Scholars Academic Journal of Biosciences (SAJB)
Sch. Acad. J. Biosci., 2015; 3(5):443-451

©Scholars Academic and Scientific Publisher

(An International Publisher for Academic and Scientific Resources)
www.saspublishers.com

ISSN 2321-6883 (Online)
ISSN 2347-9515 (Print)

DOI : 10.36347/sajh.2015.v03i05.005

Research Article

An eco-friendly approach to reduce reproductive attributes in the housefly,

Musca domestica L. using crude plant extracts
Most. Jesmin Aktar®, M. Saiful Islam®*
!Assistant teacher, Oriental Seminary English Medium School, Dhaka, Bangladesh
2Genetics and Molecular Biology Laboratory, Department of Zoology, University of Rajshahi, Rajshahi 6205,
Bangladesh.

*Corresponding author
M. Saiful Islam
Email: saifulzoo.ru@gmail.com

Abstract: As an alternative to chemical insecticides, plant extracts showing insecticidal properties are being increasingly
used nowadays in insect pest management programs. With a view to an eco-friendly approach, here we report some bio-
active properties of whole-plant boiled extracts of three indigenous plant species viz., Calotropis procera (Aiton), Piper
longum L. and Polygonum hydropiper L., in a housefly model. Efficacies of the whole-plant aqueous extracts of three
indigenous plant species viz., Calotropis procera (Aiton), Piper longum L. and Polygonum hydropiper L., have been
assayed for control of the common housefly, Musca domestica L. Using bioassays against the 2" instar larvae, the
estimated LCs, values for the three plant extracts were 557.89uL, 981.02uL and 773.27uL, respectively, suggesting C.
procera as the most effective plant under study. Data on vital reproductive attributes of the experimental flies revealed
that the egg-laying and egg-hatch (P<0.001), and the numbers of pupae and adults, and female ratios (P<0.05) were all
reduced significantly by the application of the extracts in housefly culture media, whereas the apparent lengthened larval
duration and reduced longevity of the adults were not statistically significant (P>0.05). Interestingly, C. procera extracts
at higher concentrations yielded 21.54% deformed pupae and 11.76% deformed adults which failed to survive.
Implications of these findings in terms of developing a plant-based bio-insecticide for M. domestica having eco-friendly,
safer and economic benefits have been discussed.
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INTRODUCTION

The common houseflies Musca domestica L.
(Diptera: Muscidae) are known as one of the most
serious pests at human and animal dwellings worldwide
[1] which can spread a deadly pathogenic bacterium [2]
as well as transmit antibiotic-resistant bacteria [3].
Adult houseflies are mechanical vectors of numerous
dreadful diseases including typhoid fever, cholera,
amoebic dysentery, diarrhoea, salmonellosis, anthrax
and helminthic infections in man [4]. Conventional
chemical and synthetic insecticides have been used
extensively for many vyears for controlling this
commensal species [5-6]. But the indiscriminate and
unregulated uses of such insecticides have adverse
effects like development of insect resistance and
residual effects on humans, animals and the
environment [7-8]. These problems, coupled with acute
neuro-toxicity to man and his domesticated animals,
have stimulated the search for alternative plant-derived
phytochemicals, commonly known as botanicals or bio-
insecticides, that have been shown to be valuable for
controlling houseflies in their natural habitats [9-13].
This approach could lead to gradually decreased uses of

chemical and synthetic insecticides against this
important pest species.

A huge number of indigenous plants having
medicinal values are available in Bangladesh [14].
Since plant-based bio-insecticides have insecticidal
and/or insect repellent activities, species-specific in
action, easy to manufacture and apply, and above all,
they are relatively safer for animals and their
environments [15-16], plant extracts have drawn
considerable attention for their uses against various pest
species including houseflies [17-20].

