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Abstract: In the present study we determined the Protection Time (PT) and Failure Time (FT) of the DMP lotion,
which is synthesized and formulated in Tran and it was compared with other products such as MIP60 and
Dimp,, ; lotions {commercial and current formulations of dimethyl phthalate) and trench pomade (a popular local
repellent in Tran) against Anopheles stephensi Liston (main malaria vector in south of Iran) in laboratory
condition. In this research which 1s an interventional and experimental study, the screen cage method was used
to estimate PT and FT of repellents against 4An. stephensi. The following commercial formulations of chemical
repellents were tested: Iraman DMP lotion (DMP60) (contains 60% dunethyl phthalate, 25% 1sopropyl alcohol,
5% twine 80 and 10% water), MIP60 and Dimp,, ; lotions contains 60 and 31.7% active ingredient of dimethyl
phthalate and trench pomade (a combination of N N-diethyl-m-toluamide (DEET) and DMP). Test was done on
human volunteers. Tn this test some defined amount of repellents applied on human volunteer’s forearm and
then was inserted in cage against mosquitoes biting to determine PT and FT. According to the results of this
research, the PT of Tranian DMP60 lotion against An. stephensi was determined about 274 min (SE = 18.04),
which didn’t have any significant difference with MIP60 and trench pomade, but it was significantly more than
Dimp,, ;. Furthermore the FT of DMPE0 against Ax. stephensi was determined about 327 min (SE = £10.47), that
1n this case it had a sigmficant deference with MIP60 lotion and trench pomade. The failure tine of DMP60 was
less than another two repellents. The Tranian DMP60 lotion can potentially compete with MIPG0 and Dimp,, 4,

but to mcrease the FT rate, its formulation need to be improved.
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INTRODUCTION

More than two billion people, especially in tropical
countries are at risk from arthropod-borne diseases such
as malaria, dengue hemorthagic fever and filariasis
(Service, 1993). The search for effective vaccines against
these diseases 1s still in progress (Tawatsin et al., 2001).
The principle approach to prevention of vector-borne
disease 1s avoidance (Debboun et af., 2001). Personal
protective measures, including repellents, are widely used
to prevent the transmission of arthropod-borne diseases
by minimizing the contact between human and vectors.
The use of repellent 1s an obvious practical, convement
and economical means of preventing the transmission
of these diseases to human (WHO, 1995).

During the past decades, N, N-diethyl-m-toluamide
(DEET) has known as the most consuming and efficient
repellent (Cockceroft et al., 1998). Researches have showed
that using DEET for a long time can make tolerance in
some insects, especially mosquitoes, like tolerance or
resistance to insecticides. For instance, An albimanus
has been reported as being generally tolerant of

many repellents, particularly DEET (Robert ef al., 1991;
Rutledge et al, 1983). But the laboratory research has
proven that the majority of Anopheles are sensitive
against DMP (Robert et al, 1991). Moreover some
adverse effects mduced by using DEET for a long time, or
the risk of using it in combination with other chemical
compounds such as pyridostigmine bromide are proven
in experimental studies and can highly affect extensive
use of DEET as an insect repellent (Santhanam et af.,
20035; Abou-Donia et al., 1996). Using one repellent such
as DEET continuously for a long time can cause tolerance
in mosquitoes and adverse effects in human. Therefore,
other chemical repellents such as DMP should be
replaced as an alternative (Kalyanasundram et al., 1994;
Curtis, 1992).

The aim of this study is determination of PT and
FT in Iramian DMP lotion (DMP60) in comparison with
other similar repellents such as MIP60 and Dimp,, ,
(foreign DMP lotion) and trench pomade (a popular local
repellent and a combination of DMP and DEET) against
An. stephensi (main malaria vector n south of Iram) in
laboratory condition.
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MATERIALS AND METHODS

Mosquito: The mosquito which used in this study was
laboratory reared female An. stephensi Liston (India
strain). Adult’s colomies were fed with 10% sucrose and
maintained at 26-28°C, 70-80% humidity and with 12 h
light: 12 h dark photoperied. In order to test, the 7-8 days
old mulliparous females, which starved 12-14 h before test,
was used.

Test repellents: Four type repellents which were used in
this study, prepared as:

Dimethyl phthalate 1s synthesized and formulated as
a 60% lotion in a academic research center (Shahid
Beheshti Umversity of Medical Sciences) in Iran. This
product contains 60% dimethyl phthalate (a I), 25%
1sopropyl alcohol, 5% Twimn 80 and 10% water, which are
all weight proportion. Two current commercial DMP lotion
mclude Dimp, , (Contain 31.7% DMP) obtained from
Sterling Pharmaceuticals New Zealand and MIP60O
(Shijiazhuang Unison Co depended to
International 1.t) purchased from drug stores. Also for
comparative purpose, the active ingredient of DMP (99%)
is obtained from Merck, Germany.

