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ABSTRACT

Background: Antibiotic resistance amongst other antimicrobial resistance remains a growing threat to global health, with more than 23 million
confirmed cases of bacterial infections reported between 2016 and 2023. Fluoroquinolone resistance by bacteria species causes community
acquired or healthcare-associated urinary tract infections and intra-abdominal infections, with over 50% of infections in some parts of the world,
particularly in Asia. This study assessed the phytochemical, in vitro antioxidant and in silico antibacterial properties of fresh (AAJ1) and
fermented (AAJ2) aqueous extracts of Syzygium malaccense on selected biomarkers in fluoroguinolone resistance. Materials and Methods:
Fruits of Syzygium malaccense were plucked from the orchards of Covenant University. The phytochemical constituents of AAJ1 and AAJ2
were assessed using phytochemical screening assays and gas chromatography-mass spectrometry (GC-MS). The antioxidant activity was
investigated using 2,2-diphenyl-1-1-picrylhydrazyl radical (DPPH) and ferric reducing antioxidant power assays (FRAP). Molecular docking
was carried out to compare binding affinities of standard inhibitors and phytochemical constituents of AAJ1 against selected biomarkers.
Results and Conclusion: Qualitative phytochemical screening showed that Syzygium malaccense extract contains flavonoids, phenols, and
anthocyanins. The total phenolic content for AAJ1 and AAJ2 was 0.750 + 0.12 mgGAE/ml and 1.005 + 0.31 mgGAE/ml respectively. The total
flavonoids content for AAJL and AAJ2 was 1.037 £ 0.09 mgQE/ml and 1.092 + 0.06 mgQE/mlI respectively. GC-MS chromatogram revealed
the presence of 12 compounds. The most abundant phytochemicals were 2-butoxy-ethanol (54%), Hexamethyl-cyclotrisiloxane (17%) and
octamethyl-cyclotetrasiloxane (6%). Oleonitrile and 3-methyl-5-phenyl-1H-1,3,4-benzotriazepin-2(3H)-one exhibited higher binding affinity
for DNA gyrase and topoisomerase 1V than the standard inhibitors. In conclusion, certain phytochemicals present in Syzygium malaccense are

likely to be potential therapeutic candidates for fluoroquinolone-resistant infections.

KEYWORDS: Fluoroquinolone resistance, Syzygium malaccense, Molecular docking, GC-MS, antioxidant assays. Microbes, Microbiome,

Antimicrobial resistance, and the emerging One-health (Health).
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INTRODUCTION

According to the Global antibiotic resistance (AR) surveillance report 2025, AR remains a growing threat to global
health, with more than 23 million confirmed cases of bacterial infections reported between 2016 and 2023.
Fluoroquinolone resistance causes community acquired or healthcare- associated urinary tract infections and intra-
abdominal infections, causing over 50% of infections in some parts of the world, particularly in Asia. Syzygium
malaccense was extracted, concentrated in a rotary evaporator before phytochemical and in silico antibacterial
screening was carried out on fresh (AAJ1) and fermented (AAJ2) aqueous fruit extract. AAJ 1 and AAJ2 contained
phenols, flavonoids and anthocyanins which showed great antioxidant properties. Molecular docking was carried out to
compare binding affinities of standard inhibitors and phytochemical constituents which were found through GC-MS
screening. Oleo nitrile had higher binding affinity for Topoisomerase 1V ParC subunit than the standard (3S)-10-[(3R)-
3-(1-aminocyclopropyl)pyrrolidin-1-yl]-9-fluoro-3-methyl-  5-o0x0-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ijlquinoline-6-
carboxylic acid.3-Methyl-5-phenyl-1H- 1,3,4-benzotriazepin-2(3H)-one exhibited higher binding affinity for DNA
gyrase than the standard trovafloxacin. Ultimately, phytochemicals from the aqueous extract of Syzygium malaccense

may be potential therapeutic candidates for fluoroquinolone-resistant infections.

