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Objective: To test the mosquitocidal potential of leaf extracts of Pouteria campechiana
prepared with different solvents and elucidate the structure of an isolated mosquitocidal
compound.

Methods: The leaf extracts of Pouteria campechiana prepared with three solvents (petroleum
benzene, ethyl acetate and acetone) and potential bioactive fractions were tested against
various stages of Aedes aegypti and Culex quinquefasciatus by using the WHO protocols, and the
chemical profile and its functional groups were identified by GC-MS and Fourier transmission-
infrared spectroscopy (FT-IR). The structure of bioactive compound was characterized by
nuclear magnetic resonance (NMR) spectral technique.

Results: The preliminary phytochemical results revealed the presence of alkaloids, amino
acids, flavonoids, quinones, saponins, steroids, tannins, and terpenoids in the acetone extract.
A significant toxic potential was observed in the acetone extract against both Aedes aegypti
and Culex quinquefasciatus mosquitoes. The acetone extract exhibits remarkable larvicidal
(LCyp: 12.232 pg/mL and LCy: 63.970 pg/mL), pupicidal (LCs,: 18.949 pg/mL and LCy: 167.669
ug/mL) and adulticidal (LCy,: 20.689 pg/mL and LC,,: 72.881 pg/mL) effects against Aedes aegypti.
Furthermore, the same extract was subjected to isolation of bioactive compound by GC-
MS and FT-IR analysis. GC-MS results showed the presence of 5 major compounds, and
octacosane (18.440%) was detected as the predominant compound. The FT-IR result of acetone
extract demonstrated the presence of various functional groups like alkanes/alkynes, ester,
aromatic and amides. The NMR spectrum results of isolated compound were well matched to
glycoside linked flavonoids. Based on the chromatography and spectral techniques the isolate
molecule was identified as myricitrin by FT-IR and nuclear magnetic resonance spectral data.
Conclusion: The isolated compound myricitrin possesses a significant toxic effect in all stages

of Aedes aegypti and Culex quinquefasciatus mosquito’s with lowest LCs, and LC,, values.

1. Introduction

Mosquito-borne diseases contribute to disease burden, death

and social debility in the entire world, especially in tropical and

Mosquitoes are a major group of insect that creates a number
of health problems around the globe. A total of 3492 species of
mosquitoes were recorded worldwide, and more than hundred
species are able to transmit various diseases in humans and other
vertebrates(1] e.g. malaria, dengue, yellow fever, filariasis and
Japanese encephalitis(2]. Mosquito bites cause several allergic

responses, including skin problems, urticaria, and angioedemal3].
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subtropical countries[4].
Aedes (Ae.) aegypii is an important vector for dengue and yellow
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fever and adapted to the human environment where it mainly breeds
in the domestic or peridomestic regions. Over the last decades the
number of dengue infections has been increased in the worldwide,
with the occurrence of serious outbreaks with dengue haemorrhagic
fever(5.61. Culex (C.) quinquefasciatus is responsible for lymphatic
filariasis, which is commonly found in tropical regions and it affects
around 120 million people every year(7.

The major problems in the mosquito control are associated with
the intensive use of synthetic chemicals that lead to the mosquito
resistance, environmental hazards and undesirable effects on non-
targeted organisms[8.9]. Approximately 355 000 deaths per year
are associated with pesticide poisoning globally[10]. However,
the compounds isolated and/or derived from plants possess high
mosquitocidal potential without any impact on the environment.
Plant extracts and their essential oils are the best sources of
many bioactive compounds, including insecticides for control of
mosquitoes[11].

Plant products have been utilized traditionally by human
communities in worldwide against most of the insect vectors and
parasites. Over the past 50 years more than 2 000 plant species
have been reported to contain toxic principles against several
insects. Thus, pharmaceutical and pesticide companies have spared
huge money and time for the isolation of natural compounds for
developing new eco-friendly, cost-effective products from plants[12].

