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Introduction 

A diverse group of unicellular microbes, bacteria can be found in 

almost every environment on Earth, including the human body, 

soil and water (1). These organisms are classified as prokaryotic, 

distinguishing them from eukaryotic cells, which lack a distinct 

nucleus and membrane-bound organelles. Bacteria are highly 

adaptive and essential to many ecosystems, including human 

health, despite their basic structure (2). The discovery of new 

species and variations of well-known bacteria is ongoing, 

especially when humans encroach on uncharted environments 

(3). For instance, Legionella pneumophila, which causes 

Legionnaire's disease and Borrelia burgdorferi, which causes 

Lyme disease, were discovered in the 1970s (4). A greater 

vulnerability to microbial infections that were previously 

relatively uncommon has resulted from the growing number of 

people who are severely immunosuppressed, either as a result 

of HIV/AIDS or the use of immunosuppressive medications 

during cancer chemotherapy and organ transplantation (5). 
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Abstract  

Hippocratea velutina (HV) Afzel's application in wound care suggests its antimicrobial property, although no scientific data confirms its 

efficacy. Therefore, the antibacterial and antifungal properties of HV leaves are assessed in this study. The methanol extract of HV was 

evaluated in vitro against a variety of bacterial strains, including common fungal pathogens like Candida albicans and Aspergillus niger, as 
well as Gram-positive Staphylococcus aureus, Gram-negative Escherichia coli and Gram-negative Pseudomonas aeruginosa. The 

antimicrobial properties were assessed using agar well diffusion assays. The HPLC-UV-DAD-identified compounds of HV were docked 

against DNA gyrase from Bacillus subtilis and Sterol 14-alpha demethylase from Aspergillus flavus. The findings showed that the extract 

had strong antibacterial and antifungal properties; the inhibition zones for bacterial and fungal strains ranged from 7.0±0.00 to 20.5±4.95 
mm and 10.5 ± 0.71 to 12 ± 0.00 mm, respectively, suggesting a broad-spectrum antimicrobial potential. Additionally, the extract 

demonstrated fungicidal and bactericidal properties at low doses, suggesting its potential as a therapeutic agent. In HV, phenolic 

compounds such as vitexin and rutin were detected. Sterol 14-alpha demethylase and DNA gyrase showed persistent interactions with 

rutin and vitexin. These compounds may be working in concert to provide the antimicrobial effects observed. From this study, 
Hippocratea velutina may be a valuable substitute for conventional antimicrobial medicines, with possible uses in the medical and 

pharmaceutical sectors. It is recommended that further studies be conducted to evaluate its safety, effectiveness and potential for 

commercialization, including in vivo investigations and clinical trials. 
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 With effects ranging from minor local infections to severe, 
life-threatening illnesses, bacterial and fungal infections 
continue to pose significant public health issues on a global 
scale. Each year, millions of people are afflicted by these 
infections, which raise morbidity, death and medical expenses. 
The increasing prevalence of bacterial and fungal infections, 
particularly those caused by resistant strains, remains a major 
concern despite advancements in hygiene, diagnostics and 
treatments. Treatment of these diseases has become more 
difficult due to the introduction of strains of bacteria and fungi 
that are resistant to antibiotics and antifungals (6,7). To 
effectively combat these resistant diseases, it is imperative to 
investigate alternate therapeutic agents. Botanicals may be a 
valuable tool in the search for novel antimicrobial drugs, 
according to a preliminary study that demonstrates the 
antibacterial properties of natural chemicals and plant extracts 
(8,9). Furthermore, knowing how these botanicals work may 
help the scientific community better comprehend antimicrobial 
and antifungal resistance. This research may lead to the 
development of combination treatments that enhance 
therapeutic effectiveness and minimize the risk of resistance 
development (10).Hippocratea velutina Afzel (Celastraceae) is 
widely distributed in Guinea and Cameroon and is referred to as a 
"mawolule" by the Yoruba tribe in southwest Nigeria and "dawe" 
by the Mende people of Sierra Leone (11). Globally, little is known 
about its ethnobotanical uses. In Nigeria, it is ethnobotanically 
used to reduce blood glucose levels in diabetic patients, whereas 
in Sierra Leone, it is frequently used to cure fever and headache 
(11). H. velutina leaves have been shown to have an anti-diabetic 
effect on albino rats recently (11). Given the rising incidence of 
infections in immunocompromised individuals, research into this 
plant's antibacterial and antifungal properties is essential to 
meeting the urgent demand for effective treatment alternatives 
against resistant microorganisms. H. velutina Afzel's application in 
wound care in Nigeria suggests that it may have significant impact 
on a wide range of microorganisms, including fungi and bacteria, 
improving patient outcomes and developing therapeutic 
approaches, therefore making a substantial contribution to public 
health. Hence, this study aims to evaluate the antibacterial and 
antifungal activities of H. velutina leaf and its constituents using in 
vitro and in silico methods. 

