrated in houseflies
(12). In contrast, carbamate metabolism in A. albi-
manuswas found to be of relatively low efficiency (13).

Carbaryl exhibited the second highest degree of
cross resistance. Studies on the metabolism of
carbaryl by the propoxur-selected strain (13) indi-
cated that small amounts of 5,6-dihydro-5,6-dihy-
droxycarbaryl and N-hydroxymethylcarbaryl are
produced. However, hydroxylation at the 4 and
5 positions in the naphthalene ring as reported in
mammals (14, 15), in blowfly (Calliphora erythro-
cephala) larvae (16), and in houseflies (17) did not
occur.

657



V. ARIARATNAM & G. P. GEORGHIOU

The 20.6 x resistance to carbanolate may be due
to the availability of ring positions and functional
groups for hydroxylation. In the case of the pro-
poxur-selected strain of C. fatigans referred to above,
Georghiou et al. (10) found a cross-resistance ratio
of 7.3 for this compound.
Mobam, with a resistance ratio of 7.4, is next in

order of toxicity. The metabolism of Mobam in
insects has not been studied, as far as could be
determined.

In Hercules 9007 (RR = 5.5) one possible
metabolic pathway is the cleavage of the
N-C(O)CH2CI bond with the formation of chloro-
acetic acid and 3-(1-methylethyl)phenyl methylcarba-
mate, which has been reported to be toxic to
mosquitos (18). Enzymatic hydrolysis in vivo of N-
acylcarbamates with the liberation of the toxic
precursor has been demonstrated in the spruce
budworm (19) and in the cotton leafworm (20).
Chevron Ortho 11775 (RR = 3.5) penetrates more

easily owing to the lipophilic nature of the S-phenyl

group. Moreover, cleavage of this compound may
occur at the N-S bond resulting in the liberation of
3-(1-methylpropyl)phenyl methylcarbamate. This
compound has been found to be effective against
both larval and adult stages of organophosphorus-
resistant Aedes nigromaculis and Culex tarsalis in
California (21).

In Landrin (RR = 2.7) three of the ring sites for
hydroxylation are blocked by methyl groups and this
may contribute to the low resistance ratio observed.

Stauffer R 15396 is structurally a combination of
organophosphorus and carbamate compounds, and
its relatively high toxicity (RR = 2.3) may possibly
be due to this property.

Cross resistance to carbamates in the propoxur-
selected strain thus covers a broad spectrum. A
similarly broad spectrum of cross resistance was
observed by Georghiou et al. (10) in the propoxur-
selected strain of C. fatigans. It was also observed in
carbamate-selected strains of the housefly (22-26)
and the German cockroach (27).

RESUMEI

RESISTANCE AUX CARBAMATES CHEZ ANOPHELES ALBIMANUS

On a etudie la stabilit de la resistance aux carba-
mates et le spectre de la resistance croisee d'une souche
d'Anopheles albimanus provenant d'El Salvador, chez
laquelle une resistance aux carbamates et aux organo-
phosphores a ete induite par selection en laboratoire au
moyen de propoxur. Une sous-colonie obtenue a partir
de la generation F3 a ete elevee separement, sans pression
de selection, pendant douze generations. A chaque gene-
ration, on controlait le degre de r6sistance au moyen de
doses de propoxur allant de 100 a 1000 mg/l. Bien que la
mortalite ait subi des variations d'une generation 'a
l'autre, probablement en raison d'infections a micro-
sporidies frappant periodiquement la colonie, la mortalite
obtenue a la douzieme generation avec 100 mg/l de
propoxur n'etait que de 14%, ce qui montre que la
resistance au propoxur induite dans cette souche reste
stable, tout au moins pendant cette periode.
En ce qui concerne les chrysanthemates, aucune resis-

tance croisee i la bioresmethrine, it la bioalldthrine ou au
tetramethyl-2,2,3,3 cyclopropanecarboxylate de chloro-2
methylenedioxy-4,5 benzyle (CRC 11451) n'a ete obser-
v6e, tandis qu'on obtenait une resistance de 2,3 x (par
rapport a la souche sensible) avec la cismethrine.
La resistance croisee obtenue avec 10 carbamates de

diverses configurations s'etend sur un large spectre. Avec
le Bayer 38799, le Ciba 17474, et le Ciba 18107, le rap-
port des resistances etait superieur 'a 100 x. Ceci peut
etre dui en partie IA des analogies de structure avec le

propoxur, notamment la presence de substituants en
ortho dans tous les composes.
La resistance obtenue avec le carbaryl (74,8 x ) est en

partie due a sa transformation metabolique, par cette
souche, en petites quantites de dihydro-5,6 dihydroxy-5,6
carbaryl et de N-hydroxymethylcarbaryl, comme l'ont
montre d'autres etudes.
La resistance relativement elevee (20,6 x ) obtenue avec

le carbanolate peut etre due au fait que certains groupe-
ments fonctionnels et positions du cycle restent dispo-
nibles pour l'hydroxylation.
La resistance obtenue avec les autres carbamates

etudies est relativement faible: Mobam, 7,4 x; Hercules
9007, 5,5 x ; Chevron 0-1 1775, 3,5 x; Landrine, 2,7 x et
Stauffer R 15396, 2,3 x . L'Hercules 9007 pourrait etre
metabolise par clivage de la liaison N-C(O)CH2.C1 avec
liberation de methylcarbamate d'isopropyl-3 phenyle,
compose toxique pour les moustiques. Le Chevron Ortho
11775 est de penetration plus facile en raison du carac-
tere lipophile du groupement S-phenyle. Son clivage au
niveau de la liaison N-S libere du methylcarbamate de
(mdthyl-l propyl)-3 phenyle.
La faible resistance croisee obtenue avec la Landrine

peut etre due au blocage par des groupements methyle
de trois des positions du cycle susceptible d'etre hydroxy-
l6es. Par sa structure, le Stauffer R 15396 est une combi-
naison d'organophosphore et de carbamate, ce qui peut
expliquer sa toxicite relativement elevee.
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