Apart from the plant species that are used in
the present study, extracts from a number of other
plants have been utilized against houseflies. Combined
action of Wedelia calendulacea extracts and lambda
cyhalothrin offered significant synergism, resulting in
low LDsy value for the insecticide against Musca
domestica [21] and topical application of eucalypol was
found effective in decreasing adult emergence in this
species [22]. Extracts of Annona squamosa exhibited
strong toxicity and inhibition of acetylcholinesterase
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(AchE) activity against developmental stages of the
houseflies [23]. On the other hand, essential oil extracts
of Haplopappus foliosus and Bahia ambrosoides were
promising as a natural insecticide against M. domestica
[10]. Azadirachtin indica, Conyza aegyptiaca and
Cichorium intybus had larvicidal activities [24], leaf oil
of Ocimum suave caused significant adult mortality [25]
and Artemisia nilgirica and Annona squamosa had
widespread activity [18] against this insect. Moreover,
crude fruit extracts of Capsicum annum [26] and
extracts of Zingiber officinale [27] exhibited larvicidal
activities against houseflies.

A thorough investigation on the bioactivities of
the crude extracts of indigenous plant species against
larvae and reproductive parameters of the common
housefly is lacking up till now in the country. Keeping
these in mind, the present study was designed to assess
the efficacies of the whole-plant boiled extracts of three
plant species viz., Calotropis procera (Aiton), Piper
longum L. and Polygonum hydropiper L., on larval
mortality as well as on some vital reproductive
attributes in M. domestica.

MATERIALS AND METHODS
Test insects and their mass culture

Collections of the adult houseflies were made
from the kitchens of the students’ residential halls of the
University Campus. The collected flies were colonized
in the laboratory in 50cm x 30cm x 25cm rearing cages
and procedures described earlier were followed for
mass rearing of the test insects [20]. In short, the culture
medium was prepared by adding 6g dried full-cream
milk powder to 2g yeast in the ratio of 3:1 by weight
and dissolving them in 100mL boiled tap water. Cotton
pads soaked in the culture medium and placed in 9-cm
diameter Petri dishes were used for egg-laying by the
gravid females. With the help of a fine paintbrush eggs
were collected from the cotton pads and placed those
onto the bottom of the 500mL beakers. The larvae were
provided with the culture medium until pupation. For
adult eclosion, pupae were collected in separate glass
vials (ca. 25.80cc) to ensure virgin adults. Single-pair
mating was practiced for estimating reproductive
attributes narrated below.

Whole-plant boiled extracts of the test plants
Collections of Calotropis procera (Aiton)
(Gentianales:  Asclepiadacea), Piper longum L.
(Piperales: Piperaceae) and Polygonum hydropiper L.
(Polygonales: Polygonaceae) were made from the
adjacent areas of the Rajshahi University (RU) Campus
(Plate 1). For future reference, voucher specimens of the
three indigenous plants were identified and preserved in
the Department of Botany, RU. The whole-plant
aqueous extracts were made following the procedures
described elsewhere [28-29] with slight modifications.
In brief, the collected whole plants were first washed in
tap water and dried in the laboratory for about 21 days
at 28+2° and 75+5% RH. Then the dried plants were

chopped into tiny pieces, powdered with the help of an
electric blender, sieved and kept in 250 mL flasks. For
the preparation of extracts, 100g powder from each plant
was put in separate glass container to which 1000mL
distilled water was added and boiled until the final
volume of each extract was reduced to ca. 250 mL. The
extracts were then filtered into reagent bottles (Plate 2)
and preserved in a refrigerator at 4°C until used.
Extracts of 125 uL, 250 pL, 500 pL and 1000 pL were
added separately to each 100mL fly culture media
where flies were allowed to oviposit and hatch, and
larvae were maintained for pupation and adult
emergence. For C. procera, however, the highest
concentration used was 750 uL. Control lines were
maintained simultaneously with normal food without
plant extracts. All experimental lines were replicated
five times.

