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A B S T R A C T

Mosquitoes transmitted several vector borne diseases like malaria, dengue, lymphatic filariasis and now Zika
virus. Synthetic chemicals cause much illness to humans, non-target organisms and natural ecosystem. In the
present study, larvicidal efficacy of Naringi crenulata (Rutaceae) different leaf extracts and bioassay guided
fractions against Culex quinquefasciatus, phytochemical screening and secondary metabolites were characterized
by TLC, HPLC, GC-MS and FT-IR analysis. Our results show highest larval mortality was found in acetone extract.
For 24h LC50 and LC90 values were, 1.020, 1.931mg/l. And 48h LC50 and LC90 values were, 3.728, 4.771mg/l
respectively. Fraction 9th showed remarkable larvicidal activity on larvae of Cx. quinquefasciatus. For 24h LC50

and LC90 values were, 5.312, 9.130mg/l), for 48h LC50 and LC90 values were, 5.000, 9.538mg/l. Phytochemical
screening of N. crenulata crude extract contains phenols, alkaloids, tannins, saponins in acetone extracts. GC-MS
analysis results show, 9,12-Octadecadienoic Acid (Z,Z)- (26.846%) is a major chemical constituent may be in-
volved in larvicidal activity. Thin layer chromatography analysis shows nine molecules were separated using
chloroform: methanol in the ratio 9.7: 0.3 solvent system. A sharp single peak was obtained in the 9th fraction
with retention time of 1.376min with a purity of 99%. FT-IR analysis results confirmed presence of alkynes,
alcohols, phenols, carboxylic acids, stretching, wagging and bending of oxygenated bonding. The present study
shows that chemical constituents obtained from N. crenulata extracts and 9th fraction have strong larvicidal
properties these botanical derived molecules offered alternative to synthetic chemical insecticides.

1. Introduction

Mosquitoes transmitted several vector-borne diseases namely, ma-
laria, dengue, yellow fever, lymphatic filariasis and recently zika virus
etc. in tropical and subtropical climatic conditions (Benelli and Duggan,
2018). Culex quinquefasciatus is vector of lymphatic filariasis in several
countries (Benelli, 2015a). Lymphatic filariasis distributed in tropical
zones with around 120 million peoples was infected in worldwide and
44 million peoples having the common chronic manifestation
(Bernhard et al., 2003; Govindarajan and Benelli, 2016). Chemical in-
secticides a major concern for the control of mosquito vectors. Repeated
usage of same or different types of chemical insecticides cause several
illness to environment, humans and other non-target organisms, major
problems is mosquitoes get insecticide resistance capacity in very
quickly (Ramkumar and Shivakumar, 2015).

Currently several researchers to find the biological derived

mosquito larvicides from plant, bacteria and fungus and their meta-
bolites against larvae, pupae and adult of major mosquito species
(Benelli, 2015b; Vivekanandhan et al., 2018a,b,c,d). Especially fungus
and medicinal plant extracts very effective in mosquito control pro-
gram, the plant and microbes play an important role in reduce the
mosquito populations and low effects to environments and non-target
organisms (Benelli, 2016). Plant and fungal secondary metabolites
provide an alternative source in the vector control program (Zeinab and
Abou-Elanga, 2014; Vivekanandhan et al., 2018a, e). Medicinal plants,
entomopathogenic fungus and fungal derived secondary metabolites
are right choice for control of mosquito population because these me-
tabolites has several advantages like, ecofriendly in nature, biode-
gradable, efficacy, target specific, cheaper and low toxicity to en-
vironment and non-target organisms (Vivekanandhan et al., 2018a,b;
Benelli, 2015b; Vivekanandhan et al., 2019).

