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Abstract   

Dental caries is the most prevalent oral disease. It is caused by infection of 

Streptococcus mutans and Candida albicans. It is associated with 

inflammation of the dental gum. Antimicrobial agents or systemic 

antibiotics are administered to prevent dental caries. However, the 

pathogens become drug-resistant to specific antibiotics, so a combinational 

therapy approach may lead to the management of dental caries. In the 

current investigation, the peel of Citrus sinensis (L.) Osbeck was evaluated 

for antimicrobial and anti-inflammatory activities in dental caries. Different 

fractions of hydroalcohol extract were tested for in vitro antimicrobial 

activity against S. mutans and C. albicans. Based on the results, methanol 

fraction was selected for ex-vivo anti-inflammatory activities. The bioactive 

compounds of the methanol faction were identified by GC-MS. Only 

selected compounds were subjected to in silico docking analysis towards 

selective proteins of S. mutans and C. albicans. Amongst all the fractions, 

the methanol fraction showed significant antimicrobial activity against S. 

mutans (ZOI, 27 mm; MIC, 0.78 mg/ml; and MBC, 1.56 mg/ml) and C. albicans 

(ZOI, 29 mm; MIC, 0.39 mg/ml; and MBC, 1.56 mg/ml). Methanol fraction (100 

µg/ml) exhibited the highest inhibition of 79.29% than other fractions in the 

anti-inflammatory study. GC-MS analysis of methanol fraction reported 17 

compounds. Out of these, only ten compounds satisfied Lipinski’s rule of 

five in ADMET analysis and were subjected to in silico docking analysis. The 

results confirmed that the compounds of methanol fraction have the 

potential to inhibit the active proteins of dental caries pathogen.   

 

Keywords   

Citrus sinensis; Streptococcus mutans; Candida albicans; inflammation; GC-

MS analysis 

 

Introduction   

Antimicrobial resistance poses a formidable challenge to global healthcare, 

with infectious agents such as bacteria, parasites, viruses, and fungi 

exhibiting resilience to conventional antibiotics. Recent publications from 

the United Kingdom government project that, by 2050, an alarming 10 

million individuals annually will succumb to infections caused by 

antimicrobial-resistant pathogens (1). The intricate microbial landscape of 

the oral cavity, harboring approximately 700-1000 distinct microorganisms, 

is implicated in the onset of oral ailments, including periodontal disease 
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and dental caries (2). Furthermore, these oral pathogens 

can traverse the oral mucosa, entering systemic 

circulation and elevating antibody levels, contributing to 

the development of cardiovascular diseases (3). Evidently, 

oral biofilm-forming pathogens have demonstrated 

genetic or phenotypic resistance to existing antibiotic 

regimens (4). In the contemporary medical landscape, 

traditional herbal medicine has gained widespread 

acceptance globally. The World Health Organization 

(WHO) ensures rigorous standards for the quality and 

safety of herbal drugs employed in diverse therapeutic 

applications. Consequently, researchers are actively 

exploring novel chemical entities derived from plant 

sources, adhering to stringent regulatory criteria, as 

potential remedies to counteract the escalating threat 

posed by life-threatening pathogens. 

 Citrus sinensis, a member of the Rutaceae family, is a 

prominent fruit widely cultivated in India, serving as a 

significant nutritional source. Traditional applications 

involve its utilization in addressing diverse ailments, 

including diarrhea, constipation, respiratory conditions 

(cough, cold, bronchitis, tuberculosis), metabolic 

disorders (obesity, hypertension, angina), menstrual 

irregularities, and psychological concerns (depression, 

anxiety, stress). The therapeutic attributes of this fruit are 

ascribed to its rich content of vitamins B1, B2, B3, B5, B6, 

and vitamin C, alongside various minerals like calcium, 

iron, zinc, magnesium, and potassium (5). 

Pharmacological investigations support its antibacterial 

efficacy against Escherichia coli, Pseudomonas 

aeruginosa, Staphylococcus aureus, Bacillus subtilis, and 

Shigella, with petroleum ether, ethanol, and aqueous 

extracts displaying effectiveness against C. albicans (6-8). 

Notably, different extracts (hexane, chloroform, ethyl 

acetate, methanol, acetone) from C. sinensis peel exhibit 

moderate antiparasitic activity against Plasmodium 

flacifarum (9). Furthermore, the fruit demonstrates 

considerable antioxidant, antiproliferative, 

hypocholesterolemic, antiobesity, antiosteoprotic, and 

insecticidal properties (10). This study focuses on in vitro 

antimicrobial assessment of various solvent fractions from 

C. sinensis peel against multidrug-resistant dental caries 

pathogens. Recognizing the association between dental 

caries and gingival inflammation, an ex-vivo anti-

inflammatory assay was conducted. Additionally, 

bioactive secondary metabolites from potent fractions 

were identified using GC-MS analysis. Their inhibitory 

potential against microbial proteins implicated in dental 

caries progression was established through an in silico 

analysis method. 

