


 PHYTO-CONSTITUENTS OF COLDENIA PROCUMBENS LINN. (BORAGINACEAE) A STRONG BIO-AGENT AGAINST VECTOR MOSQUITOES AND AN ECO-FRIENDLY TOOL ON NON-TARGET FAUNA


ABSTRACT 
	Flavoxate was identified as a phytocompound in the C. procumbens leaf methanolic extract using GC-MS analysis. The major phytoconstituent, Flavoxate, was tested according to a standard protocol at various concentrations (3-180 μg/mL) against third-instar larvae and at 5-200 μg/mL against pupae of the vector mosquitoes Ae. aegypti, An. stephensi and Cx. quinquefasciatus, as well as the aquatic non-target fauna Acilius sulcatus, Diplonychus indicus and Anisops bouvieri. GC-MS analysis confirmed the presence of 20 phytocompounds, of which Flavoxate (23.33%) was the major phytoconstituent. The LC50/LC90 values of C. procumbens leaf methanol extract and Flavoxate against third-instar larvae of Ae. aegypti, An. stephensi and Cx. quinquefasciatus were 76.51/171.76, 81.02/178.69, 90.44/175.06, 12.94/21.12, 13.36/25.72 and 13.66/23.43 μg/mL, respectively. Similarly, the LC50/LC90 values against pupae of Ae. aegypti, An. stephensi and Cx. quinquefasciatus were 103.24/191.05, 104.30/190.52, 104.70/198.15, 14.46/26.62, 15.83/32.08 and 17.91/35.87 μg/mL, respectively. At higher concentrations, C. procumbens leaf methanol extract and Flavoxate produced comparatively low susceptibility in the selected non-target fauna, and the suitability indices indicated that these phytopesticides were less harmful to the tested non-target fauna. Moreover, behavioural/survival activities, including swimming, floating, diving, abnormalities, sluggishness, jumping and prey hunting, were not noticeably altered following exposure to the selected phytoproducts. C. procumbens leaf methanol extract and Flavoxate showed high toxicity to juvenile stages of the medical vectors at lower concentrations. Overall, the C. procumbens-derived phytopesticides produced greater adverse effects on the medical vectors than on the selected non-target fauna.
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INTRODUCTION 
	Globally, mosquito-borne diseases (MBDs) are a major nuisance to many sanguivorous fauna, including humans and cattle, and contribute to numerous deaths annually (World Health Organization [WHO], 2010, 2015). These diseases are primarily caused by pathogenic microbes or parasites that are transmitted to people and other fauna through the bites of infected vectors (WHO, 2014, 2016; Govindarajan et al., 2018). Worldwide, MBDs are estimated to account for around 20% of health-related problems, particularly among populations living in tropical and subtropical regions (Govindarajan et al., 2016; Baranitharan et al., 2020; Krishnappa et al., 2020). People living in urban and semi-urban areas are at high risk of MBDs because these habitats provide favourable conditions for vector proliferation and easy access to hosts such as humans and cattle. In addition, mortality rates are comparatively higher among economically disadvantaged populations (WHO, 2010, 2018, 2019; Golding et al., 2015).
The mosquitoes (Diptera: Culicidae) are notorious ectoparasitic dipteran vectors and are predominantly associated with humans and other blood-yielding higher vertebrates (Schaffner & Mathis, 2014). They play a major role in transmitting numerous pathogens to host fauna, including humans (Sudeep & Shil, 2017). Aedes species successfully breed in water held in many natural and artificial containers (Alikhan et al., 2014; Díez-Fernández et al., 2018). Female Aedes mosquitoes exhibit both diurnal and nocturnal activity, with greater abundance at crepuscular peaks, and survive well in anthropophilic environments (Mulwa et al., 2018; Alarcón-Elbal et al., 2020). Anopheles species are widely distributed blood-sucking ectoparasites across many continents, with particularly high abundance in tropical and subtropical regions (Sindhania et al., 2020; Wilai et al., 2020). They are considered important human vectors of malaria in Asia, including India (Kumar et al., 2016). Globally, more than 2-3 million people are affected by malaria every year, while India is estimated to contribute around 1 million deaths annually (Thenmozhi et al., 2016). Culex species are major vectors of Japanese encephalitis (JE) across Asia (Gunay et al., 2015; Mansfield et al., 2017; Xie et al., 2021). They can survive, breed and proliferate in temporary or semi-permanent pools, rice fields and small sewage sites, which support the aquatic stages of eggs, larvae and pupae (Longbottom et al., 2017). Culex mosquitoes are opportunistic feeders that may feed on humans or cattle, and their biting patterns vary, usually occurring in the early evening and around midnight (Lindahl et al., 2012).