Naringi crenulata (wild) is a medicinal tree, belonging to Rutaceae
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family found in India and other part of the world. It is commonly called
as Narinarakam, Kattunarakam and Tamil name it is called Megavilvam
or Magavilvam. Naringi genus it's growing as understory trees in ever-
green forests up to 1200m. Plant contain several medicinal properties
namely, the plant root is used to curing vomiting, dysentery and colic
disorders in India (Rajith and Ramachandran, 2010). Fruit decoction is
used as an insect repellent agent and also isolates Pectic poly-
saccharides for several biological activities (Senthilkumar et al., 2006;
Saroj et al., 2003). Bark juice is applied externally for getting speedy
relief in sprain (Udayan et al., 2008). N. crenulata plant extracts show
good Anthelmintic activity (Ramani et al., 2010; Sarada et al., 2011).
The Naringi crenulata (wild) plant contain several active phytochemical
constituents namely, alkaloids, flavonoids, quinines, steroids, terpe-
noids and glycosides phytochemicals may be involved in the mosqui-
tocidal activity. In the present study, larvicidal efficacy of Naringi cre-
nulata (Rutaceae) leaf extracts and bioassay guided fractions against
Culex quinquefasciatus mosquito (Diptera: Culicidae), phytochemical
screening and secondary metabolites characterized by TLC, HPLC, GC-
MS and FT-IR analysis.

2. Materials and methods

2.1. Plant materials

N. crenulata leaves (Fig. 1) were collected from Vellimalai hills,
Eastern Ghats of Tamil Nadu, India. Botanical nomenclature of the
plant was identified by Dr. D. Natarajan, Assistant Professor, Depart-
ment of Biotechnology, Periyar University, Tamil Nadu, India.

2.2. Preparation of plant extracts

Plant leaves were washed with running tap-water for remove the
dust particles and leaves were shade-dried at room temperature
(28 ± 2 °C) for three weeks in Natural Drug Research Laboratory,
Department of Biotechnology, Periyar University. Dried leaves were
grind for making a powder using electrical steel blender. Leaf powder
(300g) was extracted with different solvent system like, hexane, ethyl
acetate, acetone and methanol (each 400ml separately) with help of
Soxhlet apparatus (boiling point range at 50–80 °C) for 8 h. Extract was
concentrated under reduced pressure (22–26mmHg) at 50 ± 2 °C, and
the obtained residue was stored at 4 °C.

2.3. Mosquito culture

Cx. quinquefasciatus larva were procured from National Centre for

Disease Control (NCDC), Mettupalayam, Tamil Nadu, India. Mosquito
larvae were reared and maintained in the laboratory condition. Larvae
were fed with dog biscuits and millet powder and yeast powder in 3:3:1
ratio (Vivekanandhan et al., 2018c).

2.4. Larvicidal bioassay

Larvicidal bioassay of N. crenulata plant extract and isolated frac-
tions were evaluated as per method of World Health Organization
(WHO, 2005; Pratheeba et al., 2015). About 25 4th instar larva were
transfer into bioassay trays containing 249ml of tap water and 1.0ml of
the desired plant extract in various concentrations (100, 200, 300, 400,
500, 600, 700, 800 and 900mg/l) dissolved in DMSO and controls
setup were treated with DMSO. Larval mortality was calculated after
24h post treatment. Each concentration has three replicates and each
replicate has 25 larvae.

2.5. Phytochemical screening

Preliminary phytochemical analysis was done using different sol-
vent crude extracts of N. crenulata with slightly modified method of
Satheesh et al. (2012) and Thamaraiselvi et al. (2012).

2.6. GC–MS analysis

Gas chromatography mass spectrometry analysis of N. crenulata
plant extract was performed on an Agilent 6890. GC equipped with
5,973 N mass selective detectors with HP-5 capillary column. Carrier
gas was helium at a flow rate of 1.0ml/min (constant flow). Sample
(0.2 μl) was injected with a split of 20:1 and the temperatures were
maintained at 230 and 150 °C.

2.7. Thin-layer chromatography

Thin-layer chromatography was done with help of acetone crude
extract of N. crenulata using different mobile phase for separation of
different chemical constituents present in the acetone crude extract.
Glass chamber was selected chloroform: methanol solvent system in the
ratio of 9.7:0.3 covered and left untouched for few min. Next, the
sample was loaded on the Silica TLC plates (Merck; size, 15× 2 cm)
and the spots were allowed to dry. Then, the plate was taken from the
chamber and the solvent front was marked immediately with using a
pencil. TLC plate was allowed to dry completely, for solvent may eva-
porate. To visualize the different zones/spots of the crude extract
passed on the TLC plate. TLC plates were exposed to UV chamber.
Finally, the Rf value was calculated using the following formula (Torres
et al., 2015).

