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ABSTRACT

Present study has been undertaken for the assessment of the larvicidal
activities of crude ethanol extracts of Calotropis procera and Annona
sguamosa seeds against Musca domestica. Thethird instar larvae of house-
fly were treated with the different concentrations of both the extracts by
dipping method for 48 h. Thelarvaewere exposed to 5 and 10% concentra-
tions of the LC_, value of each extract along with their control sets to
evaluatetheir effect on metamorphosis, nucleic acid and protein content in
different developmental stages. Extract treatment resulted in several pupal
deformitiesaswell asinhibition of adult emergence. The dataindicate that
the seed extracts of these plants may be utilized asthe probable candidates
for the devel opment of bioinsecticidesto control the population of Musca
domestica as safer and economic alternativesto the synthetic insecticides.
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INTRODUCTION

Theindiscriminateuseof syntheticinsecticideshas
caused environmental contaminationandtoxicity toliv-
ing organismg*2, indicating the need for the devel op-
ment of productsthat are not hazardousto theenviron-
ment. Realizingtheadverseeffectsof chemical insecti-
cides, atention hasnow been focussed infavour of non-
chemical methods of pest management. Insecticidal
activity of many plantsagainst several insectshasbeen
demonstratedb®4. Seed aswell asfoliar extracts of
several plants have been reported to have toxic and
potent growth reducing activity toinsects®. Thedel-
eterious effect of plant extractsor pure natural/ syn-
thetic compoundsoninsects can bemanifested in sev-

eral mannersincludingtoxicity, mortality, antifeedant,
growthinhibitor, suppression of reproductivebehaviour
and reduction of fecundity and fertility.

Exposure of toxic agents to animals can cause
changes even at the molecular level. Nucleic acids
(DNA and RNA) and protein contentsareregarded as
important biomarkersof themetabolic potentid of cdls,
asthey play themainrolein regulaing thedifferent ac-
tivitiesof cells. Changesin theamount of nucleicacid
can beused to detect whether toxic agentsaffect cellu-
lar proliferation and cell death®.

The common housefly Musca domestica
(DipteraMuscidae) isanimportant mechanica vector
of severa bacterial and pathogenic organismsof hu-
man and animal $8. Recently somereports haveindi-
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cated that on prolonged exposureto chemical insecti-
cidesworldwide, houseflieshave devel oped resistance
totheme.g. spinasod, diflubenzuron® and synthetic
insecticides™.

Calotropisproceraisamember of theplant fam-
ily, Asclepiadaceae, ashrub widdly distributed in West
Africa, Asaand other partsof thetropics. Theplantis
erect, tall, large, branched and perennia with milky la-
tex throughout. A large quantity of latex canbeeasily
collected from itsgreen partd*?. Local people useit
successfully to combat some cutaneousfungal infec-
tions. Theabundanceof latex (containing akaoids) in
the green partsof the plant reinforcestheideathat it
produced and accumul ated latex asadefence strategy
against organismssuch asvirus, fungi and insectg*?.
Thepresenceof plant defencerelated proteinssuch as
hevein, an dpha-amylaseinhibitor hasbeen described
to occur inthelatex secretion of other plants*4. How-
ever there are no reports to indicate that Calotropis
seed extracts exhibit insecticidal properties against
Musca domestica.

TheAnnonaceae (Custard- applefamily) isalarge
family of dmost exclusively tropica treesand shrubs
comprising about 130 generaand 2300 species. Some
plantsof thisfamily havebeen used traditionally asin-
secticides™®. For example, the powdered seeds and
leaf juices of Annona spp. are used to kill head and
body lice, and bark extract of Goniothalamus
macrophyllus is used as mosquito repellents.
Annonaceous acetogenins extracted from the tree
leaves, bark and seeds have pesticidal and/or insect
antifeedant properties®®. However thereisno report
to indicate that Annona squamosa seed extract pos-
sessinsecticida activity aganst housefly. Keeping these
factsin view, the present study wasundertakentoin-
vestigatethelarvicidd activitiesof ethanolic extractsof
C. procera and A. sqguamosa seeds under |aboratory
conditionsaswell to assessthe chemical nature of the
active components present in the extractsalong with
their effect on nucleic acidsand protein content in dif-
ferent developmenta stagesof housefly.