	Over the past few decades, eradication and control of vector mosquitoes and the diseases they transmit have remained major challenges because mosquitoes have developed resistance to almost all types of synthetic chemical mosquitocides; consequently, scientific communities, clinicians and researchers continue to seek new approaches to address these problems (Mathivanan et al., 2010; Krishnappa & Elumalai, 2013, 2014; Benelli & Lukehart, 2017; Benelli & Mehlhorn, 2016). Moreover, the use of unauthorised synthetic chemical mosquitocides (SCMs) can cause problems for the public, cattle and non-target organisms. Continuous application of synthetic chemicals may produce unpredictable multidirectional effects on ecosystems: food chains and food webs may accumulate higher levels of toxicants that can enter living organisms and their organs; beneficial microbes, decomposers, pollinators and natural predators may decline considerably; and water, soil and the environment may lose viability and become contaminated (Krishnappa et al., 2012; Rajasingh Raveen et al., 2017; Benelli & Beier, 2017; Govindarajan et al., 2016a, 2016b, 2016c). These problems may be reduced through the use of phytoproducts (phytopesticides) derived from plant parts, which can be effective tools for reducing vector populations at different life stages (Benelli, 2016; Govindarajan & Benelli, 2017; Benelli et al., 2017; Rajasingh Raveen et al., 2017; Rawani et al., 2010). Coldenia procumbens Linn. (Boraginaceae) is a green, flattened, hairy herb that can grow up to 30 cm; its branches are procumbent and bear small whitish flowers at their tips. It is abundant in many tropical and subtropical regions of the world. The whole plant, including the leaves, stem, aerial parts, flowers and roots, has been used medicinally for various conditions, including mature abscesses, induction of sneezing, rheumatic inflammation, fever, piles, scorpion stings, leucorrhoea, menorrhagia, digestion-related uses and white discharge in women (Aleemuddin et al., 2012; Niranjan Kumar et al., 2013; Chellappandian et al., 2018). Therefore, this study provides information on vector eradication/control at juvenile aquatic stages and evaluates C. procumbens leaf methanol extract and Flavoxate as potential bio-agents in relation to aquatic non-target fauna.
	Recent laboratory studies continue to report larvicidal activity of plant-derived extracts and phytochemicals against Aedes, Anopheles and Culex mosquitoes, including preparations characterised by GC-MS (Dhavan et al., 2022; Aremu et al., 2024; Panda et al., 2025). Recent work has also evaluated non-target aquatic organisms alongside mosquito-control efficacy, reinforcing the need to consider both target activity and ecological compatibility when assessing plant-derived control agents (Duarte et al., 2024). In addition, methanolic extracts of Globimetula cupulata have recently shown larvicidal activity against fourth-instar Cx. quinquefasciatus, supporting continued screening of botanical materials for larvicidal compounds (Famuyiwa et al., 2026).
	Accordingly, a focused evaluation is needed to determine whether C. procumbens leaf methanol extract and Flavoxate differ in activity across larval and pupal stages of Ae. aegypti, An. stephensi, and Cx. quinquefasciatus and whether the same treatments remain comparatively less harmful to the selected aquatic non-target fauna.
Objective
	Therefore, the present study aimed to identify the phytoconstituents of C. procumbens leaf methanol extract by GC-MS, evaluate the larvicidal and pupicidal toxicity of the extract and Flavoxate against Ae. aegypti, An. stephensi, and Cx. quinquefasciatus, and assess their toxicity and suitability indices in Acilius sulcatus, Diplonychus indicus, and Anisops bouvieri as selected aquatic non-target fauna.
2. MATERIALS AND METHODS 
Coldenia procumbens Floral Collection and Processing 
	Green leaves of Coldenia procumbens were collected from Alaveli Village, Mayiladuthurai District, Tamil Nadu, India. Only disease-free, well-matured and clean leaves were selected for collection. The collected leaves were initially shade-dried in an air-circulated room for more than 10-15 days at a daytime temperature of 28-34°C. Completely dried leaves were powdered using an electric blender. In total, 500 g of powder was extracted using a Soxhlet apparatus with various solvents (hexane, diethyl ether, dichloromethane, ethyl acetate and methanol) for 5-6 h at 40-55°C. Finally, the collected extract was concentrated using a rotary vacuum evaporator, and 10 g of the obtained extract (Figure 1a-c) was stored in a deep refrigerator at 1-4°C (Vogel, 1978).
Vector Mosquitoes Culture Establishment 