Larvicidal bioassays against houseflgl larvae

The bioassays against the 2™ —instar larvae of
M. domestica using whole-plant boiled extracts were
determined in the laboratory at 28+2° C as per the
guidelines of the World Health Organization [30]. To
sum up, 25 2"-instar larvae were put into a Petri dish
provided with 100mL food soaked in cotton wool. Four
replicates were run simultaneously for each
concentration, whereas a control group was maintained
using distilled water instead of food. By counting the
number of dead larvae at 24h intervals up to an
exposure period of 72h, the effect of each plant extract
on the experimental larvae was evaluated. The lethal
effects of the extracts on the housefly larvae was
calculated by using the median lethal concentration
(LCx) for each extract as reported previously [20-21].

Determination of reproductive attributes in post-
treated M. domestica

Effects of the various concentrations of the
whole-plant extracts on some vital reproductive
attributes of M. domestica viz.,, 24h oviposition
(fecundity), egg-hatch (hatchability), duration of larval
period, pupae formed and adults emerged, female ratio
and adult longevity were determined [31-32]. In
addition, effect of the higher concentrations of C.
procera extracts (500-750 pL/mL) on pupal and adult
deformities was also monitored and recorded.

Statistical analyses

The raw data collected from each treatment
group were processed for preliminary statistics such as
means and standard deviations. The median lethal
concentration (LCsp) values and the corresponding
regression lines for the plant extracts were estimated by
Probit analysis [33] using a GWBASIC software. For the
reproductive attributes, ANOVA and Fisher’s LSD tests
[34] were performed using SPSS for Windows (version
16.0).
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RESULTS AND DISCUSSION indigenous plants induced lethality in about 50% larvae
Larvicidal bioassays against housefly larvae of M. domestica at 557.89pL, 981.02uL and 773.27uL

Effects of the whole-plant boiled extracts on the of C. procera, P. longum and P. hydropiper,
72h mortality in housefly larvae are shown in Table 1. respectively, suggesting C. procera as the most
Results clearly indicated that extracts of all three effective plant under study (Figs. 1-3).

Table 1: Estimated LCs, values from larvicidal bioassays using whole-plant aqueous extracts against the 2™ instar larvae
of Musca domestica after 72h exposure

Plants LCso 95% confidence limits Regression equations %% values

(uL) Lower Upper (2 df)

C. procera 557.894 487.427 638.549 Y =-2.139306 + 2.599370 X 0.363ns
P. longum 981.024 668.020 1440.687 Y = 1.277873 + 1.244160 X 0.957ns
P. hydropiper 773.271 620.220 964.092 Y =-0.395198 + 1.867928 X 0.868ns

df= degrees of freedom; ns= not significant

Y =-2.139306 + 2.599370 X
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Fig. 1: Probit regression line of C. procera on the 2™ instar larvae of M. domestica
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Fig. 2: Probit regression line of P. longum on the 2" instar larvae of M. domestica
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Fig. 3: Probit regression line of P. hydropiper on the 2™ instar larvae of M. domestica

Reproductive attributes

Oviposition: Twenty four-hour egg-laying by the
experimental houseflies on the treated culture media
resulted in a significant gradual reduction in egg
numbers in a dose-dependent manner in all the three
plant extracts (Table 2). Compared to 105-145 eggs in
the control lines, around 47, 72 and 50 eggs were
produced at the highest concentrations of C. procera, P.
longum and P. hydropiper extracts, respectively.

Egg-hatch: Ranging from about 95% to 98% in
the controls, egg-hatches in plant extract-treated lines
reduced significantly to about 89% in C. procera, 97%
in P. longum and 91% in P. hydropiper treatment
groups of M. domestica (Table 2).

