


Antimicrobial, Cytotoxic, and DPPH Scavenging Activities of Oenanthe Javanica

Abstract
Medicinal plants are an integral part of life in many communities. They are source of vital therapeutic aid for assuaging human ailments and that is chiefly due to existence of biologically active phytochemicals. Oenanthe javanica, aquatic perennial herb, known for its medicinal values. The present research was conducted to investigate the chemical composition of essential oil extracted from O. javanica through GC-MS analysis; to evaluate the phytochemical constituents, cytotoxic capability and antioxidant activity of different extracts; and finally, to evaluate the antimicrobial potential of essential oil and different extracts of O. javanica. GS-MS analysis shown that seven constituents are present in the essential oil. Phytochemical investigation has shown that O. javanica contains following components alkaloids, flavonoids, tannins, phenol, and saponins in all its extracts except n-hexane extract which lacks saponins. Among all extracts only chloroform extract is found to be cytotoxic and best values for DPPH scavenging potential was exhibited by ethanolic extract. Some of the extracts of O. javanica possess antimicrobial potential whereas essential oil was only active against tested fungal strains.	Comment by USER: ITALISE ALLBIOLOGICAL AND APPLY THEIR AUTHORITIES. APPLY THIS ALL THROUGH THIS WORK TO MAKE IT SCIENTIFIC BASES	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: APPLY
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1. Introduction
    Phytochemicals are non-nutritive components of plants which provides protection against certain diseases [1]. Medicinal plants are gift to living world and contributing important role in health despite the modernization in medicinal field [2] [3]. Presently, World Health Organization explores that, world’s 80% population depend on plants for their health [4]. Plants are the largest source of traditional medicines having several functions such as antimicrobial, anticancer, antioxidant, cytotoxic, antiviral and much more [5]. 20 % of plants of world have been investigated to explore their pharmacological or biological properties [6]. Antioxidants of the plants scavenges the destructive effect of oxidants during oxidative stress both as raw extract and as pure chemical constituent [3]. The isolated phytochemicals are then examined via different biological assays for their activities [7]. Oenanthe javanica (aquatic perennial herb), family Umbelliferae member, commonly known as water dropwort is mostly grows in ditches, swampy places, canals and streams of Asia and Australia. It has distinctive taste and fragrance [8-11]. Koreans uses O. javanica for seasoning of soaps and stews and as food. As a traditional medicine Chinese uses it for the cure of fever, jaundice, leucorrhea, abdominal pain, hypertension, urinary infection, mumps, and hepatitis [11] [12]. Researchers reported volatile compounds and number of phytochemicals of this plants like pulegone, β-pinene, limonene, germacrene, and coumarins, pthalic acid ester, flavonoids, and phenolics [13] [14]. Flavonoids of O. javanica have antimutagenic properties against aflatoxin B1 induces mutations and have ability to scavenge heavy metals (Cd and Pb) from polluted water [15] [11]. Protective effect against hepatitis B virus (HBV) has been shown by the total phenolics of O. javanica in animal models [16]. Anticancer, neuroprotective, hepatoprotective, antidiabetic, and antithrombotic properties of O. javanica has been reported by researchers [17].	Comment by USER: APPLY HERE	Comment by USER: APPLY HERE	Comment by USER: SAME	Comment by USER: SAME
    Essentials oils can be applied to following fields: food preservations, phytopathology, medicine, clinical microbiology, and pharmaceutical botany. Essentials oils’ antimicrobial capacity of Lamiaceae family members has been evaluated by many researchers, whereas few of them studied the essential oils chemical composition. A hyphenated technique Gas chromatography-Mass spectrophotometry (GC-MS) is vital for qualitative and quantitative analysis of essential oils along with their biological activities evaluation [18].
    Crude extract can be first examined for phytonutrients and active fractions [7]. Brine shrimp lethality assay (BSLT) is a front-line screening assay for detecting a broad spectrum biological activity of crude plant extract. This predicts the pesticide, cytotoxic and anticancer ability of crude extract [19] [20]. For phytochemist several bioassays are available, but DPPH radical scavenging assay is getting more attention due to its high sensitivity and simplicity [6] [21]. Emerging of various diseases makes the finding of new antimicrobial drugs necessary with diverse and active chemical compounds having ability to neutralize fatal microorganisms [22] [23]. Medicinal plants can have the new potential antimicrobials compounds due to outstanding chemical diversity. Active compounds have been reported in plant extracts in previous literature with antimicrobial capacity through bioassays such as antifungal and antibacterial assays [24].
    In current research our objectives were, first, evaluate the chemical composition of essential oils from O. javanica, collected from Pakistan, through GC-MS analysis, second, to determine phytochemical constituents and cytotoxic capability of different extracts (methanol, ethanol, n-hexane, chloroform, and ethyl  acetate) of O. javanica, third, to evaluate the antimicrobial potential of different extracts and essential oils of O. javanica, and, finally to check the DPPH radical scavenging potential of extracts.	Comment by USER: 	Comment by USER: 	Comment by USER: APPLY SAME