EXPERIMENTAL

Rearing Technique: Adult houseflieswerecollected
fromlocal areasusing asweep net and reared in the

Natural Products

laboratory at 26+2°C, 60+10% RH, photoperiod 12:12
(L:D). Therearing method described by Kristensen and
Jesperseni*” was adopted in the present study. In brief,
theadultsof M. domesticawerefed milk and dry sugar.
Mixture of wheat flour and milk was prepared at a
weight ratio of 1:3, and 35g of thismixturewas placed
on aPetri dish with wet cotton asan ovipostion site.

Collection and Processing of Plants Sample: Seeds
of C. procera and A. squamosa were collected from
theBotanica Garden of University of Allahabad. Seeds
were properly cleaned and shadedried for 10-13 days
at 32-35°C and relative humidity 50-60%. The dried
|eaveswere powdered mechanical ly usng commercia
electrical stainlesssted blender (Remi AnupamMixie
Ltd., India). Thesampleswerestored inair tight con-
tainer at room temperatureindark for further anaysis.

Extraction of Plant Extracts: The seeds|eaves of
C. procera and A. squamosa were extracted with 1
litre of 90% ethanol in a Soxhlet apparatus (Borosil,
India) using the method described by Mishraet al 18,
The extractswere concentrated at 50°C and the resi-
due obtained was stored at 4°C.

Method of Treatment: Twenty number of |ate 3
instar larvae of M. domesticaidentified by shortening
and thickening of sizeand shape, respectively, darker
incolor and presence of three spiraclesat the posterior
end of the body*® were selected for each set of treat-
ment. Seven numbersof glass beakersof 250 ml ca-
pacity weretaken and label ed for different concentra-
tionsin additionto onefor check and onefor control.
In case of control, water and for check, ethanol was
added in place of extract. Larvaeweredipped into the
solution for two minutes and then transferred back in
therearing medium (composition mentioned above).

The experiment was repeated three times on sub-
sequent days. Same method of treatment wasapplied
for both the extracts. The LC,, was calculated by
Karbers method®l. The LC_ of the seed extracts of
C. procera and A. squamosa was calculated to be
870.50 and 345 mg/| respectively (unpublished data).
Morphological appearance of theresultant pupae and
the subsequent emergence of the adultsfrom it were
aso observed. Toevduatetheinsecticidal effect of the
seed extracts of C. procera and A. squamosa, the 3
instar larvae of M. domestica were treated with 5%
and 10% (equivalentto /20 and 1/10 of LC, value)

A Tudéan Journal



NPAIJ, 7(5), 2011

Ravi S. Pandey et al.

281

for 24 and 48h. The control group was exposed only
with theequa volumeof ethanol, the solvent inwhich
the extract was prepared.

BIOCHEMICALANALYSIS

Homogenateprepar ation

After 48 h of exposurelarvae were homogenized
(10%, w/v) in50 mM Tris-HCl buffer (pH 7.5) on ice
us ng Potter-Elvehjam homogenizer fitted with aTeflon-
coated pestle (Remi, India). The homogenateswere
centrifuged at 4°C for 10 min at 15,000 g in a refriger-
ated centrifuge (Sigma, model -3K 30, Germany). The
corresponding supernatants were either used fresh or
kept frozen at -20°C until further usefor determining
the concentration of different biomolecules.

Total protein content estimation

Proteinlevel swereestimated following themethod
of Lowry et al.'?¥ using bovineserum abumin asstan-
dard. Inbrief, the protetn samples(tissue extracts) were
mixed withthe protein reagent (alkainecopper sulphate
solution), incubated for 10 min at room temperature
followed by addition of Folin-ciocalteau reagent. The
reaction mixturewasfurther incubated at room tem-
peraturefor 30 min. Theabsorbance of blue color was
monitored at 660 nm using spectrophotometer
(SydtronicsVisscan 167, India). Smultaneoudy, ablank
was al so processed containing all the reagentsexcept
theprotein. Bovineserum abumin (BSA) wasused as
astandard.