	Immature aquatic life stages (eggs, larvae and pupae) of Ae. aegypti, An. stephensi and Cx. quinquefasciatus were collected from agricultural and stagnant-water areas of Mayiladuthurai District, Tamil Nadu, India. The vector species were identified by the ICMR-Centre for Research in Medical Entomology, Madurai, Tamil Nadu, India. The colonies were carefully reared in the laboratory, with each species maintained separately and protected with muslin cloth. Eggs, larvae and pupae were kept in clear glass containers, and the required balanced diet was provided to larvae and adults according to Krishnappa et al. (2020). Experimentally selected healthy immature larvae were maintained in glass containers at 28±4°C, 70-80% relative humidity and a 12:12 h light:dark photoperiod. Finely ground pet biscuits, yeast powder, Apis florea honey and multivitamins (3:1:1:1 ratio) were used as the larval diet.
Larval and Pupal Vector Toxicity 
	The larval toxicity test was conducted according to the standard protocol (WHO, 2005). Required concentrations of C. procumbens leaf methanol extract and Flavoxate were used to test third-instar larvae (0-10 h old and healthy) of the selected mosquitoes. Minor modifications were made to the previous procedures. Twenty-five third-instar larvae were transferred into 500 mL clear glass beakers containing 450 mL of chlorine-free tap water, 1 mL of DMSO and the required dose of the proposed floral composition. The control contained no phytoproduct, and toxicity was evaluated from the lowest to the highest concentration (3 μg/mL to 180 μg/mL). Fresh pupae (within 12 h of age) were collected from the insect-rearing chamber and arranged into batches of 25 individuals at each concentration in a single bioassay. The selected pupae were introduced into 450 mL of fresh water containing the phytoproduct in transparent glass containers. The test medium was prepared at concentrations of 5-200 μg/mL. Control groups were maintained in fresh water without phytoproducts. The bioassay was maintained under appropriate physicochemical conditions, and larval and pupal mortality was determined by visual observation. Mortality was monitored at 6 h intervals. After 24 h of exposure, percentage mortality was calculated according to Abbott (1925) using five replicates, and LC50/LC90 values were calculated by probit analysis (Finney, 1971).
Bio-toxicity on Aquatic Non-Target Fauna 
	The biotoxic effects on selected aquatic non-target fauna were examined following Sivagnaname and Kalyanasundaram (2004). The biotoxicity of C. procumbens leaf methanol extract and Flavoxate was tested against Acilius sulcatus, Diplonychus indicus and Anisops bouvieri, which were carefully collected from the same agricultural-field habitats and independently maintained in fully aerated, transparent glass containers measuring 100 cm × 50 cm (diameter and depth) containing chlorine-free H₂O at 28-32°C and 75-80% relative humidity. Mortality of aquatic non-target fauna was assessed within 48 h of exposure, while behavioural activities (swimming, floating, diving, abnormalities, sluggishness, jumping, etc.) were recorded after 15 days of exposure. The experiment was replicated five times.
GC–MS Spectral Analysis 
	The C. procumbens leaf methanol extract was analysed using gas chromatography-mass spectrometry (GC-MS) to identify individual phytoconstituents (PCs). The identified compounds were comparatively assessed using the NIST library. Other parameters, including peak, retention time, area percentage and compound name, were confirmed by comparison with isolated reference compounds and previously isolated compounds for identification (Krishnappa et al., 2020).
Statistical Analysis
	Data on toxicity to mosquito larvae and pupae and to non-target fauna were statistically evaluated using the mean, standard deviation, LC50/LC90, regression and chi-square. The data were analysed by probit analysis using IBM SPSS version 26.0, and the non-target faunal suitability index was calculated using the standard formula of Deo et al. (1988).
3. RESULTS
3.1. Phytochemical Screening and Spectral Analysis 
	The different C. procumbens extracts, ranging from low to high polarity, were examined for the presence of various phytochemicals, and the preliminary phytochemical screening is presented in Table 1. The greatest number of phytochemicals was observed in the higher-polarity C. procumbens leaf methanol extract. The '+' sign indicates the presence of a phytochemical, whereas '-' indicates its absence. The C. procumbens leaf methanol extract was assessed by GC-MS, and the presence of phytoconstituents was confirmed by peaks and retention times (RTs) compared with the NIST library. GC-MS analysis identified 20 phytoconstituents, with their peak, retention time, area percentage, compound name and other details presented in Table 2 and Figures 2 and 3. Among these, Flavoxate (23.33%) was identified as the major phytoconstituent.