=R
Distance traveled by compound

Distance traveled by solventf

2.8. Column chromatography

Acetone crude extract of N. crenulata (10 g) was subjected to column
chromatography over silica gel (60–120 mesh) and it was eluted with
chloroform followed by the combination of chloroform/methanol in the
ratio of 9.7:0.3. Fractions were eluted with solvents gradually in-
creasing and collected in a 50-ml test tube. Eluted fraction was com-
bined based on the TLC results were obtained. A single fraction (50ml)
was collected and then concentrated to dryness in a rotary vacuum
evaporator. Concentration fraction was collected in glass vials and
stored at 4 °C further use.

2.9. Purity checking

9th fractions were confirmed by TLC, following the above-Fig. 1. Naringi crenulata plant.
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mentioned protocol to use chloroform and methanol mobile phase in all
cases. For visualization of the resolute compounds of the TLC plates
were exposed to UV chamber and the visible spots were marked with a

pencil. Respective Rf values of different components of each fraction
were calculated. Fractions having compounds with similar Rf values
were mixed together. Finally, the residue of the single fraction was
labeled and stored at 4 °C for further use.

3. High performance liquid chromatography analysis

9th fraction from N. crenulata was done HPLC analysis using a
Waters Nova-Pack C18 column (4 Km, 3.9×150mm), adapted to
Waters Nova-Pack C18 60 Å, guard column (3.9×20mm) and flow
rate of 1mL/min. Acetonitrile (CH3CN) was HPLC grade from Merck.
The analyses were carried out at room temperature (25 °C) with a vo-
lume of 20 μL of three injections. Peaks were identified by comparison
of their retention times (tR). A fraction was quantified by a calibration
curve with at least five data points covering the concentration range of
5–1400mg/ml.

3.1. Fourier transmission-infra red analysis

FT-IR spectrum of the samples was measured on Arid Zone FT-IR

Table 1
Larvicidal potential of N. crenulata leaf extracts against Cx. quinquefasciatus after 24h and 48h treatments.

Observation Extracts Total no of larvae LC50 (LCL-UCL) mg/l LC90 (LCL-UCL) mg/l χ2 Df

Acetone 375 1.02 (0.56–15.58) 1.93 (0.81–22.83) 98.43 16
24hrs Hexane 375 9.74 (3.40–25.90) 2.34 (1.96–26.54) 15.04 16

Ethyl acetate 375 1.81 (0.51–17.62) 4.14 (2.67–29.32) 73.87 16
Methanol 375 1.13 (0.68–18.14) 2.24 (3.65–32.86) 42.25 16
Acetone 375 3.72 (0.00–36.00) 4.77 (1.10–35.90) 15.00 16

48hrs Hexane 375 6.17 (3.74–33.51) 1.14 (0.95–29.15) 16.95 16
Ethyl acetate 375 1.05 (1.0–24.97) 2.38 (1.15–32.15) 25.30 16
Methanol 375 9.04 (3.56–42.51) 1.75 (1.0–26.44) 40.33 16

Significant at p < 0.05, LC50 lethal concentration 50% mortality, LC90 lethal concentration 90% mortality, LCL lower confidence limits, UCL upper confidence
limits, χ2 Chi square, df degrees of freedom.

Table 2
Phytochemical screening of N. crenulata leaf extracts.

S. No Phytochemical test Name of
the test

Hexane Ethyl
Acetate

Acetone Methanol

1 Phenols FeCl2 – – + +
2 Flavonoids NaOH – – – +
3 Alkaloids Wanger's + – + +
4 Saponins Foam – + + +
5 Tannins Braymer's – – + +
6 Glycosides Keller

Killiani
– – – –

7 Proteins Biuret – – – +
8 Amino Acid Ninhydrin – – – –
9 Quinones Quinone

test
+ – – –

10 Carbohydrates Fehlings + + + +

+Present, -Absent.