Extraction and estimation of nucleicacids

Nucleic acids (DNA and RNA) were extracted
using themethod described by Schneider!??. Calf thy-
mus DNA was used as a standard. Total RNA was
estimated by theorcinol?? using yeast RNA asastan-
dard.

STATISTICALANALYSIS

All vauesinthetableare given asmean+ standard
error of mean (SEM) of threeindependent experiments.
Themean, standard deviation, standard error of mean
for each set of datawere cal cul ated by using student’s
‘t’ test. Graph pad version 3 software was used to ana-
lyze the data and obtain level of significance. *and
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**represent theva ues s gnificant at P<0.05(significant)
and P<0.01(very sgnificant).

RESULTS

Pupal deformitiesfollowed by C. proceratreat-
ment included dorsoventral compression, reductionin
size, collapsed appendages and their failureto meta-
morphoseinto adults. Other morphol ogica gppearances
of the pupaewere not much different fromthat of con-
trol exceptingthat of reductionin (Figure 1).

Themorphologica changeslikereduced size, dark-
ening of the puparium, condensed gppendagesand fail-
ureto metamorphose wererecorded dueto thetreat-
ment of A. squamosa seed extract. Pupagwith certain

Figure1: Musca domestica pupae showing the mor phol ogi-
cal changes due to the treatment with the seed extract of
Calotropisprocera under experimental conditionsas men-
tioned intheM aterialsand M ethods, bar represents5mm.
a—Treated with water (Control) or ethanol (check) for 2 min
daily for twodays

b —Treated with C. procera seed extract daily for two days

Figure2: Musca domestica pupae showing the mor phol ogi-
cal changesduetothetreatment

with Annona squamosa seed extract under experimental con-
ditionsasmentioned

intheM aterialsand M ethods, bar represents5mm.
a—Treated with water (Control) or ethanol (check) for 2 min
daily for twodays

b -Treated with Annona squamosa seed extr act daily for two
days

larval characterswere also observed (Figure2). The
results clearly indicated that themortdity of thelarvae
in both the cases was dose dependent. It was observed
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that during the course of metamorphos's, thetendency
for thedevelopment of test larvaeto pupae decreased
with ariseinthe concentration of the ethanol extracts
(TABLE1). Thelarvaetreated with the extract of C.
procera seeds at 1400 mg/I could not devel op to pu-

TABLE 1: Effect of Calotropis procera and Annona squa-
mosa seed ethanol extractson the metamor phosisof Musca
domestica

Ethanal Percentage Percentage of
extract Concentration of larvae pupae
from (mg/l) developed emerged into
plant seed into pupae* adult **
0 100%(20/20) 100%(20/20)
200 1009%(20/20) 95% (19/20)
200 90% (18/20) 77.77%14/18
Calotropis 600 70% (14/20) 71.42%(10/14)
procera 800 60% (12/20) 66.66% (8/12
1000 40% (8/20) 62.50(5/8)
1200 25% (5/20) 60%(3/5)
1400 0% (0/20) 0% (0/0)
0 100%(20/20) 1009%6(20/20)
100 95% (19/20) 89.47%(17/19)
Annona 200 75% (15/20)  80%(12/15)
sguamosa 300 60% (12/20) 58.33% (7/12)
400 45% (9/20)  44.44% (4/9)
500 0% (0/20) 0% (0/0)

* Each value in parenthesisis the number of total pupae devel-
oped from the larvael total number of larvae
** Each value in parenthesisis the number of pupae developed

to adults/the number of total pupae

pae completely. At lower concentration, somelarvae
could continuoudy develop. Smilarly, no pupaforma:
tion wasrecorded in case of 500 mg/l concentration of
ethanol extract of A. squamosa asit caused 100% mor-
tality of thelarvae during the exposure period. Inthe
untreated condition, most of theselarvae developedto
pupae within 5 days but the pupation period got de-
layed up to 6-7 days due to treatment with these ex-
tracts.

