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Abstract. Aedes aegypti, at the larval stage, has been subjected to the temephos selection in labora-
tory. The level of temephos resistance was detected in a microplate by biochemical assay using WHO
bioassay technique. The major enzyme-based resistance mechanisms involved in temephos resis-
tance include elevated nonspecific esterase, oxidase and insensitive acetylcholinesterase. After 19
generations of temephos selection, the selected group showed resistance ratios of 4.64 and 16.92,
when compared with a non-selected group and the WHO susceptible strain, respectively.  The two
seperated forms, type form and the pale form of Ae. aegypti showed low levels of resistance to temephos
after 19 generations of selection, with resistance ratios of 4.82 and 4.07 for the type form and the pale
form, respectively; when compared with the non-selected strain, 17.58 and 14.84, when compared
with the WHO susceptible strain. This showed that the type form could develop higher level resis-
tance than the pale form. The esterase inhibitor (S,S,S-tributy1 phosphorotrithioate, DEF) or syner-
gist implicated detoxifying esterase in all the temephos selected groups and the presence of elevated
esterase were confirmed by biochemical assay. There were significant differences in elevated esterase
activity between the temephos selected groups and the non-selected group. However no significant
difference between the type form and the pale form was found. Besides the elevated esterase, there
was no change in monooxygenase activity and no evidence of insensitive acetylcholinesterease for all
temephos selected groups. These results suggest that temephos resistance could be developed in Ae.
aegypti under selection pressure and that the main mechanism is based only on esterase detoxifica-
tion.

INTRODUCTION

Dengue hemorrhagic fever (DHF) was first
recognized in Thailand in 1958 (Nimmannitya,
1987). In the year 2001, a total of 139,274 cases
of dengue fever (DF), DHF and dengue shock
syndrome(DSS), with 239 deaths, were reported
by the Epidemiology Division of the Ministry of
Public Health, Thailand. Although vaccination
would be an ideal method to control DHF, the
development of vaccines for dengue viruses is still
in progress. Thus, to date, in the absence of suit-

able vaccines, vector control is the only method
in addition to clinical case management available
to combat DHF. In Thailand, Aedes aegypti has
been documented as the principal vector for den-
gue transmission. Permanent control of Ae.
aegypti must be by the destruction of the
mosquito’s breeding sites. However, for imme-
diate local control of epidemic tranmission of
DHF, it is very important to carefully plan for
vector control by using insecticides against lar-
vae and adult mosquitos. At the moment, orga-
nophosphates and pyrethroids are used to control
larvae and adults, respectively. Covering water
containers was the most common practice to pre-
vent mosquito breeding in drinking-water con-
tainers, whereas the addition of Abate (Temephos
sand granules) or changing stored water fre-
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quently was commonly used for non-drinking
water storage (Swaddiwudhipong et al, 1992).

Sucharit et al (1997) reported that the sub-
specific level of Ae. aegypti comprised two forms,
the dark form (or type form) and the pale form.
The dark form is endophilic and some were
peridomestic in habit, while the pale form is
exophilic. These two forms showed some differ-
ences in insecticide susceptibility, as well as dif-
ferent susceptibility to dengue virus.

Abate (temephos) is an organophosphorus in-
secticide that has been used as larvicide against Ae.
aegypti in Thailand since 1967 (Jurjevskis and
Stiles, 1978). The widespread use of insecticide has
led to selective insecticide resistance in mosquitos,
which will be a problem for the control of the dis-
ease (Roberts and Andre, 1994). Rawlins (1998)
reported high levels of resistance to temephos in
some Caribbean countries. Resistance to temephos
was found to be low (<5x) in Ae. aegypti from Ven-
ezuela (Mazzarri and Georghiou, 1995). In French
Polynesia, a low, but significant, resistance to
temephos (4.3x) in Cx.p. quinquefasciatus and 2.3x
in Ae. aegypti (Failloux et al, 1994).

The two major forms of insecticide resis-
tance mechanisms with organophosphorus insec-
ticides are target-site resistance and detoxifica-
tion enzyme-based resistance, which occurs when
enhanced levels or modified activities of enzyme
esterases and the cytochrome P450 oxidases (also
termed monooxygenases or mixed function oxi-
dases) prevent the insecticide from reaching its
site of action (Brogdon and McAllister, 1998).

This study is designed to examine temephos
resistance in Ae. aegypti mosquitos collected from
areas where temephos sand granules had been
applied continuously, so that resistant strains will
be selected in the laboratory. The major forms of
resistance mechanism can identified based on
enzyme assay of the elevated (non-specific) es-
terase, oxidase and insensitive acetylcholinest-
erase in the subspecific levels of the type form
and the pale form.