Fig. 2. Major chemical constituents were identified from N. crenulata acetone extract by GC-MS analysis.
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spectrometer equipped with a DTGS detector. 5 mg of 9th fraction
sample was mixed with 100mg of dry potassium bromide (KBr) and the
mixture was compressed to prepare the small pellet. Pellet was analysed
under FT-IR spectrophotometer in the range of 4,000 - 500cm-1 at room
temperature. An absorbance spectrum was acquired the 4 cm−1 re-
solution and signal-averaged over 32 scans. Interferograms were
Fourier transformed using cosine apodization for an optimum linear
response. Spectra were baseline corrected, scaled for mass differences
and normalized to the methylene peak at 2927 cm-1.

3.2. Statistical analysis

Larval mortality data was exposed to probit analysis for calculating
LC50, LC90 and other statistical values at 95% confidence limits of upper
confidence limit (UCL) and lower confidence limit (LCL) values and chi-
square test was calculated using SPSS16.0 (Statistical Package for Social
Sciences) software version 16.0.

4. Results

4.1. Larvicidal bioassay

Larvicidal activity result exhibits the higher mortality rate was ob-
served in acetone extract of N. crenulata at 24h post treatment against
larvae of Culex quinquefasciatus, with very low LC50, 1.020mg/l
(Table 1). Hexane, ethyl acetate and methanol extracts, 9.744mg/l,
1.815mg/l and 1.134 respectively. After 48h post treatment the
acetone extracts were LC50 values were, 3.728mg/l (Table 1). Larvi-
cidal activity of bioactive fraction 9 exhibited the better mortality rate
against larvae of Culex quinquefasciatus with LC50, 5.312mg/l,
5.000mg/l of 24 and 48hrs respectively (Table 4).

4.2. Phytochemical screening

Phytochemical analysis of N. crenulata crude extract clearly shows
the presence of phenols, alkaloids, tannins, saponins in acetone and
methanol extracts. Quinones and proteins were found in hexane and
methanol extracts only. The carbohydrates were present in all the tested
extracts. Glycosides were absent in anyone of the extract tested
(Table 2)

4.3. GC–MS analysis

GC-MS analysis of N. crenulata acetone extracts shows presence of
seventy-two phytochemical constituents. Five chemical constituent are
major namely, Phenol, 2-Methyl-5-(1-Methylethyl)-(12.300%);
Caryophyllene (15.076%); (−)-5-Oxatricyclo [8.2.0.0(4,6)]
Dodecane,12-Trim (18.484%); Pentadecanoic Acid (24.680%) and
9,12-Octadecadienoic Acid (Z,Z)- (26.846%) these major chemicals
maybe involved in larvicidal activity (Fig. 2; Table 3).

4.4. Thin-layer chromatography

Thin layer chromatography was done for partial purification of
chemical components present in acetone crude extracts. Nine molecules
were clearly separated using chloroform: methanol in ratio 9.7: 0.3
solvent system (Fig. 3).

4.5. High performance liquid chromatography analysis

A sharp single peak was obtained in the 9th fraction with retention
time of 1.376min with purity of 99%. HPLC profile indicates the
homogeneity of 9th fraction (Table 5 and Fig. 4).Ta
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4.6. Fourier transmission-infra red analysis

Functional group analysis (FT-IR) of active fraction 9th from N.
crenulata acetone crude extract shows that the presence of alkanes
(-CH3) alkynes (-C = C str), alcohols and phenols (O- Hstr, b), car-
boxylic acids (O- H str) stretching, wagging, bending of oxygenated
bonding (O – H) (Fig. 5; Table 6).

5. Discussion

Synthetic chemical insecticides currently used in vector control
programs in field level application, because chemical insecticides show
fast in action, this is the only reason for using chemicals insecticides.
Repeated use of chemicals produces several illnesses to green eco sys-
tems and non-target organisms (Ramkumar and Shivakumar, 2015).
Botanicals has several chemical constituent, which is closely similar to
synthetic chemicals these plant derived bioinsecticides are very
cheaper, efficacy, target specific and lower toxicity to non-target or-
ganisms (Vivekanandhan et al., 2018a,b).