In India, several plants are well known for their insecticidal property
and also used as natural pesticides/insecticidal agents. Many plant
extracts have been tested for its toxic effect on various stages (larvae,
pupa and adult) of mosquitoes[13]. More than 1 000 plant species
in India are found to possess good insecticidal properties among
them 384 contain antifeedants, 297 repellents, 27 attractants and
growth inhibitors[14-16]. For example, previously many scientists/
researchers who have done the mosquitocidal potential of several
plants against target mosquitoes viz. Clausena anisatall7l, Curcuma
and other speciesl18], Carum copticum(19], Eclipta albal20], Clausena
dentatal211, Gliricidia sepiuml22] and Azardirachta indical23].

Phytochemical screening, isolation and identification of bioactive
secondary metabolites from plant source for the discovery of new,
potent and lead insecticidal compounds for mosquito control[12].
Pouteria belongs to the family of Sapotaceae, which is commonly
found in the globe. Several species of Pouteria have been used in
folk medicine for treating inflammation, skin eruptions, ulcers and
back pain(24]. Pouteria (P.) campechiana seeds are used in folk
medicine to treat ulcers[25] and possess many biological activities
like anti-inflammatory[26], anti-mitotic activity[27], antioxidant and
hepatoprotective effects[28]. To the best of our knowledge, there
are no reports on the mosquitocidal potential of P. campechiana.
Therefore, the present study was aimed to investigate the larvicidal,
pupicidal and adulticidal efficacy of P. campechiana extracts
and isolated its bioactive principle against Ae. aegypii and Cx.

quinquefasciatus.
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2. Materials and methods
2.1. Solvents and reagents used

All the analytical reagents and solvents were used in this
experiment was procured from Merck, Germany. Pre-coated TLC
silica gel plates and HPLC grade solvents were obtained from Hi-
Media (Mumbai, India).

2.1.1. Collection and extraction of plant material
Healthy, fresh leaves of P. campechiana (PU/BT/NDRL/03/2018)

were collected from Munnar, Kerala, India. The plant specimens
were deposited in the Natural Drug Research Laboratory,
Department of Biotechnology, Periyar University, Salem,India,
as voucher no-01 (2018). The collected plant was identified by a
botanist, Dr. Pushpa Kumara, ICRAF-Country Liaison Scientist,
Department of Crop Science, University of Peradeniya, Sri Lanka.
The collected plant material was washed thoroughly in running
tap water and dried at room temperature. Dried plant material was
powdered using an electrical blender. The powdered plant material
was extracted successively using three different organic solvents
namely, petroleum benzene, ethyl acetate and acetone in a Soxhlet
apparatus (for 9 h). All extracts were filtered through Whatman no.
1 filter paper and the residual solvents were evaporated at room
temperature. The dried extracts were weighed and stored at 4 °C for
further study.

2.2. Collection of the test organisms

The larvae of Ae. aegypti and Cx. quinquefasciatus were collected
from the Botanical garden of Periyar University, Salem, Tamil Nadu
and India. The collected larvae were identified by a zoologist Dr.
M.S. Shivakumar, Assistant Professor, Department of Biotechnology,
Periyar University, Salem, Tamil Nadu, India and cross-referred with
available books[29]. The larvae were reared in a plastic tray (24 cmx
35 cmx5 cm) containing dechlorinated tap water and maintained at
(25%2) °C, with 70%-80% of relative humidity and 16:8h of light
and dark photoperiods. The larvae were fed with a powdered feed
contains dog biscuits and baker’s yeast (3:1 ratio). The pupae of each
mosquito was cultured in a separate container covered with mosquito
net cages [(26+2) °C, (85+3)% RH, 16:8 h (L: D) photoperiod] for
the purpose of emerging adults.

2.2.1. Larvicidal and pupicidal bioassay
The larvicidal and pupicidal activity of plant crude extracts and

isolated fractions were assessed by the standard WHO protocol(30].
The desired concentrations of plant extracts and isolated fractions
were dissolved in 1 mL of 10% DMSO for its solubility in water.
From the stock solutions (1 mg/mL) different test concentrations
(viz., 200, 400, 600, 800 and 1 000 pg/mL for extracts and 200, 400,
600, 800 and 1 000 pg/mL for isolated fraction) were prepared and
tested against target mosquitoes. The larvae and pupae of selected
mosquito species (n=25) were introduced in 500 mL enamel tray
containing 250 mL of distilled water and 1 mL of plant extracts/
isolated fractions. About 1 mL of 10% DMSO was served as a
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negative control. The mortality rate was recorded (after 24 h and
48 h of post-treatment) and corrected with Abbott’s formula. All the
experiments were conducted at room temperature [(28+2) ‘C] and

five replicates were tested at a time.