 

Materials and Methods 

Chemicals 

Reagents and chemicals of analytical quality were employed in 
this investigation. The suppliers of all the chemicals employed in 
this investigation were Aldrich and Chemie GmbH (Steinheim, 
Germany).  

Plant collection and extraction 

The Forest Herbarium, Ibadan (FHI) recognized H. velutina (HV) 
leaves that were gathered in Ibadan, Oyo State, Southwest 
Nigeria. The leaves were ground up and left to air dry. After 14 
days of air drying, the leaves were ground into a fine powder 
using an electric blender. In a covered beaker, 300 g of 
powdered H. velutina leaf material was extracted using 2 L of 
methanol. For 72 hr, the mixture was left to stand at room 
temperature. Buchi Rotavapor was used to concentrate the 
filtrate in vacuo at 40 °C. A refrigerator was used to keep the 
extracted material. 

Antimicrobial assays 

Antibacterial study 

1g of HV was reconstituted in 30 mL of an aqueous solution to 

create a solution containing 200 mg/mL of HV. Forsusceptibility 

testing, stock solutions of 150 mg/mL, 125 mg/mL and 100 mg/

mL were prepared. To create new colonies suitable for the test, 

bacterial strains were obtained from the Bowen University 

Microbiology Laboratory, subcultured on nutrient agar plates 

and then incubated at 37 °C for 24 hr. To guarantee a constant 

bacterial concentration throughout trials, the bacterial inoculum 

was standardized using the 0.5 MacFarland standard, which is 

equivalent to 1.5 × 108 CFU/mL (12). The MHA medium was 

prepared, sterilized and then transferred into petri plates in a 

laminar flow hood. A standardized bacterial slurry was applied 

uniformly to the MHA surface using sterile swabs (13). Using 

sterile forceps, filter paper discs soaked in HV extract were 

inserted into the inoculation plates. Gentamicin was used as the 

positive control and 10 % DMSO as the negative control. Zones of 

inhibition were measured after incubating for 24 hr at 34 °C (14). 

Antifungal testing 

1 g of HV was reconstituted in 30 mL of an aqueous solution to 

create a solution containing 200 mg/mL of HV. For the 

susceptibility tests, solutions containing 150 mg/mL, 125 mg/

mL and 100 mg/mL were made from this stock solution. The 

fungal strains were then subcultured on SDA plates for 72 hr. 

The fungal suspension was standardized to the 0.5 MacFarland 

standard (15). PDA plates were prepared, sterilized and then 

placed in sterile Petri dishes to solidify. Sterile swabs were used 

to disseminate the standardized fungal suspension evenly on 

the SDA plates' surface (16). The inoculated SDA plates were 

covered with sterilized filter paper discs that had been soaked 

with HV extract, gentamicin (positive control) and 10 % DMSO 

(negative control). The plates were incubated for 72 hr at 30 °C 

(17) and the zones of inhibition were measured. 

