
Abstract. – Objectives and Materials and
Methods: The repellent efficacy of dimethyl phtha-
late (DMP) treated wristband was determined
against mosquitoes, viz Anopheles stephensi Lis-
ton, Aedes aegypti Linnaeus, Culex quinquefascia-
tus Say at two concentrations viz., 1.5 and 2.0
mg/cm2 under the laboratory conditions. DMP treat-
ed wristband had shown variable degrees of repel-
lency impact against different mosquito species.

Results: Its offered higher reduction of man
landing rate against Anopheles stephensi at both
concentrations of 1.5 (81.1%) and 2.0 mg/cm2

(87.0%). 79.8% and 84.8% of protection achieved
against Culex quinquefasciatus at concentrations
of 1.5 and 2.0 mg/cm2, respectively. 74.4 and 86.5%
of reduction of man landing rates were obtained
against Aedes aegypti at concentrations of 1.5
and 2.0 mg/cm2 respectively. The reduction of
man-landing rate evaluations were confirmed by t-
test compared between control group and each
experimental group. The t-test result shows at 1.5
(p = 0.0026; t = 19.2; df = 2) as well 2.0 mg/cm2 (p =
0.0025; t = 19.8; df = 2) are extremely significant to
reduce the man vector contact.

Conclusion: The present data suggest that
DMP treated wristbands are most promising
against both day and night-biting mosquitoes and
significantly reducing the man-vector contact.
Therefore, it could serve as a potential as means
of personal protection device against insect nui-
sance biting and insect-borne disease when and
where other kinds of personal protection mea-
sures are impossible and impracticable.
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Introduction

Vector-borne diseases continue to inflict high
morbidity and mortality and are an important
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cause of poverty and underdevelopment1. Mos-
quitoes are known vectors of several disease-
causing pathogens, which affect many millions
of people all over the world. Aedes aegypti is
known to carry dengue, yellow fever and
Chikungunya. Malaria is carried by Anopheles
stephensi; and filarial disease by Culex quinque-
fasciatus2,3. One to two million deaths worldwide
are reported annually due to malaria. Lymphatic
filariasis affects at least 120 million people in 73
countries including India and in the remaining
countries in Africa, Southeast Asia, and Pacific
Islands4. 

Insect repellents are widely used as a means of
personal protection against biting arthropods, the
main motive usually being avoidance of nuisance
and discomfort. Personal protection measures,
including the use of repellents, are also important
in reducing the risk of contracting insect vector
borne disease5. The first practical synthetic insect
repellent was dimethyl phthalate6. The widely
used synthetic insect repellent chemicals are di-
methyl phthalate (DMP) and dimethylbenzamide
(also known as diethyltoluamide, DEET). The
chemicals are effective against other biting in-
sects as well as many species of mosquitoes7,8. 

Personnel of military forces have close contact
with the environment and can be bitten by insects
and exposed to the related diseases, more than
other people9,10. During last few years particular
attention has been given to formulation and test-
ing of various combination of some effective re-
pellents (such as DMP) that have been declared
safe for application on skin11,12.

Although insecticide-treated bed nets protect
against mosquitoes and malaria in many parts of
the world, people may contract disease in the ear-
ly evening hours13. Thus, there is the need to find
supplemental personal protective measures to
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avoid insect/mosquito nuisance and prevent the
disease transmission. Many species of blood-
sucking insects bite predominantly around the
ankles and wrists. Strips of cotton fitted around
the extremities and impregnated with a repellent
reduce insects/mosquitoes biting significantly.
Impregnation of the repellent into cotton fabric
strips is a more reasonable way for minimizing
skin contact with repellent and they are greatly
reducing the man-vector contact14. 

Generally, vector control is considered the
most effective measure to prevent transmission of
vector-borne disease1. However, currently vector-
borne diseases remain serious threat to human
kind due to emergence of the drug resistant para-
sites, insecticide resistant vectors and non-avail-
ability of suitable and effective vaccines. In this
context, repellents are playing key role in order
to reduce the man-vector contact eventually re-
duce the vector-borne diseases.

The purpose of the present investigation was
to evaluate the repellent efficacy of Dimethyl ph-
thalate (DMP) treated wristbands against three
important vectors Anopheles stephensi Liston,
Culex quinquefasciatus Say and Aedes aegypti
(L.) at two concentrations viz., 1.5 and 2.0
mg/cm2 under the laboratory conditions.