3.2. Vector Larval and Pupal Toxicity 
	The larval and pupal toxic effects of the test agents on Ae. aegypti, An. stephensi and Cx. quinquefasciatus are presented in Tables 3 and 4. Comparison of the two phytoproducts showed that Flavoxate produced greater larval toxicity than the C. procumbens leaf methanol extract. The LC50/LC90 values of C. procumbens leaf methanol extract and Flavoxate against third-instar larvae of Ae. aegypti, An. stephensi and Cx. quinquefasciatus were 76.51/171.76, 81.02/178.69, 90.44/175.06, 12.94/21.12, 13.36/25.72 and 13.66/23.43 μg/mL, respectively. Similarly, the LC50/LC90 values of C. procumbens leaf methanol extract and Flavoxate against pupae of Ae. aegypti, An. stephensi and Cx. quinquefasciatus were 103.24/191.05, 104.30/190.52, 104.70/198.15, 14.46/26.62, 15.83/32.08 and 17.91/35.87 μg/mL, respectively. The chi-square, regression and degrees-of-freedom values are presented in Tables 3 and 4, and all values were statistically significant.
3.3. Bio-toxicity on Non-Target Fauna 
	The biotoxicity of C. procumbens leaf methanol extract and Flavoxate against the selected aquatic non-target fauna (Acilius sulcatus, Diplonychus indicus and Anisops bouvieri) and the corresponding mortality rates are presented in Table 5. Higher concentrations of C. procumbens leaf methanol extract and Flavoxate produced lower susceptibility in the aquatic non-target fauna Acilius sulcatus, Diplonychus indicus and Anisops bouvieri, with LC50/LC90 values of 7199.76/14820.83, 7986.79/15794.10, 7652.03/15920.36, 621.58/1213.14, 886.72/1800.27 and 903.90/1671.57 μg/mL, respectively.
3.4. Suitability Index of Non-Target Fauna 
	The suitability indices of the beneficial aquatic non-target fauna that share habitats with juvenile/larval stages of neighbouring medical/pathogenic vectors were evaluated for C. procumbens leaf methanol extract and Flavoxate. The suitability indices indicated that the selected phytopesticides had comparatively low harmful effects on the selected non-target fauna (Table 6). Moreover, behavioural/survival activities, including swimming, floating, diving, abnormalities, sluggishness, jumping and prey hunting, were not noticeably altered following exposure to the selected phytoproducts. The phytoproducts produced adverse effects on Ae. aegypti, An. stephensi and Cx. quinquefasciatus. In addition, the isolated major phytocompound Flavoxate showed several-fold greater activity than C. procumbens leaf methanol extract against the neighbouring medical/pathogenic vectors.
4. DISCUSSION 
4.1. Phytochemical Screening and Spectral Analysis 
	The different C. procumbens leaf extracts (hexane, diethyl ether, dichloromethane, ethyl acetate and methanol) were assessed for the presence and abundance of qualitative phytochemicals. Comparison among the extracts showed that the greatest number of qualitative phytochemicals occurred in the high-polarity solvent extract. Earlier studies using plant-derived materials reported potential vector-control activity against egg, juvenile and adult stages (Krishnappa et al., 2012; Elumalai et al., 2013; Baranitharan et al., 2021). Naturally occurring phytoconstituents can act as eco-friendly mosquitocides. In the present study, GC-MS spectral analysis of C. procumbens leaf methanol extract identified 20 phytocompounds, among which Flavoxate (23.33%) had the highest percentage and was tested against third-instar vector mosquito larvae. The selected phytoproducts showed strong activity against vector mosquitoes. Similar observations were previously reported for C. limetta leaf methanol extract (Cl-LME) analysed by GC-MS, in which the major phytocompound Corynan-17-0l,18,19-didehydro-10-methoxy-,acelate (ester) was identified and tested against third-instar larvae of Ae. albopictus, An. maculatus and Cx. mimulus. At lower concentrations, the major C. limetta phytocompound produced higher mortality in mosquito larvae and comparatively lower mortality in non-target fauna (Baranitharan et al., 2020). GC-MS analysis of J. repens leaf ethanol extract identified the major phytocompound 4-Piperidineacetic acid, 1-acetyl-5-ethyl-2-[3-(2-hydroxyethyl]-1H-indol-2-yl]-á-methyl-, methyl ester; both natural compositions showed marked toxicity to aquatic juvenile stages of the medical vectors Ae. albopictus, An. stephensi and Cx. quinquefasciatus (Krishnappa et al., 2020). GC-MS spectral analysis is a fundamental method for identifying naturally occurring functional groups from plant materials (Nabikhan et al., 2010; Suresh et al., 2016; Ramanibai & Velayutham, 2016; Elumalai et al., 2020).


