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Abstract
This study aims at investigation of antibacterial property of Parthenium hysterophorus against aquatic 
bacterial pathogens and to identify the key bioactive compound of the same. Antibacterial activity 
of the crude extracts confirmed that chloroform extract PHC has strong antibacterial activity against 
aquatic pathogens V.anguillarum and V.harveyi with 16mm and 15mm ZOI at 1mg/well concentration. 
The crude extracts were subjected for GC-MS analysis to identify the secondary metabolites. PHC 
was subjected to silica-gel column chromatography to separate the individual phytochemicals. PHC 
was separated into 9 fractions, among which Fraction No.2 demonstrated significant antibacterial 
activity against V.anguillarum and V.harveyi with 19mm and 17mm ZOI at 10µg/well concentration. 
Fraction No.2 was identified to be β-sitosterol based on mass spectrometry analysis and fragmentation 
analysis. In-silico protein ligand docking demonstrated that β-sitosterol has highest affinity to inhibit 
dihydrofolate reductase (DHFR) enzyme with -10.10Kcal/mol binding energy. This prediction was further 
validated using molecular dynamic simulation for 20ns. Based on these computational analyses, it was 
proposed that β-sitosterol exhibits antibacterial activity via inhibition of DHFR enzyme. β-sitosterol 
is a well known nutritionally valuable compound that reduces cholesterol levels in humans. It is also 
been used as supplement feed to increase the nutritional value of cultured fishes. β-sitosterol has also 
been proven to have positive effect in growth and reproduction of cultivated fishes. Findings of this 
study strongly suggest the usage of β-sitosterol in aquaculture, as nutritional supplement and also as 
disease control agent to prevent and control fish diseases caused by Vibrio species. 
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INTRODuCTION 
 Aquaculture plays a key role in India’s 
economy, as it is the second largest producer in 
the world. Bacterial infection in fishes causes a 
great loss in the fish cultivation. Vibrio genus is 
a group of gram-negative bacillus organisms that 
are popularly known for their pathogenic impact 
in aquaculture. The Vibrio species bacteria’s 
causes a serious disease called vibriosis, which 
causes a major loss in the aquaculture economy. 
Vibrio anguillarum is a polarly flagellated, comma 
shaped bacteria, that mainly causes vibriosis in 
many fish cultures 1bioluminescent bacteria and 
their fish hosts remain unidentified and untapped 
for potential biomedical applications. In this study, 
51 out of 60 marine fish samples purchased from 
selected public seafood markets in the Philippines 
were found to be associated with bioluminescent 
bacteria. Purified bioluminescent bacterial colonies 
isolated from the intestine and skin of the fish 
samples were screened for antibacterial activity 
against strains of hospital-acquired pathogens, also 
known as ‘nosocomial’ pathogens, Staphylococcus 
aureus and Klebsiella pneumoniae. Membrane and 
cytosolic fractions from 4 bioluminescent bacterial 
isolates, designated here as strains ADMU-AUF-01 
to -04, isolated from Lagocephalus spadiceus 
(half-smooth golden puffer fish. Vibrio harveyi is 
a causes several types of diseases such as gastro-
enteritis, eye lesions and vasculitis in shrimps and 
other fishes2. As the antibiotics currently used in 
aquaculture fisheries are becoming ineffective due 
to development of drug resistance, it is time of 
the hour need to identify and employ an effective 
alternative antibiotic of natural origin. 
 Due to development of resistance and 
due to undesirable side effects of chemically 
synthesized antibiotics drugs, pharmaceutical 
industries are currently focusing on identifying 
suitable alternative from natural sources, mainly 
from plant and microbial secondary metabolites. 
The current demand is to use natural product 
secondary metabolite as lead molecule to 
develop effective and specific bioactive derivative 
molecules that possess least desired side-effects. 
Plant phytochemicals have been a major source 
of bioactive compounds from ancient times, 
as evident from Ayurveda, Siddha and other 
traditional medicinal practices3,4 screening the 
phytogenic chemical compounds, and to assess 