2.2.2. Adulticidal activity

The adulticidal potential of plant extracts and isolated fractions
were performed as per the modified procedure of WHOI(30]. The
adulticidal bioassays of samples (crude and fraction) were performed
in the test tubes (at horizontal position). The test tubes contains
desired concentrations of extracts and isolated fractions (200, 400,
600, 800 and 1 000 pug/mL), as well as the carrier solvent alone used
as a control. The adult mosquitoes (n=15) were gently introduced
into a glass holding tube for 30 min, rearing and transferred into
the coated test tubes. The number of dead and/or alive mosquitoes
was recorded after 24 h of treatment and the mortality rate was
corrected using Abbott’s formula. All the bioassays were carried out
in triplicates along with control providing ambient environmental [at

room temperature with suitable relative humidity i.e. (80+2)%].

2.3. GC-MS analysis

The acetone extract was chosen for the isolation of the bioactive
compound(s) and further analysis like GC-MS and Fourier
transmission-infrared spectroscopy (FT-IR). GC-MS analysis
of acetone extract was carried out in a GC Clarus 500 Perkin
Elmer system comprised with an AOC-20i auto-sampler and
gas chromatograph interfaced to a mass spectrometer with the
following GC instrument conditions. GC column - Elite-1 fused with
silica capillary (30 mx0.25 mm IDx1 p Mdf, composed of 100%
Dimethyl polysiloxane); mass spectrometer operated in electron
impact mode at 70 eV; Helium gas (99.99%) was used as carrier
gas at a constant flow of 1 mL /min and 0.5 pL of sample injected
(split ratio of 10:1) with suitable injector (250 ‘C) and ion-source
temperatures (280 °C). The oven temperature was programmed
from 110 °C (isothermal for 2 min), with an increase of 10 °C/min,
to 200 °C, then 5 °C/min to 280 °C, ending with a 9 min isothermal
at 280 “C. Mass spectra were taken at 70eV with a scan interval of
0.5 s and fragments from 40 to 450 Da and total running time of
GC is 36 min. The relative percentage amount of each component
was calculated by comparing its average peak area to the total
areas. The comparison mass spectra of identified compounds in the

chromatogram was done by adopting Turbomass Ver. 5.2.0 software.

2.4. FT-IR analysis

FT-IR is a valuable tool for the identification of functional groups
of the plant molecules. Acetone extract of P. campechiana and the
isolated fraction was subjected to FT-IR analysis. About 10 mg of
the sample was encapsulated in 100 mg of KBr pellet, in order to
prepare translucent sample discs. The sample disc was loaded in FT-
IR spectroscopy and scanned (range between 400 to 4 000 cm™') with
aresolution of 4 cm.
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2.5. TLC analysis

TLC profile of plant samples was carried out as per the standard
protocol. The acetone extract and isolated fractions were applied
as a spot about (1 cm) above the edge of TLC (pre-coated silica gel
F254, Merck, Germany) plate of the capillary tube. The TLC plate
was placed in a closed container saturated with vapors of desired
developing solvents (i.e. 7.1: 2.9-Chloroform: Methanol for extract
and 7.1: 2.9-Chloroform: Methanol for isolated fraction) as a mobile
phase. The well developed spots of TLC plates were examined under

ultraviolet chamber (254 nm) and the Rf values were calculated.

2.6. Column chromatography of isolated fraction

The bioactive compounds from the acetone extract were isolated
by column chromatography technique. Acetone extract of P.
campechiana (5 g) was eluted through a 50 g of silica gel (60-120
mesh) column (60 x 4 cm) with mixtures of chloroform/methanol
(7.1:2.9) to yield fractions (F). The individual fraction was monitored
by TLC for its purity. The residual solvents of isolated fractions were
evaporated at room temperature and the concentrated fractions were

stored at 4 °C for further spectral analysis.

