



MOSQUITOCIDAL PROPERTIES OF EVOLVULUS NUMMULARIUS BORN PHYTO-PRODUCTS AGAINST ECTO- PARASITIC VECTOR MOSQUITOES
ABSTRACT
Mosquitoes are predominant diseases spreader as the results newly emerging countless of diseases to public and other blood yielding fauna
. Globally, the eradication of vector mosquitoes is mainly depending on chemical methods, which leads plenty of unimaginable effects to whole biosphere. Therefore,  many  research  communities  to  develops  an  eco-friendly  pesticide  which  mainly evolved from floral origin and they may be drastically reduced the side effects as well as safer tool on entire biosphere. The purely desiccated leaf methanol extract of Evolvulus nummularius was subjected to GC-MS analysis and  20 phyto-compounds were obtained. Wherein, among the 20 phyto- compounds,   major   areas   were   occupied   by   3,9. Beta.:14, 15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy- (22.33%). The larval and pupal toxicity experiment was conducted using   standard protocol with the application of E. nummularius derived phyto-products at various concentration. The larva of Ae. aegypti, An. stephensi and Cx. quinquefasciatus 3rd instar stages  were exposed to  E. nummularius leaf methanol extract and 3,9.Beta.:14,15- Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy-  provided significant toxicity and their LC50/LC90 values were 76.67/157.13 µg/ml, 83.35/164.55 µg/ml, 88.29/178.72 µg/ml, 11.79/25.46 ml, 12.50/23.54 µg/ml and 12.89/24.00 µg/ml, respectively. Similarly, the pupal toxicity of E. nummularius leaf methanol extract and 3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 11.beta.,18-triacetoxy- and their LC50/LC90 values were 102.97/ 174.73 µg/ml, 110.74/ 184.22 l, 116.73/ 197.11 µg/ml, 14.84/ 25.17 µg/ml, 14.77/ 24.49 µg/ml and 14.03/ 23.05 µg/ml against newly emerged pupae of Ae. aegypti, An. stephensi and Cx. quinquefasciatus, respectively. The findings of the present study reveals that  the selected phyto-products exhibited toper toxicity and it is an emerging eco-friendly tool for uprooting pathogenic vector mosquitoes.
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1. INTRODUCTION
Among the arthropod’s vectors, mosquitoes are highly disturbing and spreading countless of diseases to public and other higher blood yielding fauna (Peng et al., 2004). In most of the tropical and subtropical countries extremely suffered by dengue infection which successfully transmitted through infected bites of Aedes vector as the results growing unbelievable mortality and economic crises (McKerr  et  al.,  
2015).  Dengue  is a widespread  infection and  an endemic  in  about   125 countries nearly 4 billion peoples are highly risked by infection as well as about 500 million people risky condition in every year (Villanes et al., 2018). Anopheles stephensi is a real night biter which frequently considered as an Asian malarial vector because it b is more endemic in many Asian terrains but recently cited globally (Faulde et al., 2014; WHO, 2021; Ahmed et al., 2021). Malaria is a vector borne protozoan disease which is transmitted through the bite of  infected  female Anopheles 
species, above 3 billion people clinically pathetic in around the world every year (Benelli and Mehlhorn, 2017). Particularly, malarial disease is  more predominant in tropical zones, globally above 75% people struggling along with malaria and invented few anti-malarial drugs but which are highly expensive and more demand (Passarini et al., 2017; Kalpana et al., 2020). . Culex quinquefasciatus is a night biter which successfully  spreads  lymphatic  filariasis  to  human
. Globally, around 400 million people highly risked as well as seriously causing revenue crises above US$1.5 billion annually (WHO, 2014; Shamseldean et al., 2022).