HPLC-UV-DAD analysis 

A quaternary pump and a UV-DAD detector with a C18 column 

(250 mm × 4.6 mm, internal diameter 5 µm, Zorbax Eclipse 

Plus, Agilent, USA) were employed in an HPLC system (Agilent 

Technologies 1100-series, Agilent, San Jose, CA, USA). As per 

the previously published methodology (18), chromatography 

was performed using a gradient of H2O, MeOH and THF. The 

mobile phase flow rate was 1.5 mL/min and the water was 1 % 

phosphoric acid (H3PO4). The sample was injected in 20 

microlitres. Ten minutes were spent purging the column with 

the mobile phase, 10 min were spent equilibrating and then 35 

min were needed for sample analysis. For analysis, spectral 

data were gathered at a detection wavelength of 220 nm. The 

compounds were scanned using the DAD detector to 

determine their MAW and provide further spectral data in the 

200-400 nm region. The MAW of each phenolic compound was 

measured using a variable UV-Vis detector for quantitative 

purposes, with an external standard. A flow rate of 1.5 mL/min 

was used to flush the column, which was kept at 30 °C. 

Comparing retention periods with objective standards and 

online UV absorption spectrum data was the basis for the 

compounds' chromatographic identification and validation. 

Before being injected into an HPLC, the mobile phase was 

degassed and all of the produced solutions were filtered 

through 0.22 µm membranes. 
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  Computational study 

Preparation of receptor and ligand molecules for molecular 
docking 

Using the accession numbers P05652 and B8NFL5, respectively, 
the sequences of DNA gyrase from Bacillus subtilis and sterol 14

-alpha demethylase from Aspergillus  flavus were obtained 

from the UniProt database. Since the macromolecule structure 

repository, RCSB Protein DataBank, does not contain 

experimentally confirmed three-dimensional structures, 

AlphaFold was used to get the protein structures of A .flavus' 

Sterol 14-alpha demethylase and B. subtilis DNA gyrase. By 

altering the bond orders, adding hydrogen atoms, forming 

disulfide bonds, creating zero-order bonds to metal atoms and 

generating hetero states, the target proteins' three-

dimensional structures were prepared using the Schrodinger 

Protein Preparation Wizard (19,20). After analyzing the GC/MS 

analysis hits, the structural coordinates of the 13 compounds 

that made the shortlist were obtained from the PubChem 

database. The Schrodinger LigPrep module was used to 

prepare each of the 13 compounds separately by allocating the 

appropriate charges and bond orders (21,22). During the ligand 

production process, a maximum of 32 distinct conformations 

were created for the phytochemicals. During the preparation 

process, the OPLS3e force field was used to optimize and 

minimize the target protein and the compounds.  

Molecular docking of compounds and MD simulation of 
selected top hits  

Potential binding sites in the DNA gyrase and Sterol 14-alpha 

demethylase protein targets were found using the Schrodinger 

SiteMap module, an effective binding site prediction tool 

(23,24). With the default settings, Schrodinger's receptor grid 

creation tool generated a grid surrounding the target proteins' 

expected binding site (25). The molecular docking procedure, 

which calculates the binding energy and affinity of the subject 

compounds with the corresponding targets, was carried out 

using the Glide XP tool (26).  Using Desmond 2021-4, the top-

ranked chemicals, Vitexin and Rutin, were separately simulated 

bound to the Sterol 14-alpha demethylase and DNA gyrase 

protein complexes for 500 ns (27). The orthorhombic-shaped 

TIP3P water model was used to solvate the compound-bound 

protein complexes. To neutralize the solvated system, we have 

permitted the program to maintain an adequate concentration 

of sodium chloride (0.15 M) and counter-ions. Throughout the 

simulation time, a constant temperature of 300 K and a 

pressure of 1 atm were maintained. The MD simulation 

trajectories were periodically recorded and examined using the 

simulation interaction diagram tool to deduce the behaviour, 

conformational changes and interactions of bound ligands 

with their corresponding target proteins.  

Statistical analysis 

For each study, the investigation was carried out in triplicate 
and the findings are presented as mean ± SD, percentages and 

numbers. Tukey’s post hoc test was employed in conjunction 

with a one-way analysis of variance (ANOVA) to analyze the 

data. To plot the graphs, we utilized GraphPad Prism 9 edition. 

