


Phytochemical Screening, Cytotoxicity and In -Vvitro Antimicrobial Activity of Methanolic Leaf Extracts of Calotropis gigantea (L.) Dryand Against Selected Pathogenic Microorganisms.

Abstract	
Therapeutic properties possessed by the plants enable them for the development new drugs with least side effects. Recently most of them make use these kinds of natural products for the treatment of ailments. These products were developed due to the presence of bioactive components along with their capability to fight against numerous pathogens. The methanolic leaf extracts of Calotropis gigantea(L.) Dryand were screened for its antimicrobial and phytochemical activities. Phytochemical screening of leaves revealed the presence of alkaloids, cardiac glycosides, saponins, flavonoids, reducing sugars and terpenoids in most prominent amount while tannins and steroids in lesser amount. Using brine shrimp nauplii, the extracts were examined for Brine Shrimp Lethality Bioassay. In Brine Shrimp Lethality Bioassay, after 24 hours the LC50 value of methanol extract of the Calotropis C. gigantea leaves noted was 2667.1 µg/ml. The results of agar well diffusion method revealed that, different concentrations of methanolic extracts showed better zone of inhibition against pathogenic microorganisms Escherichia coli, Bacillus cereus, Staphylococcus aureus, Klebsiella pneumoniae and Vibrio cholerae. Highest zone of inhibition was noted against Staphylococcus aureus and Klebsiella pneumoniae. The results therefore established a good support for the use of C. gigantea in traditional medicine.
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1. INTRODUCTION
The presence of various secondary metabolites has been identified in plants with pharmacological properties and for conflicting several ailments higher than 85-90% of world’s population depends on conventional medicines due to the lack of hazardous chemical compounds(Patel et al., 2012). Calotropis C. gigantea along with or combined with other compounds have been used for the treatment of many diseases(Sivapalan et al., 2023).
The studies conducted by Himani Raina et al in (2014) stateds that much of the medicinal plants contain numerous bioactive compounds which can be employed for therapeutic purposes in curing various ailments world-wide. Usually, bioactive plant compounds are produced as secondary metabolites eliciting pharmacological effects in both animals and humans such as immunoimmune suppression, anti-infectivesinfective, and metabolic diseases. The search for new pharmacologically active agents from natural resources such as plants, animals and microbes led to discovery of many clinically useful drugs(Butler, 2004).
The commonly called Giant milkweed, Calotropis C. gigantea which belongs to the family Asclepediaceae, has been used as a conventional medicine from the earlier times and the family generally possess plants with latex content. The plant is growing widely throughout the tropical and subtropical regions of Asia and Africa. The Asclepiadaceae is a large family comprising of 175-180 genera and 2200 species distributed mainly in the tropical and subtropical region of the world, represented in India by 23 genera and 41 species(Shirsat et al., 2013). Studies proved that, the extracts of the plant parts are having anti-helminthic, analgesic, antisyphilic, antipyretic, cytotoxic and antimicrobial effects in vertebrates(Kumar et al., 2010).
Locally, the plant is used to cure several illnesses such as toothache, ear-ache, sprain, anxiety, pain, epilepsy, diarrhea and mental disorders. C. gigantea also exhibited anti-Ccandida activity, cytotoxic activity, and wound healing activity(Kumar et al., 2013). As per the study organized by Sarkar et al in (2014) various parts of the plant such as leaves, flowers, latex, stem and roots were greatly utilized in medical field especially in ayurveda for combating numerous diseases as it contains various secondary metabolites.
The medicinal properties of C. gigantea are attributed to the presence of various phytochemical constituents that have been found in different parts of the plant. Phytocompounds such as the Cardenolides, Benzoylinesolone and Benzoylisolinelone in the root bark, Calotropin and Calotropagenin in the leaves and stalk, and Uzarigenin and Terpenol ester in the latex and flower were studied. In addition, the plant includes triterpenoids such as calotropursenyl acetate, calotropoleanylcalotropternyl ester, oleanene triterpenes such as ester, and cardiac glycosides such as calotropogenin, calotropin, calotoxin, and calactin. The presence of Cardenolides and Anthocyanins in the Calotropis plant has also been examined(Seiber et al., 1982).
Most of the nutritional and pharmacological requirements of human beings were satisfied by plants. Plant incorporated food stuff contains a vast array of bioactive compounds. In vitro toxicity screenings thus become mandatory for introducing plant materials in animal studies (Di Nunzio et al., 2017). Hence it is necessary to study the possible toxic effect of bioactive compounds on cellular parameters. In the present study, C. gigantea leaf methanolic extract has evaluated for in vitro toxicity screenings, phytochemical analysis and antimicrobial activity against different pathogenic micro-organisms..
2. MATERIALS AND METHODS
2.1. Collection and Processing of Plant materials: The adjacent regions of Trivandrum district have been chosen for the collection of healthy and mature leaves of C. gigantea required for the investigation. Later the gathered leaves were washed thoroughly and shade dried. The shade dried leaves were ground to powder using an electric blender and were sieved with a mesh of size 0.5mm. The powdered samples obtained were stored in clean air- tight containers for further analysis.
2.2. Extraction of plant materials: Methanol extracts of plant leaves were prepared using Soxhlet apparatus. The residues obtained were weighed and stored at 4°C for further investigations.
2.3. Assessment of In vitro cytotoxicity
The preliminary examination of crude extract’s toxicity were determined through Brine shrimp lethality bioassay and it is depicted in the Table 1. The method is very sensitive. Brine shrimp eggs were obtained from the Central Marine Fisheries Research Institute, Trivandrum. The brine shrimp cysts were hatched in well aerated filtered sea water under the illumination of a tungsten lamp.  The nauplii emerged within 24 hrs at 30-35 oC. Filtered sea water was used as the culture medium for toxicity studies. The plant extracts were first dissolved in 0.1 % DMSO and diluted with sea water for toxicity studies. At various concentrations ranging from 10-1000ug/ml was selected to detect the toxicity of methanolic extracts. 10 nauplii each were put in 5ml culture medium containing the plant extract. Three replications were done for each concentration. Potassium dichromate is used as positive control while sea water was taken as negative control without plant extracts.  10 brine shrimps were introduced into each tube. The test tubes were left uncovered under the lamp. The number of surviving shrimps were counted and recorded after 24 hours using a stereo microscope. The percentage of mortality in each dose was calculated and then compared with control. The effectiveness or the concentration-mortality relationship of plant product is usually expressed as a median lethal concentration (LC50). LC50 value greater than 1000 ug/ml was considered non-toxic(Meyer et al., 1982; Owolarafe et al., 2020). A format of which is furnished below.