4.2. Larval and Pupal Toxicity on Target Pests 
	The LC50/LC90 values indicated that exposure of juvenile stages (larvae and pupae) of medical vectors to C. procumbens leaf methanol extract and Flavoxate produced greater toxicity at lower concentrations. These findings are comparable with previously published reports in which medicinal plant extracts and their major phytoconstituents produced toxic effects on aquatic juvenile stages of vectors, including Corynan-17-0l,18,19-didehydro-10-methoxy-, acelate (ester) (C. limetta) and 4-Piperidineacetic acid, 1-acetyl-5-ethyl-2-[3-(2-hydroxyethyl]-1H-indol-2-yl]-á-methyl-, methyl ester (J. repens) (Baranitharan et al., 2020; Krishnappa et al., 2020). Several previous studies also reported mosquito larvicidal activity of various phytocompositions against different mosquito species (Krishnappa & Elumalai, 2012b, 2013; Benelli, 2016; Govindarajan & Benelli, 2016b, 2017; Benelli & Lukehart, 2017; Ma et al., 2019; AlSalhi et al., 2020; Zuharah et al., 2021). Similarly, previous studies reported pupicidal activity of phytoproducts from Rubia cordifolia (Gandhi et al., 2016), Helicteres velutina (Fernandes et al., 2021), Pogostemon cablin (Gokulakrishnan et al., 2013), Melissa officinalis, Origanum majorana and Lavandula latifolia (Elumalai et al., 2022) against various vector mosquitoes.
4.3. Bio-toxicity and Suitability Index of NTF 
	The present results showed that the phytopesticides C. procumbens leaf methanol extract and Flavoxate produced greater adverse effects on medical vectors and comparatively lower toxicity to aquatic non-target fauna; the selected non-target fauna also had higher suitability indices. Previous studies have similarly reported that phytoproducts can produce lower toxicity to non-target fauna, with little or no change in routine behavioural activities. The major phytocompound derived from M. alternifolia produced lower toxic effects on the aquatic non-target organism Daphnia magna, which shares ecological habitats with the vector Ae. albopictus; other plant-derived extracts, essential oils and phytoconstituents have shown acute toxicity to vector mosquitoes at low concentrations with low or no hazards to non-target fauna (Conti et al., 2014; Ramanibai & Velayutham, 2015; Pavela, 2018; Esan et al., 2022; Benelli et al., 2018). The C. procumbens leaf methanol extract and Flavoxate showed comparatively low mortality/side effects in the tested aquatic non-target fauna. Therefore, the present study provides initial information on the toxicity of C. procumbens leaf methanol extract and Flavoxate to aquatic juvenile stages of vectors and on the suitability indices of selected non-target fauna.
Importance of the Study
	GC-MS analysis identified phytoconstituents in Coldenia procumbens. Phytoproducts derived from C. procumbens were tested against juvenile stages of target vectors and selected non-target fauna. The C. procumbens-derived phytoproducts showed acute toxicity to the vector mosquitoes, while comparatively low toxicity was observed in the selected non-target fauna. These findings indicate that the selected phytoproducts may have potential as vector-control tools with comparatively lower effects on the tested non-target fauna.
5. CONCLUSION
	The present laboratory study showed that Coldenia procumbens leaf methanol extract contains multiple phytoconstituents, with Flavoxate identified as the major component by GC-MS analysis. Both the crude methanol extract and Flavoxate produced larvicidal and pupicidal effects against Ae. aegypti, An. stephensi and Cx. quinquefasciatus, while Flavoxate produced toxicity at lower concentrations than the crude extract. In contrast, the selected aquatic non-target fauna, A. sulcatus, D. indicus and A. bouvieri, showed higher lethal-concentration values, and the monitored behavioural and survival activities were not noticeably modified under the reported exposure conditions. The suitability-index results further indicated comparatively lower adverse effects on the tested non-target organisms. These findings demonstrate a clear laboratory difference between the responses of the tested mosquito stages and those of the selected non-target fauna. Taken together, the results support the potential of C. procumbens-derived phytoproducts, particularly Flavoxate, as candidates for mosquito-control research. Their use should nevertheless be interpreted within the organisms and laboratory conditions evaluated in this study rather than as evidence of field-level effectiveness.
Limitation
This study was limited to laboratory bioassays involving three mosquito species, three aquatic non-target taxa, one leaf methanol extract and Flavoxate. Target assays used 25 individuals per concentration and five replicates, while non-target testing was conducted under controlled conditions. Consequently, the findings describe toxicity and observed behavioural responses under the reported laboratory settings only. Field persistence, efficacy under environmental variability, and effects on a broader range of non-target organisms were not assessed. Further controlled field and ecological validation is therefore required before operational use.
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Table 1. The various qualitative phyto-chemicals detected 
from leaf extracts of Coldenia procumbens .
	Sl. No.
	Phytochemical
screening
	Coldenia procumbens  different leaf extracts