2. Materials and methodology
2.1. Plant collection
    The O. javanica was collected from the Sufaid dheray (a local area of district Peshawar, Khyber Pakhtunkhwa, Pakistan) and identified by Prof. Dr. Saleem of Botany Department, Islamia College Peshawar, Pakistan.	Comment by USER: 
2.2. Essential oil extraction
    The essential oil was extracted by conventional steam distillation technique from the aerial parts of the O. javanica. In distilled water (2000 mL) fresh plant (100 mg) was added and then placed in 2000 mL round bottom flask. Water was boiled under control conditions to extract oil from plant for 3 hrs. After extraction, anhydrous sodium sulphates was used for the removal of water from the oil and they were stored at 4 ℃ until further use in vials [25]. 	Comment by USER: 	Comment by USER: USE THE RIGHT DENOTION FOR DEGREE CELCIUS PLEASE AND THIS SHOULD BE APPLIED ALL THROUGH. WHAT METHOD OF EXTRACTION IS THIS
2.3. GC-MS spectrometry and identification of compounds of essential oils
    Gas chromatography-Mass spectrophotometry instrument equipped with fused silica column (60 m x 0.25 mm i.d., 0.25 µm film thickness) was used for determining essential oils composition. The temperature of the instrument’s oven was set from 600C to 250 ℃ at 5 ℃ min-1 rate and then held for 10 min at 250 ℃ (transfer line temperature was 250 ℃). Helium gas, as carrier gas, was used at rate of 1.1 mL/min. Finally, by comparison of retention times (Rt) and mas mass spectra with those given in literature the essential oil components were identified.	Comment by USER: MODEL AND BRAND OF THE GC-MS EQUIPMENT	Comment by USER: FORMATTED
2.4. Extract preparation
    The fresh collected plant (O. javanica) was shade dried and then dry plant was powdered through Willy Mill to 60 mesh size. Extracts was prepared by soaking 500 g of powdered dried plant in 2000 mL of methanol, ethanol, n-hexane, chloroform and ethyl acetate separately at room temperature for 48 hrs. Extracts were then filtered via Whatman No. 1 and concentrated using rotary evaporator (Panchun Scientific Co., Kaohsiung, Taiwan). The extracts were then stored at 4 ℃ for further bioassays. The MeJ, EtJ, nHJ, ChJ, and EaJ abbreviations were used for representing methanolic, ethanolic, n-hexane, chloroform, and ethyl acetate respectively to avoid unnecessary repetitions.	Comment by USER: APPLY
2.5. Phytochemicals screening
    Phytochemicals screening of MeJ, EtJ, nHJ, ChJ, and EaJ for the evaluation of alkaloids, flavonoids, tannins, saponins, and phenol was carried out:
2.5.1. Test for alkaloids
    For alkaloids detection we followed the protocol as with one modification i.e. instead of 1 mL of sample 0.4 gm of extract was used. 0.4 g of extract (MeJ, EtJ, nHJ, ChJ, and EaJ) was mixed with 3 mL of Hager’s reagent (saturated solution of picric acid) separately. Formation of yellow colored precipitate was taken as indication for presence of alkaloids [26].
2.5.2. Test for flavonoids
    50 mg of extract (MeJ, EtJ, nHJ, ChJ, and EaJ) was mixed with distilled water (100 mL) and then filtered via whatman filter paper. To 10 mL of filtrate 5 mL of dilute ammonia solution was added followed by concentrated sulfuric acid few drops. Yellow coloration will confirm the presence of flavonoids [27].
2.5.3. Test for tannins
    For detection of tannins we followed the protocol as 50 mg of MeJ, EtJ, nHJ, ChJ, and EaJ extract was boiled in distilled water (20 mL) separately and then filtered to get filtrate. To filtrate few drops of FeCl3 (0.1%) was added. Change in color to brownish green or blue black was an indication for the presence of tannins [27].
2.5.4. Test for saponins
    Screening test for saponins was done by following the procedure as MeJ, EtJ, nHJ, ChJ, and EaJ (20 mg of each) was mixed with distilled water (20 mL) and boiled for 5 minutes in water bath and then filtered. Distilled water (5 mL) was then mixed with filtrate (10 mL) and vigorously shaken for formation of froth. Later to forth form few drops of olive oil were mixed and vigorously shaken to observe emulsion development [28]. 