Table 1. Concentration of test solution and sample

	Sample 
	Conc. (ug/ml) 
	Volume of extracts (ml) 
	Sea water containing 10 nauplii (ml) 
	Final volume
(ml) 

	Methanol extract
	1000 
	2.5 
	2.5 
	5 

	
	800 
	2.5 
	2.5 
	5 

	
	600 
	2.5 
	2.5 
	5 

	
	400 
	2.5 
	2.5 
	5 

	
	200 
	2.5 
	2.5 
	5 

	Pottasium dichromate (PC)
	50 
	2.5 
	2.5 
	5 

	
	40 
	2.5 
	2.5 
	5 

	
	30 
	2.5 
	2.5 
	5 

	
	20 
	2.5 
	2.5 
	5 

	
	10 
	2.5 
	2.5 
	5 

	Sea water (NC)
	- 
	0 
	5 
	5 


PC: Positive Control; NC – Negative Control

2.4. Phytochemical screening: Phytochemical analysis of methanolic leaf extracts were carried out by standard methods(Seniya et al., 2011).
2.5. Antibacterial activity: Agar well diffusion method was utilized for the screening of antibacterial activity from the methanolic extracts of leaves (Murray et al., 1995; Olurinola, 1996). Test organisms used were Escherichia E. coli, Bacillus B. cereus, Staphylococcus S. aureus, Klebsiella K. pneumoniae and Vibrio V. cholerae. The cultures were plated on Muller Hinton agar. Wells were made with well cutter (diameter 6 mm) to which different extracts were added. Tetracycline is used as positive control and DMSO as negative. The activity of the extract was determined by measuring the diameters of zone of inhibition.

3. STATISTICAL ANALYSIS
Results of the experiments are expressed as Mean ± S.D. All experiments were done in triplicates. 

4. RESULTS AND DISCUSSION
4.1. Preparation of extracts
Shade dried plant leaves were extracted using methanol. The filtrate obtained after extraction were concentrated by rotary vacuum evaporation (>45 °C) and then oven dried at 105 oC and reweighed. Percentage yield of solvent extract was calculated with respect to their total dry mass. Results of extraction process are presented in Table 2.