 

Materials and Methods 

Collection and preparation of extract 

Citrus sinensis specimens were procured from a local 
market in Odisha, India, and subsequently authenticated 

by Dr. Gyanranjan Mahalik, Associate Professor in the 

Department of Botany at Centurion University of 

Technology and Management. A voucher specimen 

(voucher no. CUTM/BOT/2022/029) was meticulously 

cataloged and deposited in the herbarium of Centurion 

University of Technology and Management in 

Bhubaneswar, Odisha, serving as a reference for future 

research endeavors. The peels, have been meticulously 

collected, underwent a process of thorough cleansing with 

distilled water before undergoing a four-day shade-drying 

period. Following the drying phase, the peels were ground 

into a fine powder to facilitate extraction. A mass of 200 

grams of the powdered material was subjected to a 

hydroalcoholic solution (ethanol: water, 70:30 v/v) in a 

percolator for a duration of 24 hours, with periodic stirring. 

This extraction process was repeated thrice over a span of 

72 hours, and the resulting filtrate was collected. 

Subsequently, the hydroalcoholic extract underwent 

fractionalization employing petroleum ether, chloroform, 

ethyl acetate, acetone, and methanol to yield distinct 

fractions. Each fraction was subjected to evaporation in a 

rotary evaporator under reduced pressure, resulting in a 

semi-solid mass. This product was then stored in a 

desiccator for subsequent utilization (11). 

Sample collection, isolation, and identification of 

microorganisms 

Antimicrobial study of C. sinensis  

Specimens were meticulously collected aseptically from 

dental patients at IMS, SUM Hospital, India, with explicit 

patient consent. Prior to dental caries sample collection, 

patients were instructed to rinse the tooth with water, 

followed by isolation with a rubber dam. Subsequently, 

the tooth underwent decontamination using 3% hydrogen 

peroxide and 2.5% sodium hypochlorite. Removal of food 

debris from the chewing surface was performed using a 

dental excavation instrument. Aseptically, a physician 

obtained the dental caries sample, placing it in 2 ml TGB or 

BHI broth in sterile screw cap bottles. Following thorough 

mixing with a magnetic stirrer, the samples were 

inoculated onto Muller Hinton broth (MHB) using the 

streak plate technique and incubated at 37 °C for 18 h. 

Post-incubation, samples were observed and sub-cultured 

in fresh MHB and Sabouraud dextrose agar (SDA) until 

obtaining pure cultures of bacteria and fungi. 

Identification of microorganisms was achieved through 

morphological, microscopic, and biochemical tests (12-

13). 

Evaluation of antimicrobial activity 

Sterilized media aliquots were dispensed into petri plates 

and solidified. Bacterial and fungal suspensions were 

inoculated on Mueller-Hinton agar (MHA) and Sabouraud 

Dextrose Agar (SDA), respectively. Wells with a 6 mm 

diameter were created, and 100 µl aliquots (5 mg/ml) of 

various solvent fractions (petroleum ether, chloroform, 

ethyl acetate, acetone, and methanol) diluted with 10% 

DMSO were added. Gentamicin (100 µl, 30 mg/ml) and 

amphotericin B (100 µl, 10 mg/ml) served as standard drug 

controls for bacteria and fungi. Incubation was carried out 

at 37±2 °C for 24 h and 30±2 °C for 72 h for bacteria and 

fungi, respectively. The experiment was conducted in 

triplicate, and the inhibition zones were measured in 
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millimeters (12, 14). 

Determinations of minimum inhibitory (MIC), minimum 
bactericidal concentration (MBC), and minimum 
fungicidal concentration (MFC) 

The microdilution method was employed to conduct MIC, 
MBC, and MFC studies on bioactive fractions, specifically 
acetone and methanol fractions. Various concentrations 
(0.1–6.5 mg/ml) were prepared in 10% DMSO, and 100 µl of 
each fraction was added to a 96-well microplate 
containing an aliquot of the test sample, Muller-Hinton 
broth (100 µl), and bacterial or fungal inoculum (20 µl, 109 
CFU/ml). Additionally, 5% 2,3,5-triphenyl tetrazolium 
chloride (TTC) dye (5 µl) was included in each well. 
Incubation occurred at 37 °C for 18 h (bacteria) and 48 h 
(fungi). MIC determination involved observing microbial 
growth. MBC and MFC were determined by incubating MIC 
samples at 37±2 °C for 24 h (bacteria) and 30±2 °C for 72 h 
(fungi). The minimum sample concentration exhibiting no 
growth was considered the MBC/MFC (12, 14). 