2.5.5. Test for phenol
    2 mg of extract (MeJ, EtJ, nHJ, ChJ, and EaJ) were properly mixed with 2 mL of ethanol separately. Few drops of ferric chloride solution were added and observed for change in coloration [28] [29].
2.6. Brine shrimp lethality assay
    O. javanica cytotoxic potential was determined using Brine Shrimp Lethality Assay (BSLA) [30]. Different concentration (1000 µg/mL, 100 µg/mL, and 10 µg/mL) of each extract (MeJ, EtJ, nHJ, ChJ, and EaJ) were prepared in methanol and transferred into vials, then allowed for evaporation of methanol.	Comment by USER: SAME 
Brine Shrimp eggs were taken from the Department of Biochemistry (Quaid-i-Azam University, Islamabad). Artificial and filtered sea water was prepared by dissolving sea salt (38 gm) in distilled water (1 L) for hatching of eggs. The sea water was added in plastic container having two partitions separated by porous wall; one partition is for light and other one is dark (covered) area. After incubation at room temperature (23 to 28 ℃) for 24 to 72 hrs, the hatched larvae moved from dark partition to lighter one. 10 shrimps were added with pipette in each vial and sea water final volume is adjusted to 5 mL in each vial. Each vial was left naked under lamp for 24 hrs. The living shrimps were calculated in each vial and this was used for the determining the LD50 value, the concentration at which it could kill 50% larvae, for each extract. Each concentration was tested in triplicate.
2.7. Antimicrobial activity
    Antibacterial and antifungal potential of O. javanica’s extracts and essential oil against three bacterial strains of gram-negative class (Escherichia coli ATCC 15224, Klebsiella pneumonia MTCC 0618, and Xanthomonas) and three fungal strains (Aspergillus nigar ATCC 6275, Candida albicans 90028, and Acremonium) that were collected from Department of Microbiology (Quaid-i-Azam University, Islamabad), via agar well diffusion assay [31]. Different concentrations (2 mg/mL and 3 mg/mL) of each extract were prepared in DMSO (Dimethyl sulfoxide) whereas oil was given as pure. On dried agar plates using a sterile swab inoculum of each bacterial strain and spores of fungal strains were swabbed. 100 µL of each extract and pure essential oil were administered in each well. Petri plates were then set for incubation at 37 ℃ for 24 hrs. After that zone of inhibition was measured and average value was calculated. Streptomycin and Flumetazole was used as standard drug for antibacterial and antifungal potential evaluation, respectively [32] [33].
2.8. DPPH radical scavenging potential assay
    In vitro 2, 2’- diphenyl-1-picrylhydrazyl (DPPH) assay was used to determine the O. javanica extract’s free radical scavenging potential [34]. 0.24 g of DPPH was dissolved in an analytical methanol (100 mL) and stored at 20 ℃ for further use. DPPH solution optical density was adjusted at 0.98 (±0.02) at 517 nm via spectrophotometer at the time of use. Crude extracts’ stock solution was prepared by mixing it in analytical methanol (95%) to make a concentration of 1 mg/mL. Further series of concentration (100 µL, 200 µL, 300 µL, 400 µL, and 500 µL) were prepared by diluting the stock solution. DPPH aliquot (900 µL) was mixed with test sample (100 µL) in the Eppendorf. Followed by well shaking, the reaction mixture was incubated for 15 minutes under dark at 27 ℃. Ascorbic Acid was used as standard whereas control has only methanol (100 µL in 900 µL DPPH solution). Using spectrophotometer (SP-200) the absorbance of the working dilutions, standard and control was measured at 517 nm. Free radical scavenging potential was estimated by the following formula:	Comment by USER: APPLY