MATERIALS AND METHODS

Extract preparation

298¢ of Syzygium malaccense was handpicked from the grounds in Canaan Land, Ota and was thoroughly cleaned,
washed and blended with 2 litres of distilled water in a blender to obtain an extract. It was filtered with an eight-fold
muslin cloth followed by filter paper filtration, and left to sit for 24 hours. It was concentrated using a rotary evaporator
and stored to be used for subsequent analyses. The fermented aqueous extract is denoted as AAJ1. 150 g of Syzygium
malaccense was washed and combined with 1 litre of water to obtain an extract which was filtered with a muslin cloth
and stored at 10 degrees Celsius. It was further concentrated in a rotary evaporator and stored until needed for

subsequent analyses. The fresh aqueous extract is denoted as AAJ 2.

Phytochemical screening

All qualitative phytochemical screening for saponins, alkaloids, flavonoids, terpenoids, cardiac glycosides, glycosides,
tannins, quinones, anthocyanin, coumarins, anthraquinones and steroids was carried out using the techniques of
Roghini & Vijayalakshmi (2018). Subsequently, quantitative estimation of flavonoids and total phenolics content was
carried out following standard protocols (Phuyal et al. (2020). The gas chromatography-mass spectrometry (GC-MS)
analysis was conducted using an AOC-20i autosampler connected to a mass spectrometer. The setup included a
capillary column measuring 0.25 millimetres in width and 30 meters in length. The column oven was set to 80 degrees
Celsius, the injection chamber to 254 degrees Celsius, and the pressure chamber to 108.0 kPa. The total flow through
the column was 6.20 mL/min, with a column flow of 1.58 mL/min. The linear velocity was set to 46.3 cm/sec, and the
flow rate for purging was 3.0 mL/min. Peak area normalization was employed to evaluate the relative proportions of the

crude extract components.

Antioxidant assays

The antioxidant capacity of the samples was assessed using three antioxidant assays on AAJ1 and AAJ2: Total
Antioxidant Capacity (TAC) assay, Ferric Reducing Antioxidant Power (FRAP) assay and DPPH (2,2-diphenyl-1-
picryl-hydrazyl-hydrate) free radical method (Babando et al., 2014).
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Molecular docking analysis
Glide standard precision docking and molecular mechanics-generalized born surface area area calculations.

The fresh aqueous juice extract of Syzigium malaccense (AAJ2) and its constituent phytochemicals separated by the
GC-MS techniques was used for the molecular docking analysis. A sampled flexible ligand (based on nitrogen
inversion and ring conformations) was docked into the target receptor grid using glide standard precision docking, and
post-docking minimization was carried out. Input partial charges were used to calculate the docking score, and ligands
with more than 500 atoms were not docked or scored. The docking score was increased by the Epik state penalties and
the van der Waals radii of ligand atoms with partial atomic charge were scaled back by 0.80 compared to the partial

charge cut-off of 0.15.

Using the VSGB solvation model and the input ligand partial charges, Prime was also used to determine the molecular
mechanics generalized Born surface area free energy change (MMGBSA AG) of the docked ligands. All processed
ligands were used in the energy calculations, the flexible residues were constrained, and the Glide extra precision (XP)

feature was used to perform more accurate and flexible docking on the defined receptor grid.

Glide quantum polarized ligand docking

Using the standard semi-empirical method precision, the initial Glide docking ligand charges were created. The pose
was discarded as duplicate if the root mean square deviation was less than 0.5 angstrém and the maximum atomic
displacement was less than 1.3. The Coulson charge semi-empirical method was used to determine the quantum
mechanics charges for free ligands in the gas phase prior to redocking at standard precision. The Glide Score was used
to determine which ligands had the best binding positions, while the van der Waals scaling for the receptor and ligand

was 1.0 and 0.8, respectively.

Protein-ligand interaction analysis

The Glide merging procedure was used to create the docked ligands in complex with the targets and their corresponding
binding poses. The Schrodinger PyMol® was used to represent the active pocket view of interactions while the Glide
ligand interaction 2D visualizer was also employed for post-quantum polarized ligand docking protein-ligand

visualization.