	
	
	Hex-et
	Dee-et
	Dcm-et
	Eta-et
	Met-et

	1.
	Alkaloids
	+
	+
	+
	+
	+

	2.
	Anthraquinones
	+
	+
	+
	+
	+

	3.
	Carbohydrates
	–
	–
	+
	–
	+

	4.
	Coumarins
	+
	+
	–
	+
	+

	5.
	Flavonoids
	–
	–
	+
	+
	+

	6.
	Glycosides
	–
	–
	–
	+
	+

	7.
	Protein
	+
	+
	+
	+
	+

	8.
	Phenolics
	–
	–
	–
	+
	+

	9.
	Resins
	+
	+
	–
	+
	–

	10.
	Saponins
	–
	–
	–
	–
	+

	11.
	Steroids
	–
	–
	–
	+
	+

	12.
	Tannins
	+
	+
	+
	–
	+

	13.
	Triterpenes
	+
	–
	+
	+
	–


Hex-et: Hexane extract; Dee-et: Diethyl ether extract; Dcm-et: Dichloromethane extract; Eta- et: Ethyl acetate extract; Met-et: Methanol extract
+: phytochemical groups Zero
–: phytochemical groups Abandance



Table 2: GC-MS analysis of Coldenia procumbens leaf methanol extract.
	PE
	RT
	ST
	ET
	AR
	AR %
	HE
	HE %
	CN

	1
	34.93
	34.905
	34.965
	10226
	2.46
	5815
	3.46
	1,2-Benzenedicarboxylic acid, Dicyclohexyl ester

	2
	37.429
	37.35
	37.47
	35590
	8.56
	9175
	5.47
	Cyclononasiloxane, Octadecamethyl-

	3
	37.547
	37.47
	37.615
	6616
	1.59
	5330
	3.18
	1,4-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester

	4
	38.367
	38.335
	38.405
	16690
	4.01
	7149
	4.26
	Phthalic acid, heptyl trans-hex-3-enyl ester

	5
	38.724
	38.69
	38.835
	43746
	10.52
	7690
	4.58
	4,5,6,7-Tetrahydroxy-1,8,8,9-tetramethyl-8,9-
dihydrophenaleno[1,2-b]furan-3-one

	6
	38.925
	38.835
	38.945
	27615
	6.64
	6488
	3.87
	Butane, 1,4-bis(dicyclopentylphosphino)-

	7
	38.956
	38.945
	38.99
	15924
	3.83
	9520
	5.67
	6-Methyl-2-phenyl-7-(2,4-dimethylphenylmethyl)indolizine

	8
	39.058
	38.99
	39.065
	24080
	5.79
	7961
	4.74
	(2-Thioxo-2H-benzo[4,5]thiazolo[3,2-B][1,2,4]triazol-1-YL)-
P-tolyl-methanone