Our larvicidal activity result exhibits the higher mortality rate was
observed in acetone extract of N. crenulata at 24h post treatment against
larvae of Culex quinquefasciatus, with very low LC50 and LC90 values
(Table 1). Phytochemical analysis of N. crenulata crude extract clearly
shows the presence of phenols, alkaloids, tannins, saponins in acetone
and methanol extracts. Quinones and proteins were found in hexane
and methanol extracts only. The carbohydrates were present in all the
tested extracts. Glycosides were absent in anyone of the extract tested
(Table 2). Sharma et al. (2014) studied on the medicinal plants having
many pharmacological active compounds like flavonoids, alkaloids,
steroids, glycosides and phenols, which is stored in their specific parts
of leaves, bark, flowers, seed, fruits, root etc.

Table 4
Larval toxicity effect of fraction 9th against larvae of Cx. quinquefasciatus for 24h and 48h treatments.

Species Observation LC50 (LCL-UCL) mg/ml LC90 (LCL-UCL) mg/ml χ2 df

Cx. quinquefasciatus 24hrs 5.31 (2.45–15.02) 9.13 (4.41–17.00) 6.42 16
48hrs 5.00 (1.56–19.85) 9.53 (5.43–22.67) 12.61 16

Significant at p < 0.05, LC50 lethal concentration 50% mortality, LC90 lethal concentration 90% mortality, LCL lower confidence limits, UCL upper confidence
limits, χ2 Chi square, df degrees of freedom.

Fig. 3. Thin layer chromatography of N. crenulata acetone crude extract using
different mobile phase for separation of different chemical constituents. Glass
chamber was selected chloroform: methanol solvent system in the ratio of
(chloroform 9.7: methanol 0.3).

Table 5
Fraction purity was evaluated using HPLC.

S. No Ret. Time Area Height Area % Height %

1 1.376 4056091 812443 71.529 91.899
Total 5670534 884058 100.00 100.00

Fig. 4. HPLC chromatogram of fraction 9 from N. crenulata acetone extract.
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This is the first report on N. crenulata leaf extracts and their fraction
on larvae of Cx.quinquefasciatus vector. Similarly kind of research were
done by Adaikala Raj et al. (2015) reported that the Nigella sativa es-
sential oil show strong mosquitocidal activities on larvae of Ae. aegypti,
An. stephensi, and Cx quinquefasciatus after 12 h and 24h of exposure
periods. Jayasree et al. (2015) reported the methanol leaf extract from
N. crenulata shows strong anti-bacterial activities against human pa-
thogens. Similarly N. crenulata leaf chloroform, ethyl acetate and me-
thanol extracts produced strong inhibition of multidrug resistant bac-
teria (Samundeeswari et al., 2012). Present study demonstrated that the

same genous of plant crude extract obtained from N. crenulata as a
potential larvicidal agent on Cx. quinquefasciatus at 24h and 48h post
treatment. Similarly, C. dentata, A. nilotica and A. hispidum derived
crude extracts and essential oils show strong larvicidal, pupicidal and
adulticidal activities against An.stephensi, Ae.aegypti and Cx.quinque-
fasciatus mosquitoes at after 24h post treatment (Susitra Manjari et al.,
2014; Vivekanandhan et al., 2018a,b).

Govindarajan and Sivakumar (2013) reported that Erythrina indica
crude extracts shows remarkable larvicidal activities against Cx. quin-
quefasciatus. Kamaraj et al. (2010) found that the larvicidal properties
from 8 medicinal plants crude extract against Cx. gelidus and Cx.
quinquefasciatus. Acacia nilotica and Mentha spicata plant crude extracts
and essential oils show remarkable larvicidal, pupicidal and adulticidal
activities against An.stephensi, Ae.aegypti and Cx.quinquefasciatus mos-
quitoes (Govindarajan et al., 2011; Vivekanandhan et al., 2018b).

Ramkumar et al. (2015) reported that C. dentata plant leaf crude
extracts show strong larvicidal and adulticidal activities against An.
stephensi, Ae. aegypti and Cx. quinquefasciatus mosquitoes. Pradeepa
et al. (2014) reported that P. zeylanica root extract derived larvicidal
molecules had remarkable larvicidal activity against A. stephensi. In TLC
and column fractionation show, nine fractions were separated and
tested for larvicidal potential on Cx. quinquefasciatus mosquito. Fraction
9 had strong larvicidal activity on Cx.quinquefasciatus than other frac-
tions with LC50 and LC90 5.312, 9.130mg/l, 5.000, 9.538mg/l of 24
and 48hrs respectively (Table 4).