Table 2. Percentage yield of extraction of C. gigantea leaves.
	Solvent extract
	Weight of plant material (g)
	Yield (%)

	Methanol (ME)
	50
	10.14




4.2. Brine shrimp lethality bioassay.
The toxic impact of plant extracts was estimated by Brine shrimp lethality bioassay.Artemia naupliused as model organism for the study. All the extracts were subjected for possible cytotoxic action. Potassium dichromate was used as positive and sea water as negative control. Concentrations ranging from 10 to 1000ug/ ml were tested (Parra et al., 2001).The toxicity of extracts was determined by comparing the LC50 values. repeated  The extracts were found to have no toxic effect on live nauplii even at highest tested concentration of 1000 ug/ml. Meyer et al.. (1982) reported that extracts having LC50 <1000 ug/ml was considered to be toxic.(Owolarafe et al., 2020). In Brine Shrimp Lethality Bioassay, after 24 hours hr the LC50 value of methanol extract of the Calotropis C. gigantea leaves noted was 2667.1 µg/ml. Hence, the Calotropis C. gigantea extracts were found to be non-toxic therefore the plant can be used for later studies. The details were encoded in the Table 3.
Table 3. Cytotoxic nature of methanolic extract of C. gigantea leaves against brine shrimp larvae.
	Conc.
	Log C
	% Mortality
	LC 50

	1000
	3
	6.66
	2667.1

	800
	2.9030
	3.33
	

	600
	2.7781
	0
	

	400
	2.6020
	0
	

	200
	2.3010
	0
	



4.3. Phytochemical screening of Calotropis C. gigantea leaves.
	The phytochemical analysis of leaf extracts revealed the presence of alkaloids, cardiac glycosides, saponins, flavonoids, reducing sugars and terpenoids in most prominent amount while tannins and steroids in lesser amount. Anthraquinones was absent in solvent extracts. These were documented in Table 4.

Table 4: . Phytochemical analysis of bioactive compounds in different methanolic extracts of Calotropis C.gigantea leaves.
	Phytochemicals
	Methanol extractsPresent(+)/Absent(-)

	Alkaloids
	+

	Cardiac glycosides
	+

	Saponins
	-

	Tannins
	+

	Flavonoids
	+

	Terpenoids
	+

	Reducing sugars
	+

	Anthraquinone
	-

	Steroids
	+

	Phenol
	+


	
4.4. Antimicobial activity of methanolic leaf extracts of C.  gigantea 
In vitro antimicrobial sensitivity assayactivity of methanolic extracts of C. gigantea leaves were evaluated using five pathogenic microbial strains namely, EscherichiaE. coli, Bacillus B. cereus, Staphylococcus S. aureus, Klebsiella K. pneumoniae and Vibrio V. cholerae. Agar well diffusion is used for the study and minimum inhibitory zone (mm) were analysedanalyzed. The results obtained from various concentrations of methanolic plant extract clearly display a BETTER better zone of inhibition against Staphylococcus S. aureus and Klebsiella K. pneumoniaepneumonia and least towards Bacillus B. cereus. These were depicted in Tables 5.
Table 5: Antimicrobial activity of Methanol, Ethyl acetate and Hexaneic extracts of Calotropis C. gigantea leaves on selected microbes.

	Extracts
	Conc. (ug/ml)
	Zone of Inhibition (mm)

	
	