Trench pomade is a popular local repellent in Tran,
which 1s bought from Tolid Daru Co, Iran. This repellent
1s a combination of 5-10% DMP and 20-25% DEET,
approximately. This repellent has used in Iran over
20 years (Khoobdel et af, 2003, 2006). Its active
mgredients
formulated in Iran.

Teamax

attained from foreign compames and

Volunteers: The number of test subjects and their
characteristics based on Environmental  protection
Agency was used (EPA, 2000). Four male volunteers with
mean age of 26 years (with 24-32 years age ranges) were
used to test. Essential educations about the tests were
preformed and informed consent was given to them.
Volunteers entered to study after scratch test (skin
uritation test) to repellents by dermatologist.

Test procedures: This study, which is an interventional
and experimental research, was conducted during 2005-
2006 in laboratory condition in Iran. For determination of
PT and FT, the screened cage method reviewed and
revised it by Barnard (1999) and it was introduced by
WHO as a standard method in 2000. In this study, the
steps bellow is done sequentially to attain PT and FT:

*  Four human volunteers were selected and prepared
with essential educations.

¢  The cage of test (38x38x40 cm dimensions) was
provided with used of wood frame cage with a sheet
wood bottom, window screen (mesh size 2536) on the
top, back, left and right sides and a cotton stockinet
or screen sleeve for access on the front.

»  Two-hundred nulliparous 7-8 day old female which
were unfed for 12 h, were placed 1 each cage by
manual aspirator.

¢ One milliliter of commercial repellents DMP (1 g for
trench pomade) was applied on the left forearms
{an adult forearm is about 550-650 cm’ depends on
body size of them from elbow to wrist).

»  After application, the repellent was allowed to dry for
5 min before proceeding. The treated forearm was
wnserted nto the cage (a latex glove was used to
protect the hand from mosquito bites) and the
number of mosquitoes that land or probe the skin in
3 min was observed and recorded.

*» The volunteer exited s forearm and rested for
30 min. The 3 min-test and 30 min-rest period was
continued until happening 2 bites in one 3 min-test or
one bite in one 3 min test, followed by another bite in
an confirmatory test 30 min later, ends the test for
that repellent.

s PT is calculated as that elapsed between the time of
repellent application and the first confirmed mosquito
bite or the time between repellent application and the
observation period immediately preceding the first
confirmed bite.

» A second cage of mosquitoes normally 15 used as a
negative control to determine mosquito biting rate
(biting pressure). The untreated forearm or lower leg
of the subject was inserted into the cage and the
mumber of mosquitoes that land and probe the skin
in 30 sec was observed and recorded (insect bites
must be prevented). The EPA recommended at least
10 land or probes within 30 sec for the subject to
qualify as a test participant. Every hour thuis test
should be repeated (EPA, 1999).

»  After fimshing PT (the 2nd bite), the test was
continued until the 10th bite to determine FT.

»  The mterval between applymng a repellent and the
10th bite 1s considered as repellent FT in accordance
with its definition. The FT-PT index is also
interpreted as the duration between the 1st bite
(finishing PT) and the 10th bite. These two indexes
are mostly used to compare similar repellents which
have close specifications (such as PT).

In this study, every volunteer was tested once a day
and by just one repellent. In each test fresh mosquitoes
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were used. Because in some tests, using just one cage
of mosquitoes, makes them tiwed, blocks their
chemoreceptor and cause errors in biting behavior
(Barnard and Dexue, 2004).

For each repellent, the tests were repeated 8 times
with 4 volunteer and average was calculated. All
volunteers were tested by 4 repellents included DMP6O,
MIP&0, Dimp,,, and trench pomade. Tt is essential to
mention that the interval between 4 repellents tests and
repetition for each volunteer was at least 2-4 weeks. It
allows volunteers not to face with large amount of
repellents. Moreover, it gave the opportunity to rearing
sufficient mosquitoes for test. After the tests, volunteers
were advised to bath.

Statistical analysis: To compare FT/PT of repellents,
analysis of variance (ANOVA) and Tukey test were used.

RESULTS
Protection Time (PT): In this study the PT of
DMPG0O against 4n. stephensi was determined 274 min
(SE = +8.04). Statistical analysis showed that PT of
DMP60 doesn't have a significant difference with trench
pomade and MIPGO (p=0.05), but Tt has a significant
difference with Dimps,, which has 31.7% of dimethyl
Phthalate (p<0.05). The PT of Dimp,, ; was about 209 min

(SE = +6.67), which is about 1 h less than DMP6&0
(Table 1).

Failure Time (FT): In this study, the FT of DMP60
against An. stephensi was determined about 327 min
(SE = +10.47). Based on statistical analysis, FT of DMP60
has a significant difference with trench pomade and
MIP60 (p<0.05). Results showed that the FT of DMP60
finish earlier than other two repellents and is more than
Dimp,, , with a significant difference. Also there was a
significant different between FT of trench pomade and
MIPE0 (p<0.03). The FT of trench pomade (with different
formulation from other repellents) against An. stephensi
was determined about 466 min (SE = £7.99), which is
higher than all repellents Fts that used m this study
such as MIP60 that was determmed about 418 min
(SE = £11.15). Despite this repellent has 60% active
mgredient of dimethy] phthalate (same as DMP60), but its
FT is significantly more than DMP60 (p<0.05) (Table 2).