A p-value of less than 0.05 is regarded as noteworthy. 

 

Results 

Antimicrobial study 

Zones of inhibition (ZI) against all bacterial isolates were found 

to be between 7 ± 0.00 mm and 20.5 ± 4.95 mm in the assay 

findings (Table 1), while those against fungal isolates were 

between 10.5 ± 0.71 mm and 13.5 ± 4.95 mm (Table 2).  

Phytochemistry and computational study 

Molecular docking using the Glide module enabled the 

observation of interactions, binding properties and binding 

pocket distances (Table 3). The HPLC chromatogram is shown 

in Fig. 1. The 2D interactions between rutin and vitexin 

molecules docked with DNA gyrase and sterol 14-alpha 

demethylase are shown in Fig. 2. Fig. 3 displays the RMSD of the 

rutin and vitexin molecules docked against the enzymes DNA 

gyrase and sterol 14-alpha demethylase. The RMSF of rutin and 

vitexin molecules docked against sterol 14-alpha demethylase 

and DNA gyrase is shown in Fig. 4. Fig. S1 shows the H-bond 

interactions of rutin and vitexin molecules docked against 

sterol 14-alpha demethylase and DNA gyrase. 

 

Bacteria strains 
Zone of Inhibition (mm) 

120 mg/mL 125 mg/mL 150 mg/mL Control 

Pseudomonas aeruginosa (G -ve) 13.5 ± 2.12* 11.5 ± 2.12* 20.5 ± 4.95* 27.0 ± 0.50 

Enterobacter species (G -ve) 10.0 ± 0.00* 11 ±  0.00* 7.5 ± 0.71* 17 ± 0.50 

Bacillus subtilis (G +ve) 7 ± 0.00* 7.5 ± 0.71* 10.5 ± 0.71* 19 ± 1.41 

Table 1. Antibacterial activities of Hv showing zone of  inhibition  

Data are presented as mean ± SD, where n = 3. * means significant difference when compared to the control for each microorganism at a p-
value of less than 0.05. 

Selected fungi 
Zone of Inhibition (mm) 

120 mg/mL 125 mg/mL 150 mg/mL Control 

Aspergillus flavus 11 ± 4.24* 13.5 ± 4.95* 12 ± 0.00* 19 ± 1.00 

Penicillum species 11.5 ± 2.12* 11.5 ± 0.71* 10.5 ± 0.71* 16 ± 1.00 

Table 2. Antifungal activities of Hv showing zone of inhibition  

Data are presented as mean ± SD, where n = 3. * means significant difference when compared to the control for each microorganism at a                           
p-value of less than 0.05. 
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Fig. 1. Chromatogram of H. velutina leaf methanol extract. 

Fig. 2. 2D interactions of (a) Rutin-DNA gyrase, (b) Vitexin-DNA gyrase, (c) Rutin-Sterol 14-alpha demethylase, and (d) Vitexin-Sterol 14-alpha 
demethylase. 
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Fig. 3. RMSD of (a) Rutin-DNA gyrase, (b) Vitexin-DNA gyrase, (c) Rutin-Sterol 14-alpha demethylase, and (d) Vitexin-Sterol 14-alpha 
demethylase interactions. 

Fig. 4. RMSF of (a) Rutin-DNA gyrase, (b) Vitexin-DNA gyrase, (c) Rutin-Sterol 14-alpha demethylase, and (d) Vitexin-Sterol 14-alpha 
demethylase interactions. 
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Discussion 

Antimicrobial study 

According to the Clinical and Laboratory Standards Institute 

(CLSI) 2020 guideline for S. maltophilia, the zones of inhibition 

of Hv were significantly larger than the zones of inhibition of 

every control. The investigation's conclusions show that HV 

may be a viable antibiotic option, justifying its folkloric use. The 

activity might be due to the compounds detected in the plant. 

These compounds include rutin and vitexin. According to 

research, phenolics and flavonoids contained in medicinal plants 

provide the building blocks for the creation of antibiotics (28). 