Ex-vivo anti-inflammatory assay 

A study investigating the anti-inflammatory effects on red 
blood cell (RBC) in healthy human volunteers was 
conducted. Blood samples were obtained and treated with 
an anticoagulant solution (Alsever’s solution), followed by 
centrifugation at 3000 rpm for 15 min. A 10% RBC 
suspension was prepared using normal saline. The test 
solution, containing RBC suspension (0.5 ml), phosphate 
buffer pH 7.4 (1 ml, 0.15 M), hyposaline (2 ml, 0.36%), and 
various concentrations (10, 20, 40, 60, 80, and 100 mg/ml) 
of the sample solution, was prepared. Diclofenac sodium 
and isosaline were used to create standard and control 
solutions, respectively. The reaction mixtures were 
incubated at 37 °C for 30 min and then centrifuged at 3000 
rpm for 20 min (15). Supernatant absorbance at 560 nm 
was measured using a UV-vis spectrophotometer (UV 1700, 
Shimadzu, Japan). The experiment was performed in 
triplicate, and RBC membrane stability (%) was calculated 
using the formula % stability = [100 - (ODsample/
ODcontrol)] × 100. 

GC-MS analysis of methanol fraction of C. sinensis 

The bioactive methanol fraction of C. sinensis, identified 
as the most potent in preliminary investigations, 
underwent GC-MS analysis using an Agilent 8890 

instrument. HP-5MS GC column (30 m × 250 μm × 0.25 μm) 

was employed. An Electron Impact Spectroscopy (EIS) 
detector with a fixed electron energy of 70 eV was utilized, 
while helium gas maintained a constant flow rate of 3 ml/
min with a split ratio of 5:1. The sample injection volume 
was 1 µl. The oven temperature was programmed to 
increase at a rate of 5 °C/min up to 180 °C (hold time 3 min) 
and 300 °C (hold time 5 min), with a maximum set at 350 °
C. The total run time was 53.5 min, including a 3.5 min 
solvent delay. Mass spectra within the range of 50-600 amu 
were scanned, and compound identification was 
performed by comparing the mass spectra with the NIST 
database (16). 

In silico analysis 

Pharmacokinetic analysis 

Pharmacokinetic property analysis was conducted to 
assess the Absorption, Distribution, Metabolism, and 
Excretion (ADME) profiles of identified compounds through 
GC-MS. The ADME profiles, encompassing parameters such 
as drug-likeness based on Lipinski's Rule of Five, BBB 
permeability, Caco2 permeability, HIA percentage, skin 
permeability, as well as interactions with cytochrome P450 
enzymes (2C19, 2C9, 2D6, and 3A4), were systematically 
evaluated for a total of 20 compounds. This 
comprehensive analysis was carried out utilizing 
SwissADME (http://www.swissadme.ch/) and PreADMET 
(https://preadmet.webservice.bmdrc.org/) platforms. 

Toxicity profiling 

Prior to in silico docking analysis, the toxicity profile of all 
GC-MS identified compounds (total no. 17) was evaluated 
for oral toxicity profiling by using ProTox-II (https://tox-
new.charite.de/). The results were expressed as LD50 and 
toxicity class of the drug candidates (www. https://tox-
new.charite.de/protox_II/). 

Ligand preparation 

The SDF files of GC-MS-identified compounds were 
retrieved from PubChem. The files were converted to .pdb 
file format in PyMOL (version 2.5.2). In the AutoDock tool 
(version 1.5.6), Gasteiger partial charges were added, 
merged nonpolar hydrogen atoms and torsional degrees 
of freedom were set in ligand, and the files were converted 
pdbqt file (17). 

Receptor preparation 

The X-ray crystal structures of secreted aspartic proteinase 
five from C. albicans (SAP5) (PDB ID: 2QZX), V-region of 
Streptococcus mutans antigen I/II (PDB ID: 1JMM), and C-
terminal domain of Streptococcus mutans surface protein 
SpaP (PDB ID: 3OPU) were retrieved from protein data 
bank (PDB). All the parameters, such as removing water 
molecules, the addition of polar hydrogen atoms, 
heteroatoms (HETATM), Kollman charges, and preparation 
of the .pdbqt file of the receptors, were performed by 
using AutoDock (version 1.5.6) (17). 

Molecular docking 

Molecular docking analysis was conducted to assess the 
binding energies and affinities of seventeen ligands 
towards three distinct receptors (2QZX, 1JMM, and 3OPU) 
employing AutoDock Vina (version 1.5.6). The negative 
binding energy values, expressed in kilocalories per mole 
(kcal/mol), were utilized as indicators of binding affinity. 
The docking results were stored in the PDBQT format for 
subsequent analysis. Visualization and comprehensive 
examination of ligand-receptor interactions were 
performed using BIOVIA Discovery Studio Visualizer 
(version 2021) (17). 