MATERIALS AND METHODS

Mosquitos
Five groups of mosquitos were used in this

study. The Nonthaburi colony was derived from

collecting Ae. aegypti larvae indoors and outdoors
at the Anurajprasit Kindergarden School and the
area around the school. After 1 generation in the
laboratory, this colony was divided into 2 groups;
the first one was subjected to temephos selection
(Nonthaburi-Sel group) and the other was main-
tained without selection (Nonthaburi-Non-sel
group). After 9 generations of temephos selection,
the Nonthaburi-Sel group was characterized into
another 3 subgroups: the first one was the type form
(variety); the second was the pale form (variety
queenslandensis) and the third were left together
and identified as mixed form. Ae. aegypti type
form and pale form were distinguished according
to the method of Mattingly (1957, 1958). All 3
groups were subjected to continued selection of
larvae with temephos. The last (fifth) group,
Ae. aegypti Bora Bora strain (WHO susceptible
strain), which was obtained from Prof Yap Han
Heng, Universiti Sains Malaysia, Penang, was used
as the reference susceptible group.

Insecticides
The technical grade (90% purity) of

temephos (Abate), an organophosphate insecti-
cide, was obtained from Cyanamid Co, USA.

Bioassay procedures
The late third or early fourth instar larvae of

all groups were used for bioassay. The procedures
were recommended by the WHO (1963). The re-
sults were analyzed for the median lethal con-
centration (LC50) and LC95 by probit analysis us-
ing a Basic program (Raymond, 1985).

Selection procedures
The Nonthaburi groups were used for selec-

tion. The groups of 25 late third, or early fourth,
instar larvae were exposed to temephos in 250 ml
of dechlorinated tap water for 24 hours. The con-
centration used for selection was approximately
LC50, which was obtained from the bioassay test of
previous generations; 0.0025 mg/l for S1 to S4 gen-
erations, 0.005 mg/l for S5 to S7, 0.01 mg/l for S7 to
S14 and approximately LC80, 0.02 mg/l for S15 to S19

generations. The surviving larvae from each expo-
sure were reared for further selection.

Synergism test for confirmation of the de-
fence mechanism

This test was similar to the bioassay tests
except that 0.5 ml of the maximum sublethal con-
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centration of an esterase inhibitor, S,S,S-tributyl
phosphorotrithioate, (0.5 µg/ml) was added to
each cup with 0.5 ml of insecticide.

Microtiter plate assay

Esterase assay. Total esterase activity in indi-
vidual, frozen larvae of mosquitos (late third or
early fourth instar) from the Nonthaburi-Selec-
tion, Nonthaburi-Non-sel and Bora Bora strains
were dertermined according to the method of Lee
(1991). Enzyme activity was determined as an
OD value by microplate reader at 450 nm.

Monooxygenase assay. To measure the activ-
ity of monooxygenases from individual larvae,
the procedure described by Vulule et al (1999)
was adopted, with a single modification, by using
the same buffer (potassium phosphate buffer)
as the esterase assay in preparing the larvae
homogenate. Enzyme activity was determined
by a microplate reader at 620 nm.

Acetylcholinesterase assay. Homogenate from
the mosquito larvae were tested for insensitive
AChE using the method of Lee et al (1992),
which was modified from the Ellman test
(Brogdon et al, 1988). Enzyme activity was de-
termined using a microplate reader at 410 nm.

Protein concentration determination
The protein in each larva was determined by

the method of Bradford (1976) in order to detect
the differences in size among the individuals that
might require correction factors for enzyme assay,
as in the case of esterase and monooxygenase as-
says.

RESULTS

The percentages of adult offspring Ae.
aegypti type form and pale form in each genera-
tion under temephos selection pressure were sum-
marized in Table 1. In the type form group, after
categorization and selection by temephos from
generation 9 to 19, the percentage of the type form
in the group increased. Meanwhile, in the pale
form group after 11 generations of categorization
and selection, the percentage of pale form mos-
quitos continued to fluctuate.

The LC50 of selected generations of the
Nonthaburi-Sel group are shown in Table 2. Un-

der temephos selection, there was increasing LC50

from 0.00332 mg/l to 0.010 mg/l in the S9 gen-
eration. After each colony was categorized as the
mixed form, the type form and the pale form
groups were consecutively selected. In genera-
tion 19, the LC50 in the mixed form, type form
and pale form groups increased to 0.0154, 0.016
and 0.0135 mg/l, respectively. This showed low
level resistance by increasing nearly 5-fold (4.64,
4.82 and 4.07-fold) at LC50, when compared with
the F1 generation (non-selected group) (Table 2).