2.7. Nuclear magnetic resonance (NMR) spectroscopy

The structure of isolated fraction containing bioactive compound
was determined using NMR spectroscopy. The proton (‘H) and
carbon (°C) NMR spectral study investigation was performed to
elucidate the structure of the isolated compound. The pure fraction
(10 mg) was dissolved in 1 mL of deuterated solvent. The NMR
spectra of the isolated compound containing fracton were recorded
in Bruker AV-600 NMR instrument. The spectral data were analyzed
and compared with published literature in order to derive the

structure of the isolated compound.

2.8. Statistical analysis

The larval mortality data were subjected to Probit analysis[31] to
calculate the LCs, and LC,,, fiducial limits of upper confidence limit
(UCL) and lower confidence limit (LCL) and chi-square and degree
of freedom values by SPSS software version-16.0.

3. Results
3.1. Preliminary phytochemical screening

Preliminary phytochemical analysis of the sample showed the
presence of alkaloids, flavanoid, phenols, quinones, saponins,
steroids, tannins and aminoacid, terpenoids which were absent in
acetone extract. The alkaloids were present in the ethyl acetate
extract, but the flavanoids, phenols, quinones, saponins, steroids,

tannins, aminoacids and terpenoids were absent. The presence of
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alkaloids and steroids was noticed in the petroleum benzene extract
and the remaining chemicals like aminoacids, flavonoids, phenols,

quinones, saponins, tannins and terpenoids were absent (Table 1).

Table 1. Phytoconstituents of Pouteria campechiana extract using different

solvent.

No  Phytoconstituents  Acetone Ethyl acetate Petroleum benzene
Alkaloids + + +

Aminoacids - - -

1

2

3 Flavanoid
4 Phenols
5 Quinone
6

7

8

9

+ o+ +
|
.

Saponin - - -
Steroid
Tannins

+ +

Terpenoids - - -

«+» indicates the presence of phytochemicals; «—> indicates the absence of

phytochemicals

3.2. Larvicidal activity

The larval toxicity of different solvents crude extracts of P.
campechiana was tested against 4th instar larvae of Ae. aegypti and
Cx. quinquefasciatus. The obtained LCs;, LCy, values of different
solvents extract tested against targeted mosquitoes after 24 and 48 h
post treatment were shown in Table 2. The acetone extract expressed
the good larval mortality against Ae. aegypti [LCsy =15.161 and
LC,, =144.175 pg/mL, (after 24 h) and LCs, =12.232 and LC,,
=63.970 pg/mL, (after 48 h), followed by Cx. quinquefasciatus LCs,
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=33.778 and LC,, =242.333 pg/mL, (after 24 h) and LC,, =14.212
and LC,, =187.648 ug/mL, (after 48 h)] respectively. The isolated
fraction of acetone extract showed moderate larvicidal activity
against tested mosquitoes, while compared to crude extracts. The
lethal concentration of LCy, =43.023 and LC,, =243.537 pg/mL
in Ae. aegypti and LCy, =76.129 and LCy, =499.822 pg/mL in Cx.
quinquefasciatus (after 24 h). Similarly, after 48 h treatment showed
LCsy =20.555 and LCy, =127.468 ug/mL in Ae. aegypti and LCsy,
=51.068 and LCy, =287.265 pg/mL (Table 3).