 

Results and Discussion 

Antimicrobial study 

The antimicrobial investigation was designed to assess the 
potential of C. sinensis in inhibiting pathogens while 
minimizing adverse effects on the host. Antimicrobial 
agents typically target processes such as cell wall 
synthesis, biochemical pathways, or microbial 

http://www.swissadme.ch/
https://preadmet.webservice.bmdrc.org/
https://tox-new.charite.de/
https://tox-new.charite.de/
https://tox-new.charite.de/protox_II
https://tox-new.charite.de/protox_II
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biomolecules. The antibacterial efficacy of petroleum 
ether, chloroform, ethyl acetate, acetone, and methanol 
fractions derived from C. sinensis was evaluated against 
Streptococcus mutans, with corresponding zone of 
inhibition (ZOI) measurements of 10, 11, 18, 21, and 27 
mm, respectively. In comparison, the standard drug 
gentamycin exhibited a ZOI of 29 mm (Fig. 1A). Given 
the superior bactericidal activity observed in the 
methanol fraction, its MIC and MBC were calculated as 
0.78 and 1.56 mg/ml, respectively (Fig. 1B-C). These 
fractions were also subjected to antifungal testing 

against Candida albicans, revealing ZOI values of 9, 13, 
19, 24, and 29 mm, respectively. In contrast, the 
standard drug amphotericin B exhibited a ZOI of 27 mm 
(Fig. 1A). Notably, the methanol fraction demonstrated 
the highest antifungal activity, with MIC and MFC recorded 
as 0.39 and 1.56 mg/ml, respectively (Fig. 1B-C). The 
antimicrobial efficacy of the methanol fraction of  
C. sinensis in this study can be attributed to the presence of 
bioactive compounds, including furaneol (18), glycerin (19), 
5-hydroxymethylfurfural (20), 2-methoxy-4-vinylphenol (21), 
desulphosinigrin (22), 4',5,6,7,8-pentamethoxyflavone (23), 

Figure 1. A. Represents zone of inhibition of different fractions of C. sinensis. B. Represents minimum inhibitory concentration of methanol fraction of 
C. sinensis. C. Represents minimum bactericidal/minimum fungicidal concentration of methanol fraction of C. sinensis 
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and 3',4',5,6,7,8-hexamethoxyflavone (24). 

 

Ex-vivo anti-inflammatory assay 

Dental caries is a persistent infectious ailment associated 

with inflammatory reactions in dental pulp (25). 

Odontoblasts, in response to this, generate chemokines 

and cytokines to modulate inflammatory processes (26). In 

light of the findings from the antimicrobial investigation, 

an ex-vivo assessment of the methanol fraction of                 

C.sinensis was conducted to evaluate its anti-inflammatory 

activity. The methanol fraction demonstrated significant 

inhibition, reaching 79.26% at a concentration of 100 µg/

ml, while the standard drug diclofenac sodium exhibited 

slightly higher inhibition at the same dosage, measuring 

88.43% (Fig. 2). This observed effect is attributed to the 

presence of bioactive compounds such as glycerol (27), 4H

-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- (28), 5-

hydroxymethylfurfural (29), and 2-methoxy-4-vinylphenol 

(30), including exo-2-hydroxycineole in the peel of               

C.sinensis (31). 

GC-MS analysis of methanol fraction of C. sinensis 

The methanol fraction exhibiting the highest bioactivity 
was subjected to GC-MS analysis to elucidate potential 

antimicrobial compounds within C. sinensis. A total of 17 

compounds were identified, namely: 2,4-dihydroxy-2,5-

dimethyl-3(2H)-furan-3-one (RT-4.363), 2H-pyran-2,6(3H)-

dione (RT-4.6), 4-hydroxy-5-methyl-3(2H)-furanone (RT-

5.484), furaneol (RT-5.725), glycerin (RT-6.695), 2,3-dihydro

-3,5-dihydroxy-6-methyl-4H-pyran-4-one (RT-7.515), 5-

hydroxymethylfurfural (RT-9.4), 2,3-dihydro-benzofuran 

(RT-9.098), 2-methoxy-4-vinylphenol (RT-11.431), 2,6-

dimethyl-1,7-octadien-3-ol (RT-11.977), 1-methyl-4-(1-

methylethenyl)-1,2-cyclohexanediol (RT-12.080), exo-2-

hydroxycineole (RT-16.039), desulphosinigrin (RT-20.441), 

5-O-desmethyltangeretin (RT-47.069), 4',5,6,7,8-

pentamethoxyflavone (RT-47.417), 2-(3,4-dimethoxyphenyl)

-5-hydroxy-6,7,8- trimethoxy-4H-chrom (RT-49.421), 

3',4',5,6,7,8-hexamethoxyflavone (RT-49.859) (Table 1 and 

Fig. 3). 

 Lipinski's Rule of Five was employed for assessing 

the drug-likeness properties of compounds identified in 

the methanol fraction of C. sinensis (32). According to this 

rule, compounds violating two or more specific criteria are 

considered unsuitable for oral drug administration. All the 

compounds identified through GC-MS in the methanol 

fraction adhered to Lipinski's rule, meeting criteria such as 

molecular weight, hydrogen acceptors, hydrogen donors, 

clogP, and tPSA. Importantly, none of the compounds 

violated the Rule of Five, as detailed in Table 2. 