3. Results
3.1. Essential oils extraction and composition
    The steam distillation of aerial parts of O. javanica for 3 hrs yielded 0.35% (w/w). The n-hexane fraction of essential oils was investigated by GC-MS and total of seven chemical constituents were eluted between 1.367 and 25.890 min based on comparison between their relative retention times and mass spectra with those obtained from authentic samples, Wiley libraries and NITS/NBS libraries spectra shown in Table 1. Whereas GC-MS chromatogram of O. javanica‘s essential oil is shown in Figure 1.	Comment by USER: 	Comment by USER: 
[image: ]
Figure 1: GC-MS chromatogram of O. javanica‘s essential oil.	Comment by USER: 
Table 1: Chemical constituents present in essential oil of Oenanthe javanica.
	Chemical Constituent
	Molecular Formula
	Molecular Weight
	Retention Time
	Percent area (%)

	Ethanol
	C2H6O
	46
	1.36
	24.07

	Trichloromethane
	CHCl3
	118
	1.63
	11.54

	Dichloromethanesulphonyl chloride
	CHCl3O2S
	182
	2.42
	2.28

	Apiol 1,3-benzodioxole, 4,7-dimethoxy-5-(2-prppenyl) benzene
	C12H14O4
	222
	17.29
	3.04

	Pithalic acid, di(6-methylhept-2-yl) ester
	C24H38O4
	390
	23.84
	2.58

	Pithalic acid, di(2-propylpentyl) ester
	C24H38O4
	390
	24.00
	2.88

	4-methylthiomethylnitrostyrene 4-methylthiophenyl-beta-nitropropene
	C10H11N2
	209
	25.89
	0.45



3.2. Phytochemical screening
    Phytochemical screening tests of MeJ, EtJ, ChJ, and EaJ confirmed the existence of alkaloids, flavonoids, tannins, phenol and saponins as shown in Table 2. Whereas nHJ extract contains before mention constituents except saponins.
Table 2: Qualitative analysis of Oenanthe javanica.
	Phytochemicals
	Extracts