Materials and Methods

Repellent
The first practical synthetic insect repellent

Dimethyl phthalate was selected for this present
investigation. Dimethyl phthalate (DMP) 25%
(EC) was obtained from Division of insecticides-
chemistry, Vector Control Research Centre (Indi-
an Council of Medical Research), Pondicherry
605 006, India. 

Preparation of Mosquitoes
Anopheles stephensi a principal vector of ur-

ban malaria, Aedes aegypti a principal vector of
dengue hemorrhagic fever and Culex quinquefas-
ciatus a principal vector of bancroftian filariasis
were selected for laboratory evaluation. The
colonies of these mosquitoes were cultured and
maintained in the laboratory at 27 ± 1°C and
85% relative humidity. The larvae were fed with
dog biscuits and yeast powder in the 3:1 ratio.
Adults were provided with 10% sucrose solution
and one week old chick for blood meal. The
mosquitoes were starved for 3-4 days before the

beginning of the each experiment. Conditions
during the test followed a standard diel cycle,
with air temperature 27 ± 0.20C, 47 6 3% RH,
and light intensity of 290 6 45 lux.

Experimental Cage and Wristbands
Insect cage was modified suitably to carry out

the laboratory experiment. Three cages, each
with a size of 46 × 46 × 46 cm2 were kept in ar-
ray, linked to each other through a muslin cloth
passage. Therefore, the released female mosqui-
toes in the middle chamber can easily pass
through to left (test) and right (control) cham-
bers. The test cage was specially designed and
provisions were also made to insert fore-arms on
one side, and to collect the landing mosquitoes
from the opposite side. The wristbands were pro-
vided with press buttons at both ends to fasten.

Repellent Treatment Procedure
Initially, each of the wristbands was soaked in

water and the quantity of required repellent to
wet the armbands thoroughly was measured. The
quantity of water thus determined for each arm-
band was used to mix with the desired repellents
at two different concentrations 1.5 and 2.0
mg/cm2. The repellent treatment of wristbands
was made in a non-absorbent plastic container.
Uniform distributions of repellents were ensured
by rubbing squeezing of wristbands and subse-
quently, were flattened on a polythene sheet for
shade drying. After thorough dry, each set of re-
pellent treated wristbands were kept in separate
plastic bags, in order to avoid the mixing with
other concentration.

Human Volunteers and
Use of Wristbands

In the present study, selected five healthy
male human volunteer subjects (three males and
two females) were recruited from the Medical
Entomology Division, Vector Control Research
Centre, Pondicherry, India. The study was re-
viewed and approved by the Institutional Review
Board of the Vector Control Research Centre,
Pondicherry, and subjects gave written informed
consent before participating. Volunteer arms
were washed and cleaned with ethanol solvent.
The human volunteer left forearm was main-
tained as test and tied with repellent treated
wristband while the right forearm tied with wrist-
band treated with ethanol to serve as control. Al-
location to test subjects was alphabetical and in
that manner indiscriminate. Test materials were



given anonymous code designations to blind the
study subjects and staff during application and
testing.

Repellency Test Procedure
Ahead of the experiments five hundred 3-4

day old blood-starved adult female mosquitoes
were released into the middle chamber and now
the mosquitoes can freely traverse test (Left) as
well as control (Right) chambers. Before each
test, the readiness of the mosquitoes to bite was
confirmed by having subjects insert their untreat-
ed forearm into the test cage. Once subjects ob-
served five mosquito landings on the untreated
arm, they removed their arm from the cage. Hu-
man volunteers left forearm tied with repellent
treated wristband (Test) while right forearm tied
by armband treated with ethanol (Control). Sub-
sequently, the study subject inserts the left and
right forearm into the respective chambers. Mos-
quitoes landing on forearms of test and control
were collected by insect collectors. The laborato-
ry experiment with Culex quinquefasciatus and
Anopheles stephensi were carried out during
night h (18.00-6.00), while in contrast, the obser-
vations for Aedes aegypti was made during the
day h (06.00-18.00). 

Mosquitoes landing on the left and right
forearms were captured by using the flash light
and aspirator by two insect collectors and
placed into containers covered with netting..
Insect collectors were rotated at an interval of
ten minutes to avoid bias collections. Mosqui-
toes collected from the test and control were
kept separately and counted. Experiments were
replicated five times in each concentration for
each species of mosquitoes. All experiments
were carried out with temperature 28±20 C and
relative humidity (RH) 75±5% under the labo-
ratory conditions. 