Recently, many of the countries are following various strategy (physical, mechanical and chemical methods) for vector control approaches
.  (Ranson et al., 2010; Nazni et al., 2009; Ishak et al., 2015). The broad applications of synthetic chemicals to develops resistance in among the vectors species as well as which initiating many side effects on biosphere
. The predominant side effects of pesticides include  degradation of soil fertility, great loss of macrofaunal density, pesticides remain in bio-resources, pesticides successfully conveyed over food chain/ food web to all non-target fauna and flora, initiate  and  intrude  of  many  diseases  on  human  communities, etc., (Akhtar et al., 2009). Therefore, many research communities were planned to vector control by trying safer mechanism of phyto-originated products (essential oil/ extract/ phyto- compound/ green synthesized nanoparticle). Because, the phyto-originated products having plenty of organic compounds which has divers of multidirectional and dynamic bioactivities. In addition, worldwide various medicinal floras has been used as phyto-pesticidal agents for uprooting many different blood sucking vectors and pests (AhbiRami et al., 2014; Ojekale et al., 2013; Chen et al., 2019; Zulkrnin et al., 2018; Bekele et al., 2016; Medhi et al., 2010). Evolvulus nummularius Linn. (Convolvulaceae)  generally  called    “roundleaf  bindweed”  it  is  distributed  in  many  of  the tropical and subtropical terrains (Iqbal et al. 2020).  Convolvulaceae family comprises around 1650 floral species and the Evolvulus Genus comprises nearly 100 floral species, they are predominantly small greenish herbs (Aaron Froilan et al., 2022). Previously, very few works only have been done on this selected flora, they were insecticidal property (Moniruzzaman et al., 2013) and anti-microbial activity (Basu Mullick et al., 2018). Similarly, many studiess have been covered on the same aspects of various flora but the present investigation is a first-hand report on mosquitocidal activities of selected Indian medicinal plant E. nummularius extract and its derived major phyto-compounds. Therefore, this research   evaluate the potency of vector control agent against 3rd larvae and pupae of  Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus.
2. MATERIALS AND METHODS
2.1 Floral Materials Collection and Preparation
Around 3 Kgs of fresh and cleaned floral leaves of E. nummularius Linn. (Convolvulaceae) (Figure 1A-D) was collected from Cauvery Delta Zone, Kaveri River, near Poompuhar Village, Mayiladuthurai District, Tamilnadu, South India
. Floral sample was authentically identified by plant taxonomist, Dr. R. Janakan, Assistant Professor of Botany, Government Men's College, Kumbakonam- 612002. Sample was shade  (28°C ± 4°C) on the month of May-2022 . The fully dried sample was grinded by mixer grinder and the powder was sieved through fine mesh. The fine powder was extracted (40-450C) through Soxhlet apparatus by high polar to low polar solvent which ran 120min. the collected extract desiccated at room temperature after desiccation overed which stored at deep refrigerator (-100C) to avoid contamination and keep it was naturally for further bio-activities
????
2.2 GC-MS Analysis
The finely desiccated extract (E. nummularius methanol extract) was subjected to  GC-MS analysis (Model, GCMS-QP2010 Ultra, Shimadzu) in accordance with the established methods of  (Krishnappa et al., 2020) The GCMS capillary column (30mmx0.25 mm inner Diameter, 0.25 μm thickness; 3500C temperature which coupled with MS????????. The transporter gas used by high purity He gas (99%) (4.003 g/mol) and its gallop speed was 1.0 mL/ min. The whole system was monitored through programmed unit, at initial temperature 600C to 2500C a rate was 20C/min. The desiccated extract was diluted with respective solvent which again filtered by using filter paper. The diluted sample (1μl) was injected to  ran the program for finding of bio-active phyto-constituents.

2.3 Larvae and Pupae Rearing
Eggs of the mosquitoes  were obtained from locally available agronomic field near AVC College (Autonomous), Mannampandal-609305. The larvae and pupae were reared under laboratory condition which provided optimal physicochemical parameters (Temperature, humidity, light and dark, oxygen, diet, etc.,). Usually, 3rd instar larvae as well as early emerged 1-10hrs. Older pupae were selected for bio-assay assessment.

2.4 Larval and Pupal Toxicity Assessment
Larval toxicity: The larval toxicity experiment was assessed by the standard protocol (WHO, 2005). The selected blood sucking vectors, even sized (25 counts for single concentration) of 3rd instar were chosen for entire experiment which constantly replicated five times and control groups maintained without phyto-constituents (E. nummularius leaf methanol extract and 3,9.Beta.:14,15- Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy-). Initially, the larvae were allowed in to wide range test and followed which has been finetuned into narrow (3-200 µg/ml concentration) range test. The larval toxicity/ mortality was reported 24 hrs. exposure period in which every 6 hrs interval keenly monitored the mortality of larvae which has been summarized at end of the period (Abbott, 1925). The LC50/ LC90, chi-square, regression and other statistical values were calculated by using probit analysis (Finney, 1971). : The freshly emerged (0-10 hrs. old) pupae were arranged into batches of 25 count which introduced into 450 ml of test composition  (Tap  water  and  required  amount  of  E.  nummularius  leaf  methanol  extract  and 3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy-). The test composition was pared into different concentration (5-250 µg/ml) which neatly replicated five times. In control groups, the same numbers of pupae were maintained without phyto-constituents. The both larval and pupal toxicity assessment were maintained appropriate room temperature (27±40C), photoperiod (14:10hrs./ L:D), external humidity 70±5 and required amount of diet (yeast, biscuit, multivitamin and honey 1:1:1:1 ratio). The mortality was confirmed through visual observation, a soft brush protruded and touch on its body repeatedly if didn’t observe any motion which considered as confirmed death of larvae and pupae
.