In the absence of selection pressure, the
temephos resistance ratio of the Nonthaburi Non-
selected group, compared with the Bora Bora
strain, was 3.65 at LC50. After 19 generations of
selection, the temephos resistance ratio increased
to 17.58, 14.84 and 16.92 in the type from, pale
form and mixed form, respectively (Table 3).

The addition of esterase inhibitor, DEF, to
the temephos resulted in a reduction in the resis-
tance ratio, as shown in Table 3. The resistance
ratio in the Nonthaburi-Sel groups; type form, pale
form and mixed form groups were reduced to
4.37, 4.33 and 3.57, respectively.

Biochemical assays revealed the presence of
elevated esterase activity in all Nonthaburi-Sel
groups (Table 4). The Nonthaburi-Sel group
mixed form, had a significantly different increase

Table 1
Percentage selection for type form and pale

form under temephos selection pressure of type
form and pale form groups.

Generation Type form group Pale form group

%(No. type: Total) %(No. pale: Total)

S9 58.33 (210:360) 41.67 (150:360)
S10 87.67 (64:73) 33.99 (52:153)
S11 80.21 (150:187) 47.74 (74:155)
S12 75.00 (126:168) 44.72 (110:246)
S13 93.51 (173:185) 77.38 (585:756)
S14 60.13 (95:158) 58.8 (147:250)
S15 95.80 (228:238) 47.28 (87:184)
S16 99.44 (179:180)          Not done
S17 97.06 (165:170) 52.38 (143:416)
S18 94.21 (179:190) 61.37 (143:233)
S19 95.83 (69:72) 72.22 (65:90)
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Table 2
LC50 * of  temephos  in selected generations of Aedes  aegypti.

Generation Nonthaburi-Selection Resistance ratio

Mixed form Type form Pale form Mixed form Type form Pale form

S0 (F1) 0.00332 1.00
S2 0.003 0.90
S4 0.006 1.81
S6 0.005 1.51
S8 0.010 3.01
S9 0.010 3.01
S10 0.013 0.012 0.010 3.92 3.61 3.01
S15 0.013 0.016 0.013 3.92 4.82 3.92
S19 0.0154 0.016 0.0135 4.64 4.82 4.07

* Median lethal concentration (mg/liter)

Table  3
Effect of  temephos and  temephos with the esterase inhibitor, S,S,S-tributylphosphoro-trithioate

(DEF), on resistance levels to temephos of Aedes aegypti groups in comparison with the susceptible
strain (Bora Bora).

Insecticide  Group LC50(mg/l) LC95(mg/l)        Resistance ratio

LC50 LC95

Temephos Bora Bora 0.00091 0.00248 1 1
Nonthaburi-Non-sel 0.00332 0.00985 3.65 3.97
Nonthaburi-Sel (S19)

Type form 0.016 0.031 17.58 12.5
Pale form 0.0135 0.025 14.84 10.08
Mixed  form 0.0154 0.0388 16.52 15.65

Temephos +DEF Bora Bora 0.00042 0.00092 1 1
Nonthaburi-Non-sel 0.00044 0.00097 1.05 1.05
Nonthaburi-Sel(S19)

Type form 0.00199 0.00300 4.37 3.26
Pale form 0.00182 0.00382 4.33 4.15
Mixed  form 0.0015 0.0031 3.57 3.37

in esterase activity from Nonthaburi-Non-sel
group. The type form group and the pale form
group also showed increasing enzyme activity.
However, there was no significant difference be-
tween these two forms.

No change was found for monooxygenase
activity (Table 5) and no evidence of insensitive
acetylcholinesterase in all Nonthaburi-Sel groups
(Table 6). This suggested that the resistance was
not associated with monooxygenases and insen-
sitive acetylcholinesterase.

DISCUSSION

Selection for temephos resistance showed
that Ae. aegypti, both type form and pale form,
had the potential to develop resistance to this in-
secticide. A low level of resistance was shown to
rise nearly 5- fold in resistance ratio after 19 gen-
erations of selection (Table 2), when compared
with the Non-selected group. However, in com-
parison with the WHO susceptible strain (Bora
Bora) it showed a marked increase in resistance



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

790 Vol  34  No. 4  December  2003

Table  4
Average esterase activities in the larvae of Aedes  aegypti   from Bora Bora,  Nonthaburi  Non-selected

and  temephos-selected  groups.

 Group Number Mean  esterase  activity1

Mean±SD2 Minimum value Maximum value

Ae. aegypti  Bora Bora 25 0.132±0.031a 0.069 0.181
Nonthaburi-Non sel 25 0.189±0.042b 0.124 0.294
Nonthaburi-Sel (S19)

Type form 25 0.264±0.064c 0.168 0.422
Pale  form 25 0.276±0.054c 0.155 0.375
Mixed  form 25  0.275±0.044c 0.210 0.376

1Esterase  activity expressed as absorbance / minute / mg protein.
2Means followed by the same letter are not significantly different.
  (p = 0.05, LSD test)

Table  5
Average monooxygenase activities in the larvae of Aedes  aegypti from Bora Bora, Nonthaburi  non-

selected and temephos selected  groups.