	E. coli
	B. cereus
	S. aureus
	K. pneumoniae
	V. cholerae

	Methanol
	500
	8 ±0.2
	7 ±0.0
	9 ±0.0
	9± 0.5
	8 ± 0.1

	
	750
	10± 0.5
	8± 1.0
	11 ± 0.1
	12 ± 0.5
	10 ± 0.2

	
	1000
	13 ± 0.4
	9 ± 0.5
	14 ± 0.0
	15 ± 0.0
	11 ± 0.1

	
	PC
	20 ± 0.0
	22 ± 0.1
	17 ± 0.5
	16 ± 0.5
	21 ± 0.0

	
	NC
	-
	-
	-
	-
	-



5. DISCUSSION
Recently the recognition of bioactive constituents from medicinal plants havehas been increased drastically. This study was screened for the phytochemical constituents of the methanolic C. gigantea leaf extract. The presence of active compounds that belong to flavonoids, alkaloids, and terpenoids indicates the medicinal importance of the plant (Damodaran et al., 2019). Since the dawn of civilization, medicinal plants have been used as medications for the treatment of a variety of disorders. Secondary metabolites in C. gigantea, which include phenols, alkaloids, flavonoids, tannins, and other molecules from a variety of classes, have medicinal properties. In addition, these secondary metabolites act as a model for the creation of novel synthetic medications (Rani et al., 2019).One of the studies conducted in 2023 employed protein denaturation and proteinase inhibition methods to determine the potential of extract in the inhibition of protein as well as restricting major enzymes cause for the destruction of tissues. The advantages of using natural medicines prepared from medicinal plants in fighting against numerous diseases found to be success, attracted most of the investigators from various nations for organizing many more studies in this field to develop new value products. The main advantages of adopting plant-based medications are that they are generally safer than synthetic equivalents, have noticeable therapeutic benefits, and are more cost-effective than other forms of treatment. As a result, the creation of new pharmaceuticals in the pharmaceutical business depends heavily on natural products, which are the source of more than 50 % of these modern drugs. It is critical to carefully identify medicinal plants as possible sources of anti-microbial chemicals in order to encourage their use(Ahmad & Beg, 2001).
Antioxidant efficiency of phytocomponents obtained from various solvents werewas determined by DPPH and FRAP assays. And heat generated hemolysis procedure was followed to detect the membrane stabilization potential of plant extract. The current study has employed brine shrimp lethality bioassay for the screening of natural products as the method is more convenient and provide quick result and the study also extended to discover drugs for anticancer, anti-HIV, antimicrobial. As the concentration of the test samples increased, mortality eventually accelerated alongside it. In the present study, the results of Brine Shrimp Lethality Bioassay, after 24 hours revealed that, even at the highest tested concentration of 1000 ug/ml, it was discovered that the extracts had no harmful effects on living nauplii. According to Meyer et al., (1982), extracts with LC50 > 1000 ug/ml were regarded as toxic. Here, the LC50 value of methanol extract of the Calotropis C. gigantea leaves noted was 2667.1 µg/ml found to be non-toxic.
Soxhlet extraction method has been employed to collect the leaf extracts of C. gigantea and by the qualitative assay phytocompounds contained in the plant extract were confirmed. The sum of secondary metabolites such as flavonoids, alkaloids, phenols and terpenoids were measured. According to Bhalodia and Shukla study conducted in 2011 states that medicinal plants display wide variety of antimicrobial properties(Bhalodia & Shukla, 2011). Antimicrobial activities of methanolic leaf extract of C. gigantea were studied against five pathogenic bacterial strains in terms of zone of inhibition of bacterial growth. In this study it has been found that all the tested extracts of C. gigantea leaves impart varying degrees of inhibitory action against Escherichia E. coli, BacillusB. cereus, Staphylococcus S. aureus, Klebsiella K. pneumoniae and Vibrio V. cholerae. This may be attributed to the array of secondary metabolites present in the leaves.  GC- MS analysis of C. gigantea leaves (Sharma et al., 2016; Madhavan et al., 2020) revealed the presence of bioactive compounds like Phytol, Bicyclo([3.1.1]) heptane, 2,6,6-trimethyl-, 6,7-Dimethyl-triazolo (4,3-b) (1,2,4)-triazine, 2-Octylcyclopropene-1-heptanol, 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- and Acetic acid 1-methylcyclopentyl ester in C. gigantea leaf extract. It may be pointed out that such compounds present in C. gigantea leaf have imparted the antibacterial and antifungal effect against the selected strains. In the present study, it may be pointed out that, the antimicrobial property of C. gigantea leaves might be due to the presence of Bicyclo (3.1.1) heptane,2,6,6-trimethyl compound which has also been found in some other plants. The GC-MS analysis conducted in 2023 using aqueous, ether, methanolic and petroleum extracts of Calotropis C. gigantea revealed the presence of wide variety of components with medicinal properties (put citation\reference).