Bacteria, including C. frundii, E. coli, E. aerogenes and S. aureus, 

are inhibited by crude extracts from Polygonum persicaria, P. 

plebejum, Rumex hastatus, R. dentatus, R. nepalensis and Rheum 

australe, which have antibacterial and antifungal qualities (28). 

Furthermore, preparations from Calotropis gigantea have 

demonstrated strong antifungal efficacy against harmful fungi 

such as Aspergillus species and Candida albicans in Asia (29).  

 The inhibition zone for P. aeruginosa increases with 

concentration of H. velutina, peaking at 150 mg/mL. However, 

even at the highest concentration, the activity remains lower than 

the control. This suggests the control substance possesses 

stronger antimicrobial potency against P. aeruginosa. 

Interestingly, the highest concentration of H. velutina showed the 

lowest inhibition against Enterobacter. This non-linear trend could 

imply antagonistic interactions at higher concentrations, instability 

of active compounds, or resistance mechanisms in Enterobacter. 

Inhibition of B. subtilis proliferation improves steadily with 

concentration of H. velutina, though none match the control. This 

pattern suggests dose-dependent activity, with Gram-positive B. 

subtilis responding more predictably to increasing doses of the 

compound. Interestingly, the highest concentration of H. 

velutina showed the lowest inhibition of Enterobacter. This non-

linear trend could imply antagonistic interactions at higher 

concentrations, instability of active compounds, or resistance 

mechanisms in Enterobacter. Inhibition of B. subtilis improves 

steadily with concentration of H. velutina, though none match the 

control. This pattern suggests dose-dependent activity, with Gram-

positive B. subtilis responding more predictably to increasing 

doses. The ethanolic extract from Plumbago zeylanica root 

exhibits potent antibacterial activity against  Fusarium equiseti, 

Vibrio cholerae, Escherichia coli, Pseudomonas aeruginosa, 

Curvularia lunata and Colletotrichum corchori (28).The methanolic 

leaf extract of Thevetia peruviana and the aqueous leaf extracts of 

Euphorbia hirta and Erythrophleum suaveolens exhibit antibacterial 

properties against bacteria that produce extended-spectrum beta-

lactamases (ESBLs), such as Salmonella, Proteus, Pseudomonas, K. 

pneumoniae, E. coli and methicillin-resistant Staphylococcus aureus 

(MRSA) (29-33). Aqueous and hydroalcoholic extracts from various 

plants have been found to possess antibacterial properties against 

multidrug-resistant bacteria, including MRSA and ESBL producers, in 

a limited study (34). 

Phytochemistry and computational study 

Binding mode analysis of docked compounds against DNA 

gyrase and Sterol 14-alpha demethylase 

Sterol 14-alpha demethylase proteins were extracted from 

Alpha Fold for structural study and the 13 chemical molecules 

that were generated and detected by HPLC analysis were 

docked into the anticipated active site of DNA gyrase. The 

compounds' propensity for binding to Sterol 14-alpha 

demethylase and DNA gyrase was demonstrated by the 

molecular docking investigation. The chemicals' preventing 

potential interactions with specific amino acids in the target 

protein's active site, which are crucial for inhibiting its 

enzymatic activity. The docking scores of the 13 compounds 

used in DNA gyrase docking investigations range from -12.81 --

3.37 kcal/mol. Thirteen compounds, meanwhile, have docking 

scores ranging from -10.82 - -3.72 kcal/mol. The compounds 

Rutin and Vitexin have displayed higher affinity computed in 

terms of docking score among the 13 compounds subjected to 

binding affinity analysis with DNA gyrase from B. subtilis and 

Sterol 14-alpha demethylase from A. flavus. The binding mode 

analysis of docked complex DNA gyrase with Rutin showed the 

maximum Glide score of -12.81 kcal/mol with 7 H-bond 

interactions, the hydroxyl group of compound interacted with  

Asp603 (C = O…HO; bond length = 2.56 Å), His40 (N…HO; bond 

length = 2.01 Å), Asn278 (C = O…HO; bond length = 1.75 Å), 

Lys36 (C = O…HO; bond length = 2.19 Å), Gln339 (C = O…HO; 