	9
	39.07
	39.065
	39.075
	3361
	0.81
	6269
	3.73
	1,4,6,6-Tetramethyl-2-OXO-1,2,5,6-tetrahydro-3-
pyridinecarbonitrile

	10
	39.202
	39.175
	39.23
	14345
	3.45
	6573
	3.92
	Silicone grease, siliconfett

	11
	39.262
	39.23
	39.28
	10876
	2.61
	5592
	3.33
	D-homo-18-norandrosta-7,13,15,17-tetraene,17-methoxy-3-
(methoxymethoxy)-, (3.alpha.,5.beta.,10.alpha.)-(.+-.)-

	12
	39.565
	39.55
	39.58
	5606
	1.35
	5487
	3.27
	o-Toluic acid, tridec-2-ynyl ester

	13
	39.739
	39.72
	39.755
	97033
	23.33
	3658
4
	21.8
	Flavoxate

	14
	39.784
	39.755
	39.795
	8086
	1.94
	5915
	3.52
	Ethanone,	1-[4-[4-(2-hydroxyethyl)-1-
piperazinylsulfonyl]phenyl]-

	15
	39.829
	39.795
	39.875
	23101
	5.55
	8451
	5.03
	2,4,6(1H,3H,5H)-pyrimidinetrione, 5-(1-cyclohepten-1-YL)-5-
ethyl-

	16
	39.898
	39.875
	39.91
	11755
	2.83
	7792
	4.64
	3-Hydroxy-1,2-oxazole-5-carboxylic acid

	17
	39.94
	39.91
	39.95
	12132
	2.92
	7552
	4.5
	3A(1H)-pentalenecarboxylic   acid, 2,3,4,6A-tetrahydro-6A-
hydroxy-6-methyl-, methyl ester, cis-

	18
	39.965
	39.95
	39.98
	7369
	1.77
	5580
	3.32
	(E)-   and   (Z)-3-(2-chloroethylidene)tetrahydrothiophene  S-
oxide

	19
	40.23
	40.135
	40.245
	27608
	6.64
	6156
	3.67
	1-methyl-N'-(1-methyl-4-nitro-1H-pyrazol-3-YL)-1H-
pyrazole-3-carbohydrazide

	20
	40.283
	40.245
	40.3
	14172
	3.41
	6768
	4.03
	Adenine, N4-pentafluoropropionyl-


PE: Peak, RT: Retention time,  ST: Start time, ET: End Time, AR: Area, AR%: Area %, HE: Height, HE%:Height % and CN: Compound Name


Table  3:  Lethal  toxicity  of  Coldenia  procumbens  derived
phyto-products  against  3rd instar larvae of vector mosquitoes.
	Vector mosquitoes
	LC50
(µg/ml)
	LCL-UCL (µg/ml)
	LC90
(µg/ml)
	LCL-UCL (µg/ml)
	R-value
	χ2

	Coldenia procumbens leaf methanol extract

	Ae.  aegypti
	76.51
	62.16-87.92
	171.76
	156.82-192.82
	y=1.07+0.01x
	4.849

	An. stephensi
	81.02
	66.97-92.63
	178.69
	163.13-
200.70
	y=11.08+0.02x
	2.713

	Cx. quinquefasciatus
	90.44
	29.75-
137.13
	175.06
	130.81-
499.36
	y=11.54+0.02x
	7.509

	Flavoxate

	Ae.  aegypti
	12.94
	11.77-13.92
	21.12
	19.82-22.91
	y=12.21+0.17
	2.284

	An. stephensi
	13.36
	1240-15.22
	25.72
	23.65-28.85
	y=11.57+0.11
	5.463

	Cx. quinquefasciatus
	13.66
	12.34-14.76
	23.43
	21.84-25.68
	y=11.78+0.13
	1.621


Zero effect/lethal shown under control
LC50 lethal concentration provided 50% lethality LC90 lethal concentration provided 90% lethality UCL 95 % Upper Confidence Limit of LC50/LC90
LCL 95 % Lower Confidence Limit of LC50/LC90
R-value = Regrasion value
χ2 = Chi- square
Table 4: Lethal toxicity of Coldenia procumbens derived 
phyto-products against pupae of vector mosquitoes.
	