2.5 Statistical Analysis
The mortality of larval and pupal mortality of raw data were collected from exposure period of E. nummularius borne phyto-products which assessed by probit analysis for Mean, Standard Deviation, LC50/ LC90, other statistical values of Regression, Chi-square, etc., were done it by using the IBM-SPSS (Statistical Package Social Science) software version 26.

3. RESULTS AND DISCUSSION
.

3.1. GC-MS Analysis
The E. nummularius leaf methanol extract was evaluated by GC-MS analysis which provided the obtainability of various phyto-compounds.  They  were authentically proved  by appearance  of peaks, retention time (RT) and other valuable evidences then the available data were resemblance with NIST library. GC-MS analysis, E. nummularius leaf methanol extract showed 20 phyto- compounds with their relevance data were displayed in table 1 and figure 2. Wherein, among the 20 phyto-compounds, major area were occupied by 3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy- (22.33%) and it was represented as major phyto-compound (Figures 3). Earlier,    many  literatures  support  to  the  present  study ,  the  bio-efficacy  of  phyto- constituents were monitored through GC–MS profile as well as the identified phyto-constituents were well effective pesticidal properties (Hikal et al., 2017, Ravi et al., 2018

 HYPERLINK https://www.sciencedirect.com/science/article/pii/S1018364722004293#b0025 
, Evanjaline and Vr, 2018; Amala et al., 2021).

3.2. Vector Larval and Pupal Toxicity
The larval toxicity of Ae. aegypti, An. stephensi and Cx. quinquefasciatus 3rd  instar larvae were exposed with E. nummularius leaf methanol extract and 3,9.Beta.:14,15-Diepoxypregn-16-en-20- one, 3,11.beta.,18-triacetoxy- and their results were shown in tables 2. The both phyto-products (E. nummularius leaf methanol extract and 3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy-) were provided significant toxicity  and  their  LC50/LC90  values were 76.67/157.13 µg/ml, 83.35/164.55 µg/ml, 88.29/178.72 µg/ml, 11.79/25.46 µg/ml, 12.50/23.54 µg/ml and 12.89/24.00 µg/ml against Ae. aegypti, An. stephensi and Cx. quinquefasciatus, respectively (Table 2). Earlier, various medicinal floral extracts and its borne phyto-compounds showed significant larvicidal activity against various ecto-parasitic blood sucking vectors. The larval toxicity of ethanolic extract of Artemisia  absinthium tested on 4th  instar larvae of Ae. aegypti which showed topper toxicity and it values was LC50  694.3 ppm (Sofi et al., 2022). The phyto-product of Terminalia chebula methanol extract provided predominant larval toxic effects and  their  LC50 values  were  87.13, 93.24 and 111.98 ppm against An.  stephensi, Ae. aegypti, and Cx. quinquefasciatus,  respectively (Veni et al., 2017). The leaf methanolic extract of medicinal plants of Annona  reticulata  (LC50 values 95.24 and 262.71 ppm towards Ae. aegypti and An. stephensi,  respectively), Cosmos bipinnatus (LC50 442.6 ppm towards Ae. aegypti) and Thespesia populnea (LC50  840.69ppm towards An. stephensi) (Mohankumar et al., 2016). Althaea ludwigii derived extracts and its phyto-constituents (phenols and saponins) had excellent toxicity on Culex pipiens larvae at very lowest concentration (Abutaha et al., 2018). Annickia chlorantha borne phyto-constituents palmatine, columbamine, jatrorrhizine, β-sitosterol were provided well effective toxicity on 33.392 µg/ml, 91.343 µg/ml, 61.440 µg/ml and 123.236 µg/ml against Cx. pipiens vector mosquito (Tharwat Selim et al., 2022).