Larval duration: Unlike decreases in both
oviposition and egg-hatch percentages, larval duration
in the houseflies increased slightly from about 5 days in
the controls to about 7-8 days in the highest treatments,
indicating a reverse effect of the plant extracts, though
non-significant, on this reproductive trait (Table 2)

Pupae formation: The number of pupae formed
in the untreated lines ranged between 95 and 138, while
those in C. procera, P. longum and P. hydropiper lines
were reduced significantly to about 8, 21 and 9,
respectively (Table 2). This clearly demonstrated a
drastic effect of the plant extracts on pupae formation in
M. domestica.

Adult emergence: The number of adults emerged
in C. procera (about 6-41), P. longum (about 18-79)
and P. hydropiper (about 7-48) was much less than
those in the controls (about 91-134), which also
indicated a pronounced negative impact of the extracts

on adult emergence in the experimental houseflies
(Table 2).

Female ratio: The female ratios in C. procera
(0.21-0.45), P. longum (0.42-0.44) and P. hydropiper
(0.37-0.45) differed significantly from those in the
corresponding  controls  (0.47, 0.48 and 0.47,
respectively), suggesting also a deleterious effect of the
plant extracts on this important reproductive attribute in
M. domestica (Table 2).

Adult longevity: Adult longevity in the houseflies
was not influenced significantly by the plant extracts
(Table 2), although the trait was found to fluctuate
between 4 and 11 days in the treated groups compared
to about 10-11 days in the controls.

Pupal and adult deformities

C. procera extracts at higher concentrations of
500 and 750 pL/mL yielded deformed pupae (n= 14,
21.54%) and adults (n=6, 11.76%) in M. domestica
which failed to survive (Table 3; Plate 3). Such
deformities were recorded neither in P. longum nor in
P. hydropiper treatment lines.

It has clearly been shown by the present
experimental findings that the whole-plant boiled
extracts of three indigenous plant species induced a
pronounced larvicidal effect on M. domestica under
laboratory conditions. Moreover, the extracts lowered
oviposition and hatchability significantly, lingered
duration of the larval period, produced fewer pupae and
adults, and reduced female ratios in the experimental
houseflies. However, longevity of the houseflies was
not affected by the treatments, but the higher
concentrations of C. procera produced lethal
deformities in over 10-20% pupae and adults.
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Table 2: Effects of whole-plant aqueous extracts of C. procera, P. longum and P. hydropiper on some
reproductive attributes in M. domestica

Plants and Larval No. Adult

Doses 24h Percent Duration No. Adults Female longevity
(uL/100mL) | Oviposition Egg-hatch (days) Pupae formed | emerged Ratios* (days)

C. procera

Control (0) | 104.60+26.81a | 95.30+0.81a | 4.60+0.54a | 95.00+23.18a | 91.20+23.72a | 0.4740.05a | 10.20+0.44a
125 62.20+7.85b 94.87+2.06a | 5.00+0.71a | 44.20+4.21b 41.20+3.90b 0.45+0.10b | 9.60+0.89a
250 54.00+9.46¢ 03.76+1.48a | 5.80+0.84a | 33.60+6.15¢C 31.40+5.90c 0.43+0.11b | 5.80+0.84b
500 47.60+6.30cC 94.04+1.87a | 7.00+0.70b | 14.20+2.28d 12.60+2.07d 0.37+0.10c | 4.60+0.54b
750 44.60+5.77¢ 88.96+3.00b | 7.40+0.89b | 7.80+1.92¢ 5.80+1.64e 0.21+0.13d | 4.20+0.45b
P. longum

Control (0) | 144.60+18.31a | 97.74+1.00a | 5.00+0.00a | 137.60+17.14a | 133.60+18.11a | 0.48+0.03a | 11.40+0.54a
125 123.20+17.71b | 96.92+1.32a | 5.20+0.44a | 83.60+12.81b | 79.20+11.94b | 0.44+0.08b | 11.00+0.70a
250 110.40+11.32¢ | 97.11+1.07a | 5.40+0.54a | 58.20+5.80c 54.60+6.54c 0.45+0.10b | 6.60+0.54b
500 94.80+15.20d | 96.47+1.63a | 7.20+0.44b | 36.80+7.32d 33.00+6.78d 0.52+0.11c | 4.80+0.83b
1000 77.20+8.40e 97.18+0.97a | 7.60+0.54b | 21.00+2.00e 17.80+2.58e 0.42+0.05b | 4.40+0.54b
P.