Table 1: Study Targets and Corresponding PDB IDs and Standard Inhibitors.

Study Target | Description PDB ID | Standard Inhibitor

Quinolone (Trovafloxacin)- DNA cleavage complex

DNA Gyrase . 472E Trovafloxacin
of DNA gyrase from S. pneumoniae
Klebsiella pneumoniae Topoisomerase IV (ParE- (3S)-10-[(3R)-3-(1-
Topoisomerase Par_C) in complex with DNA and (3S)-10-[(3R)-3-(1- aminocyclopropyl) pyrrolidin-1-
IV ParC aminocyclopropyl)pyrrolidin-1-yl]-9-fluoro-3-methyl- | 7LHZ yl]-9-fluoro-3-methyl-5-oxo0-2,3-
5-ox0-2,3-dihydro-5H-[1,4]oxazino[2,3,4- dihydro-5H-[1,4]oxazino[2,3,4-
ijJquinoline-6-carboxylic acid (compound 25) ijJquinoline-6-carboxylic acid
RESULTS

Qualitative phytochemical analysis
The table below shows the results for the qualitative phytochemical analysis of AAJ1 and AAJ2. The samples contain

flavonoids, phenols, terpenoids, cardiac glycosides and anthocyanins.
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Table 1: Results for qualitative phytochemical analysis.

PHYTOCHEMICALS

AAJl

AAJ2

Tannins

Saponins

Alkaloids

Flavonoids

Glycosides

Quinones

Phenol

+ |1

+ 1

Terpenoids

Cardiac glycosides

+

+

Steroids

Anthocyanin

+ |1

+ 1

Betacyanin

Coumarin

+: detected; -: not detected.

Quantitative phytochemical analysis

Table 2: Total flavonoids and phenols in Syzigium malaccense.

Sample

Standard

AAJ1

AAJ2

Total phenols (mg GAE/ml)

5.01+0.29

0.750+0.12

1.005+0.31

Total flavonoids (mg QE/ml)

1.196+ 0.04

1.037+0.09

1.092+ 0.06

Standard for total phenols: Gallic acid; Standard for total flavonoids: Quercetin; Standard for tannins: Gallic acid;

GAE: Gallic acid equivalent; QE: Quercetin equivalent Values represent mean + standard deviation, (n=3);

In vitro antioxidant activity
DPPH ANTIOXIDANT ACTIVITY

Table 3: Inhibitory Concentration (IC50) values for fermented and fresh aqueous juice extract of Syzigium

malaccense.

Values represent mean

AAJ1

AAJ2

IC50 | 0.492 +0.23

0.755 + 0.36

* standard deviation, (n=3); AAJ1; AAJ2: fermented and fresh aqueous juice extract of

Syzigium malaccense respectively

DPPH

20

60

40

Percentage Inhibition (%)

0

20 Concentration {mg/mi)

AAIL AAJ2 AL

Figure 1: Diphenyl-1 picrylhydrazyl antioxidant assay of fermented and fresh aqueous juice extract of

Syzigium malaccense.
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Ferric reducing antioxidant power assay
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Figure 2: Ferric reducing antioxidant power assay of fermented and fresh aqueous juice extract of Syzigium

malaccense.

GAS CHROMATOGRAPHY-MASS SPECTROSCOPY PROFILING

Gas chromatography-mass spectroscopy profiling chromatograms for AAJ1, AAJ2 and AAJ3 are shown below. The

presence of identified compounds was confirmed using the molecular weight, retention time and the peak area. The

chromatogram identified 12 compounds for AAJ1 and 13 compounds for AAJ2.

The chromatogram revealed the presence of 12 compounds. The most abundant phytochemicals were 2-butoxy-ethanol

(54%), Hexamethyl-cyclotrisiloxane (17%) and octamethyl-cyclotetrasiloxane (6%). The least abundant were
tetradecane (1.27%) and hexadecane (1.32%).

Table 4: Phytochemical compounds identified for various peaks in AAJL.

