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ABSTRACT

Dengue is one of the most rapidly spreading vebtone diseases in the world. It affects many coestrespecially
the ones in the tropical areas like Philippines n@rdia, Malaysia, India, Indonesia, Thailand, Bta&irgentina,
Eastern Africa and Nigeria, just to name a few. hbels for exterminating the adult mosquitoes invélreigation,
bug zappers, mechanical pest control, and use otiaitles; all of which have been shown to be eithefficient,
toxic or both. To circumvent the problems posedhgy other methods, the usage of botanical or pkarive
products can be done instead. In this study, tinéidadal activities of ethanolicC. frutescent frigitract and its
partially purified fraction — using normal phaselemn chromatography — were tested against two pryntengue
vectors, A. aegyptiand A. albopictus. Thed&hd LG, after 24 and 48 hours of exposure were approxichasng
probit analysis. It was found out that the paryyajpurified fraction was more active than the crusdract, by
having higher average percent mortality and lowé&sdand LG, Phytochemical screening of the extract and
fraction showed positive for tannins, alkaloidsuowrins, indoles and steroids in both and flavosdidthe crude
extract only.

INTRODUCTION

Dengue is one of the most rapidly spreading velstone diseases in the world. It affects many coesitespecially
the ones in the tropical areas like PhilippinesmBadia, Malaysia, India, Indonesia, Thailand, Bra&rgentina,
Eastern Africa and Nigeria, just to name a few. fifoy years prior to 2007, incidence of dengue haseased 30-
fold due to increasing geographic expansion, ad alfrom rural areas to urban settings. It is ataeborne
disease, transmitted primarily through the bitesirdected Aedesaegypti mosquitoes. Besides Aedgptieg
mosquitoes, other Aedes mosquitoes have been knowspread dengue outbreaks, like Aedesalbopictus,
Aedespolynesiensis, and Aedesscutellaris complexh Eof these Aedes mosquitoes has their own ecology
behavior and distributioifl].Methods for exterminating the adult mosquitoesoine fumigation, bug zappers,
mechanical pest control, and use of adulticiddsyfavhich have been shown to be either inefficigakic or both.

A better way of controlling mosquito populationsgrd in turn, control dengue spread — is by targettire larvae
instead of the adults. Lavicidal agents are comgndmaicterial (e.g. Btlarvicides) or synthetic (emgethoprene,
pyriproxyfen) in nature. Efficient and effectiveebe agents may be, they still have certain issegarding quality
control and[1]. To circumvent the problems posed by the othehaout, the usage of botanical or plant derive
products can be done instead.
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Capsicumis a genus of shrubs belonging to the farBiblanaceaeAlthough its species are native to the Americas,
they have now been cultivated worldwide. The froft€apscimfrutescend..) contain hot flavors, primarily due to
the presence of alkaloid compounds called capsadsnespecially capsaicin and dihydrocaps§¢in

Besides its use as a food spi€k, frutescerfsuits have also been found to possess larvicida imsecticidal
properties. Capsicum extracts have been shown to be a repellent agatwed product beetles like
Sitophiluszeamaldotschulsky (Coleoptera: Curculinidae) andriboliumcastaneulfHerbist) (Coleoptera:
Tenebriouidae)3]. It also has been shown to be insecticidal agaiost grain pestSitotrogacerealellpd]and
Alfalfaweevil larvae Hyperbrunneipenn[§].

In this study, the larvicidal activities of ethain®@. frutescenfruit extract and its partially purified fractionusing
normal phase column chromatography — were testainstgtwo primary dengue vectord, aegyptnd A.
albopictus To compare, the L§ and LG, values after 24 and 48 hours of exposure wereoappated using probit
analysis. Phytochemical screening for flavonoideraids, tannins, alkaloid, anthraquinone, anthspmeumarins
and indoles via spray tests.

MATERIALS AND METHODS

Chemicals and Reagents
95% Ethanol, Hexane, Ethyl Acetate (ChemLinelndliftines), Dimethyl Sulfoxide (DMSO), TLC Silicagb60,
Silca Gel G60 (Merck Inc., Philippines)

Larvae Sampling
A. aegypt@nd A. albopictu8™ instar larvae were obtained from the Researchitlistfor Tropical Medicine,
Muntinlupa, Philippines.

Plant Sampling and Preparation

Capsicum frutescefls) fruits were purchased from local markets iahlsla, Philippines which were collected
during August 2014. The plant samples were autbatetii by Mr. DaniloTandang from the Botany Division
National Museum, Philippines. The samples werelagd under shade for two weeks, then ground antibarse
powder was obtained.