3.3. Pupicidal bioassay

The acetone, ethyl acetate and petroleum benzene extracts from
P. campechiana leaves were tested against Ae. aegypti and Cx.
quinquefasciatus pupae at 24h post treatment. The good mortality
rate was observed in the acetone extract when compare with other
extracts. Acetone crude extracts have low LCs, and LC,, values (LCs,
=51.735 and LCy, =400.122 pg/mL in Ae. aegypti and LCy, =65.004
and LCy, =530.811 pg/mL in Cx. quinquefasciaius after 24 h; LCs,
=18.949 and LCy, =167.669 pg/mL in Ae. aegypti and LC, =38.125
and LCy, =337.437 ug ug/mL in Cx. quinquefasciatus after 48 h
(Table 2). The tested fraction of acetone fraction showed LCs, and
LC,, values against Ae. aegypti (LCs, =88.044 and LC,, =536.880 g/
mL for 24 h treatment; LCy, =47.190 and LC,y, =355.178 pg/mL for
48 h treatment) and Cx. quinquefasciatus ((LCs;, =100.407 and LC,,
=599.240 pg/mL), (LCs, =65.190 and LCy, =449.762 pg/mL)) in 24
h and 48 h (Table 3).

Table 2. Larvicidal, pupicidal and adulticidal activity of Pouteria campechiana against Aedes aegypti and Culex quinquefasciatus (after 24-48 h) pg/mL.

24 h 48 h
Mosquitocidal Ae. aegypii Cix. quinquefasciatus Ae. aegypii Ch. quinquefasciatus
activity LG, LCy, LCs, LCy, LCs, LC,, LC,, LGy,
(LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL)
Acetone
Larvae 15.161 144.175 33.778 242333 12232 63970 14212 187648
(3.680-24463)  (94.171-490.903) (2129643.169)  (147.501-808294)  (3.869-19389)  (50.37596352) (1992-24.520) (109.155-255943)
Pupa 51.735 400.122 65.004 530.811 18949 167669 38.125 337437
(39.154-66.022) (210514-2064513)  (51.067-89.520)  (253.876-580.6)  (6.513-28276)  (107.060-573986) (2406349059)  (180640-1850.747)
Adult 20.689 72.881 41269 190555 - - - -
(1321026564) (60.020-99.419)  (32.12549379)  (133.096-383437)
Ethyl acetate
Larvae 28738 383836 42706 405947 15741 162271 24210 169.868
(11.30840.303) (181.388-5223.103) (28284-55060)  (203.129-2900679)  (3.666-25375) (101.852-666.935) (1228232915)  (112387457433)
Pupa 192.758 99951 87.561 490482 40516 531.186 71975 793412
(98.531-518.710)  (876.740-1029.99) (70.749-126462)  (2006872004.758)  (23.109-72481)  (227.743968665)  (54912-113879)  (310.136456.595)
Adult 28705 141.601 51258 190555 - - - -
(19013-36.148)  (102953-267.095)  (42477-113.879)  (133.096-383437)
Petroleum
benzene
Larvae 31.375 193402 60.187 432242 16942 100.873 34498 172314
(20.061-39.909)  (127460491.749) (47642-78629)  (226205-2151400)  (7.027-24.725)  (75.160-189.717) (2473042322)  (120892-351256)
Pupa 272078 956900 210918 350789 54.731 422142 88891 568027
(125.923- (925413-100000)  (118355-3055943)  (604496-1501.899)  (42.099-70.546) (218893-2266287)  (70680-135023)  (280677-3176411)
517.811)
Adult 35933 123981 57961 200.846 - - - -
(28.66642.162)  (97.6487-148.119) (49.899-67.545)  (146989-346958)

LC,, lethal concentration that kills 50% of the exposed larvae, LC,, lethal concentration that kills 90% of the exposed larvae, UCL upper confidence limit, LCL

lower confidence limit, -: not detected.
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Table 3. Mosquitocidal potency of myricitrin from Pouteria campechiana acetone extracts against Aedes aegypti and Culex quinquefasciatus (ug/mL).
24 h 48 h
Mosquitocidal Ae. aegypli Cx. quinquefasciatus Ae. aegypti Cix. quinquefasciatus
activity LC,, LCy, LC,, LC,, LCs, LCy, LCs, LCy,
(LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL) (LCL-UCL)

Larvae 43.023 243.537 76.129 499.822 20555 127468 51.068 287.265

(32.494-52.483)  (155.370-642.448) (61.313-107.086) (255.573-2546.235)  (989028631)  (91.096268413) (40.571-62.487) (176.606-825.582)
Pupa 88.044 536.880 100407 599.240 47190 335.178 65.203 449762