Peak number | RT (min) | Area (%) | Height | Peak Width 50% (min) | Name
1 3.31 9715910 | 1740858 0.383 Cyclotrisiloxane, hexamethyl-
2 4.432 30278011 | 8583971 0.526 Ethanol, 2-butoxy-
3 5.696 3501587 | 1295033 0.269 Cyclotetrasiloxane, octamethyl-
3H-1,3,4-Benzotriazepin-2-one, 1,2-
4 6.228 656576 462380 0.109 dihydro-3-methyl-5-phenyl-
5 7.075 3482426 | 1933528 0.126 2-Butoxyethy! acetate
6 8.019 942229 585135 0.143 Cyclopentasiloxane, decamethyl-
7 10.422 872912 536620 0.166 Cyclohexasiloxane, dodecamethyl-
8 11.338 817788 509433 0.172 Tetradecane
9 12.603 698167 363067 0.149 Cycloheptasiloxane, tetradecamethyl-
10 13.764 740890 450510 0.143 Hexadecane
11 17.008 1371414 | 408599 0.24 Hexadecanenitrile
12 18.777 2364119 | 403183 0.246 Oleanitrile
Table 5: Phytochemical Compounds Identified for Various Peak in AAJ2.
Peak number | RT (min) | Area (%) | Height | Peak Width 50% (min) | Name
1 3.31 8478584 | 1454232 0.36 Cyclotrisiloxane, hexamethyl-
2 4.432 31324839 | 8668074 0.607 Ethanol, 2-butoxy-
3 5.696 2855027 | 1123398 0.177 Cyclotetrasiloxane, octamethyl-
4 7.075 2817307 | 1552064 0.114 2-Butoxyethyl acetate
5 8.019 858828 512895 0.137 Cyclopentasiloxane, decamethyl-
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6 10.417 837510 505070 0.183 Cyclohexasiloxane, dodecamethyl-

7 11.338 713896 | 470758 0.086 Tetradecane

8 12.603 716046 367150 0.177 Cycloheptasiloxane, tetradecamethyl-
9 13.764 745577 | 460821 0.149 Hexadecane

10 17.003 1932157 | 603874 0.252 Pentadecanenitrile

11 18.777 3978193 | 638351 0.246 Oleanitrile

12 18.954 874667 243267 0.229 1-Cyclohexen-2-ol, 3-(3-oxopropyl)-

Table 6: Phytochemical Compounds Identified for Various Peak in AAJ3.

Peak number | RT (min) | Area (%) | Height | Peak Width 50% (min) | Name
1 3.236 1634707 | 377089 0.217 beta.-D-Ribopyranoside, methyl
2 4048 | 46130 | 121062 0.057 D-(-)-threo-2-Amino-1-(p-
nitrophenyl)-1,3-propanediol
3 4,157 133248 | 161433 0.092 Urea, N-methyl-N-nitroso-
4 5.69 374536 | 193320 0.16 Cyclotetrasiloxane, octamethyl-
5 8.019 71819 117545 0.074 Hexanoic acid, 6-bromo-
6 10.423 20124 80972 0.052 Butanoic acid, 3-methyl-
7 21.592 21947 79001 0.069 Cyclotrisiloxane, hexamethyl-
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Figure 3: GC-MS spectral chromatogram of AAJL.
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Figure 4: GC-MS spectral chromatogram of AAJ2.
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Figure 5: GC-MS spectral chromatogram of AAJ3.

Molecular docking
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Figure 6: Glide Standard Precision Docking Results of Quinolone-resistant Streptococcus pneumoniae DNA

Gyrase.
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Figure 7: Two-dimensional (2D) View of Interactions between SARS-CoV-2 NSP14 Co-Crystallized Ligand and
NSP14 Following Quantum Polarized Ligand Docking.
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Figure 8: Two-dimensional (2D) View of Interactions Between PubChem - 6420234 and SARS-CoV-2 NSP14

Following Quantum Polarized Ligand Docking.
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Figure 9: Glide Standard Precision Docking Results of Klebsiella pneumoniae 342 Topoisomerase 1V ParC.
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Figure 10: Two-dimensional (2D) View of Interactions Between Human Furin Co-Crystallized Ligand and