Extraction

Thirty grams of the powder was extracted with 95%@eol in a 1 g plant material:10 mL solvent rafibe mixture
was left to soak for 48-72 hours, then filtered eTiitrate was concentrated with a rotary evaparatod then
completely dried in a water bath at@5

Partial Purification

The extract was subjected to normal phase columon@dtography in order to separate its componetiisaSel
G60 was used as the stationary phase whereasyiegzaolvent combinations of increasing polaritgres used as
the mobile phases. The slurry used to pack thentolwas composed of silica gel and hexane. The pactieimn
used was 3 cm in diameter and 36 cm in height fauas. The samples were prepared in an evapagraish by
adsorbing 1.55 g of the crude extract to 3.9 grahsslica gel G60 and drying on a water bath aCA®&lution was
done with solvent systems of gradually increasiotafity using hexane, ethyl acetate, methanol, mezéa water
and deionized water-acetic acid. The followingasitof 100% hexane, 50% hexane:50% ethyl aceta@® ¥hyl
acetate, 80% ethyl acetate:20% methanol, 60% ettgtiate:40% methanol, 40% ethyl acetate:60% meth20%b
ethyl acetate:80% methanol, 100% methanol, 70% aneltB0% deionized water, 60% methanol:40% deiahize
water, 100% deionized water, 80% deionized watét:2@etic acid, and 70% deionized water:30% aceiit\aere
sequentially used in the elution process. Measuodgimes (200 mL) of each solvent combination waedgally
poured into the column. Fifteen (15) mL eluents avepllected and were pooled using a solvent sysiér
chloroform:1 methanol. Pooled fractions were th@moentrated using a rotary evaporator atC4@nd then
evaporated at 4Q to remove the solvent.

Larvicidal Screening of Fractions
Larvicidal assay was based on the Guidelines fdyotaory and Field Testing of Mosquito Larvicif@&swith
slight modifications. The fractions were testediagiaA. aegyptiand A. albopictuslarvae separately. Prior to
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assaying, larvae were allowed to acclimatize inbf®wlistilled dechlorinated water (dddH20) for 2@urs. Glass
assay cups containing 60 mL 1% DMSO were prepaseatbgative controls. The fractions were recongtituln 1%
DMSO to 300 ppm. There were 3 replicates for esghtinent —fractions and negative controls. Batcfid$ third
instar larvae were put into the assay cups comtgifiD mL of 300 ppm reconstituted extracts andftefd8 hours.
Throughout the assay, the ambient temperature eftsak 30+2C. Dead larvae were counted after 24 and 48 hours.
Larvae were counted as dead if they cannot be edlt@ move when the cups were shaken, or prodddd awi
needle or if they are moribund. The fraction whie highest mortality and the crude extract wergestibd to dose-
response assay.

Dose-Response Assay

Batches of 15 third instar larvae were transfelirgd glass assay cups containing 60 mL of treatmdrbr the
active extract, the treatments were 200, 300, &@dppm extract while for the active fraction, theatments were
100, 200, 300 and 400 ppm fraction. For each treatnthree replicates were performed. Throughaeitagsay, the
ambient temperature was kept at 3@2Dead larvae were counted after 24 and 48 hdiesposure. The L& and

LCqy after 24 and 48 hours of exposure to the mostaetkiract and its most active fraction agatsaegpytiand

A. albopictuswere determined using probit analysis.

Phytochemical Analysis
The extract and most active fraction were screcioedhe presence of flavonoids, steroids, tannadkaloid,
anthraquinone, anthrones, coumarins and indolespriy tests.

Statistical analysis
Corrected percent mortality was computed for botiile extract and fractions from Abbott’s formula:

Mortality%treatment—Mortality% in control

Corrected % mortality = *100 (1)

100—Mortality% in control

And percent mortality was computed using the follayformula:

. PercentSurvival —PercentSurvival
Mortallty% — control treatment % 100 (2)

PercentSurvivalcontrol
To compute for the L& and LG, probit analysis was performed using LDP Linewafe.
RESULTS AND DISCUSSION

The crude extract was partially purified using cotu chromatography; the result was five fractionshexane
fraction (#1), ethyl acetate (#2), methanol (#3)ueous (#4) and acetic acid-water (#5) fractionesehfractions
were screened for larvicidal activity at 300 pprsing 1% DMSO as negative control. Of these fragtiaomly
fraction #2 exhibited maximum (100%) larvicidal igity against both species; the rest did not exhabiy activity.
Since only fraction #2 exhibited larvicidal activiat 300 ppm, it was automatically chosen as thstractive
fraction. This fraction was subjected to dose-oesg assay and phytochemical screening.

C. frutescensthanolic extract and the active fraction were sctgid to dose-response assay to determine tgg LC
and LGy after 24 and 48 hours agaidstaegyptiandA. albopictugTables 1& 2). For both treatments, the increase
in average percent mortality at increasing conegioim indicates that the treatments are dose-resgarSince for

all concentrations, the average percent mortalityttie active fraction is higher than the crudeastt it can be said
that the active fraction has higher larvicidal @tyi than the crude extract.