Present GC-MS analysis results show that presence of five major
chemical constituents namely, Phenol, 2-Methyl-5-(1-Methylethyl)-
(12.300%); Caryophyllene(15.076%); (−)-5-Oxatricyclo[8.2.0.0(4,6)]
Dodecane,12-Trim (18.484%); Pentadecanoic Acid (24.680%) and

Fig. 5. FT-IR Spectrum of fraction 9 from N. crenulata acetone extract.

Table 6
FT- IR analysis of fraction 9 from N. crenulata.

S. no Peak value Functional groups Bonding pattern

1 3426.32 O – H stretch, Alcohols, Phenols
2 2925.10 O – H stretch Carboxylic acids
3 2856.02 C =H stretch Alkanes
4 2184.11 -C C- stretch Alkynes
5 1729.66 C=O stretch Aldehydes, Saturated aliphatic
6 1598.81 C-C stretch Aromatics
7 1400.92 C-C stretch Aromatics
8 1264.32 C-N stretch Aromatic amines
9 1170.21 C-H wag Alkyl halides
10 1116.85 C-N stretch Aliphatic amines
11 1015.68 C-O stretch, Ethers and Esters
12 924.54 O-H bend Carboxylic acids
13 827.25 C-Cl stretch Alky halides
14 714.71 C-H “oop” Aromatics
15 615.37 C-Br stretch Alkyl halides
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9,12-Octadecadienoic Acid (Z,Z)-(26.846%) (Fig. 2; Table .3).
Vivekanandhan et al. (2018c) reported that 9,12-Octadecadienoic Acid
(Z,Z) had mosquito larvicidal activity on An.stephensi, Ae. aegypti and
Cx. quinquefasciatus. The major signals at 2925.10, 1598.81 and
3426.32cm−1 indicates the presence of carboxylic acids O-H stretch,
Aromatics C-C stretch in ring and Alcohols, Phenols O-H stretch, H
banded (Table 6; Fig. 5). These FT-IR results supported the presence of
the aromatic phenol ring and other functional groups of phenols show
larvicidal activity in the purified fraction. A sharp single peak was
obtained at the retention time of 1.376min with purity of about 94%.
The single peak in HPLC profile indicates the homogeneity of pooled
fraction (Table 5 and Fig. 4).

Similarly β-sitosterol compound was isolated from Abutilon indicum,
which shows strong larvicidal activity against larvae of Ae. aegypti, A.
stephensi and Cx. quinquefasciatus (Rahuman et al., 2008). Sanchez et al.
(2000) reported that larvicidal flavonoids glabranine and 7-O-Methyle
glabranine, extracted from some Mexican plants namely, Tephrosia
madrensis, T. viridiflora and T. crassifollia that show significant antiviral
activities against dengue virus.

Recently Zandi et al. (2011) has investigated the effect of four types
of bioflavonoid such as quercetin, naringin, daidzein, and hesperetin
produced strong antiviral activity on dengue virus. In present study
clearly shows the acetone extracts of N. crenulata found to be potential
extract which having mosquito control ability and proves higher mor-
tality rates even at a lower concentration of plant extracts. In the pre-
sent study, tells the acetone leaf extract and fraction of Naringi crenulata
had strong larvicidal activity against Cx.quinquefasciatus and we further
exposed to NMR and LC-MS further identification of bioactive com-
pounds.

6. Conclusion

In conclusion, N. crenulata plant extract produced more than 90%
mortality on larva of Cx. quinquefasciatus. GC-MS analysis results 9,12-
Octadecadienoic Acid (Z,Z)- (26.846%) is a major chemical constituents
maybe involved in larvicidal activity. A sharp single peak was obtained
in the 9th fraction with retention time of 1.376min with purity of 99%.
FT-IR analysis results clearly confirmed presence of alkynes, alcohols,
phenols, carboxylic acids, stretching, wagging and bending of oxyge-
nated bonding. The present study shows that chemical constituents
obtained from N. crenulata offered alternative to synthetic chemical
insecticides. The botanical derived extracts are cheaper, biodegradable,
efficacy, target specific and low toxicity to non-target organisms.
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