the alkaloids present in the E. intermedia to 
prove its uses in Pakistani folk medicines for the 
treatment of asthma and bronchitis. Antioxidant 
activity was analyzed by using 2,2-diphenyl-1-
picryl-hydrazyl-hydrate assay. Standard methods 
were used for the identification of cardiac 
glycosides, phenolic compounds, flavonoids, 
anthraquinones, and alkaloids. High performance 
liquid chromatography (HPLC). 
 Weed plants are commonly regarded as 
biological wastes and are burned and buried to 
control their fast growth and spread. However, 
several industrial applications and uses of these 
weed plants are being studied by researchers 
largely. Parthenium hysterophorus is a well known 
weed plant, belonging to Asteraceae family, 
possessing characteristic fleshy leaves and white 
star-like flowers5. Scientists have reported the 
medicinal benefits of Parthenium hysterophorus 
in several in-vitro and in-vivo studies6. Parthenium 
hysterophorus is proven to have antipyretic, 
antidiarrhea, neuroprotective, antimicrobial, 
antidiabetic, antiparasitic activities and anti-
heaptic amoebiasis7-9. Tribal civilizations have used 
Parthenium hysterophorus an anti-inflammatory 
agent, remedy for eczema, skin rashes, herpes, 
cold, and gynecological disorders10. Parthenium 
hysterophorus is also a well known source of 
antibacterial phytochemicals.
 Sitosterol also known as Beta-Sitosterol, 
is a phytosterol secondary metabolite reported 
to be present commonly in many plants including 
Parthenium hysterophorus. It has a characteristic 
odor with hydrophobic properties and waxy 
powder like appearance, and is widely present 
in many plant species and commonly found 
in vegetable oils, nuts, & avocadoes11 vapor 
pressures of cholesterol, ergosterol, β-sitosterol, 
and stigmasterol were measured by an isothermal 
Knudsen effusion method. The vapor pressure 
correlations were fitted to the following equations: 
cholesterol ln(p/Pa. β-Sitosterol has been 
reported to possess several biological activities 
in pharmaceutical prospects such as anticancer, 
anti-inflammatory, androgenic, antioxidant, 
antidiabetic, angiogenic, anorexic, antifeedant, 
antileukemic, chemoprotectant, neucroprotective 
activities etc.12-14; it aids in treatment of Benign 
Prostatic hyperplasia (BPH)12; It has been reported 
to prevent hair loss and has hair-regeneration 
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property even in case of bald scalp13; It is reported 
to increase LDL levels and reduce HDL levels 
in humans. In regards to veterinary and fish 
applications; it is used as anabolic steroid to induce 
cattle growth15; β-sitosterol supplementation 
greatly promotes successful growth of larvae in 
to adult in case of Penaeus japonicus; positive 
regulation on fish reproduction/fertilization 
as proven on fresh water organisms such as 
Salvelinus fontinalis and Carassius auratus16,17 the 
predominant plant sterol in pulp mill effluent, has 
previously been shown to decrease plasma sex 
steroid and cholesterol levels and in vitro gonadal 
steroid production in fish. In this study, male 
brook trout (Salvelinus fontinalis. These reports 
suggest that β-sitosterol has significant value as 
a nutritional supplement and also as valuable 
medicinal compound for both human and animal 
applications. 
 In this current study, Parthenium 
hysterophorus was investigated for antibacterial 
activity against aquatic bacterial pathogens 
and the key antibacterial compound in it was 
identified to be β-sitosterol via in-vitro bioassay 
and analytical chemistry methods. The mechanism 
of action of sitosterol was predicted to inhibit 
dihydrofolate reductase (DHFR) enzyme, via 
in-silico portien-ligand docking and molecular 
dynamic simulation studies. 

MATeRIAlS AND MeTHODS
Plant Material and extraction
 The leaves of Parthenium hysterophorus 
were collected from open fields and were identified 
based on morphological features and were washed 
and shade dried. The dried leaves were grounded 
and subjected for maceration extraction. A ratio of 
10:100 i.e., 10g of leaf powder in 100ml of solvent 
was mixed and subjected for 24hrs stirring. After 
which the mixture was filtered and the filtrate was 
concentrated using rotor vacuum evaporator18,19. 
Solvents of three different polarity was used to 
cover the broad range of molecules present in the 
sample. Methanol was used to extract highly polar 
molecules, while chloroform was used to extract 
mid-polar range of molecules and nitrogenous 
molecules, and finally petroleum ether was used 
to extract non-polar and hydrophobic molecules. 
The extracts were coded using the scientific name 
of the plant and the solvent that was used to 

extract the sample, i.e, Parthenium hysterophorus 
extracted with methanol solvent was coded as 
PHM, while extract with chloroform was coded 
as PHC and finally petroleum ether extract was 
labeled as PHP.
Phytochemical screening
 The phytochemical screenings of different 
classes of secondary metabolites were performed 
using standard biochemical reactions20,21. The dry 
leaf powder and the crude extracts were subjected 
for the phytochemical screening.
saponin test
 To 5ml of distilled water, 100mg of plant 
powder / 10mg of crude extract was mixed in a test 
tube and shaken vigorously for 1min. Formation 
of more than 1cm height of froth above the water 
shows positive for saponin.
tannin test
 Hundred milligram of leaf powder or 
10mg of crude extract was dissolved in 1ml of 
distilled water, to which few drops of 5% FeCl3 
solution was added. Color change to blue or dark 
green indicates positive for tannins. 
Phenol Test
 To 1ml of distilled water, 100mg of plant 
powder or 10mg of crude extract was added and 
dissolved, to which 0.5ml of 10% Lead Acetate was 
added. Formation of white precipitate indicates 
positive for phenols. 
Flavonoid Test
 To 1ml of 10% Sulphuric acid, 100mg of 
plant powder or 10mg of crude extract was added 
and filtered after 2min. To 1ml of filtrate, 1ml of 1M 
NaOH was added. Color change to yellow indicates 
positive for flavonoid.
Alkaloid extract
 Either 100mg of plant powder or 10mg 
of crude extract was dissolved in 1ml of methanol. 
To this few drops of saturated picric acid was 
added. Appearance of orange to brown colored 
precipitate indicates positive for alkaloids.
Sterols and Triterpenes
 Either 100mg of plant powder or 10mg of 
crude extract was dissolved in 1ml of chloroform. 
To this, few drops of Con.H2SO4 was added along 
the sides of the test tube. Formation of reddish 
to brown ring indicates positive for presence of 
sterols and triterpenes.
Anthraquinone Glycosides
 Either 100mg of plant powder or 10mg of 
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crude extract was dissolved in 1ml of chloroform. 
To this, 0.5ml of ammonia solution was added and 
mixed well. Appearance of reddish color indicates 
positive for anthraquinone glycosides. 
Antibiotic Susceptibility Test (Agar-Well Diffusion 
Test)
 Agar-Well Diffusion assay was performed 
to test the antagonism of the crude extracts and 
purified compounds against the test pathogen 
bacteria. Freshly prepared liquid culture of the 
bacteria with an optical density of 0.5 absorbance 
at 600nm was used as inoculums for lawn culture. 
Sterilized cotton swabs were used to spread the 
inoculum on to the freshly prepared Muller Hinton 
Agar (MHA Hi-Media) petri plate, in which 10mm 
wells were cut using sterile well borers. To this 
cut well, 100µl of test sample was added to test 
the antagonism. The crude extracts (PHM, PHC & 
PHM) were dissolved in 10% Dimethyl Sulfoxide 
(DMSO) solvent for testing. In 1ml of 10% DMSO, 
10mg of crude extracts were dissolved, giving a 
final concentration of 1mg/100µl. Each well in the 
MHA plates had 4 wells, with three test samples 
and one negative control i.e., only 10% DMSO 
was used to confirm the impact of the solvent/
vehicle. The pure compounds (fractions) obtained 
after column chromatography were also dissolved 
in 10% DMSO to obtain a final concentration of 
10µg/100µl. Each well in the MHA plate contained 
1mg/well of crude extract and 10µg/well of pure 
compounds respectively20,22. 
Test Pathogens
 The aquatic pathogens used in the study 
were gram-negative bacteria Vibrio harveyi (MTCC 
7954) and Vibrio anguillarum (clinical isolate) 
were cultured in Nutrient Agar (Hi-Media) and 
Nutrient Broth (Hi-Media) supplemented with 
2% NaCl since the organisms prefer alkaline 
environment for optimum growth. The gram-
positive organisms used for comparison are 
Bacillus cereus (MTCC 430) and Proteus mirabilis 
(MTCC 425) that were cultured and maintained 
in Nutrient Agar (Hi-Media) and Nutrient Broth 
(Hi-Media)22,23 Tamil Nadu, India and screened for 
its antibacterial activity against fish and shellfish 
pathogens. All actinomycetes isolates were 
screened for antibacterial activity by cross streak 
method against the selected fish and shellfish 
bacterial pathogens including Aeromonas caviae, 
Aeromonas hydrophila, Edwardsiella tarda, 