Using the results of the dose-response assay,t@nélysis was performed to approximate theildhd LG, after
24 and 48 hours of both crude extract and actiaetifsn (Table 3). For the crude extract agafshegyptj the
mean LGy and LGy after 24 hours were 231.59 ppm and 430.95 ppmpentisely while after 48 hours, they were
141.92 ppm and 346.74 ppm, respectively. Aoalbopictus the mean Lgy and LGq after 24 hours were 300.20
ppm and 408.92 ppm, respectively while after 48rgothey were 270.61 ppm and 474.60 ppm, respéygtilte
most active fraction was also subjected to dospearese assay to determine thesg.@nd LG, after 24 and 48 hours
of exposure againgt. aegyptiandA. albopictus For A. aegypti the LG, and LG, after 24 hours were 97.22 ppm
and 181.13 ppm, respectively while after 48 hotley were 66.02 ppm and 132.80 ppm, respectivaly.A-
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albopictus the LGy and LG after 24 hours were 41.74 ppm and 164.53 ppmentisely while after 48 hours,
they were 24.35 ppm and 83.78 ppm, respectivelpleTd summarizes the results of the probit anglysduding
the mean LG, and LG values after 24 and 48 hours, fiducial limj2,and r2 values.

Table 1 Results of the dose-response assay of ethanGliérutescens crude extract againstA. aegypti and A. albopictus

Treatment Species | Exposure (hrflverage percent mortalityStandard deviatior]
Negative control: 1% DMS 2
|Ae. albopict 24 0% 0
48 0% 0
pe-2c9p | — g Sa89% 331
. (1] .
Crude extract 200 ppm e, abopit >4 > 220/ 314
' 48 8.89% 3.143
lAe. aegyp 24 71.11% 6.285
Crude extract 300 ppm 48 86.67% 5.443
lAe. albopict 24 57.78% 6.285
48 73.33% 5.443
lAe.acgypt 24 86.67% 5.443
Crude extract 400 ppm 48 95.56% 3.143
lAe. albopict 24 84.44% 3.143
) 48 91.11% 3.143

Table 2. Results of the dose-response assay of ethan@li€rutescens crude extract (ethyl acetate fraction) againsA. aegypti and A.

albopictus
Treatment Specie _|Exposure (hrs]Average percent mortalityStandard deviatior]
Ae. aegyp 24 o 5
. 0,
Negative control: 1% DMS gj 802 8
/Ae. albopict 28 0% 0
e, aogyp 24 53.33% 0.000
_ . 48 77.78Y% 3.14:
Fraction #2 100 ppm ) 24 82.22% 3.143
Ae. albopictl 28 93.33% 0.000
e, acayp 24 91.11% 3.143
. 0,
Fraction #2 200 ppm . gj g;;goﬁ giﬁ
IAe. albopicti 48 97.78Y 3.14:
Ae. aegyp 24 pross 5200
_ : 48 100% 0.000
Fraction #2 300 ppm _ 24 97.78% 3.143
Ae. albopictl 48 100% 0.000
Ae. aegyp 24 o ;
. 0,
Fraction #2 400 ppm gj 18802 8
lAe. albopict 28 100% 0

The results of the dose-response assay indicatéhthactivity ofC. frutescensthanolic extract is dose-responsive;
at increasing concentrations of the extract, thecggg mortality also increases. The steep slopethefprobit
regression models f@ék. aegyptiafter 24 and 48 hours, and far albopictusafter 24 and 48 hours imply that even at
low increases in extract concentration, a highdarpercent mortality can be observeg.2Avalue of less than 5.991
— the critical value for d.f. equals 2 — in all ttregression models indicate high goodness-of-fitjeva coefficient of
determination @ value close to 1 imply that the results of theags are reliable. Probit analysis of the moswacti
fraction also indicate that the active fractiordzse-responsive. Again, the steep slopes inditateeven at low
concentrations of the active fraction, a high larp@rcent mortality can be observed. Sinceghealue is also less
than 5.991 and the r2 value is still close to hhgoodness-of-fit and linearity of the regressioadels are
observed. Since the lsgand LG, values for the active fraction are lower than ého§the crude extract, it can be
concluded that the active fraction is more potéaintthe crude extract. No overlaps in the fidubralts for the
LCso and LG, values except for the Lgafter 24 hours vsA. aegyptiimply that these values are significantly
different.
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Table 3. Results of the probit analyses of ethanoli. frutescens crude extract and fraction #2 againstA. aegypti and A. albopictus