Pharmacokinetic properties, covering absorption, 

Figure 2. Represents ex-vivo anti-inflammatory activity of different 
concentrations of methanol fractions of C. sinensis. CSME: methanol 
fractions of C. sinensis, DCF Na (Diclofenac sodium): standard drug. Results 
were expressed as mean ± SD 

Sl. no. RT Name of compound Class 
Molecular 
formula 

Molecular 
mass 

1 4.363 2,4-Dihydroxy-2,5- 
dimethyl-3(2H)-furan-3-one Furan C6H8O4 144.13 

2 4.600 2H-Pyran-2,6(3H)-dione Pyran C5H4O3 112.08 

3 5.484 3(2H)-Furanone, 4-hydroxy-5-methyl- Furan C7H10O3 114.10 

4 5.725 Furaneol Furan C6H8O3 128.13 

5 6.695 Glycerin Alcohol C3H8O3  92.09 

6 7.515 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- Pyran C6H8O4 144.13 

7 9.400 5-Hydroxymethylfurfural Furan C6H6O3 126.11 

8 9.098 Benzofuran, 2,3-dihydro- Benzofuran C15H14O 120.15 

9 11.431 2-Methoxy-4-vinylphenol Phenol C9H10O2 150.17 

10 11.977 1,7-Octadien-3-ol, 2,6-dimethyl- Alcohol C10H18O 154.25 

11 12.080 1,2-Cyclohexanediol, 1-methyl-4-(1-methylethenyl)- Alcohol C10H18O2 170.25 

12 16.039 exo-2-Hydroxycineole Monoterpenoid C10H18O2 170.25 

13 20.441 Desulphosinigrin Glucosinolate C10H17NO6S 279.31 

14 47.069 5-O-Desmethyltangeretin Flavone C19H18O7 360.36 

15 47.417 4',5,6,7,8- Pentamethoxyflavone Flavone C20H20O7 372.4 

16 49.421 
2-(3,4-Dimethoxyphenyl)- 

5-hydroxy-6,7,8- trimethoxy-4H-chrom Flavone C20H20O8 390.38 

17 49.859 3',4',5,6,7,8-Hexamethoxyflavone Flavone C27H32O14 404.41 

Table 1. GC-MS profiling of methanol fraction of C. sinensis  
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Figure 3. GC-MS spectrum of methanol fraction of C. sinensis 

Sl. no. Name 
Lipinski rule of five (RO5) 

Mol. wt H-donor H-acceptor cLog P tPSA 

1 2,4-dihydroxy-2,5-dimethyl-3(2H)-furan-3-one 144.13 2 4 1.24 66.8 

2 2H-pyran-2,6(3H)-dione 112.08 0 3 0.83 43.4 

3 3(2H)-furanone, 4-hydroxy-5-methyl- 116.10 1 3 1.21 46.5 

4 Furaneol 128.13 1 3 1.52 46.5  

5 Glycerin 92.09 3 3 0.45 60.7 

6 
4H-pyran-4-one, 2,3- 

dihydro-3,5-dihydroxy-6- methyl- 
144.13 2 4 1.19 66.8 

7 5-hydroxymethylfurfural 126.11 1 3 0.91 50.44  

8 Benzofuran, 2,3-dihydro- 120.15 0 1 1.89 9.2  

9 2-methoxy-4-vinylphenol 150.17 1 2 2.14 29.5 

10 1,7-octadien-3-ol, 2,6-dimethyl- 154.25 1 1 2.52 20.2 

11 1,2-cyclohexanediol, 1-methyl-4-(1-methylethenyl)- 170.25 2 2 2.22 40.5  

12 exo-2-hydroxycineole 170.25 1 2 2.29 29.5  

13 Desulphosinigrin 279.31 5 7 0.85 148 

14 5-O-desmethyltangeretin 360.36 1 7 3.38 83.45  

15 4',5,6,7,8- pentamethoxyflavone 372.4 0 7 3.60 72.4 

16 
2-(3,4-dimethoxyphenyl)- 5-hydroxy-6,7,8- 

trimethoxy-4H-chrom 
388.38 1 8 3.24 92.68 

17 
3',4',5,6,7,8- 

hexamethoxyflavone 
404.41 0 8 3.76 81.68 

Table 2. Physiochemical parameters of GC-MS identified compounds 
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distribution, metabolism, and excretion, are pivotal to a 

drug's pharmacodynamic characteristics (33). ADMET 

analysis of the 17 identified compounds revealed that 10 

of them, including 2H-pyran-2,6(3H)-dione, N,N'-

dibenzoyloxy heptanediamide, 2,3-dihydrobenzofuran, 2-

methoxy-4-vinylphenol, 2,6-dimethyl-1,7-octadien-3-ol, 

exo-2-hydroxycineole, 5-O-desmethyltangeretin, 4',5,6,7,8-

pentamethoxyflavone, 2-(3,4-dimethoxyphenyl)-5-hydroxy

-6,7,8-trimethoxy-4H-chrom, and 3',4',5,6,7,8-

hexamethoxyflavone, exhibited over 90% HIA. This 

suggests that upon oral administration, these compounds 

are likely to be absorbed to a significant extent. 