Statistical Analysis
To measure the efficacy of DMP, percentage

of repellency was calculated firstly as follows:
% Repellency = 100 × (C-T)/C, where C is the
bitten number by mosquitoes counted from
control group and T is the number counted
from the experimental group of volunteers15-17.
The differences between control and experi-
mental groups were statistically tested with
student’s t-test.

Results

DMP treated wristband offered higher reduc-
tion of man landing rate against Anopheles
stephensi at both concentrations of 1.5 (81.1%)
and 2.0 mg/cm2 (87.0%). 79.8% and 84.8% of
protection achieved against Culex quinquefascia-
tus at a concentration of 1.5 and 2.0 mg/cm2, re-
spectively. 74.4 and 86.5% of reduction of man
landing rates were obtained against Aedes aegyp-
ti at concentrations of 1.5 and 2.0 mg/cm2 re-
spectively. The reduction of man-landing rate
evaluations were confirmed by t-test compared
between control group and each experimental
group. The t-test result shows at 1.5 (p = 0.0026;
t = 19.2; df = 2) as well 2.0 mg/cm2 (p = 0.0025; t
= 19.8; df = 2) are extremely significant to re-
duce the man vector contact (Table I, II and Fig-
ure 1). Over all, DMP treated wristbands shows
78.3% and 86.1% average reduction of man land-
ing rates against all three tested mosquito species
at 1.5 and 2.0 mg/cm2 respectively.

It is an average reduction of man landing rate
of both concentrations (1.5 mg/cm2 and 2.0
mg/cm2) against all three vector mosquitoes. It
was calculated by applying the following proce-
dure;
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No. of mosquitoes captured
% reduction of P(T<=t) 

Mosquito species Control 1.5 mg/cm2 man lading rate two-tail

Anopheles stephensi 286 54 81.1 t-value = 19.2
Culex quinquefasciatus 258 52 79.8 df = 2
Aedes aegypti 263 68 74.4 p = 0.0026*

Table I. Efficacy of DMP treated wristbands at a concentration of 1.5 mg/cm2 against mosquito vectors of disease under the
laboratory conditions.

*Note: p < 0.05 is statistically significant.
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1.5 mg/cm2 = 81.1+79.8+74.4 = 235.3
= 235.3/3 = 78.3% 

2.0 mg/cm2 = 87.0+84.8+86.5 = 258.3
= 258.3/3 = 86.1% 

Discussion

The control of vector-borne diseases repre-
sents one of the greatest global public health
challenges of the 21st century. DMP treated
wristbands were evaluated for their repellent effi-
ciency against three major predominant vector
mosquitoes, Anopheles stephensi, Culex quinque-
fasciatus and Aedes aegypti at 1.5 and 2 mg/cm2

under laboratory conditions. As shown in Table I,
II and Figure 1, it is clear that the DMP treated
wristband has strong repellent action against all
three major vector mosquitoes. 

Anopheles stephensi was sensitive to the DMP
treated wristbands and the present result is con-

sistent with a study conducted in Iran, we have
found that two repellents includes Iranian and
Merck dimethyl phthalate (DMP) were evaluat-
ed against Anopheles stephensi and Culex pipi-
ens and found that there were significant differ-
ences in repellent sensitivity between Anopheles
stephensi and Culex pipiens at the ED95 level.
Anopheles stephensi was highly sensitive to the
DMP18. 

The DMP repellency effectiveness against all
tested mosquito species particularly against
Aedes aegypti provided 74.4% of reduction of
man landing rate at 1.5 mg/cm2 and its offered
maximum of 86.5% at a concentration of 2.0
mg/cm2. Similar result was observed by a earlier
study when the fabric strips (anklets, wristbands,
shoulder and pocket strips) impregnated with
DEET (N,N-diethyl-m-toluamide) were tested
against mosquito vectors of disease under the
field conditions. The DEET impregnated anklets,
wristbands, shoulder and pocket fabric strips at a
concentration of 2 mg/cm2 provided 5 h complete
protection against mosquitoes bites and the re-
duction of man-landing rate varied between
65.85-100%. However, DEET impregnated fabric
strips at a concentration of 1.5 mg/cm2 provided
4 h complete protection against mosquito bites
and the reduction of man-landing rate varied be-
tween 51.21-100%14. Previous study of Lee et
al.17 (2004) tested Neem oil against mosquito
vectors and reported similar results of the effica-
cy according to the different dose.