Vibrio anguillarum and Vibrio harveyi. Secondary 
screening of antagonistic isolates by well diffusion 
method leads to the identification of potential 
isolate. Culture conditions for the potential isolate 
were optimized for maximal growth and yield of 
the ethyl acetate (EA). 
Antioxidant Potential
 The antioxidant potential of the 3 crude 
extracts were analyzed using Fe3+ reducing 
assay and DPPH (3.2, 2-Diphenyl-1-picryl-
hydrazylhydrate) assay, to identify their electron 
transfer potential and hydrogen transfer potential 
respectively. 
Fe3+ Reducing Assay
 The assay performed with five different 
concentrations of the crude extracts i.e., 25, 50, 75, 
100 & 125mg/ml while the ascorbic acid standard 
was tested at much lower concentrations i.e., 0.2, 
0.4, 0.6, 0.8 & 1.0mg/ml. The crude extracts were 
dissolved in 50% methanol for this assay. Initial 
reaction was performed in test tubes consisting 
of 2ml of phosphate buffer with 2ml of Potassium 
ferricyanide and 2ml of crude extract sample. The 
mixture was incubated at 50°C for 20mins. To this, 
2ml of Tri-Chloro-Acitic Acid was added followed 
by 0.5ml of FeCl3 (1%). The contents are mixed 
well for color development and the intensity of 
the developed color was read at 680nm. The 
observed O.D directly represents the antioxidant 
potential, with higher absorbance indicating 
higher antioxidant potential. 
DPPH Assay
 The assay performed with five different 
concentrations of the crude extracts i.e., 25, 50, 75, 
100 & 125mg/ml while the ascorbic acid standard 
was tested at much lower concentrations i.e., 0.2, 
0.4, 0.6, 0.8 & 1.0mg/ml. The reaction mixture 
consisted of 1ml of test sample with varying 
concentrations with 1ml of phosphate buffer and 
1ml of DPPH (0.3mM) in a test tube. The contents 
were mixed well and incubated in dark for 30min. 
Then, the mixture is read for absorbance at 
500nm24,25.
Silica Column Chromatography
 The chloroform extract of Parthenium 
hysterophorus (PHC) was subjected to silica gel 
column chromatography to separate the individual 
compounds. The column chromatography was 
performed using Silica Gel 60-120 mesh (SRL Pvt. 
Ltd.) packed to 20cm height in a glass column. 
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The extract (2g of PHC) was packed to the column 
and was eluted using varying polarity of solvent 
system with a flow rate of 1ml/min. Initially 100% 
of petroleum ether was eluted followed by 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80% and 90% 
ethyl acetate leading to 100% ethyl acetate. After 
reaching 100% ethyl acetate, further increase in 
polarity was attained using 10%, 20%, 30%, 40%, 
50%, 60% 70%, 80% and 90% ethanol and finally 
100% ethanol was eluted. Each polarity gradient 
was eluted for a total volume of 100ml and was 
collected as individual fractions. The fractions 
were subjected for TLC analysis and fractions with 
similar banding pattern were pooled together and 
concentrated using rota-vacuum evaporator26-28. 
Gas Chromatography Mass Spectrometry
 The crude extracts of Parthenium 
hysterophorus and purified compounds were 
subjected for GC-MS analysis to identify molecular 
weight of the secondary metabolites present in 
it. Clarus 680 Perkin Elmer Gas Chromatography 
(30.0m x 0.25mm x 250µm) and mass detector 
turbo mass of EI mode. Carrier gas used was helium 
at a flow rate of 1ml/min. The temperature of the 
injector was 200°C with column temperature was 
set at 60°C for 2min and increased at 10°C/min 
until 300°C. The obtained molecular spectrum was 
matched with NIST library database to identify the 
secondary metabolites29-31Saponin, Flavonoids and 
Terpenoids gave positive results and phlobactanins 
and Steriods gave negative results. In the GC-MS 
analysis, 26 bioactive phytechemical compounds 
were identified in the ethanolic extract of Aloe 
vera. Three different solvents such as aqueous, 
ethanol and acetone were used to extract the 
bioactive compounds from the leaves of Aloe vera 
to screen the antimicrobial activity selected human 
clinical pathogens by agar diffusion method. The 
maximum antibacterial activities were observed 
in acetone extracts (12±0.45nm, 20±0.35nm, 
20±0.57nm and 15±0.38nm.
In-Silico Protein-ligand Molecular Docking 
 The protein drug targets chosen for 
the study were retrieved from the Protein 
Data Bank (https://www.rcsb.org/) with the 
following PDB ID: D-alanine-D-alanine ligase (2I80), 
Dihydrofolatereductase (4LAE), Dihydropteroate 
Synthase (1AD4), IsoleucyltRNA Synthetase 
(1FFY), Penicillin Binding Protein-1b (2Y2I), 