bond length = 1.90 Å), Glu195 (CO….HO; bond length = 1.76 Å) 

and Trp43 (NH…OH; bond length = 2.45 Å). A Glide score of -

9.095 kcal/mol was observed in complex DNA gyrase-Vitexin 

with one Pi-cation interaction with His40 and 6 H-bond 

interactions with Lys341 (NH…OH; bond length = 2.23 Å), Glu44 

(C = O…HO; bond length = 2.53 Å), Asp47 (CO…HO; 1.73 Å), 

Lys36 (NH…OH; 1.98 Å), Tyr280 (HO…OH; bond length=1.88 Å), 

Asn278 (C = O…HO; bond length = 1.96 Å). The docked complex 

Sterol 14-alpha demethylase - Rutin showed 3 H-bond 

interactions with Arg345 (NH…OH; bond length = 2.71 Å), 

S. No PubChem ID Compound Name 
Docking Score (kcal/mol) 

DNA Gyrase Sterol 14-alpha demethylase 

1 370 Gallic Acid -4.592 -3.922 
2 3469 Dihydroxy-benzoic acid -3.373 -4.766 
3 9064 Catechin -6.646 -6.59 
4 637542 P-coumaric acid -3.731 -4.036 
5 689043 Caffeic Acid -4.39 -3.727 
6 1794427 Chlorogenic acid -6.101 -7.937 
7 5280343 Quercetin -6.944 -7.378 
8 5280441 Vitexin -9.095 -8.139 
9 5280443 Apigenin -6.407 -5.85 

10 5280445 Luteolin -5.753 -6.289 
11 5280805 Rutin -12.81 -10.829 
12 5280863 Kaempferol -6.117 -6.483 
13 5281672 Myricetin -7.007 -7.8 

Table 3. Molecular docking of selective compounds with DNA gyrase from Bacillus subtilis and Sterol 14-alpha demethylase from Aspergillus 
flavus 
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Tyr122 (HO…HO; bond length = 2.10 Å) and Pro422 (C = O…HO; 

bond length = 2.09 Å) with a Glide score of -10.829 kcal/mol. 

Three H-bond interactions with Arg429 (C = O…HO; bond 

length = 1.77 Å), His428 (C=O…HO; bond length=1.78 Å), Arg345 

(NH…OC; bond length = 2.01 Å) and one Pi-cation interaction 

with Tyr122 were observed in complex Sterol 14-alpha 

demethylase - Vitexin with Glide score -8.139 kcal/mol. 

Molecular dynamics simulation of identified 

compounds bound DNA gyrase and Sterol 14-alpha 

demethylase complexes 

The molecular dynamics simulation technique is used to 
theoretically study the kinetic movements of biological 

components, such as proteins and nucleic acids. By 

reproducing variations in biological molecule configurations 

across time, atomic-level details about structural alterations 

are provided by MD modelling. Using MD simulation, the 

dependability of the ligand molecules within the active site of 

the proteins DNA gyrase and sterol 14-alpha demethylase was 

investigated. For the first few nanoseconds, the complexes 

showed initial variations in the RMSD; however, after the 100 ns 

simulation, further stability was noted. The complex DNA 

gyrase-rutin had a maximum RMSD of 8.06 Å at 56 ns, an 

average of  6.81 Å and a standard deviation of 0.65 Å.  

 The RMSF was analyzed to identify the interaction of 

compounds with conformational variations in the complexes. 