  Group      Number Mean  monooxygenase activity1

Mean±SD2 Minimum value Maximum value

Ae. aegypti Bora Bora 25 0.188±0.052a 0.111 0.277
Nonthaburi-Non sel 25 0.187±0.091a 0.107 0.420
Nonthaburi-Sel (S19)

Type form 25 0.183±0.095a 0.086 0.465
Pale  form 25 0.203±0.049a 0.133 0.293
Mixed  form 25  0.189±0.066a 0.093 0.360

1Monooxygenase  activity expressed as absorbance / minute / mg protein.
2Means followed by the same letter are not significantly different.
   (p = 0.05, LSD test)

Table 6
Propoxur-inhibited acetylcholinesterase (AChE) activity expressed as percentage of uninhibited

AChE activity in larvae of Aedes  aegypti  from Bora Bora,  Nonthaburi non-selected and temephos-
selected groups.

  Group      Number             Percentage of uninhibited AChE activity

Mean±SD2 Minimum value Maximum value

Ae. aegypti Bora Bora 10 64.16±8.42a 49.02 75.86
Nonthaburi-Non sel 10 67.54±16.53a 33.00 90.90
Nonthaburi-Sel (S19)

Type form 10 60.93±24.84a 33.33 95.65
Pale  form 10 63.65±22.66a 30.00 97.22
Mixed  form 10  61.49±16.20a  39.62 93.33

1Means followed by the same letter are not significantly different.
 (p = 0.05, LSD test)
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ratio (Table 3). It was noted that Ae. aegypti de-
veloped resistance to this insecticide slowly, prob-
ably due to the low selection pressure used.

Referring to categorization of the mosqui-
tos into type form and pale form, and selection
for temephos resistance, even though the adults
of the type form were separated from the pale form
group after each generation, the proportion of pale
form mosquitos fluctuated (Table 1). This might
have been due to the presence of some type form
population that was more resistant to insecticide
than the pale form(Sucharit et al, 1997). The
present results showed that the resistance ratio of
the type form was higher than the pale form and
the resistance ratio increased as the percentage
of adult type form in the colony increased (Tables
1, 2). In the mixed form, comprising the type form
and the pale form, the development of resistance
was intermediate, while the resistance in the pale
form was lower because of greater susceptibility
to insecticide (Tables 2, 3). These results were
compatible with the finding of Sucharit et al
(1997).

When the resistance to temephos had devel-
oped, the biochemical assays for enzymes re-
vealed elevations in esterase activity in all selected
groups. They showed significantly higher esterase
activity than the Non-selected group (Table 4),
but without statistically significant differences
between the type form and pale form.

In order to confirm the association of esterase
activity with temephos resistance, the esterase
inhibitor (S,S,S,-tributyl phosphorotrithioate,
DEF) was added to the temephos. The selected
groups became more susceptible to temephos, by
reducing the resistance ratio of the type form, pale
form and mixed form 3-4 fold than the WHO sus-
ceptible strain and the Nonthaburi Non-selected
group (Table 3). This indicated that esterases play
a significant role in temephos resistance. Elevated
esterase activity associated with temephos resis-
tance was also reported in Ae. aegypti from Totora,
British Virgin Islands (Wirth and Georghiou,
1999) and from Trinidad (Vaughan et al, 1998).

The study of other enzymes showed no
change in monooxygenase activity (Table 5) and
no evidence of insensitive acetylcholinesterase
(Table 6) in all Nonthaburi-selected groups, when
compared with the Non-selected group and the

WHO susceptible strain (Bora Bora). This sug-
gested that temephos resistance was not associ-
ated with monooxygenase and insensitive acetyl-
cholinesterase.

Following the identification of the resistance
mechanism, it may useful in identifying cross re-
sistance to the other insecticides conferred by this
mechanism, since Brown (1986) also reported
cross-resistance between temephos and chlorpyrifos
in a strain of Ae. nigromaculis (Ludlow) from
California.

 It is evident that this important vector spe-
cies, Ae. aegypti, has the potential to develop re-
sistance to temephos, which may result in a con-
trol problem. Continuous monitoring of insecti-
cide susceptibility in Aedes populations is criti-
cal for decisions on insecticide use. Source re-
duction, environmental manipulation and self-
protection must be emphasized in order to reduce
insecticide use and to delay the further develop-
ment of organophosphate resistance.
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