Human Furin Following Quantum Polarized Ligand Docking.
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Figure 11: Two-dimensional (2D) View of Interactions Between 119-62-0 and Human Furin Following Quantum

Polarized Ligand Docking.
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Figure 12: Figure showing the binding affinity of hit compounds with SARS-CoV-2 3CLpro.
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Figure 13: Two-dimensional (2D) view of interactions between 3CLpro Co-Crystallized Ligand and 3CLpro

following quantum polarized ligand docking.
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Figure 14: Two-dimensional (2D) view of interactions between STL039992 and 3CLpro following quantum
polarized ligand docking.
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Figure 15: Figure showing the binding affinity of hit compounds with SARS-CoV-2 RdRp.
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Figure 16: Two-dimensional (2D) view of interactions between Remdesivir and SARS-CoV-2 RNA-dependent

RNA Polymerase following quantum polarized ligand docking.
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Figure 17: Two-dimensional (2D) view of interactions between STL039992 and SARS-CoV-2 RNA-dependent
RNA Polymerase following quantum polarized ligand docking.
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Figure 18: Glide Standard Precision Docking Results of Klebsiella pneumoniae 342 Topoisomerase IV ParC.
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Figure 19: Two-dimensional (2D) View of Interactions Between Streptococcus pneumoniae DNA Gyrase Co-
Crystallized Ligand and Quinolone-resistant Streptococcus pneumoniae DNA Gyrase Following Quantum
Polarized Ligand Docking
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Figure 20: Two-dimensional (2D) View of Interactions Between B0700 and Quinolone-resistant Streptococcus

pneumoniae DNA Gyrase Following Quantum Polarized Ligand Docking.
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Figure 4.8: Two-dimensional (2D) View of Interactions Between Klebsiella pneumoniae 342 Topoisomerase 1V
ParC Co-Crystal and Klebsiella pneumoniae 342 Topoisomerase 1V ParC Following Quantum Polarized Ligand
Docking.

DISCUSSION

Qualitative phytochemical studies of Syzygium malaccense extracts indicated the presence of flavonoids, phenols, and
anthocyanins. Flavonoids and phenols have been proven to have antibacterial, antioxidant and anti-inflammatory
properties. The presence of these phytochemicals in Syzygium malaccense may contribute to its ability as an
antibacterial agent which corroborates the findings of (Ullah et al., 2022). The major phytochemicals identified were
3H-1,3,4-Benzotriazepin- 2-one, oleonitrile, 2-butoxy-ethanol, hexadecane (N-cetane) and tetradecane as reported in
(Quenon et al., 2022). The molecular docking results shows that oleo nitrile had higher binding affinity for
Topoisomerase IV ParC subunit than the standard (3S)-10-[(3R)-3-(1-aminocyclopropyl)pyrrolidin-1-yI]-9-fluoro-3-
methyl-5-ox0-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline-6-carboxylic acid.3-Methyl-5-phenyl- 1H-1,3,4-
benzotriazepin-2(3H)-one exhibited higher binding affinity for DNA gyrase than the standard trovafloxacin. Cetane
also showed high binding affinity for topoisomerase IV. The binding of cetane, hexadecane and 3H-1,3,4-

Benzotriazepin-2-one tallies with the antibacterial studies carried out by (Deepak et al.,2019; Faridha Begum et al.,
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2016; Glomb & Swiatek, 2021). Hence, compounds identified from aqueous extract of S. malaccense show potential

efficacy against fluoroquinolone resistant infections.

CONCLUSION

From this study, Syzygium malaccense was shown to contain flavonoids and phenolics which have antibacterial and
antioxidant properties. Syzygium malaccense also showed a high radical scavenging activity DPPH Free radical
scavenging activity and ferric reducing antioxidant power assay (FRAP). From the molecular docking, 3-Methyl-5-
phenyl-1H-1,3,4-benzotriazepin-2(3H)-one and oleonitrile present in Syzygium malaccense may be potential
therapeutic candidates for fluoroquinolone- resistant infections.
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