Similarly, the pupal toxicity of E. nummularius leaf methanol extract and 3,9.Beta.:14,15- Diepoxypregn-16-en-20-one,  3,11.beta.,18-triacetoxy-  LC50/LC90   values  were  102.97/  174.73 µg/ml, 110.74/ 184.22 µg/ml, 116.73/ 197.11 µg/ml, 14.84/ 25.17 µg/ml, 14.77/ 24.49 µg/ml and 14.03/  23.05  µg/ml  against  pupae  of  Ae.  aegypti,  An.  stephensi  and  Cx.  quinquefasciatus, respectively (Table 3).  Previously, many research works had done on same aspects, the phyto-constituents  of alizarin  derived  from  methanol extract  of Rubia  cordifolia roots  which  found maximum pupal toxicity with it LC50 were 1.97 and 2.05 ppm against Cx. quinquefasciatus and Ae. aegypti, respectively (Gandhi et al., 2016). E. hirta and B. sphaericus extracts against the pupae of An. stephensi and their C50 332.39 ppm and 95.55 ppm, respectively (Panneerselvam et al., 2019). Similar types observation noticed on present approaches, the various floral parts of different  extracts and  its phyto-constituents against  pupal toxicity of different  blood sucking vector mosquitoes Helicteres velutina (Fernandes et al., 2021), Zanthoxylum limonella (Mayura et al.,   2017),   Aquilaria   sinensis and Pogostemon cablin (Ga’al   et al., 2017) and Alpinia galanga, Anethum  graveolens, Foeniculum  vulgare,  and Pimpinella  anisum (Chantawee  et  al., 2018).

CONCLUSION
The findings of present study, the phyto-products of E. nummularius leaf methanol extract and 3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy- showed toper toxicity towards larvae and pupae of selected blood sucking ecto-parasitic vectors (Ae. aegypti, An. stephensi and Cx. quinquefasciatus). The both phyto-products showed marvellous toxicity and it is an emerging eco-friendly tool for eradicating pathogenic vector mosquitoes. The outcome of the research suggests that the forthcoming research work can be led on the field applications and assess the bio-toxicity on non-target fauna as well as human health.
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Table 1. GC-MS chromatogram of leaf methanol extract of Evolvulus nummularius.
	PE
	RT
	ST
	ET
	CA
	CA %
	CAH
	CAH

%
	CN

	1
	15.15
	15.125
	15.18
	6231
	1.71
	4123
	2.62
	Methyl N-(O-bromophenyl)-N-methylcarbamate

	2
	34.673
	34.64
	34.725
	16171
	4.45
	6175
	3.92
	2-methylene-1,5-pentanediol

	3
	34.927
	34.88
	34.985
	60458
	16.63
	25465
	16.18
	1,2-Benzenedicarboxylic acid, dioctyl ester

	4
	36.525
	36.505
	36.59
	12100
	3.33
	4367
	2.77
	3,4-Pentadien-2-one, 1,1,1-trifluoro-

	5
	37.28
	37.25
	37.32
	22155
	6.1
	8153
	5.18
	(2R,5R,6R)-2-T-Butyl-5-Isopropyl-5,6-dimethyl-1,3-dioxan-4-

one

	6
	37.425
	37.375
	37.45
	16009
	4.4
	5932
	3.77
	Cyclononasiloxane, octadecamethyl-

	7
	37.549
	37.495
	37.59
	9633
	2.65
	5102
	3.24
	1,4-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester

	8
	38.06
	37.99
	38.075
	18150
	4.99
	5368
	3.41
	2-Pentanone, 5-(3-iodocyclopentyl)-, trans-

	9
	38.095
	38.075
	38.11
	6113
	1.68
	5367
	3.41
	(E-Z)-1'-Cyclododecen-1-yl-ethane-1,2-diol

	10
	38.165
	38.11
	38.19
	12520
	3.44
	5736
	3.64
	28-Norlupane-3,4-seconitrile

	11
	38.2
	38.19
	38.21
	4029
	1.11
	4354
	2.77
	2,5-Dodecadiene, 2-methyl-, (Z)-

	12
	38.486
	38.45
	38.505
	81158
	22.33
	35486
	22.55
	3,9.Beta.:14,15-Diepoxypregn-16-en-20-one,
3,11.beta.,18-

triacetoxy-

	13
	38.786
	38.73
	38.8
	7470
	2.06
	5223
	3.32
	Octasiloxane,
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15- hexadecamethyl-

	14
	38.858
	38.84
	38.89
	9027
	2.48
	4646
	2.95
	7H-Cyclopenta[7,8]phenanthro[1,2-B]-1,4-dioxin,
ESTRA-

1,3,5(10)-triene-2-carboxaldehyde deriv.