(70.452-130.970) (272.645-2710.624) (79.563-156.155) (300.420-3012.356)  (35.165-59041) (88538-1359203) (52.254-86.782) (234.783-2208.315)
Adult 34322 229.128 51.365 492793 - - - -

(22.409-43436) (143.289-686.181) (37.270-67.434) (232.333-4271.087)

LC,, lethal concentration that kills 50% of the exposed larvae, LC,, lethal concentration that kills 90% of the exposed larvae, UCL upper confidence limit, LCL

lower confidence limit, -: not detected.

3.4. Adulticidal activity

All extract shows varied levels of adulticidal activity against target
mosquitoes. After 24 h exposure, the petroleum benzene extract of
P. campechina shows the lowest activity with LCy, and LC,, values
of Ae. aegypti (35.933 and 123.981 ug/mL, after 24 h) and Cx.
quinquefasciatus (57.961 and 200.846 ug/mL, after 24 h). Ethyl acetate
extract reflects moderate activity with the LC,, and LC,, values of Ae.
aegypii (28.705 and 141.601 pg/mL, after 24 h) and Cx. quinquefasciatus
(51.258 and 190.555 pg/mL, after 24 h). While, the leaf acetone extract
shows maximum adulticidal effect against Ae. aegypti with the best
LC,, and LC,, values (20.689 and 72.881 ug/mL, after 24 h) (Table 2).
The isolated fraction of acetone extract reported adulticidal activity
of Ae. aegypti (LCsy =34.322 and LC,y, =229.128 ug/mL) and Cx.
quinquefasciatus (LCs, =51.365 and LCy, =492.793 pg/mL) after 24
h(Table 3).

3.5. GC-MS analysis results

Totally 51 chemical constituents were identified from the acetone
extract of P. campechiana by GC-MS. Among them, 5 peaks were
noticed after comparison of the mass spectra with WILEY and
NIST libraries and identified as follows, Octacosane (18.440%),
Hexatriacontane (9.435%), Sulfurous acid pentadecyl2-propylester
(6.837%), D1-N-Octyl phthalate (10.377%) and Tetracosane
(4.394%), respectively (Table 4 and supplementary Figure 1).

3.6. FT-IR analysis results

In the FT-IR spectrum of acetone extract of P. campechaina
reflected nine functional groups. The peak at 2 925.70 cm™ could be
attributed to alkanes/alkynes group with C-H stretching vibration.
The wavelength of 1 722.85 cm’ could be shown to esters, aromatic
group with C=0 stretching vibration, 1 601.03 cm™ could be
reflected to amides group with N-H bens stretching, 1 501.65 cm’
could be attributed to aromatic compounds group with Ring C=C
stretching vibration. The peak at 1 461.05 cm™ indicates alkanes/
alkynes with C-H bend stretching and 1 332.05 cm™ interpreted
to alkyl halides with C-F stretching vibration, 1 267.06 cm™ could

be attributed to ethers with ethers stretching vibration (C-O-C), 1
056.14 cm™ could be interpreted to alcohol with C=O stretching
vibration and peak at, 821.08 cm™ could be corresponds to aromatic

compounds with C-H bend stretch (Supplementary Figure 2).

Table 4. GC-MS analysis of acetone extract from Pouteria campechiana.

Name of the Biological
S.No MW Ara%  MF
Compound properties
1 Octacosane 267 394 18440 CyxHyy  Mosquitocidal
Hexatriacontane 2410 506 9435 CyH,, Antiinflammatory
3 Sulfurous acid, 2479 334 6837 CHOS  Disinfectance
Pentadecyl2-propylester
4 Dl-n-octyl phthalate 233 390 10377 C,HO, Plasticizer,
cosmetics
5 Tetracosane 2033 338 439 C,H,, Antibacterial

RT=retention time(min); MW=molecular weight; MF= molecular formula.