hydropiper

Control (0) | 105.60+18.31a | 95.18+0.90a | 5.00+0.00a | 95.40+20.76a | 91.80+19.67a | 0.4740.04a | 10.40+0.45a
125 80.80+9.73b 94.44+1.26a | 5.40+0.54a | 91.40+6.69a 48.20+7.59b 0.45+0.07b | 10.20+0.44a
250 71.80+8.16b 93.09+1.63a | 6.60+0.54a | 38.40+4.15b 36.00+5.09¢ 0.48+0.09a | 6.00+0.70b
500 62.80+7.19¢ 90.93+3.05a | 7.20+0.44b | 19.80+4.26¢ 17.80+4.08d 0.41+0.09c | 4.80+0.83b
1000 50.40+1.97¢ 90.99+1.01a | 7.80+0.44b | 8.80+2.77d 6.80+2.68e 0.37+0.17d | 4.20+0.44b
F-values 24.32%** 22.61*** 0.90ns 4.52* 4.23* 3.20* 0.46ns

Values are mean £SD; Dissimilar letters in the same column differ significantly by LSD tests at P<0.05; *= P<0.05; ***=
P<0.001; ns= not significant; "Number of females + total number of adults; all F-values are at 2, 72 degrees of freedom.

Table 3: Deformed pupae and adults of Musca domestica recovered from higher concentration lines of C. procera

Doses No. No. Deformed No. No. Deformed
(UL/100mL | Normal pupae | Deformed pupae | pupae (%) | Normal adults | Deformed adults adults (%)
)
Control (0) 92 0 0 91 0 0
500-750 65 14 21.54 51 6 11.76

Plate 1: Indigenous plants used in the experiments; A. C. procera (Ait) (Milk weed), B. P. longum L. (Long peeper)
and C. P. hydropiper L. (Marsh pepper).
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Plate 2: Whole-plant extracts of C. procera (left), P. longum (middle) and P. hydropiper (right) preserved in
reagent bottles.
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Plate 3: Deformed pupae and adults of M. domestica recovered from C. procera treated fly culture media.

An earlier study showed that the alkaloids,
steroids and resinous substances in the latex of C.
procera induced significant mortality in housefly larvae
[35]. Subsequently, LCs, values of 870 mg/L for
ethanolic seed extracts of C. procera [36] and 282.5
mg/L for crude ethanol extracts of the same plant [12]
against the 3™ —instar larvae of M. domestica were
estimated. Dose-dependent adulticidal and repellent
activities of C. procera against M. domestica were also
demonstrated [18]. In concert with the present results,
however, insecticidal effects of the C. procera latex on
the larval, pupal and adult stages of M. domestica, along
with morphogenetic aberrations, were induced [19].
Whereas the methanolic leaf extracts of C. procera
were shown to possess potentiality against M.
domestica larvae in their natural habitats [37]. In a
recent investigation, synergistic effect of the root
extracts of C. procera and cypermethrin on the
suppression of life-history traits in M. domestica has
been reported [20]. Moreover, the effects of Calotropis

have recently been demonstrated by a couple of studies
where solvent extracts of the leaves, apical buds and
flower of C. gigantea at 0.2-0.55 mg/mL showed toxic
effects against microbial pest species [38] and C.
proceraand C. gigantea were found to possess
enormous disease curing potential against various
infectious agents such as bacteria, viruses, fungi,
protozoans and worms [39]. These results corroborate
nicely with the present findings in terms of the efficacy
of C. procera against housefly reproduction,
development and survival.