In the present investigation, the results sug-
gested that DMP treated wristbands proved to be
a means of effective personal protection measure
against three mosquito species tested. However
few earlier studies findings showed that DMP has
a poor repellency against various insects. Twen-
ty-five per cent of N-diethyl phenyl acetamide
(DEPA) incorporated macrogol ointment and tal-
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No. of mosquitoes captured
% reduction of P(T<=t) 

Mosquito species Control 2 mg/cm2 man lading rate two-tail

Anopheles stephensi 294 38 87.0 t-value = 19.8
Culex quinquefasciatus 298 45 84.8 df = 2
Aedes aegypti 252 34 86.5 p = 0.0025*

Table II. Efficacy of DMP treated wristbands at a concentration of 2.0 mg/cm2 against mosquito vectors of disease under the
laboratory conditions.

*Note: p < 0.05 is statistically significant.

Figure 1. Percentage reduction of man landing rate with
DMP treated wristbands at concentrations of 1.5 and 2.0
mg/cm2 against mosquito vectors of disease under the labo-
ratory conditions.



cum base formulation offered more than 8 h and
6 h protection, as compared to DMP for 3 h and
1 h 30 min, respectively19. Another study reports
the results showing effectiveness of an insect re-
pellent N,N-diethylphenylacetamide (DEPA)
against stable fly, Stomoxys calcitrans, and com-
pared to N,N-diethyl-m-toluamide (DEET) and
dimethyl-phthalate (DMP). DEPA gave maxi-
mum protection time of more than 6 h at 3% con-
centration followed by DEET and DMP20. This
may possibly due to disparate mode of applica-
tion. 

DMP treated wrist bands are extremely useful
when and where other kinds of personal protec-
tion measures are impossible and impractical.
84.8% of protection achieved against Culex quin-
quefasciatus at a concentration of 2.0 mg/cm2. In
one other study in Pakistan, the mean protection
percent of permethrin treated uniforms against
different species of mosquitoes has been estimat-
ed 57%21. Another investigation, in the Viet-
namese forest, showed that mosquito bites on
DEET users were reduced by more than three-
fold when sitting next to an unprotected partner
who used a solvent control in comparison with
the condition when treated subjects sat alone22. 

The fact is remaining that several personal
protection devices need electricity for their oper-
ation and therefore it may not be useful in the re-
mote rural and forest areas, where there is a lack
of electricity. This type of circumstance repellent
treated wristbands is extremely supportive and
valuable. In addition, DMP treated wristbands
offered 86.5% of reduction of man landing rate
against Aedes aegypti at a concentration of 2.0
mg/cm2. While studying the effectiveness of net
jacket treated with DEET in field against biting
midges viz., Culicoides furens, Culicoides hol-
lensis and Culicoides mississipiensis has shown
that it provided 98-99% protection, but against
Culicoides barbosai it provided only 59% pro-
tection23. 

Human volunteers wearing fabrics, in the form
of armbands, anklets, headbands, collar, and
shoulder & pocket strips impregnated with Vitex
negundo leaves extract were used, to test their re-
pellent efficacy at two concentrations viz., 1.5
and 2.0 mg/cm2 under the field conditions. At 1.5
mg/cm2 concentration was found to be more effi-
cacies and it provided 6 h complete protections
against mosquito bites. Complete protections
were for 8 h found at 2.0 mg/cm2 against mosqui-
toes bites24. Mosquito control and personal pro-
tection from mosquito bites are currently the

most important measures to control vector borne
diseases. The use of repellents is a practical and
economical means of preventing the transmission
of the diseases to humans6. 

Vector-borne diseases are the major public
health problem and it does contribute substan-
tial socio-economic impediment in the tropical
world. Indeed, developing countries are the
foremost sufferer and major victims for several
vector-borne diseases as a result of lack of af-
fordability to acquire indispensable personal
protection devices. On the other hand, repellent
treated wristbands are incredibly economical,
reusable by means of reimpregnation with re-
pellents and it does not require any special ex-
pertise to use. In addition, it’s having long last-
ing repellent activity than direct application on
the exposed parts of skin and one can avoid
considerable level of adverse effects like aller-
gic reactions too. Therefore, repellent treated
wristbands could serve as a mean of effective
as well efficient personal protection device
against both day and night-biting mosquitoes in
order to reduce the man-vector contact and
eventually vector-borne diseases. 
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