Additionally, LD50 values for all compounds, calculated 

using ProTox, ranged from 15 to 10000 mg/kg. 

Biotransformation, a critical aspect of drug efficacy, 

involves enzymatic processes, with cytochrome P450 

(CYP450) being a key biotransforming enzyme (34). Among 

the 17 identified compounds, more than 50% acted as 

substrates for CYP450. Furthermore, most compounds 

demonstrated inhibitory effects on CYP2C19 and CYP2C9, 

as outlined in Table 3. 

In silico analysis of selected compounds of methanol 
fraction of C. sinensis 

The most potent bioactive methanol fraction of C. sinensis 
was shown to have effective antimicrobial activities 
against S. mutans and C. albicans, along with a significant 
anti-inflammatory response in the ex-vivo model. Based on 
their ADMET properties, to understand the inhibitory 
effects of 10 no. of GC-MS-identified bioactive compounds 
present in C. sinensis against S. mutans (PDB ID: 1JMM and 
3OPU) and C. albicans (PDB ID: 2QZX), in silico molecular 
docking study was performed (35).  

 In the molecular docking studies, the compound 2H
-pyran-2,6(3H)-dione manifested conventional hydrogen 
bonds with ARG824 and SER818, establishing robust 
interactions with 1JMM. Notably, a conventional hydrogen 
bond formed with ARG1193 in the case of 3OPU. 
Furthermore, it exhibited pronounced affinities for 
conventional hydrogen bonds with VAL330, TYR332, and 
GLY260 of 2QZX. The calculated binding affinities for this 
compound towards 1JMM, 3OPU, and 2QZX were 
determined as -5.0, -4.8, and -5.1 kcal/mol, respectively 
(Fig. 4A-C). Conversely, N,N'-di-benzoyloxy 
heptanediamide, upon docking with 1JMM, established 
conventional hydrogen bonds with SER704, LYS811, 
LYS812, and ASN814, accompanied by alkyl interaction 

Sl. 
No 

Name of 
compounds BBB 

Caco2 
permeab

ility 
HIA (%) 

Skin 
permeabi

lity 
(logKpcm

/h) 

2C19 
Inhib
itor 

2C9 
Inhi

bitor 

2D6 
subs
trate 

2D6 
inhibi

tor 

3A4 
substr

ate 

3A4 
inhibi

tor 

LD50 
(mg/
kg) 