Topoisomerase-4 (2INR), Transglycosylase 
(3VMR). The reference standard ligand structures 
were downloaded from PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/) with the 
following PubChem CID, Penicillin V(6869), 
Ciprofloxacin(2764), MLS000706879 (378385), 
Trimethoprim (5578), Sulfanilamide (5333), 
Mupirocin (446596), DB02595 (5287797), and 
the test ligand Sitosterol (222284). Protein-Ligand 
docking study was performed using AutoDockVina 
1.1.2 molecular docking software was used. 
The retrieved protein targets were converted to 
macromolecules and the energy minimization 
of the ligands were carried out. The grid box 
was set based on the interacting residues of the 
co-crystallized ligand structures. Results of the 
protein-ligand interacting residues were analyzed 
using PyMOL software32-34. 
Protein ligand Molecular Dynamic Simulation
 GROMACS molecular dynamic simulation 
software version 2018.1-1 with ‘CHARMM-36 
all atom force field (2019)’ was used to execute 
the protein-ligand complex molecular dynamic 
simulation (MD simulation). DHFR enzyme 
was chosen as the protein macromolecule, 
based on the molecular protein-ligand docking 
analysis. Trimethoprim is a known inhibitor for 
DHFR was used as the reference standard and 
the sitosterol molecule was used as test ligand. 
The ligand structure file was generated using 
the CgenFF server (https://cgenff.umaryland.
edu/). Topology of the protein was generated 
using the CHARMM 36 all-atom force field’ with 
recommended TIP 3P water model, stored in 
‘.top’ file format. Three individual simulations 
were executed for a period of 20ns (20,000ps) 
i.e., DHFR individually, DHFR in complex with 
trimethoprim and DHFR in complex with sitosterol. 
The results of the MD simulations were retrieved 
using RMSD, RMSF, and Potential energy anaylsis. 
The trajectory analysis of the simulation were 
visualized using PyMOL software35,36 biochemical, 
and morphological studies were performed 
to acquire the characteristic features of the 
potent isolate VITJS8. The 16Sr DNA sequencing 
was performed to investigate the phylogenetic 
relationship between the Streptomyces genera. 
The structure of the compound was elucidated by 
gas chromatography-mass spectrometry (GC-MS.

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://cgenff.umaryland.edu/
https://cgenff.umaryland.edu/
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ReSulTS 
extraction & Phytochemical Classification
 Phytochemical secondary metabolites of 
Parthenium hysterophorus leaves were extracted 
using three different solvents with varying 
polarity and solubility properties i.e., methanol, 
chloroform & petroleum ether. Methanol extract 
was found to have highest yield percentage 
among the 3 solvents. The three extracts PHM 
(Parthenium hysterophorus methanol extract), PHC 
(Parthenium hysterophorus chloroform extract), & 
PHP (Parthenium hysterophorus petroleum ether 
extract) were subjected for biochemical reactions 
to understand the nature of their secondary 
metabolite (phytochemical) constituents. 
Results of the biochemical characterization of 
phytochemicals are tabulated in Table 1. All 3 
extracts, including the dry leaf powder sample 
were positive for alkaloids. Phenols were present 
in the chloroform and petroleum ether extracts, 
while the related component tannins were 
absent in those two extracts but was present in 
methanol extract and dry leaf powder. Saponin 

was present in significant quantity in the dry leaf 
powder, however, none of the 3 extracts were 
positive for it. Sterols and triterpenes were present 
in all 3 extracts and in dry leaf powder aswell. 
Among the various categories of phytochemical 
secondary metabolites, this biochemical analysis 
strongly suggests that, the alkaloids, sterols and 
triterpenes are the major classes of secondary 
metabolites present in the leaves and leaf extracts 
of Parthenium hysterophorus.
Antibacterial Agar Well Diffusion Assay
 The crude extracts of Parthenium 
hysterophorus were subjected for antibacterial 
susceptibility test (AST) against 2 gram negative 
and 2 gram positive pathogenic bacteria. AST 
was performed using agar-well diffusion assay. 
The gram negative fish pathogens (Vibrio harveyi 
& Vibrio anguillarum) were of primary interest 
in this study as these bacteria are aquaculture 
specific pathogens. Two gram-positive bacteria 
(Bacillus cereus and Proteus mirabilis) were also 
used in the study to compare the broad spectrum 
application of the test compounds. Results of the 
agar-well diffusion assay for the crude extracts 
are tabulated in Table 2 and the observed zone-
of-inhibitions are shown in Fig. 1. Standard disc 
of ciprofloxacin was used as reference standard 
to compare the results. The chloroform extract of 
Parthenium hysterophorus (PHC) demonstrated 