	15
	38.947
	38.89
	38.98
	20153
	5.54
	7237
	4.6
	Heptasiloxane, hexadecamethyl-

	16
	39.506
	39.5
	39.51
	2449
	0.67
	5278
	3.35
	2-Isopropyl-4,5-dimethyl-3-oxazoline

	17
	39.559
	39.51
	39.575
	13340
	3.67
	4794
	3.05
	2-(Benzyl-D7)-1-(Methoxycarbonyl)-2-Azaspiro[4.5]Decan-9- one Isomer

	18
	39.62
	39.575
	39.63
	11614
	3.2
	5006
	3.18
	2,5-Furandione

	19
	39.805
	39.775
	39.885
	20653
	5.68
	4186
	2.66
	Adipic acid, 2,4-dimethylpent-3-yl tetradecyl ester

	20
	39.9
	39.885
	39.95
	14015
	3.86
	5401
	3.43
	3-{[2-(1-Cyclohexen-1-yl)ethyl]amino}-1-(4-fluoropHENYL)-

2,5-pyrrolidinedione


PE: Peak; RT: Retention Time; ST: Start time; ET: End Time; CA: Composition Area; CA%: Composition Area%; CAH: Composition Hight; CAH%: Composition Hight%; CN: Compounds Name

Table  2.  Lethal  toxicity  of  Evolvulus  nummularius  borne  phyto-products  tested  against larvae of vector mosquitoes.
	Species tested
	LC50
(µg/ml)
	LCL-UCL (µg/ml)
	LC90
(µg/ml)
	LCL-UCL (µg/ml)
	R-value
	χ2

	Evolvulus nummularius leaf methanol extract

	Ae.  aegypti
	76.67
	64.83-86.46
	157.13
	144.32-174.71
	y=1.41+0.02x
	4.538

	An. stephensi
	83.35
	72.17-92.88
	164.55
	151.46-182.43
	y=1.460.02x
	4.091

	Cx. quinquefasciatus
	88.29
	46.24-134.23
	178.72
	133.17-524.21
	y=1.4+0.02x
	7.014

	3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy-

	Ae.  aegypti
	11.79
	9.42-13.43
	25.46
	23.13-29.25
	y=1.18+0.1x
	3.002

	An. stephensi
	12.50
	10.81-13.80
	23.54
	21.75-26.20
	y=1.58+0.13x
	3.745

	Cx. quinquefasciatus
	12.89
	11.26-14.17
	24.00
	22.17-26.72
	y=1.58+0.12x
	3.184


Zero percentage deaths were noticed in control groups; LC50 lethal concentration carried out 50% death; LC90 = Lethal Concentration carried out 90% death; UCL 95% Upper Confidence Limit of LC50 and LC90 LCL 95% Lower Confidence Limit of LC50 and LC90; R-value = Regression value; χ2 = Chi- square

Table 3.  Pupicidal activity of Evolvulus nummularius borne 
phyto-products tested against pupae of vector mosquitoes.
	Species tested
	LC50
(µg/ml)
	LCL-UCL (µg/ml)
	LC90
(µg/ml)
	LCL-UCL (µg/ml)
	R-value
	χ2

	Evolvulus nummularius leaf methanol extract

	Ae.  aegypti
	102.97
	94.23-111.18
	174.73
	162.67-190.68
	y=1.9+0.02x
	1.207

	An. stephensi
	110.74
	102.10-119.04
	184.22
	171.65-200.86
	y=1.98+0.02x
	1.293

	Cx. quinquefasciatus
	116.73
	107.62-125.60
	197.11
	183.00-216.12
	y=1.87+0.02x
	2.605

	3,9.Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta.,18-triacetoxy-

	Ae.  aegypti
	14.84
	11.87-20.01
	25.17
	20.00-37.91
	y=1.89+0.13x
	6.438

	An. stephensi
	14.77
	13.59-15.82
	24.49
	22.82-26.84
	y=2.05+0.14x
	4.498

	Cx. quinquefasciatus
	14.03
	12.87-15.04
	23.05
	21.57-25.12
	y=2.1+0.15x
	5.102


Zero percentage deaths were noticed in control groups; LC50 lethal concentration carried out 50% death; LC90 = Lethal Concentration carried out 90% death; UCL 95% Upper Confidence Limit of LC50 and LC90 LCL 95% Lower Confidence Limit of LC50 and LC90; R-value = Regression value; χ2 = Chi- square
Figure 1. A growing green flora of Evolvulus nummularius (A), Dehydrated leaf powder (B), A fresh methanol extract (C) Purely desiccated methanol extract (D).
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Figure 2. GC-MS chromatogram of Evolvulus nummularius leaf methanol extract.
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Figure 3. Mass spectrum and structure of3,9.Beta.:l4,
15-Diepoxypregn-16-en-20-me, 3,ll.beta.,l8- triacetoxy- phyto-compound.
[image: image3.jpg]Figure 3. Mass spectrum and structure of 3,9 Beta.:14,15-Diepoxypregn-16-en-20-one, 3,11.beta,, 18-
triacetoxy- phyto-compound.
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