Vector mosquitoes
	LC50
(µg/ml)
	LCL-UCL (µg/ml)
	LC90
(µg/ml)
	LCL-UCL (µg/ml)
	
R-value
	χ2

	Coldenia procumbens leaf methanol extract

	Ae.  aegypti
	
103.24
	92.77-
112.80
	191.05
	176.20-
211.40
	y=11.5+0.01x
	4.451

	An. stephensi
	
104.30
	94.08-
113.71
	190.52
	175.92-
210.46
	y=11.55+0.01x
	2.076

	Cx.
quinquefasciatus
	
104.70
	93.77-
114.70
	198.15
	181.89-
220.92
	y=11.48+0.01x
	3.159

	Flavoxate

	Ae.  aegypti
	
14.46
	(13.16-
15.67)
	26.62
	(24.76-29.04)
	y=1.6+0.11x
	6.048

	An. stephensi
	
15.83
	(14.03-
17.43)
	32.08
	(29.62-35.39)
	y=1.3+0.08x
	4.347

	Cx.
quinquefasciatus
	
17.91
	(15.91-
19.69)
	35.87
	(33.17-39.47)
	y=1.3+0.07x
	5.189


Zero effect/lethal shown under control
LC50 lethal concentration provided 50% lethality LC90 lethal concentration provided 90% lethality UCL 95 % Upper Confidence Limit of LC50/LC90
LCL 95 % Lower Confidence Limit of LC50/LC90
R-value = Regrasion value
χ2 = Chi- square
Table 5. Lethal toxicity of Coldenia procumbens 
derived phyto-products against non- target fauna.
	
Vector mosquitoes
	LC50
(µg/ml)
	LCL-UCL
(µg/ml)
	LC90
(µg/ml)
	LCL-UCL
(µg/ml)
	
R-value
	
χ2

	Coldenia procumbens leaf methanol extract

	Ae.  aegypti
	
7199.76
	(9552.74-
11165.89)
	
14820.83
	(13701.46-
16310.54)
	y=1.35+1.87x
	3.299

	An. stephensi
	
7986.79
	(7108.57-
8770.05)
	
15794.10
	(14632.05-
17332.98)
	y=1.35+1.69x
	1.011

	Cx.
quinquefasciatus
	
7652.03
	(6627.22-
8533.34)
	
15920.36
	(14730.04-
17486.70)
	y=1.19+1.57x
	4.221

	Flavoxate

	Ae.  aegypti
	621.58
	(552.03-683.28)
	1213.14
	(1126.15-1326.96)
	y=1.19+1.93x
	7.109

	An. stephensi
	886.72
	(784.62-977.21)
	1800.27
	(1662.12-1985.96)
	y=1.42+1.63x
	7.280

	Cx.
quinquefasciatus
	
903.90
	
(625.41-1119.74)
	
1671.57
	
(1403.19-2251.39)
	
y=1.33+1.45x
	
8.435



Zero effect/lethal shown under control
LC50 lethal concentration provided 50% lethality LC90 lethal concentration provided 90% lethality UCL 95 % Upper Confidence Limit of LC50/LC90
LCL 95 % Lower Confidence Limit of LC50/LC90
R-value = Regrasion value
χ2 = Chi- square
Table 6: Coldenia procumbens derived phyto-products tested against suitability index of non-target fauna.
	Phyto-products
	Ae.  aegypti
	An. stephensi
	Cx. quinquefasciatus

	Acilius sulcatus

	Coldenia  procumbens   leaf methanol xtract
	94.10
	88.66
	79.60

	Flavoxate
	48.03
	46.52
	45.50

	Diplonychus indicus

	Coldenia procumbens leaf methanol extract
	104.38
	98.57
	88.21

	Flavoxate
	68.52
	66.37
	64.91

	Anisops bouvieri

	Coldenia procumbens leaf methanol extract
	100.01
	94.44
	84.60

	Flavoxate
	69.85
	67.65
	66.17


Phyto-products: Coldenia procumbens leaf methanol extract and Flavoxate


Figure 1: Coldenia procumbens leaf fine powder (a), freshly collected leaf extracts (Hexane, diethyl ether, dichloromethane, ethyl acetate and   methanol extracts) (b) and fully decicated leaf methanol extract(d).
[image: ]
Figure 2: GC-MS chromatogram of Coldenia procumbens leaf methanol extract.
[image: ]
Figure 3: Mass spectrum and structure of Flavoxate isolated from C. procumbens leaf methanol extract.
[image: ]
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