Table 1. Phytochemical screening of crude extracts 
with yield percentage PHM: Methanol extract; PHC: 
Chloroform extract; PHP: Petroleum Ether extract

Phytochemicals Leaf PHM PHC PHP
 Powder

Crude extract yield - 18% 6.80% 1.40%
Alkaloids + + + +
Anthroquinone - - - -
Glycosides
Flavanoids - - - -
Phenols - - + +
Proteins - - - -
Reducing sugar - - - -
Saponin + - - -
Sterols / Triterpenes + + + +
Tannins + + - -

Table 2. Results of antibacterial activity of Parthenium hysterophorus extracts

Pathogen PHM PHC PHP Ciprofloxacin

  1mg/well   10µg/disc

Vibrio harveyi - 15mm - 17mm
Vibrio anguillarum - 16mm - 19mm
Bacillus cereus - 26mm - 21mm
Proteus mirabilis - 20mm - 21mm

Fig.1. Antibacterial activity of Parthenium hysterophorus 
extracts; A: against Vibrio anguillarum; B: against 
Bacillus cereus.
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significantly strong antibacterial activity against 
all the 4 tested bacterial pathogens. Highest 
significance was demonstrated against B.cereus 
with maximum observed zone of inhibition (ZOI) 
of 26mm at 1mg/well concentration as shown in 
Fig. 1. On an average PHC demonstrated significant 
inhibition against both the gram negative Vribrio 
pathogens, with 16mm and 15mm ZOI against 
Vibrio anguillarum and Vibrio harveyi respectively. 
The ZOI demonstrated by PHC was comparable 
to that of the reference standard drug. Both the 
methanol and petroleum ether extracts failed 
to show any significant ZOI. This showed that 
bioactive antibacterial phytochemicals are present 
in the chloroform extract PHC of Parthenium 
hysterophorus. 
Antioxidant Potential of P.hysterophorus
 The antioxidant potential of Parthenium 
hysterophorus leaf extracts were examined using 
Fe3+ reducing assay and DPPH assay to understand 
the electron transfer potential (ETP) and hydrogen 

transfer potential (HTP) respectively. The graphical 
representation of the results of antioxidant assays 
are shown in Fig. 3. Ascorbic acid was used as a 
positive standard for comparison of the results. 
Among the 3 extracts, PHC exhibited highest 
electron transfer potential, by demonstrating 
highest absorbance at 1.5 O.D at a concentration of 
125mg/ml. However, the remaining two extracts, 
PHM and PHP also demonstrated electron transfer 
potential, in a dose dependent manner. 
 Among the 3 extracts, only PHM 
demonstrated significant hydrogen transfer 
potential in the DPPH assay, as the remaining 2 
extracts PHC and PHP did not show any reactivity 
in the assay. This could suggest the presence of 
reducing sugars in methanol extract causing this 
observed reactivity in the assay. 
 Ascorbic acid demonstrated significantly 
much higher antioxidant potential in both 
the assays, in comparison to the Parthenium 
hysterophorus extracts. Hence, it can be suggested 

Fig 2. Antioxidant potential of Parthenium hysterophorus via Fe3+ reducing potential assay and DPPH assay
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that, P.hysterophorus is not a very effective 
antioxidant source. However the crude extracts 
demonstrated significant electron transfer 
potential that could be exploited in metal 
nanoparticle synthesis.
Gas Chromatography Mass Spectrum Analysis
 The extracts of Parthenium hysterophorus 
were subjected for GC-MS analysis to identify 
the secondary metabolite phytochemicals. 
Each of the individual compounds detected in 
the gas chromatogram were investigated for 
their molecular weight and mass spectrum 
fragmentation pattern. Based on the comparison 
to the reported compounds of Parthenium 
hysterophorus, the compounds present in the 
crude extracts were predicted. The results of the 
analysis are summarised in Table 3. A total of 

major 15 phytochemical secondary metabolites 
were reported with significant quantities in 
literature review. Among these known secondary 
metabolites, a total of 4 compounds were present 
in PHM, 6 compounds were present in PHC and 3 
known compounds were present in PHP extracts 
respectively with varying peak intesnsities. The 
chromatograms of GC-MS of all 3 extracts are 
shown in Fig. 3 (superimposed on each other). 
The bioactive extract PHC was subjected for TLC 
analysis, to study the suitable solvent system for 
separation and also for understanding the polarity 
of different phytochemicals present in the extract. 
In a solvent system of chloroform:ethanol (9.5:0.5 
ratio) the PHC resolved into 8 distinct bands as 
shown in the image of TLC sheet analysis (Fig. 3). 
This TLC analysis showed that, the compounds in 