	
	MeJ
	EtJ
	nHJ
	ChJ
	EaJ

	Alkaloids
	+
	+
	+
	+
	+

	Flavonoids
	+
	+
	+
	+
	+

	Tannins
	+
	+
	+
	+
	+

	Phenol
	+
	+
	+
	+
	+

	Saponins
	+
	+
	–
	+
	+


+ = Presence, - = Absence, MeJ; O. javanica methanolic extract, EtJ; O. javanica ethanolic extract, nHJ; O. javanica n-Hexane extract, ChJ; O. javanica chloroform extract, EaJ; O. javanica ethyl acetate extract.
3.3. Antimicrobial potential of extracts and essential oil
    Agar well-diffusion method was used to evaluate the antimicrobial potential of extracts (MeJ, EtJ, nHJ, ChJ, and EaJ) and essential oil of O. javanica. Extracts and essential oil of O. javanica were tested against three bacterial strains (Escherichia coli ATCC 15224, Klebsiella pneumonia MTCC 0618, and Staphylococcus aureus ATCC 6538) and three antifungal strains (Aspergillus nigar ATCC 6275, Candida albicans 90028, Acremonium). The antibacterial and antifungal activity was compared against standard antibiotic drug (Streptomycin) and antifungal drug (Flumetazole), respectively.
    Escherichia coli was inhibited by extract EaJ (3 mg/mL) and nHJ (3 mg/mL) while remaining of the extracts and essential oil failed to inhibit the growth of Escherichia coli. On the other hand, Klebsiella pneumonia’s growth was restricted by extract EaJ (3 mg/mL) and ChJ (3 mg/mL) while remaining extract were unable to inhibit the growth of the Klebsiella pneumonia. None of extract and essential oil were able to inhibit the growth of bacterial strain Staphylococcus aureus where as the standard drug streptomycin (1 mg/mL) has inhibited all three bacterial strains under study. 
    The invitro antifungal activity of extracts and essential oil of O. javanica is shown in Table 3 in the form of zone of inhibition. In case of antifungal activity, only essential oil (100 µl/ml) shown the antifungal potential against Aspergillus nigar while against the fungal strain Candida albicans essential oil and other extracts have shown potential to restrict the fungal growth. Essential oil (100 µl/ml) and extract EtJ (3 mg/mL) failed to show any antifungal activity against the fungal strain Acremonium while other extracts have shown some antifungal potential. Flumetazole was active against all three fungal strains. The zone of inhibitions of extracts and oil of O. javanica against antibacterial and antifungal strains are shown in Table 3. 
Table 3: Antimicrobial potential of extract and essential oil of Oenanthe javanica.
	Extract / Antibiotic

	Conc.
	Zone of inhibition

	
	
	Antibacterial
	Antifungal

	
	
	E. coli
(ATCC 15224)
	K. pneumonia
(MTCC 0618)
	S. aureus
(ATCC 6538)
	A. nigar
(ATCC 6275)
	C. albicans (90028)
	Acremonium

	MeJ
	3 mg/mL
	-
	-
	-
	-
	11.66±1.53
	7.9±0.36

	EtJ
	
	-
	-
	-
	-
	9.00 ± 1.73
	-

	nHJ
	
	3.06±0.40
	-
	-
	
	10.33±1.51
	5.96±0.95

	ChJ
	
	-
	2.00±0.20
	-
	-
	9.66 ± 1.52
	8.03±0.57

	EaJ
	
	3.03±0.35
	2.13±0.32
	-
	-
	26.16±1.25
	8.36±0.55

	Essential oil
	100µl/ml
	-
	-
	-
	20.33±1.52
	25.33±1.54
	-

	Streptomycin
	1 mg/mL
	7.00±1.73
	09.20±0.15
	19.00±3.01
	
	
	

	Flumetazole
	
	
	
	
	10.66±2.08
	10.00±1.01
	12.33 ±2.51

	Negative control 
	100% DMSO
	-
	-
	-
	-
	-
	-


“-” sign shows that extract or essential oil shown no activity against respective microbial strain. Values are expressed as mean±SD (n=3). MeJ; O. javanica methanolic extract, EtJ; O. javanica ethanolic extract, nHJ; O. javanica n-Hexane extract, ChJ; O. javanica chloroform extract, EaJ; O. javanica ethyl acetate extract, E. coli; Escherichia coli, S. aureus; Staphylococcus aureus, A. nigar; Aspergillus nigar; C. albicans; Candida albicans,
3.4. Cytotoxic potential of extracts
    Brine shrimp lethality assay for different extracts (MeJ, EtJ, nHJ, ChJ, and EaJ) was performed for cytotoxic screening which has shown that ChJ extract has lowest LD50 value (47.07) while the other extracts (EtJ, nHJ, and EaJ) exhibited higher values of LD50 (>1000). Table 4 shows the LD50 values for understudy extracts of O. javanica.
Table 4: Cytotoxic activity (% mortality) of extracts of Oenanthe javanica.
	Extracts
	Different concentrations (µg/mL)
	LD50
	Result