3.7. Column chromatography

Column chromatography was performed from the acetone extract
of P. campechiana using the solvent system of chloroform/methanol
in the ratio of 70.1:29.9 resulted two active fractions and it can be
separated based on the extract ingredients resolution. The Rf value
of each fraction was calculated and marked as Band-1: 0.83 and
Band-2: 0.85 respectively.

3.8. '"H-NMR spectrum

The 'H-NMR spectrum of isolated fraction from acetone extract
has revealed the number of protons in the isolated compound
(Supplementary Figure 3). The °H values at 7.73, 7.70, 7.03 and
6.98 ppm of four singlet peaks revealed the aromatic protons. The
peaks at °H 3.98, 3.96, 3.92, 3.91 and 3.87 ppm noticed, -CH and
—CH, alkane protons. Besides *H 1.34 singlet peak has revealed the
-CH; proton and evident of this peak confirmed the glycoside group
is attached with the isolated compound. The OH protons of isolated
compound would be exchanged with DMSO-D, solvent therefore
hydroxyl proton peaks are not appeared in their selected chemical
shift. Based on the screening test, FT-IR and '"H-NMR spectrum data
of the isolated compound was assumed as glycoside linked flavonoid
compound and the spectral data is well matched with ‘Myricitrin’

compound.
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3.9. "C—NMR spectrum

The isolated bioactive compound from P. campechiana was
subjected to "C-NMR analysis revealed the number of carbon and
helpful to predict the carbon skeleton structure of isolated compound
(Supplementary Figure 4). The carbon chemical shift of isolated
compound at®H values 29.57, 55.95, 59.81, 61.44, 62.09 ppm shows
aliphatic methyl (-CH;) and methylene (-CH,) carbon which is the
strong evidence for isolated compound as glycoside containing
flavonoid compound. The chemical shift at 95.92 and 111.13 ppm,
indicates the aromatic carbons. And notably, the chemical shift at
173.57 ppm represented the carbonyl carbon (C=0) 73, 7.70, 7.03
and 6.98 ppm of four singlet peaks shown the aromatic protons.
The chemical shift at 112.94 ppm revealed the linkage carbon of
glycoside and flavonoid ring and 148.57 and 153.43 ppm shows that
carbon of A and C hydroxyl group containing carbon. Additionally,
the chemical shift at 150.83 indicates the B and C linked carbon
(C-0-C) of isolated carbon. Based on the above, the “C-NMR
spectrum of isolated compound was strictly matched with the

compound Myricitrin (Figure 1).

OH
Figure 1. Structure of myricitrin isolated from acetone extract.
3.10. FT-IR spectrum of myricitrin

FT-IR spectrum analysis of the isolated compound confirmed the
presence of various functional groups in the wave length ranged
from 4 000-400 cm™ by Bruker instrument. The sharp peak at 3 776
cm’ indicates the -OH group of phenolic compound, which means
the isolated compound may contain phenolic ring. The peaks in the
range of 3 262-2 361 cm™ corresponding to C-H stretching vibration.
Peaks at 1 954 and 1 632 cm™' expressed the presence C=0 and
C=C group. The short peak at 1 384 cm’' revealed the stretching of
C-C alkane group presence. Moreover, the broad peak at 1 106 cm’
shows the C-O-C group, which means the isolated compound may
contain glycoside moiety. From the result of FT-IR spectrum of the
isolated compound may consists of glycoside linkage with flavonoid

compound.
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4. Discussion

Plants source of innumerable therapeutic agents are important to
the health care of individual as well as communities. Secondary
metabolites from plants can be acted as protective agents against
microorganisms, predator insects and natural candidates for the
discovery of new products to combat against mosquito borne
diseases. Several studies have been focused on natural products for
controlling mosquitoes as insecticides and larvicides[32,201.

In the present study, preliminary phytochemical analysis of
different extracts from P. campachiana was found to occurrence of
alkalioids, flavanoids, phenols, quinones, saponins, steroids, tannins
in the acetone extracts. Previously, Mehraj et al.[33] reported the
P. campechiana fruit extract showed the presence of all chemical
constituents. Similarly, Ramanji et al.[34] identified the presence of
alkaloids, carbohydrates, tannins, flavonoids, saponins, phytosterols,
mucilages in P. campechiana plant extract. Previously, several plant
species wviz., Pouteria sapotal351; Pouteria ramifloral361; Ocimum
gratissimuml[37] reported to contain various phytochemicals.