Fig. 3. Gas Chromatogram of all three extracts of Parthenium hysterophorus; TLC of chloroform extract of Parthenium 
hysterophorus
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PHC extract are less polar in nature and are best 
to be separated with low polarity solvents in the 
silica gel column chromatography.
Silica Gel Column Chromatography
 The chloroform extract PHC of Parthenium 
hysterophorus was subjected for silica gel column 
chromatography to separate the individual 
phytochemicals present in the crude extract. The 
column was packed to a height of 20cm silica 
with pure petroleum ether solvent initially. The 
polarity of the solvent was increased in a gradient 
manner (10% at every stage). The eluted solvents 
were collected with 100ml per elution volume and 
eluted solvents were subjected for TLC analysis. 
The elutions that demonstrated similar banding 
pattern or similar single band were pooled 
together. A total of 9 different fractions, namely 

Fraction No.1, No.2, etc., were obtained from this 
silica gel column chromatography with unique 
band and banding pattern. 
Antibacterial Activity of Column Fractions
 All the 9 unique compound/s (fractions 
with unique band/banding pattern) were subjected 
for antibiotic susceptibility test using agar-well 
diffusion assay, among which only fraction No.2 
showed significant antagonism against the tested 
bacterial pathogens. Fraction No.2 had a single 
band in TLC and it is the only fraction that exhibited 
antagonistic activity, as shown in Fig. 4A& Fig. 
4B. The pure compound later identified to be 
β-sitosterol, demonstrated highest antagonism 
against V.anguillarum with a zone of inhibition of 
15mm at a concentration of 10µg/well. The ZOI of 
β-sitosterol against all the tested pathogens are 
tabulated in Table 4. The activity of β-sitosterol 
was comparable to that of the standard drug 
ciprofloxacin. This compound (β-sitosterol) was 
identified as the key bioactive compound in the 
PHC extract, since none of the other fractions 
demonstrated any antibacterial activity.
Identification of Bioactive Phytochemical
 Fraction No.2 that demonstrated 
significant antibacterial activity was subjected 
for GC-MS analysis, to identify the molecular 
weight, fragmentation pattern and purity. The 
fraction demonstrated a single peak in the gas 

Table 3. Phytochemical secondary metabolites present in crude extracts of Parthenium 
hysterophorus based on gas chromatography mass spectrum (GC-MS) analysis 

Phytochemical  Mol.Wgt PHM PHC PHP

6-Hydroxyl-Kaempferol 302.23 - - -
Ambrosin 246.3 - ✓ -
Anisic acid 152.15 - - ✓
Arabinoglucoside 596.5 ✓ - -
Caeffic acid 180.16 - ✓ -
Chlorogenic acid 354.31 ✓ - ✓
Fumaric acid 116.07 - ✓ -
Hydroxy benzoin 212.24 - - -
Parthenin 262.3 - ✓ -
P-Coumaric acid 164.16 - ✓ -
Quercelagetin 3,4-dimethylether 346.3 - - -
Sesquiterpene lactone LS-1 406.5 ✓ - ✓
Sitosterol 414.7 ✓ ✓ -
Tetraneurin A 322.4 - - -
Vanillic acid 168.15 - - -
      Total No.Of Peaks  7 18 15
    No.Of Known Compounds  4 6 3

Fig. 4. Antibacterial activity of β-sitosterol; A: against 
Vibrio anguillarum; B: against Bacillus cereus.
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Table 4. Results of antibacterial activity of Parthenium 
hysterophorus extracts and pure compound

Pathogen  β-sitosterol Ciprofloxacin
 10µg/ml 10µg/disc

Vibrio harveyi 9mm 17mm
Vibrio anguillarum 15mm 19mm
Bacillus cereus 11mm 21mm
Proteus mirabilis 10mm 21mm

Table 5. Results of molecular docking analysis of β-Sitosterol and potential drug targets

Drug Targets PDB ID Reference Binding Binding 
  Standard  energy of    energy 
      Ref. Standard of Sitosterol
   (Kcal/mol) (Kcal/mol)

D-alanine-D-alanine ligase 2I80 MLS000706879 -6.20 -6.90
Dihydrofolatereductase 4LAE Trimethoprim -7.40 -10.10
Dihydropteroate Synthase 1AD4 Sulfanilamide -6.40 -6.30
IsoleucyltRNA synthetase 1FFY Mupirocin -7.80 -8.90
Penicillin Binding Protein 1b 2Y2I Penicillin V -7.40 -6.80
Topoisomerase_4 2INR Ciprofloxacin -6.70 -7.90
Transglycosylase 3VMR DB02595 -7.70 -7.00

chromatography analysis. In mass spectrum 
analysis the fraction demonstrated a highest 
molecular weight of 414.796g/mol which was 
matched to the known reported compounds from 
Parthenium hysterophorus. The molecule was 
also compared with the fragmentation pattern to 
confirm the chemical structure of the predicted 
molecule. The pure compound present in Fraction 
No.2 was identified as β-sitosterol based on 
the molecular spectrum and fragmentation 
analysis. The exact mass of the pure compound 
is 414.19g/mol however, due to ionization in the 
mass spectrum observed a molecular weight 
of the compound was 414.718g/mol. The mass 
spectrometry result of the pure compound is 
shown in Fig. 5.
Molecular Protein-ligand Docking
 To predict the mechanism of action 
of β-sitosterol’s observed antibacterial activity 
in-silico molecular protein-ligand docking was 
performed. The pure compound was docked with 
known possible bacterial drug targets and was 
compared with established standard drugs that are 
inhibitors of the selected drug target proteins. The 
results of the protein-ligand docking of β-sitosterol 
with all protein targets and their respective 