	
	1000
	100
	10
	
	

	MeJ
	42±1.31
	21±1.44
	16±1.29
	>1000
	Non-Toxic

	EtJ
	40±1.33
	20±1.28
	15±1.96
	>1000
	Non-Toxic

	nHJ
	45±1.92
	20±1.30
	15±0.32
	>1000
	Non-Toxic

	ChJ
	100
	55±1.32
	30±1.44
	47.04
	Highly Toxic

	EaJ
	30±0.56
	25±0.34
	15±0.57
	>1000
	Non-Toxic



Values are expressed as mean±SD (n=6), MeJ; O. javanica methanolic extract, EtJ; O. javanica ethanolic extract, nHJ; O. javanica n-Hexane extract, ChJ; O. javanica chloroform extract, EaJ; O. javanica ethyl acetate extract
3.5. DPPH Scavenging potential of extracts
    The scavenging potential of the extracts of O. javanica on DPPH radical is shown in Table 5. The LC50 values were in following order: ChJ>nHJ>EtJ>MeJ>EaJ. The LC50 value of EtJ (45.63±5.88) is closer to the LC50 value of the ascorbic acid (31.59±6.01). All other fractions showed highest LC50 values than ascorbic acid.

Table 5: LC50 values of various DPPH inhibiting activities of Oenanthe javanica
	Extract/Standard
	DPPH scavenging Potential

	
	LC50 (µg/ml)
	R2

	MeJ
	95.06±2.30c
	0.985

	EtJ
	45.71±5.88d
	0.938

	nHJ
	139.5±4.60ab
	0.990

	ChJ
	154.51±12.10a
	0.979

	EaJ
	127.20±1.1b
	0.984

	Ascorbic Acid
	31.65±6.01d
	0.868



Values are expressed as mean±SD (n=6), a-d (Mean with different letters) specify significance at p <0.01, MeJ; O. javanica methanolic extract, EtJ; O. javanica ethanolic extract, nHJ; O. javanica n-Hexane extract, ChJ; O. javanica chloroform extract, EaJ; O. javanica ethyl acetate extract.	Comment by USER: 	Comment by USER: 	Comment by USER: 	Comment by USER: 