Mosquito

Treatment Species Exposure | LCsi(LL, UL)® | LCeo*(LL, UL)3 Slope + SE X% r2
231.5881 430.9479
24 (192.9089, (366.6488, 4.7518+0.9815| 0.0204% 0.999
A agyp 259.7932) 603.8086)
’ 141.9191 346.7425
48 (52.6713, (292.7324, 3.3034+0.9869| 0.0007 | 0.993
Capsicum  frutescesthanolic 188,5988) 514.5759)
extract 300.2024 408.921 0.5481 +
24 (280.5081, (375.4258, i3413_ 2.3576 | 0.974
A 320.3958) 467.281) :
albopictus 270.6146 374.6019 9.0753 +
48 (252.1678, (346.4148, i1284_ 1.9610| 0.974
288.2887) 418.9785) :
97.2225 181.1339
24 (76.341, (155.7739, 4675;13?86; 0.7031| 0.943
A acgypti 113.3585) 228.5227) :
Capsicum ' 66.0239 132.8026 4.2927 +
frutescensthanolicextract - 48 (29.0088, (108.3948, i2109‘ 0.0848| 0.961
fraction #2 86.3972) 178.3831) )
21512 *
A. 24 41.7358 164.5353 0.732" 3.6250 | 0.895
albopictus 48 24.3486 83.7848 2.3880 | 0.3828__0.907

1 mg extract/L
3LL=lower fiducial limit; UL = upper fiducial limit
“The LL and UL cannot be computed because theirdef of significance of potency) > 0.04.
*df=2

Phytochemical screening for the presence of flakdmaosteroids, tannins, alkaloids, anthraquinoraeghrones,

coumarins and indoles in the extract and activetifva was performed, the results of which is présegtin Table 4.

Alkaloids [7], tannins[8], and indolef®] have been shown to possess toxic activities agaisstts; hence, their
presence in the extracts can be the cause ofl#reicidal activity. Phytochemical screening of thetive fraction

also showed tannins, alkaloids, coumarins, indales$ steroids. The presence of alkaloids imply tresgnce of

capsaicinoid compounds, especially capsaicin —aavknpest toxicant that causes metabolic disruptioembrane

damage and nervous system dysfunctid).

Table 4. Phytochemical screening summary

Phytochemica | C. frutescensethano | C. frutescensethanol-fraction #Z
Flavonoic + -

Tannin +++ +++

Alkaloid + +

Anthraquinone - -

Anthrone - -

Coumarit + +

Indole ++ ++

Steroid ++ ++

- No reaction; ‘+" weak intensity reaction; ‘++'intense reaction; ‘+++' strong intensity reaction

The larvicidal activity ofC. frutescensleaf and fruit methanol extracts against secardi taird instarA. aegypti

larvae have been demonstratedhij. At 100 mg/mL, the percent moralities were 92% 8886 after 24 hours of
the leaf and fruit extracts, respectively, agasestond instar larvae and 99% and 99.3% after 4&hafuthe leaf

and fruit extracts, respectively. On the other hatdl00 mg/mL, the percent mortalities were 41&% 91.6%

after 24 hours of the leaf and fruit extracts, eetppely, against third instar larvae and 66% aBdb% after 48

hours of the leaf and fruit extracts, respectivdlgey also performed a preliminary phytochemicaksning and

found the presence of tannins, alkaloids, steraitt$ glycosides. The larvicidal activity of the frethanol extract
was also tested agaimshopheles stephenahdCulexquinquefasciat{k2]. The LGo, LCqo and LGy values against
C.quinquefasciatwgere 0.0097%, 0.022% and 0.044% oleoresin solutespectively, while againgtn.stephensi

they were 0.011%, 0.027% and 0.057% oleoresinisalutespectively.
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CONCLUSION

After dose response assay of @erutescensthanolic extract, the Ligand LG, values were determined. The dgC
and LGy values were 231.59 and 430.95 ppm, respectivePd dtours and 141.92 and 346.74 ppm, respectitely a
48 hours forA. aegypti The LGy and LGo were 300.20 and 408.92 ppm, respectively at 24shand 270.61 and
374.60 ppm, respectively at 48 hours Faralbopictus Partial purification successfully obtained thesthactive
fraction of C. frutescens After dose-response assay, thesd.@nd LG, values of this active fraction were
determined. The L& and LG values were 97.22 and 181.13 ppm, respectiveBddiours and 66.02 and 132.80
ppm, respectively at 48 hours fAr aegypti The LGo and LG values were 41.74 and 164.54 ppm, respectively at
24 hours and 24.35 and 83.78 ppm, respectivel dodirs forA. albopictus Phytochemical screening of the crude
extract and active fraction revealed the preserfcéannins, alkaloids, coumarins, indoles and stkroand
flavonoids in the crude extract.
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