To
xic
ity 
cla
ss 

1 
2,4-dihydroxy-
2,5-dimethyl-3
(2H)-furanone 

0.281557 2.9363 75.908308 -3.89462 non yes non non non yes 1608 IV 

2 2H-pyran-2,6
(3H)-dione 

0.809161 20.3111 90.750434 -2.81683 yes yes non non non non 5000 V 

3 
3(2H)-furanone,  

4-hydroxy-5-
methyl- 

0.330028 1.88683 87.577892 -4.4522 non yes non non non yes 1932 IV 

4 Furaneol 0.368044 1.10948 88.801551 -3.75576 non yes non non non yes 1608 IV 

5 Glycerin 0.179607 0.503894 63.518560 -4.0361 yes yes non non weakly non 4090 V 

6 

4H-Pyran-4one, 
2,3-dihydro-3,5-

dihydroxy-6-
methyl- 

0.273964 1.85622 75.914677 -4.75733 non yes non non non non 595 IV 

7 
5-

hydroxymethylf
urfural 

0.52231 6.41666 88.682048 -2.9279 Yes Yes non non non Yes 2500 V 

8 Benzofuran, 2,3-
dihydro- 

1.20962 53.5016 100.000000 -1.91048 yes yes non non yes non 1743 IV 

9 2-methoxy-4-
vinylphenol 

1.47522 41.0619 96.736806 -1.43729 yes yes non non non non 1560 IV 

10 1,7-octadien-3-
ol, 2,6-dimethyl- 

6.43942 53.915 100.000000 -0.974645 Yes yes non non weakly non 3900 V 

11 

1,2-
cyclohexanediol, 

1-methyl-4-(1-
methylethenyl)- 

2.39379 18.856 88.268092 -2.11195 non yes non non non non 5000 V 

12 exo-2-
hydroxycineole 

1.04569 34.5478 96.251160 -1.78856 non yes non non yes yes 3080 V 

13 Desulphosinigrin 0.082574 0.375984 31.323035 -4.96251 yes yes non non weakly non 15 II 

14 
5-O-

desmethyltange
retin 

0.0144802 36.7898 96.576369 -3.56554 yes yes non non weakly non 4000 V 

15 
4',5,6,7,8- 

pentamethoxyfl
avone 

0.0414355 53.628 98.865394 -3.55725 yes yes non non yes yes 5000 V 

16 

2-(3,4-
dimethoxypheny

l)-5-hydroxy-
6,7,8-trimethoxy

-4H-chrom 

0.0125793 41.2216 96.793753 -3.66449 yes yes non non weakly yes 5000 V 

17 
3',4',5,6,7,8- 

hexamethoxyfla
vone 

0.0203167 53.9372 98.023329 -3.25175 yes yes non non yes yes 5000 V 

Table 3. PreADMET analysis of GC-MS identified compounds 
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with ILE815. Interaction with 3OPU resulted in the 
formation of a conventional hydrogen bond with TYR1421, 
ASN1408, and SER1444, alongside an aromatic ring 

forming π-alkyl interactions with VAL1410 and LYS1407. 

Interaction with 2QZX involved conventional hydrogen 
bonds with ASP218, GLY220, THR222, and ASP86, along 

with alkyl interactions with ILE305 and π-alkyl interactions 

with ALA119 and ILE30. The binding energies were 
recorded as -8.5 kcal/mol for 1JMM, and -9.3 kcal/mol for 
both 3OPU and 2QZX (Fig. 4D-F). Similarly, 2,3-dihydro-
benzofuran displayed conventional hydrogen interactions 
with SER818 and LYS1438 of 1JMM and 3OPU, respectively, 

with binding energies of -5.1 and -4.7 kcal/mol, 
respectively. Additionally, it engaged in a conventional 
hydrogen interaction with SER88 of 2QZX, exhibiting a 
binding energy of -5.5 kcal/mol (Fig. 4G-I). Lastly, 2-
methoxy-4-vinylphenol, when docked with 1JMM, formed 

conventional hydrogen interactions with GLU706 and π-

alkyl interactions with PHE656 and TRP816, resulting in a 
binding energy of -5.3 kcal/mol. Interaction with 3OPU 
involved a conventional hydrogen bond with LYS1190 and 

ASN1227, and π-alkyl interactions with LYS1438, ALA1440, 

and TYR1421, yielding a binding energy of -5.2 kcal/mol. 
Notably, a stronger interaction was observed with 2QZX, 

Figure 4. A-C. Represents docking of 2H-pyran-2,6(3H)-dione towards lJMM, 3OPU and 2QZX. D-F. Represents docking of N,N'-di­benzoyloxy heptanedia-
mide towards lJMM, 3OPU and 2QZX. G-I. Represents docking of 2,3-dihydro-benzofuran towards lJMM, 3OPU and 2QZX. J-L. Represents docking of 2-
methoxy-4-vinylphenol  towards  lJMM, 3OPU and 2QZX 
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involving conventional hydrogen bonds with GLU278 and 

ARG312, and π-alkyl interactions with ALA162, LYS257, 

PHE281, and ARG197, with a binding affinity of -5.7 kcal/
mol (Fig. 4J-L). 

 2,6-dimethyl-1,7-octadien-3-ol exhibited a singular 

conventional hydrogen bond with GLU706, alongside π-

alkyl interactions involving TRP816 and PHE656 in the of 
1JMM. The calculated binding energy for this interaction 
was determined to be -4.8 kcal/mol. Within the framework 
of 3OPU, the compound engaged in a conventional 

hydrogen bond with PHE1441 and π-alkyl interactions 

with LYS1438, TYR1421, ALA1440, and LEU1406, resulting 
in a binding energy of -4.6 kcal/mol. Interaction with 2QZX 
was characterized by conventional hydrogen bonds 
formed with THR261, ASP263, and GLY205, complemented 

by a π-alkyl interaction with PRO329, yielding a binding 

energy of -5.0 kcal/mol (Fig. 5A-C). Exo-2-hydroxycineole, 
upon docking with 1JMM, formed a robust hydrogen bond 
solely with ASN814 and TRP816, resulting in a binding 
energy of -5.5 kcal/mol. Similarly, in the  of 3OPU, a 
conventional hydrogen bond was established with 
ASN1191, yielding a binding energy of -5.7 kcal/mol. 