Reports on different species of Piper extracts
against dipteran species are also encouraging. Thus,
extracts from Piper nigrum exhibited synergism with
pyrethroid insecticides against M. domestica and Aedes
aegypti larvae [40]. On the other hand, insecticidal
activity of the extracts of P. nigrum against four species
of Coleoptera, three of Lepidoptera and one each of
Hemiptera and Diptera, where both crude and semi-
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purified extracts were more toxic than malathion to
housefly adults has been demonstrated [41].
Furthermore, fruits of Piper species were found to
contain phytochemicals that kill mosquito larvae [42];
and adult killing capabilities of three Piper species
against Asian tiger mosquitoes [43] and adulticidal
properties of P. nigrum against houseflies and fruit flies
[44] have been reported. The insecticidal potentials of
the peeper plant extracts were also noted in piperine, the
active ingredient of Piper species [45] and P. aduncum
oil was effective against the housefly populations [46].
Moreover, an estimated LCsy of 6.2 ug/fly for P.
aduncum was very effective against adult houseflies [9],
whereas P. nigrum (LCs,=50.1 ppm) worked against
housefly larvae [24] and P. nigrum (LCs,=0.115
Mg/insect) showed highest toxicity against M. domestica
[47]. In recent studies, the combined effects of the root
extracts of P. longum and cypermethrin were reported
detrimental against some life-history traits in M.
domestica [20] and water extracts of P. nigrum on the
2".instar larvae of the flesh fly Sarcophaga
haemorrhoidalis prolonged larval duration, reduced
larval weight and increased larval mortality [48]. The
above findings lend support to the present data, which
are indicative of the fact that plant derived bio-
insecticides could be utilized against M. domestica in
such tropical countries as Bangladesh.

A number of research on P. hydropiper
revealed that the plant extracts have repellent actions
against flies on horse wounds and sores [40],
insecticidal potential against the stored grain pest of
wheat Sitophilus granaries [49] and effective against
Exorista sorbillans, the notorious parasitoid of the
silkworm Bombyx mori [50]. Moreover, extracts of P.
hydropiper were found to compact salivary gland
chromosomes of M. domestica [51] while extracts of P.
hydropiper and cypermethrin were effective for
suppressing fecundity, hatchability, adult emergence
and longevity of houseflies [20]. Recent studies showed
that confertifolin from P. hydropiper at LCsy 243 ppm
and 217 ppm may be considered for use in the control
of human vector mosquitoes Anopheles stephensi and
Culex quinquefasciatus, respectively [52], and 100%
ovicidal, 98.51% oviposition deterrent and 100%
adulticidal effects of P. hydropiper were demonstrated
against the dengue vector mosquito Aedes albopictus
using 6.25, 12.5, 25, 50 and 100 ppm doses [53]. Apart
from minor fluctuations, all the aforesaid data on
dipteran pest insects are in good agreement with those
reported here for M. domestica.

CONCLUSION

Judicious uses of bio-insecticides in the
integrated pest management strategies against various
pest insects including houseflies may proof beneficial,
because these phytochemicals appear to be pro-poor,
easy to extract, less expensive, and without adverse
effects on non-target organisms. These encourage the
crude plant extracts to be an alternative and eco-friendly

means for combating harmful insects in developing
countries at affordable price. The present results clearly
demonstrated the insecticidal properties of the whole-
plant boiled extracts of C. procera (LCs = 557.89 L),
P. longum (LCso = 981.02 pL) and P. hydropiper (LCsq
= 773.27 pL) against some vital reproductive attributes
of houseflies. The crude extracts of some selected
indigenous plant species may therefore be used for the
suppression of M. domestica populations instead of
using conventional insecticides. However, further
studies on the tested plants including active ingredients,
their mode of action, and synergism with commonly
used insecticides under household as well as field
conditions are solicited.
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