For the complex DNA gyrase - Rutin, higher fluctuations were 

observed in Met1-Leu16 (range: 10.26 Å - 4.16 Å), Gly108 and 

Ser109 (range: 4.85 Å and 4.20 Å), Ala401 - Ile404 (range: 5.11 Å - 

4.65 Å).For the complex DNA gyrase - Rutin higher fluctuations 

were observed in Met1 - Leu16 (range: 10.26 Å - 4.16 Å), Gly108 

and Ser109 (range: 4.85 Å and 4.20 Å), Ala401 - Ile404 (range: 

5.11 Å - 4.65 Å), Lys417 (range: 4.38 Å), Thr565 and Pro566 

(range: 4.22 Å and 4.20 Å), Glu627 (range: 4.03 Å), Ala630 - Ile638 

(range: 12.93 Å - 4.97 Å). The complex DNA gyrase - Vitexin 

showed greater fluctuations in Met1 - Leu16 (range: 6.59 Å - 4.11 

Å), Thr33 and Asn34 (range: 4.15 Å and 4.07 Å). In complex 

Sterol 14-alpha demethylase - Vitexin the highly fluctuated 

residues are Met1 - Val33 (range: 9.86 Å - 4.72 Å), Phe59 - Gly63 

(range: 6.90 Å - 4.52 Å), Lys148 - Pro150 (range: 4.26 Å - 4.13 Å), 

Leu203 - Ala206 (range: 4.56 Å - 4.03 Å), Ala235 - Asp240 (range: 

6.30 Å - 4.73 Å), Tyr407 - Leu411 (range: 6.01 Å - 4.25 Å), Gly458 

and Val459 (range: 4.70 Å and 4.46 Å), Thr489 - Ala491 (range: 

10.25 Å - 5.92 Å). For the complex DNA gyrase - Rutin higher 

fluctuations were observed in Met1 - Leu16 (range: 10.26 Å - 

4.16 Å), Gly108 and Ser109 (range: 4.85 Å and 4.20 Å), Ala401 - 

Ile404 (range: 5.11 Å - 4.65 Å), Lys417 (range: 4.38 Å), Thr565 and 

Pro566 (range: 4.22 Å and 4.20 Å), Glu627 (range: 4.03 Å), Ala630 

- Ile638 (range: 12.93 Å - 4.97 Å). The complex DNA gyrase - 

Vitexin showed greater fluctuations in Met1 - Leu16 (range: 6.59 

Å - 4.11 Å), Thr33 and Asn34 (range: 4.15 Å and 4.07 Å), Ser109 

(range: 4.0 Å), Ser400 - Ser405 (range: 4.78 Å - 4.13 Å), Ser415 - 

Ser420 (range: 4.85 Å - 4.10 Å), His443 (range:4.0 Å), Gln542 - 

Val546 (range: 5.37 Å - 4.0 Å), Lys560 - Pro568 (range: 5.90 Å - 

4.35 Å), Ala628 - Ile638 (7.22 Å - 4.52 Å). The residues Met1 and 

Gly2 (range: 4.52 Å and 5.41 Å), Ser10 (range: 4.0 Å ), Glu13 - 

Ser30 (range: 11.67 Å - 4.36 Å), Gly174 (range:4.01 Å), Pro204 

and Trp205 (range: 4.23 Å and 4.30 Å), Ser237 - Glu242 (range: 

5.14 Å - 4.06 Å), Met252 - Thr257 (range: 5.67 - 4.06 Å), Gly309 - 

Asp311 (range: 5.02 Å - 4.28 Å), Glu400 (range: 4.12 Å), Val488 - 

Ala491 (range: 10.82 Å - 5.25 Å) were highly fluctuated in 

complex Sterol 14-alpha demethylase - Rutin. In complex 

Sterol 14-alpha demethylase - Vitexin the highly fluctuated 

residues are Met1 - Val33 (range: 9.86 Å - 4.72 Å), Phe59 - Gly63 

(range: 6.90 Å - 4.52 Å), Lys148 - Pro150 (range: 4.26 Å - 4.13 Å), 

Leu203 - Ala206 (range: 4.56 Å - 4.03 Å), Ala235 - Asp240 (range: 

6.30 Å - 4.73 Å), Tyr407 - Leu411 (range: 6.01 Å - 4.25 Å), Gly458 

and Val459 (range: 4.70 Å and 4.46 Å), Thr489 - Ala491 (range: 

10.25 Å - 5.92 Å).  