Interaction with 2QZX involved alkyl and π-alkyl bond 

formations with ILE30, ALA119, TYR84, and ILE123, 
accompanied by a reported binding energy of -5.7 kcal/
mol (Fig. 5D-F). Furthermore, when docked with 1JMM, 5-O
-desmethyltangeretin exhibited interactions with TRP816 

and ARG824 exclusively through π-anion interactions, 

resulting in a remarkable binding affinity of -11.1 kcal/mol. 
In 3OPU docking, attractive forces with LYS1438 were 

Figure 5. A-C. Represents docking of 2,6-dimethyl-l ,7-octadien-3-ol towards IJMM, 3OPU and 2QZX. D-F. represents docking of Exo-2-hydroxycineole towards 
JJMM, 3OPU and 2QZX. G-I. Represents docking of 5-O-desmethyltangeretin towards JJMM, 3OPU and 2QZX. J-L. Represents docking of 4',5,6,7,8- pentamethoxy 
flavone towards JJMM, 3OPU and 2QZX 
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identified, yielding a binding energy of -11.8 kcal/mol. 
Interaction with 2QZX involved alkyl interactions with 
LYS257 and PHE281, resulting in a binding affinity of -12.2 
kcal/mol (Fig. 5G-I). In the case of 4',5,6,7,8-pentamethoxy 
flavone docking with 1JMM, conventional hydrogen 
interactions with SER697 and ASN820 were observed, 

alongside π-alkyl interactions involving LEU653 and 

TRP816, resulting in a binding energy of -7.7 kcal/mol. 
3OPU docking revealed conventional hydrogen bonds with 
LYS1438, ASN1229, and TYR1421, with only TYR1421 

participating in π-alkyl interactions. The binding energy 

for this interaction was determined to be -8.1 kcal/mol. 
Similarly, in 2QZX docking, conventional hydrogen 

interactions with ARG297 and GLN282, along with a π-alkyl 

interaction with PHE281, resulted in a binding affinity of -
8.5 kcal/mol (Fig. 5J-L). 

 The compound 2-(3,4-dimethoxyphenyl)-5-hydroxy-
6,7,8-trimethoxy-4H-chrom displayed conventional 

hydrogen interactions with ARG824 and π-alkyl 

interactions with TRP816 in the context of 1JMM, resulting 
in a binding energy of -7.4 kcal/mol. Conversely, during 
docking with 3OPU, it formed a sole conventional 

hydrogen bond with SER1444 and engaged in π-alkyl 

interaction with TYR1421, yielding a binding energy of -8.3 
kcal/mol. When docked with 2QZX, the compound 
established three conventional hydrogen bonds with 

THR222, SER301, and ASP86, along with a π-alkyl 

interaction with ILE305, leading to a binding affinity of -7.8 
kcal/mol (Fig. 6A-C). For 3',4',5,6,7,8-hexamethoxyflavone, 
docking with 1JMM showcased robust conventional 
hydrogen interactions with ASN820, ARG824, and SER818, 

as well as π-alkyl interactions with TRP816 and LEU653, 

resulting in a binding energy of -7.6 kcal/mol. In the of 
3OPU, the compound exhibited only a single conventional 

hydrogen interaction with SER1444 and engaged in π-alkyl 

interaction with TYR1421, yielding a binding affinity of -7.5 
kcal/mol. Docking with 2QZX revealed conventional 

hydrogen interaction with ARG312 and π-alkyl interaction 

with PHE281, resulting in a binding energy of -8.2 kcal/mol 
(Fig. 6D-F). Conversely, 7-oxo-2-oxa-7-thiatricyclo [4.4.0.0
(3,8)] decan-4-ol exhibited no discernible interactions with 
1JMM, 3OPU, and 2QZX. The distinctive interaction profiles 
observed across these ligands with their respective 
receptors, coupled with the calculated binding energies, 
suggest a potential basis for their significant antimicrobial 
activity, likely attributed to the diverse functional groups 
present in the ligands. 

 

Conclusion   

The ongoing investigation has unveiled the robust 
bioactive properties of the methanol fraction extracted 

from the peel of Citrus sinensis. This fraction exhibits 

significant in vitro antimicrobial efficacy and ex-vivo anti-

inflammatory potential against dental caries. Through GC-

MS analysis, various bioactive compounds were identified, 

demonstrating notable activity against dental caries 

pathogens, including Streptococcus mutans and Candida 

albicans. Moreover, the research is substantiated by 

pharmacokinetic analysis and in silico docking studies 

focusing on selected compounds identified through GC-

MS. Notably, among the ten compounds scrutinized,             

5-O-demethyltangeretin and N,N'-di-benzoyloxy 

heptanediamide emerged as the most prominent 

interactors with the defined receptors of S. mutans and      

Figure 6. A-C. Represents docking of 2-(3,4-dimethoxyphenyl)-5-hydroxy-6 ,7,8-trimethoxy-4H-chrom towards IJMM, 3OPU and 2QZX. D-F. Represents docking of 
3',4',5,6,7,8-hexamethoxyflavone towards IJMM, 3OPU and 2QZX 
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C. albicans, as revealed by in silico studies. Considering the 

current findings and supporting evidence, future research 

avenues may encompass the isolation of these bioactive 

compounds, in vivo studies, and an exploration of the 

molecular mechanisms underlying the effects of the 

methanol fraction or its potent bioactive constituents 

from Citrus sinensis. 
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