FT-PT index: The results showed that the FT-PT index of
DMP6O against An. stephensi has a significant difference
with MIPS0 and trench pomade (p<0.05) and 15 less than

Table 1: Comparison between protection times of repellents against

An. stephensi
Repellents PT+SE (min) Rang Min-Max
DMP60O 274+8.04 227-320
MIP60 3004£9.52 248-336
Trench pomade 277+8.67 225-327
Dimps; 5 20946.67 180-247

Table 2: Comparison between faihwe times of
An. stephensi

repellents against

Repellents FT+SE (min) Rang (min) Min-Max
DMP60O 32741047 278-375
MIP60 418+11.15 389-491
Trench pomade AH6ET.99 418-312
Dimps; 5 258+6.55 230-288
200.00+ T
150,00
o 100.00- E
)
&
e
50.004
b
a a
48.50 53.00 118.13 189.42
0.00 T T T 1
Dimp;, ; DMP 60 MIP60 Trench pomade
Repellents

Fig. 1. Companson FT-PT mdex of four repellents against
An. stephensi, (a, b and ¢ have a significant
difference (p<0.05)) and Error bars show mean
+1.0 SE

them. It shows that for the DMPS0 treated case after the
first bite, the next bites (up to 10th bite) occur more
quickly than other two repellents and its FT will finish in
less than an hour after PT, but the FT of MIP&0 and
trench pomade continues up to 2-3 h, after finishing
their PT.

FT-PT index for trench pomade is significantly more
than all studied repellents (p<<0.05) (Fig. 1). But there were
no significant differences in FT-PT index between
DMP60 and Dimp;, ; (which contains 31.7% DMP active
ingredient) (p=0.05) (Fig. 1).

No skin uritation, hot sensations or rashes were
observed on the volunteers forearms treated with the
DMP lotions and trench pomade by dermatologist during
one year of the study period or in the six months, after
time observations ceased.
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DISCUSSION

This study showed that there is not a significant
difference between DMP60 in comparison with MIP60
based on PT. Both repellents provide about 4-5 h
protection against Am. stephensi. There 1s not any
significant difference in PT between DMP60O and trench
pomade. It most probably depends on the trench pomade
active ingredients.

Moreover, the results showed that the PT of DMP60
against An. stephensi is more than Dimp,, . DMP60 and
Dimp,,; provided about 4.5 and 3.5 h protection,
respectively. In others studies the FT of Dimp, , is
reported about 3-4 h (Spurr and McGregor, 2003).

Dimp,, , provides protection against An. stephensi
about an hour less than DMP60, which most probably
depends on their amount of the active ingredient, because
active mngredient which 1s used n DMP60 and Dimp, 5 18
dimethyl phthalate, but the amount of it in Dimp,,, is
approximately about half of DMP60.

According to this study, the FT of DMP60 against
An. stephensi 1s less than MIP60, Although both lotions
contains 60% dimethyl phthalate active ingredient and
their PT do not have any sigmficant difference, but their
FT have a significant difference, so that FT of MIP&O
against An. stephensi 1s 1.5 h more than DMP&0. Due to
the fact that amount of active ingredient in both lotions
are equal, long duration of FT in MIP60 in comparison
with DMP60 is most probably depends on some
conservators and slow release substance that 1s added to
repellent by producer companies.

The trench pomade FT 1s higher than all studied
repellents which are 2.3 h more than DMP&0 against
An. stephensi. In addition to the type of active ingredient,
it depends on the formulation too, because the
formulation type 1s effective m repellent durability on skin
(Coleman et al., 1994). Open formulations such as some
repellents which can be solved m alcohols (usually pure
ethanol) such as lotions or sprays, usually lose their FT
earlier than other formulations (Douglas et al., 2005). In
this study, DMP60 formulation was so, but in close
formulations such as creams, polymer mixtures,
microcapsules and microparticle formulation prolong the
effect of repellents, because their active ingredient release
slowly (Gunther, 2003).

FT of trench pomade, which is combined with DMP
and DEET, is longer than other repellents that used in this
study. Probably PT and FT for combination of DEET and
DMP such as trench pomade is more than DMP alone.
Our finding in this section of study 1s only limited to one
species (An. stephensi) with 4 chemical repellents and
only one of them was a combination of DMP and DEET.
Tt needs to have further investigation.

The FT-PT index of Tranian DMP lotion (DMP60)
against 4n. stephensi was significantly less than similar
foreign DMP lotion. It point out that Iranian DMP lotion
formulation need to be mmproved.

Finally, present study showed that Tranian DMP
lotion (DMP60) which is prepared in Tran has essential
potential to compete with MIP60 and Dunp,, 5, but its FT
15 less than MIPS0, which can be probably improved by
adding some additional materials or changing their
formulation.
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