Therate of emergence of adultswasa so signifi-
cantly inhibited dueto thetreatment of both of these
extractsand theimpact was concentration dependent.
Theresultssuggest inhibition of adult emergenceby 60%
dueto thetreatment of C. proceraextract (1200 mg/l),
whereas 44.44% emergence was recorded at 400mg/
| concentration of A. squamosa extract. However, at
highest concentrations (1400 and 500 mg/I, respec-
tively) of C. procera and A. squamosa extracts, no
emergence was observed (TABLE 1). In the control
et of experiments, the adultsemerged from pupaewithin
eight days but in case of treated groups the pupation
period got del ayed resulting in emergence of theadults
on 10-11" day.

Total nucleic acid aswell asprotein levelswere
reduced significantly (p <0.05) followed by plant ex-
tract exposures. At higher dose C. procera extract i.e.
87.05ppm thereductionwasmoresignificant (TABLE
2). Tota protein content wasreduced by 19% ascom-
pared to thecontrol inthelarval stage. Thereductionin
thelevel of protein wasfound to be40% and 11%in
adult and puparespectively ascompared to their con-

TABLE 2: Effect of ethanol extract of Calotropis. procera seed on thelevel of nucleicacidsand protein after 48h exposure

of Musca domestica

Stage DNA . RNA . Protein _
mg/g wet wt. of tissue mg/g wet wt. of tissue mg/g wet wt. of tissue
C 5% 10% C 5% 10% C 5% 10%

0.23640.001 0.175*+ 0.239 0.229 355.04  337.12*
Larva 0.382+0.0007 (-28 0;5) 0.0016 0.241+0.002 =+0.0021 =+0.0024 415.22+0.00 =+0.0017 +0.0015
' (-46.64) (-0.83)  (-4.98) (-14.49) (-18.77)
0.653* 0.167 0.152 29211  274.94*
Pupa  1.446+0.002 0'9(732*&‘))02 10001 01682000 +0.001 +0.002 (- 2098300064 45050 100041
' (-54.84) (-0.60) 9.52) (-5.66) (-11.20)
1.51340.003 1.478* 0.145 0.125* 192.10 179.92*
Adult 1.719+0.0015 '(_11 gé) +0.001 0.159+0.0015 +0.0023 +0.0032 299.12+0.0065 +0.0052 +0.0063
' (-14.02) (-8.80) (-21.38) (-35.77) (-39.85)

Data were analyzed by Graphpad software,, values given as mean + SEM Values in parentheses are percent change over control.
Significance(*) of data is shown in superscripts, ns P>0.05(non significant), *P<0.05(significant), **P<0.01(very significant), C-

Control (0%), 5% & 10% are /20 and /10 of LC,,.
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TABLE 3: Effect of ethanal extract of Annonasquamosa seed on thelevel of nucleicacidsand protein after 48h exposureof

Musca domestica

Stage DNA . RNA . Protein _
mg/g wet wt. of tissue mg/g wet wt. of tissue mg/g wet wt. of tissue
C 5% 10% C 5% 10% C 5% 10%
0.201* 0.0792 ** 0.233* 0.198** 327.80* 305.25**
Larva 0.382+0.0007 +0.0018 +0.0001  0.241+0.002 +0.0018 +0.0022  415.22+0.00  +0.002 +0,0025
(-38.72) (-75.85) (-3.32) (-17.84) (-21.05) (-26.48)
0.904*  0.592** 0.160* 0.120** 309.6340.0064 272.07 251.45*
Pupa 1.446+0.002 +0.0016 +0.0018  0.168+0.00 =+0.0025 =+.003 ' : +0.0046 +0.0031
(-37.48) (-59.06) (-4.76) (-28.57) (-12.13) (-18.79)
1432  1.405** 0.121 0.109* 165.34* 152.89**
Adult 1.719+0.0015 +0.002  +£0.004  0.159+0.0015 =£0.0039 =+0.0040 299.12+0.0065 +0.0050 +0.0062
(-16.70) (-18.26) (-23.90) (-31.45) (-45.39) (-48.89)

sData wer e analyzed by Graphpad software,, values given asmean + SEM Values in parentheses are percent change over control.
Significance(*) of data is shown in superscripts, ns P>0.05(non significant), *P<0.05(significant), **P<0.01(very significant), C-

Control (0%), 5% & 10% are 1/20 and 1/10of LC,,.

trol ones, after treatment with 87.05ppm for 48 h. A.
sguamosa extract higher dosetreatment caused reduc-
tion of 49% in adult stage proteinlevel (TABLE 2).