The outcome of present study revealed the mosquitocidal property
(larvicidal and pupicidal) of three different solvents extracts obtained
from P. campechiana against Ae. aegypti and Cx. quinquefasciatus
mosquito vectors. The highest mortality was observed in acetone
extract. Similarly, Mukandiwa et al.[17] investigated the acetone,
dichloromethane and hexane leaf extract of Clausena anisata acted
as a potential larvicidal agent against Ae. aegypii. Rajasekaran and
Duraikannan[38], observed the highest mortality in the petroleum
ether extract of several medicinal plants against 4th instar larvae Ae.
aegypti. Similarly, Govindarajan[39] reported the Sida acuia plant
shows strongest repellent action against three mosquitoes. Kamaraj
and Rahuman(40] studied the larvicidal and pupicidal activity of few
plants against Cx. quinquefasciatus and Cx. gelidus. On the other
hand, Bagavan and Rahuman(41] investigated the mosquitocidal
effect on ethyl acetate extract of Ae. aspera, against target mosquito.

Botanical derived secondary metabolites/molecules have toxic
larvae, pupae and adult mosquitoes. The plant derived secondary
metabolites, essential oils, bioactive compounds and nanoparticles
are highly toxic to insects[42]. Earlier, many researchers reported
that the toxicity effect on larvae and pupae might be linked to the
ability of plant derived molecules to penetrate into the outer layer
of larvae and pupa. In the cell membrane space, molecules can bind
to sulfur in proteins or phosphorus in the DNA, which might lead
to denaturation of cells, organelles and metabolites are entering into
cell membrane permeability and disturbed to proton motive force
that may cause loss of cell organelle function and finally death of
treated mosquitoes[43].

The gas chromatography and mass spectroscopic analysis of P.
campechiana acetone extract reflected the presence of 5 major
peaks. The mosquitocidal activity of Octocosane from Moschosma
polystachyum, 7 bioactive compounds ((+)-gallocatechin,

(+)-catechin, (-)-epicatechin, dihydromyricetin) from P.
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campechiana, P. sapota and P. viridis, 3 bioactive compounds
(Friedeli, Epi-friedelanol and Taraxerol) from Pouteria ramiflora
have been reported by Ma et all441.

The functional groups of chemical compounds were identified
by FT-IR analysis, and the results revealed the presence of major
peaks corresponding to alkanes/alkynes (C-Hs), esters and aromatic
(C=0s), amides (N-Hb), aromatic compounds (Ring C=Cs), alkanes/
alkynes (C-Hb), alkylhalides (C-Fs), ethers (C-O-C), alcohol (C=0s),
aromatic compounds (C-Hb). Previously, Likewise, Rodrigues et
al(45] studied the FT-IR analysis of chloroform extract of Ocimum
gratissimum revealed the presence of major amines, imines (N — H
str), alkanes (-CH,), disubstituted alkenes (R1 CH=CHR2), Nitrates
(O-NO2 v) stretching, wagging, bending of oxygenated bonding
(O-H), C-N stretching alcohols, carboxylic acids, ethers and esters.

The acetone extract from the leaves of P. campechiana was
subjected to TLC and column chromatography yielded 7 fractions
and further fraction 2 from CC used to the isolation of compound.
The structure of isolated bioactive compound was derived by 'H-
NMR and “C-NMR spectral analysis. Based on the spectral data,
the isolated compound was identified as ‘myricitrin’. Likewise,
Elsayed et al.[26]; Hernandez et al.[27] and Ma et al.[44] identified
several bioactive compounds, including myricetin (3-O-a
rhamnopyranoside) from the same plant. The overall results from
study suggest that bioactive compound from the acetone extracts
of P. campechiana contains insecticidal property and may be used
as potential candidature for control of Cx. quinquefasciatus and Ae.

aegypli mosquito vectors in near future.
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