4. Discussion
    Therapeutic plants are vital source for curing various diseases around the world [35]. With the passage of time importance of medicinal plants is increasing due to useful phytochemicals they contain to cure such diseases [36]. In order to analyze important bioactive compounds in therapeutic plants phytochemical screening is imperative step. Plant have a large of number of compounds having different polarities. When these compounds are dissolved in different solvents (having different polarities), they distribute themselves under “like dissolves like” rule [37] [38]. In our study we obtained maximum yield in following order ethanol>n-hexane>chloroform>ethyl acetate>methanol, when we used them for extraction purposes. Phytochemical analysis gives important clue about medicinal importance of medicinal plants [39]. Number of phytochemicals are known to posses’ therapeutic properties such as antibacterial, antifungal [40] and anti-oxidant [41] activities etc. In this work we conducted phytochemical screening test to confirm the existence of tannins, phenols, terpenoids, saponins, alkaloids and flavonoids in the MeJ, ChJ, EtJ, nHJ, and EaJ extracts of O. javanica. All extracts possessed above tested phytochemicals except n-hexane which lack the presence of saponins. Phytochemicals gives medicinal features to plant. Tannins have good activities against diarrhea, hemorrhage, virus, bacteria, fungi, parasites, and have cytotoxic potential [39] [42] [43]. Phenols and flavonoids have anti-oxidant and anti-inflammatory activity [44]. Alkaloids have a good effect on neurological disorders like Alzheimer disease [45]. Saponins present in plants have vital role in defense against pathogenic microbes [46] [47]. Our plant extract has shown antimicrobial activities, cytotoxic and antioxidant potential which confirms the presences of tannins, saponins, phenol, flavonoids, and terpenoids. The presence of these phytochemicals puts light on medicinal importance of O. javanica.	Comment by USER: 
    In the present research the antimicrobial activity of extracts (MeJ, EtJ, nHJ, ChJ, & EaJ) and essential oil of O. javanica was determined against three bacterial strains (E. coli, K. pneumonia and S. aureus) and three fungal strains (A. nigar, Candida albicans, Acremonium). Researchers suggests that plants rich in flavonoids have antibacterial potential. Antibacterial potential was shown by flavonoids rich extract of species of Capsella [48] and Hypericum [49]. Tannins are reported to have antibacterial activity [50] [51]. Antibacterial activity of all extracts and essential oil was checked in the form of zone of inhibition and no MIC was observed because plant shown the lower activity against under test bacterial strains. Only ChJ and nHJ extract were active against E. coli and K. pneumonia whereas other extracts and essential oil failed to show any activity against tested bacterial strains. Antifungal activities shown by Terminaliz sericea is due to presence of saponins and tannins [52]. Whereas flavonoids were also being reported for having antimicrobial potentials [53]. Only essential oil was active against A. nigar. All extracts and essential oil have shown antifungal potential against Candida albicans. Essential oil and EaJ extract have shown significant activity against Candida albicans. Against Acremonium MeJ, nHJ, ChJ, and EaJ have shown very low antifungal activity. The work was also done on Fagonia oliveria and investigations revealed the antifungal potential of extracts of F. oliveria with different solvents against five fungal strains; ethyl acetate extract was most active against A. flavus. In. our study also ethyl acetate has shown maximum inhibition, but it was against Candida albicans [54].	Comment by USER: ITALIZE PLEASE	Comment by USER: ITALISE	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: 	Comment by USER: APPLY	Comment by USER: 	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: APPLY	Comment by USER: APPLY
    Cytotoxic activity of plant was checked by using the brine shrimp lethality assay to kill the laboratory cultures brine shrimps (Artemia nauplii) as described [30]. MeJ, EtJ, ChJ, nHJ and EaJ extracts of O. javanica were tested for cytotoxic potential. LD50 is minimum concentration at which 50% of shrimps can be killed. In our study, chloroform extract has shown lowest LD50 value that is 47.04. The results stated that LD50 values above 1000 µg/mL were considered as non-toxic; 500-100 µg/mL as light toxic; 250-400 µg/mL as medium toxic; and below 249 µg/mL as highly toxic [55]. All other extracts of O. javanica are non-toxic.
    Antioxidants present in medicinal plants play vital role in scavenging the free radicals. DPPH is very popular, sensitive and short time assay to evaluate the potential of natural antioxidants of plant extracts and compounds to scavenge free radicals [56] [57]. Reports shows that flavonoids have strong antioxidative capacity than nonflavonoids [58] and research shows that tannins have more potential to quench free radical [59]. We investigated the DPPH scavenging potential of all extracts of O. javanica. Chloroform extract showed good scavenging ability against DPPH. All the extract showed LC50 higher than ascorbic acid used as standard. It is reported that leaves of Indigofera Aspalathoides showed significant antioxidant potential. Among all chloroform fraction was most active with lowest IC50 value in DPPH assay regardless of having less polyphenolics [60].	Comment by USER: PLEASE LETS HAVE MORE COMPARISION OF THESE RESULTS WITH OTHER RECENT STUDIES TO ESTABLISH REPRODUCIBILITY

5. Conclusion
 GC-MS analysis of essential oil of O. javanica confirmed the presence of 7 chemical constituents in essentials oil. Our study shows that the extracts of O. javanica contains bioactive constituents namely alkaloids, flavonoids, tannins, phenols, saponins and biologically active against tested microbes. Cytotoxic activity, and DPPH scavenging potential performed for different extracts verified medicinal importance of O. javanica.
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