After C. procera extract higher concentration ex-
posure, RNA level was reduced by 5% of the control
inthelarvaewhilein pupa and adult stageit was 10%
and 21% as compared to their control srespectively. A
reduction of 32%inthe RNA level of adult stagewas
recorded in the A. squamosa extract treated set as
compared to control ones.

Similar trend of reduction of effect fromlarval to
adult stagewasrecordedin caseof DNA.InC. procera
extract treated set; it was decreased by to 47% as com-
paredtothecontrol level duringthelarva stageat higher
concentration. In pupal and adult stagesthelevel de-
clined by 55% and 14% respectively. However higher
doseof A. squamosa extract proved to be more effec-
tive causing adepletion of 76, 59 and 18%inlarval,
pupa and adult stagesrespectively.

DISCUSSION

Inthe present study, the ethanol extractsof the seeds
of theplants, C. procera and A. squamosa, were quite
effectiveagang thehousefly larvae. Theseextractsdras-
tically affected the pupation and emergenceof theadults
from pupaein dose dependent manner. Thelethal ef-
fect of both of these extractsrecorded in thisstudy may
be dueto the crude nature of the ethanol extractsused
inthe present study. The crude plant extracts might be
contai ning many active compoundsin additiontothose

that areinactive. Some of thesemay act synergisticaly
to enhanceaspecific bioactivity whereas somemay act
antagonigtically to mask certain activities.

Severa morphological changes(Figure2) werere-
corded in the present study following A. squamosa
extract trestment. Pupd deformitiesincluded dorsoven-
tral compression, reductionin size, coll apsed append-
agesandtheir failureto metamorphoseinto adults. Pro-
longed larval duration leadingtolate pupation wasa so
observed. Themorphological changesinthecaseof C.
procera comprised of reduced size of the pupa and
darkening of the puparium as compared to control.
These changeswere observed only at the higher doses
of extract.

Toxicity potential of C. proceraand A. squamosa
leaf extractsagainst M. domesticaand their effect on
metamorphosis hasalready been reported®.

At higher concentrationsi.e. 1200 and 1400ppm
of C. procera and 400 and 500ppm of A. squamosa,
mortdity wasaccompaniedwithfeedinginhibition. This
suggeststhat insect death was due to acombination of
starvation and contact toxicity of the extract. It was
a so reported that ascimin, an acetogeninfrom thebark
of paw-paw tree, Asiminatriloba (Annonaceae) has
both toxic and antifeedant properties?*?!, asreported
withAzadirachtinfrom the neemtree, Azadirachtain-
dica (M€liaceag)2627,

Previousinvestigetionson annonaceousacetogenin,
thebioactive principle of theplant family Annonacese,
have shown that it may have pesticidal or antifeedant
properties?28, Seed oil of A. sqguamosa hasbeenre-
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ported to reduce survival of leaf hopper, Nephotettix
virescens (Hemiptera: Cicadellidae) and transmission
of ricetungro virug,

Though reportson nematicida®, antimicrobid and
antihelminthic® activitiesof C. proceraextract andits
useinthetreatment of toothache, cough and subcuta-
neousdiseases™ exist, thereisno report at dl regard-
ing theinsecticidal property thea coholic extract of C.
procera seed against M. domestica. The laboratory
study on larvicidal properties of leaf extract of C.
procera against mosquito larvaeisknown®, Thetox-
icity of crudeNeem extract againgt 2™ instar larvae of
M. domestica has been established earlier™!, There-
sultsfromthe present study indicatetheinhibitory prop-
erty of the Cal otropisand Annona extractswhich may
be dueto the different compounds present in the ex-
tract possessng different bioactivities.