 Protein-ligand interaction profiles were used to 

measure the degree of binding and we found that the 

chemicals formed the strongest complex in the target protein's 

active site through bonding interactions like salt bridges, 

hydrophobic bonds and hydrogen bonds. In complex DNA 

gyrase - Rutin, the hydroxyl group of the compound shows 

hydrogen bond interactions with Glu195 (89 %), Trp43 (97 %), 

Asn 278 (72 % and 94 %), Tyr280 (33 %), water-mediated 

hydrogen bond interactions with Leu188 (36 %), His40 (44 %), 

Lys36 (44 %) and one Pi-cation interaction with His40 (44 %). 

The complex DNA gyrase-Vitexin shows one hydrogen bond 

interaction with Glu195 (53 %) and one Pi-cation interaction 

with Tyr280 (51%). A water-mediated interaction with Ser342 in 

the complex Sterol 14-alpha demethylase - Rutin. In the 

complex Sterol 14-alpha demethylase - Vitexin there were 2 Pi-

cation interactions with Phe130 (38 %) and Phe196 (50 %), 2 H-

bond interactions with Leu125 (33 %), His277 (44 %) and Ile431 

(56 %), 3 water mediated H-bond interactions with Val134 (45 

% and  48 %) and Arg429 (55 %). The examination of the 

complexes' RMSD, RMSF and interaction reveals that they are 

stable in the active sites of the two proteins. 

 Staphylococcus aureus, E. coli, P. aeruginosa and 

Klebsiella pneumoniae are among the bacteria that rutin 

effectively inhibits, including both Gram-positive and Gram-

negative strains. When compared to bulk rutin, rutin 

nanocrystals (RNs) significantly increased antibacterial efficacy, 

particularly against P. aeruginosa and S. aureus (35). Increased 

solubility and bioavailability at the nanoscale were credited with 

the improvement. Additionally, rutin showed synergistic effects 

with antibiotics such as amikacin or other flavonoids, lowering 

the minimum inhibitory concentration (MIC) needed to fight 

bacteria (36,37). Rutin has shown modest antifungal efficacy, 

particularly against Candida albicans, Candida krusei and 

Candida gattii (38). Although effectiveness varies based on 

concentration and fungus strain, its antifungal mechanism may 

involve disruption of cell reproduction and modification of 

membrane permeability (39). Rutin’s antifungal efficacy can be 

enhanced through chemical modifications that alter its steric 

and hydrophobic properties (40). Furthermore, strong inhibitory 

effects of vitexin have been shown against methicillin-resistant 

strains of S. aureus (MRSA) (41, 42). Vitexin decreased S. aureus's 

surface hydrophobicity, which interfered with the production of 

biofilms and the expression of virulence genes . A derivative of 

vitexin 2-O-xyloside was discovered to inhibit NorA efflux 

pumps, increasing the effectiveness of antibiotics against strains 

of S. aureus that are resistant to them (43). When paired with 

gentamicin or azithromycin, vitexin demonstrated synergistic 

antibiofilm actions against P. aeruginosa (44). Vitexin has 

demonstrated modest antifungal activity, particularly against 

Aspergillus species and C. albicans (45). Based on the findings of 
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our study, the antimicrobial activity of H. velutina may be 

attributed to the presence of rutin and vitexin. Our findings 

suggest that the proposed mechanism of action involves 

inhibition of DNA gyrase and sterol 14-alpha demethylase, 

thereby disrupting DNA replication in microorganisms and 

contributing to the plant’s bacteriostatic effects. 

 

Conclusion  

In Hippocratea velutina, phenolic compounds such as vitexin 

and rutin were detected. Sterol 14-alpha demethylase and DNA 

gyrase showed persistent interactions with rutin and vitexin. 

These compounds may be working in concert to provide the 

antimicrobial effects that have been noted. According to this 

study, Hippocratea velutina may be a promising alternative to 

antimicrobial traditional drugs, with potential applications in 

the medical and pharmaceutical sectors. It is recommended 

that further studies be conducted to evaluate its safety, 

effectiveness and potential for commercialization, including in 

vivo investigations and clinical trials. 
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