standard drugs are tabulated in Table 5. Among the 
7 different proteins that were used in this analysis, 
β-sitosterol demonstrated highest affinity towards 
dihydrofolate reductase (DHFR) enzyme. This is a 
key enzyme in the folic acid biosynthesis and is a 
well proven drug target for bacterial pathogens. 
 Trimethoprim is a known antibacterial 
drug that inhibits DHFR, that demonstrated a 
binding affinity of -7.40 Kcal/mol with formation 
of 2 hydrogen bonds. While, the test compound 
β-sitosterol demonstrated an outstanding -10.10 
Kcal/mol of binding affinity with formation of 1 
hydrogen bond. This suggested that β-sitosterol has 
greater affinity to inhibit DHFR enzyme, compared 
to its known inhibitor. The graphical comparison of 
the interaction between Trimethoprim:DHFR and 
Sitosterol:DHFR are shown in Fig. 6. β-sitosterol 
is a comparatively larger molecule, and hence, it 
occupies greater portion of the binding pocket in 
DHFR leading increased interactions and better 
stability of the complex. 
 To further validate the docking results, the 
molecules were subjected for molecular dynamic 
simulations (MD simulation), to understand the 
interaction between the ligands and protein in 
real time.
Molecular Dynamic Simulation
 Three different molecular dynamic 
simulations were executed for a period of 20ns 
to understand the mechanism of action of 
β-sitosterol. First the DHFR enzyme was simulated 
individually to observe the protein’s structural 
stability and flexibility. Second the enzyme DHFR 
was simulated in combination with trimethoprim, 
which is a known inhibitor of this enzyme. 
Finally, the enzyme DHFR was simulated in 
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complex with β-sitosterol, to compare the stability 
between Trimethoprim:DHFR and Sitosterol:DHFR 
complexes. The graphical representation of the MD 
simulation results are shown in Fig. 7. 
RMSD & RMSF Analysis
 The Relative Mean Square Deviation 
(RMSD) values of the test ligand ‘Sitosterol’ shows 
a higher stability when compared to the reference 
drug molecule trimethoprim, suggesting a higher 
stability of Sitosterol-DHFR complex. The RMSD 
& RMSF plot of the complexes are represented in 
Fig. 7. 
 This graph exhibits a prominent spike 
during the fifth nanosecond, indicative of ligand 
attachment followed by stabilization of the protein 
structure with deviations in the range of 1.0Å to 
1.75Å corresponding to stable complex formation 
with both the ligands. Sitosterol-DHFR complex 
shows least RMSD value of 0.078nm at 8.5ns 

whereas trimethoprim-DHFR complex shows 
a least value of 0.070nm at 4.0ns. Interaction 
stability was also observed with respect to the 
RMSF plot and all the interacting residues were in 
the acceptable range of 0.1-0.175nm. The ligands 
sitosterol and Trimethoprim interact at different 
binding pockets of the protein, Trimethoprim 
which is a standard DHFR inhibitor interacts with 
the following residues; PRO-22, TRP-23, HIS-24, 
THR-147, ILE-148, ARG-119, PHE-118 and PHE-17, 
whereas Sitosterol shows an allosteric interaction 
with the following residues; LEU-86, GLY-88, GLY-
38, HIS-39, ARG-59, PRO-87 and GLY-88.
 The RMSD plot shown in Fig. 7A strongly 
suggests that, the protein molecule when 
simulated in a water environment independently 
shows significantly higher RMSD. The RMSD 
was notably lower on interaction with potential 
inhibitors such as Trimethoprim and Sitosterol. 

Fig. 5. Mass spectrometry analysis of pure compound that confirms its chemical structure as β-sitosterol.
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Among the test and control ligands (β-Sitosterol 
and Trimethoprim), Sitosterol-DHFR complex 
was highly stabilized when compared to the 
Trimethoprim-DHFR complex. Furthermore, 
interactions of Sitosterol with DHFR provided 
greater rigidity to the protein structure hence 
stabilizing the complex.
 The RMSF plot in Fig. 7B shows that 
the key residues interacting with the two ligands 
are strongly restricted when compared to the 
independent protein. This confirms the significant 
restriction imposed on the protein structure by the 
ligands suggesting them to be strong inhibitors 
of the DHFR protein. This directly contributes to 
the reduced overall RMSD of the protein-ligand 
complexes.
Potential energy Analysis
 Simulation of the independent protein 
molecule has an average potential energy of 
-3.1x105 KJ/Mol with lowest potential energy of 
-3.19x105 KJ/Mol at 11.3ns.This observed potential 
energy was drastically reduced on interaction with 
the ligands leading to the protein-ligand complex 
formation.
 Trimethoprim in combination with DHFR 
demonstrated an average potential energy of 
-3.8x105 KJ/Mol with lowest potential energy of 
–3.84x105 KJ/Mol at 7.3ns whereas Sitosterol 
exhibited a better stability with average potential 
energy of -4.0x105 KJ/Mol with lowest potential 
energy of -4.07x105 KJ/Mol observed at 6.1ns 
during which the ligand exhibited 18 non-polar 

hydrophobic interactions within 3.0Å. This proves 
the drastic decrease in the potential energy of 
the complex, making the protein less bioreactive 
leading to enzymatic inhibition of DHFR. The 
potential energy plot for the studied 20ns duration 
is shown in Fig. 7. It is observed that sitosterol:DHFR 
exhibits much lower potential energy than 
the individual protein and trimethoprim:DHFR 
complex. This strongly suggests that the ligand 
sitosterol is a potent inhibitor of DHFR enzyme.