Deranged or halted program of pupation in the
present study may be dueto thelack of adequate con-
centration of ecdysteroidsneeded for achieving larval
pupd transformation normally®d. In coherenceto our
finding, the production of maformed pupafollowing
azadirachtin treatment has also been reported®. Itis
well known that juvenile hormone and ecdysone play
important rolein metamorphosis. Delay inthedevel op-
ment of larvae may be dueto the presenceof highlevel
of juvenilehormoneinthelarvaeor e seduetotheas
cribed chemical compoundsin the plant extract pre-
venting normal pupation and adult emergence. Earlier
studies reported that azadirachtin acts as an
antiecdysone and/or inhibitsthe neuroendocrine con-
trol of ecdysteroid and extendsitsdevel opmental pe-
riod®®, Death of thelarvae exposed to the ethanol ex-
tracts of thesetwo plantsin present study may bedue
to theinability of the moulting bodiesto take up suffi-
cient volumeof air to split theold cuticleand expand
the new oneduring ecdysis or metamorphosis. Thein-
hibitory effectsof plant extractsare possibly dueto the
perturbationsinthehormond regulaionintheinsect'™,

AsshowninTABLE 1, thedterationsintherate of
pupation and adult emergence dueto treatment of the
plant extractswere dose dependent. Thismay be due
to the effect of some activeingredients present inthe
extractswhich exhibit potentia to causeinterference
into thenormal metabolism of theinsectg*.

Sub acute doses of the C. procera and A. squa-
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mosa seed extract for 48 h (2 min. daily), caused highly
significant dterationsintota proteinand nucleic acids
(DNA andRNA) leve sindifferent devd opmentd stages
(larvee, pupaand adult) of Musca domestica(TABLES
2 and 3). Though theexposurewasgiventoonly larva
stagebut itseffect lasted in the pupa and adult stages,
indicating towardstheresdud effect of theextract.

Incaseof C. procera extract exposurethelevel of
DNA was reduced to 53% of the control during the
larval stage. In pupal and adult stagesthe level was
44% and 86% of their controlsrespectively after the
treatment with higher dose. The maximum reduction of
76%intheDNA level wasobservedinlarva stageat
higher dose of exposure of A. squamosa |leaves ex-
tract.

Similarly, when 6" instar larvae of Tribolium
castaneum were treated with higher doses of
fenpropathrin, RNA and DNA contentswere reduced
by 21% and 20%, respectivelyi*l,

Nucleic acidsand protein contentsareregarded as
important biomarkersof themetabolic potentid of cdls,
astheseplay themainroleinregulating the different
activitiesof cdls. Sinceinsectshavevery littlecarbohy-
drate, proteinisused to meet theincreased energy de-
mand. Proteinsaremainly involvedinthearchitecture
of the cell whichisthe chief sourceof nitrogenousme-
tabolism. Decreaseinitsleve during exposureto plant
extract may have been due to their degradation and
poss bleutilizationfor metabolic purposes. Inthe present
study highest reductioninthe protein content was 40%
and 49% in case of C. proceraand A. squamosa ex-
tract high dosetreatment respectively.

Thedecreasesintota proteinleve inthedifferent
devel oping stages suggest the high protein hydrol ytic
activity dueto el evation of proteaseactivity. Inhibition
of DNA synthesis, thus, might affect both protein as
well asprotein synthesismachinery. Theresultsof this
study suggest that the extracted compound (s) isapo-
tentinhibitor of DNA synthesis, whichinturnresultsin
thereduction of RNA leve. Inthepresent finding high-
est decline of 21% and 31% was observed inthe RNA
level inadult in caseof C. proceraand A. sqguamosa
extract respectively. Thus, it ispossiblethat extracted
compounds might haveinhibited the enzymes neces-
sary for DNA synthesis. Carbohydrates are the pri-
mary and immediate sources of energy. In stress condi-

-
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tion, carbohydrate reserveisdepleted to meet energy
demand. Aninhibition of 30.23% and 19.30% of RNA
and DNA by neem compounds and 17.70%
and15.63% by solfac respectively, was reported in
Musca domestical*Z.

CONCLUSION

The dataobtai ned from the present study clearly
indicate that C. procera and A. squamosa seed ex-
tractswerequiteeffectiveaslarvicidesfor providinga
better and excellent alternate for the control of M.
domestica. Among the two extracts tested A. squa-
mosa seed extract proved to be more effective. Fur-
ther vaidation of theseextractsthrough multidimensond
biochemical and molecul ar gpproachesand their field
tridlsmay beuseful inevauating itssuitability assafer,
economic and ecofriendly insecticide.
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