The leaves of Calotropis C. gigantea are traditionally used to cure elephantiasis, piles, syphilis, leprosy, boils, and skin conditions (Habib & Karim, 2009). Sureshkumar (2013)investigated the phytochemical evaluation of Calotropis C. gigantea (L.) R.Br. extracts using GC-MS.  It appears in a number of polyherbal formulations.  Calotropis is used individually and occasionally in combination with other plants to treat a wide range of human and animal illnesses. Numerous scientists have been shown to benefit from this research by using the findings to create medications from Calotropis C. gigantea that are effective against human harmful bacteria.In order to determine the free radical scavenging potential of Calotropis C. gigantea, the crude extracts have been prone to nitric oxide scavenging process in a study conducted in the recent year.
In a pre-clinical study of aqueous and alcoholic extracts of root powder of Sida cordifolia Linn. and Glycyrrhiza glabra Linn.; (Gupta & Mondal, 2020)detected a compound namely 6,7-Dimethyltriazolo(4,3-b) (1,2,4)-triazine. For the treatment of male sexual dysfunction, the ayurvedic formulation they created was standardized using pharmacogenetic and phytochemical techniques. Their GC-MS analysis results revealed some important facts which add supplementary data to this study. They have listed a wide range of properties, including anti-fungal, anti-HIV, anti-cancer, anti-inflammatory, analgesic, anti-hypertensive, cardiotonic, neuroleptic, nootropic, anti-histaminergic, tuberculostatic, anti-protozoal, anti-malarial, antimicrobial, cyclin-dependent kinase inhibitors, oestrogen receptor modulators, and anti-parasitic activities of 6,7-Dimethyltriazolo(4,3-b)(1,2,4)-triazine. Hugonia mystax L. leaves were analyzed using GC-MS and discovered a phytochemical compound called 11,14,17-Eicosatrienoic acid, methyl ester with anti-arthritic, anti-coronary, and anti-inflammatory properties. The compound is an unsaturated fatty acid ester (Rajeswari et al., 2012).The same compound was identified by (Uthirasamy et al., 2021)in the GC-MS analysis of C. gigantea leaves.
GC -MS analysis has been found to be an ideal technique for the analysis of volatile and semi-volatile bioactive compounds. (Beena Thomas, 2018)identified 40 compounds in the ethanolic extract of C. gigantea leaves. The GC-MS retention time and percentage peak of the individual compounds were demonstrated. It contains terpenoids, saponins, flavonoids, alkaloids, steroids. The major Phyto constituents present in ethanolic extract was 9,12,15 – octadecatrienoic acid(z,z,z)- retention time 23.570 peak area 9.18% , Hexadecanoic acid, Ethyl ester retention time 19.505 peak area 19.70% , Phytol retention time 22.552 with peak area 5.05% , Unknown terpenes retention time 35.120 peak area 1.43% ,Oxirane (butoxymethyl)- retention time 11.208 peak area 1.62%, di-alpha-Tocopherol retention time 40.426 peak area 0.33% , Squalene retention time 53.24 peak area 11.73%, Penta chloro bromo benzene retention time 23.970 peak area 0.52% , Neophytadiene retention time 16.748, peak area 1.30%. Based on the study of (Beena Thomas, 2018), the compounds revealed by GC- MS were already proved to have enormous bioactivities.  One such compound namely phytol, contributes a percentage of 5.05 in C. gigantea leaf extract. Based on peak another prominent compound present in the leaf extract of C. gigantea is hexa decanoic acid (19.70%) with antioxidant property (Beena Thomas, 2018). It is also a hypo cholesterolemic, nematicide, pesticide, haemolytic-5-α reductase inhibitor and potent mosquito larvicide (Rahuman et al., 2000). Squalene is regarded as a potent chemopreventive and chemotherapeutic drug for the treatment of skin, colon, pulmonary, and breast tumour growth. It was proposed that the presence of squalene in C. gigantea strengthens the immune system by using medications to cure illnesses such as HIV, H1N1, Lleukemia, pPapilloma and hHerpes (Newmark, 1997).DL-α-Tocopherol, a synthetic version of vitamin E, has strong antioxidant capabilities and guards against oxidation of lipid reserves, lipoproteins, and cellular membranes. Its main function is to protect unsaturated fatty acids against free radical-mediated oxidation (Harare et al., 1998). 

6. CONCLUSIONS

The medicinal properties of plants have been detected from the pre-historic time and used to cure many diseases without any side effects. In the present study, the results of Brine Shrimp Lethality Bioassay, after 24 hours revealed that, even at the highest tested concentration of 1000 ug/ml, it was discovered that the extracts had no harmful effects on living nauplii. LC50 value of methanol extract of the Calotropis C. gigantea leaves noted was 2667.1 µg/ml found to be non-toxic. Vitamin E, squalene, 2,6,6-trimethyl-, 6,7-Dimethyl-triazolo (4,3-b) (1,2,4)-triazine, 2-Octylcyclopropene-1-heptanol, 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-, Acetic acid 1-methylcyclopentyl ester, Linolenic acid, 1,3-Cyclooctadiene, phytol and hexadecanoic acid were the compounds identifiedby many researchers from C. gigantea leaves. These compounds were previously reported for antimicrobial, antifungal, antioxidant, anti-cancerous, anti- inflammatory, anti- histaminic, anti- acne, antibacterial and cardioprotective properties.Is it Conclusion? Results of the present study also revealed the presence of phytochemical and antimicrobial substances in Calotropis C. gigantea leaves and further studies are required to find out the active components of medicinal propertiespresent  in this valuable plant.
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