DISCuSSION 
 Parthenium hysterophorus is a common 
weed plant, with several proven medicinal and 
pharmaceutical values6. One of the common 
values reported is its antimicrobial property, 
proven against Salmonella typhii, broad range of 
gram-positive and gram-negative clinical isolates 
and test pathogens37-40 especially Staphylococcus 
aureus, are among the most common causes 
of nosocomial as well as communityacquired 
infections. S. aureus, a common coloniser of human 
skin and mucosa, can cause diseases such as skin 
and wound infections, urinary tract infections, 
pneumonia and bacteraemia (blood stream 
infection. This plant has not been investigated for 
its antagonism against aquatic pathogens, hence 
to the best of knowledge, this study is the first 
report on Parthenium hysterophorus antibacterial 
activity against gram-negative aquatic Vibrio 
species pathogens. The chloroform extract of 
Parthenium hysterophorus leaves demonstrated 

Fig. 6. Interaction between DHFR enzyme and sistosterol in comparison with trimethoprim.
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significant antagonism against gram-negative 
aquatic pathogens i.e., Vibro anguillarum and 
Vibrio harveyi, which are primary cause of aquatic 

infections and mortality in both cultured and wild 
fishes. Further, B.cereus and P.mirabilis were used 
to study the effect on gram-positive bacteria as 

Fig. 7. RMSD, RMSF and Potential energy analysis of MD simulations



  www.microbiologyjournal.org2712

Ravi et al. | J Pure Appl Microbiol | 14(4):2699-2714 | December 2020 | https://doi.org/10.22207/JPAM.14.4.48

Journal of Pure and Applied Microbiology

well. The chloroform extract demonstrated strong 
antibacterial activity against all 4 test pathogens in 
this study, implying a broad spectrum antibacterial 
potential.
 The chloroform extract (PHC) was 
further purified to separate the individual 
phytochemical secondary metabolites via silica 
gel column chromatography. Among the several 
phytochemical secondary metabolites, a total of 9 
fractions with single compounds were separated, 
while others obtained fractions were impure 
and/or consisted of multiple bands. Among the 
9 pure single compound fractions, only Fraction 
No.2 demonstrated significant antibacterial 
activity against the test pathogens. Based on 
mass spectrometry analysis in the GC-MS, the 
molecular weight of the pure compound was 
observed to be 414.76 g/mol. This molecular 
weight was matched to a known phytochemical 
‘Sitosterol’ also known as ‘β-Sitosterol’ already 
reported from Parthenium hysterophorus41. To 
the best of knowledge, sitosterol has not been 
reported for antibacterial potential, and hence 
this is the first report to identify the phytochemical 
secondary metabolite sitosterol from Parthenium 
hysterophorus as an antibacterial compound. The 
compound demonstrated significant antagonism 
against both gram-positive and gram-negative 
pathogens. 
 To understand the mechanism of action 
of sitosterol for the demonstrated antibacterial 
activity, the molecule was subjected for protein-
ligand docking analysis with known bacterial drug 
target proteins. Among the studied interactions, 
sitosterol demonstrated highest inhibition 
potential against dihydrofolate reductase (DHFR) 
enzyme with a free binding energy of -10.10 Kcal/
mol. This interaction was higher than the reference 
molecule trimethoprim, and hence, the protein-
ligand complex was subjected for GROMACS MD 
Simulation42,43. DHFR is a well known antibacterial 
drug target, inhibition of which results in disruption 
of thymidylate biosynthesis and folate-dependent 
formyltransferases44. The simulation analysis for 
a period of 20ns in comparison with the known 
standard drug trimethoprim, confirmed that, 
sitosterol has higher inhibition potential to DHFR. 
Based on the docking analysis and MD simulation 
analysis, it was proposed that sitosterol exhibits 

antibacterial activity by inhibition of DHFR enzyme 
in bacteria. 
 Findings of this study strongly suggest that 
chloroform extract of Parthenium hysterophorus 
leaves have s ignif icant broad spectrum 
antibacterial activity against gram-negative aquatic 
pathogens and gram-positive human pathogens. 
The bioactive molecule in the extract was 
identified as sitosterol. The mechanism of action 
of sitosterol was predicted to be, via inhibition 
of DHFR enzyme using in-silico docking and MD 
simulations. The results suggest that the plant 
Parthenium hysterophorus and the phytochemical 
‘sitosterol’ has significant potential in the field of 
antibacterial applications, particularly in the area 
of aquaculture management. However, detailed 
study on the toxicity and biocompatibility aspects 
of this plant and compound are in demand for field 
applications. 

CONCluSION
 This study concludes that β-sitosterol 
isolated from Parthenium hysterophorus is a 
potential antibacterial phytochemical that can 
be applied in aquaculture management of Vibrio 
infections. The hydrophobicity of the molecule 
could be overcome by mixing with the fish feed. 
Further field studies are in demand to understand 
the ideal concentrations of usage in aquaculture 
plots. Use of this phytochemical as a food 
supplement would not only control the bacterial 
infections in the cultivation water bodies, but it 
would also increase the nutritional value of the 
cultured fishes, as proven by other studies. 
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