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Abstract

Objective: Dental caries is an infectious bacterial disease that has plagued human beings for centuries.
Streptococcus mutans has been recognized to play a major role in causation of dental caries. Various anti-
Microbial agents that act against Streptococcus mutans(S.mutans) have been developed but most of them have
other side effects. Thus new biomaterials with lower cost and higher biocompatibility should be explored to fight
Streptococcus mutans. Naringenins from citrus plants such as grapefruits are found to be effective against
pathogenic bacteria such as Listeria monocytogenes, Escherichia coli, and Staphylococcus aureus.The aim of
this study was to evaluate the effect of naringenins on the growth of Streptococcus mutans

METHODOLOGY: The Minimum inhibitory concentration (MIC) of naringenin against Streptococcus mutans
was determined using standard broth dilution method.A twenty four hour growth curve assay was then
performed.

Results: Naringenin showed an inhibitory effect on the growth of Streptococcus mutans and the Minimum
inhibitory Concentration was determined to be between 160 and 320 ug/mL of naringenin. One way Anova
followed by post hoc test showed that both Group 1(p-value 0.000738<0.05) and Group 2 (p-value 0.000462)
showed a statistically significant difference when compared with the Control Group. No statistically significant
difference was found between Group 1 and Group 2 (p-value 0.974793>0.05)

Conclusion: The antibacterial effect of Naringenins against Streptocococcus mutans in this study makes it an
alternative agent in the management of dental caries.
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I. Introduction:

Human beings have been plagued by dental caries for centuries. Dental caries is a multifactorial disease
of bacterial origin,that is characterized by the localized destruction of dental hard tissues. Streptococcus mutans
plays a cardinal role in causation of dental caries[1] .They are strong acid producers and hence cause an acidic
environment concocting the risk for cavities. These bacteria are able to rapidly metabolize dietary sugars to acid,
creating a low pH locally.

Several anti-microbial agents, such as chlorhexidine[2], metal nanoparticles[3], quaternary ammonium
compounds[4] , and anti-microbial peptides[5] , have been developed to fight against dental caries. Various
natural products such as Propolis [6] and Chitosan[7] have also been shown to be effective against dental caries.
However, these are associated with various side effects. Chlorhexidine has been known to cause alteration in
taste, burning sensation, staining of teeth and restoration and rarely causes oral mucosal desquamation and
parotid swelling [8]. Quaternary ammonium compounds (QACs) may be a potential key driver in the emergence
of antimicrobial resistance [4]. They are generally referred to as ‘hard antibacterial agents’ because they are
poorly metabolised and are excreted primarily in a non-metabolised form [9].

The major disadvantage of metal nano particles, is that they do not link chemically to the matrix made
up of polymer and can leach out eventually along with other elutable materials, leading to health risks .The
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silver element can be ionized in the presence of water, tissue exudates or body fluids and can readily interact
with amino acid residues, proteins, especially those with thiol groups, free anions and receptors on mammalian
and eukaryotic cell membranes [10]. AMPs are sensitive to the physiological salt concentration or the ionic
strength, pH, and proteolytic activity in body fluids[11].

Thus novel biomaterials with lower costs and higher biocompatibility should be explored to fight
against Streptococcus mutans who is the major cariogenic bacteria[1].More naturally derived plant extracts have
recently gained great attention. Naringenins are predominant flavanones from citrus plants such as grapefruits,
oranges and tomatoes .They have been found to have a bioactive effect on human health and have been known
to exhibit many pharmacological properties such as anti-oxidant[12], anti dyslipedemic[13], anti-diabetic[14]
and anti-inflammatory[15] actions. They are also found to be effective against various pathogenic bacteria such
as Listeria monocytogenes, Escherichia coli and Staphylococcus aureus [16].The inhibitory effect of naringenin
on the growth of Streptococcus mutans has not been widely studied. Therefore, the aim of this study is to
evaluate the antibacterial effect of naringenins on streptococcus mutans at two different concentrations by using
growth curve.

1. Materials And Methods

S. mutans(MTCC NO :497) was purchased from Microbial Type Culture Collection and Gene Bank
(MTCC) CSIR,Chandigarh and was cultured for 24 h at 37 °C in Brain Heart Infusion (BHI) broth. Naringenin
(N5893) was purchased (Sigma-Aldrich) (Figure 1) and dissolved in dimethyl sulfoxide (DMSO) at a
concentration of 20 mg/mL.

The Minimum inhibitory concentration (MIC) was determined according to the instructions of a
standard susceptibility broth dilution technique (National Committee of Clinical Laboratory Standards 1993).
Briefly, a recovered culture of S. mutans was diluted into a 96-well plate using fresh BHI at 10* colony forming
units(CFU)/mL (Figure 2). In order to obtain the MIC of naringenin for potential clinical guidance, a series of
gradient concentration (3.1, 6.2, 12.5, 25, 50, 100, 200, 400, and 800 pg/mL) of naringenin solution were then
prepared. Bacterial suspension with BHI served as control. After anaerobic incubation at 37 °C for 24 h, a
suspension from each well was inoculated on BHI-agar plates.

MIC was defined as the lowest concentration of naringenin that totally inhibited visible bacterial
growth but did not completely kill the bacteria. MIC was determined in triplicate, and each concentration was
tested in three wells.

For carrying out the growth curve assay, bacterial culture was prepared as described above. Bacterial
suspension with BHI served as control, naringenin was added to make final concentrations of 160 and
320pg/mL.

Group 1 — 160 pg/mL of naringenin added to Bacterial suspension
Group 2 — 320 pg/mL of naringenin added to Bacterial suspension
Group 3(Control Group) — Bacterial suspension in BHI broth.

Then the cultures were incubated at 37 ° C for 24 hours. Absorbance value was read at 600nm every 4 hours
starting at 0 hour using Microplate Reader (Thermo Scientific Varioskan LUX) (Figure 3). Finally, Growth
Curve assay were performed in triplicate and each tested on 3 wells.

STATISTICAL ANALYSIS

The statistical analysis was performed using SPSS v 24.A confidence level of 95% was set. One way ANOVA
,followed by post hoc Tukey’s test was performed. A P-value of <0.05 was considered as statistically
significant.

I11. Results

The antibacterial effect of naringenin against Streptococcus mutans was assessed using broth dilution
method. Naringenin showed an inhibitory effect on the growth of Streptococcus mutans and the Minimum
inhibitory Concentration was determined to be between 160 and 320 pug/mL of naringenin (Figure 4). The S.
mutans growth curves showed that both 160 and 320pug/mL of naringenin could obviously inhibit growth of S.
mutans (Figure 5).

One way Anova followed by post hoc test showed that both Group 1 and Group 2 had a statistically
significant difference when compared with the Control Group. No statistically significant difference was found
between Group 1 and Group 2 (Table 1).
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IV. Discussion

In recent years, the anti-bacterial activities of plant extracts have gained great attention. Natural
grapefruit juice (Citrus paradisi) contains several flavonoid glycosides. Flavonoids are a group of pigments
contained in plants which are responsible for flower and fruit colouration. According to their molecular
structures, they are divided into six classes: flavones, flavanones, flavonols, isoflavones, anthocyanidins and
flavanols (or catechins). More than 60 types of flavonoids can be identified in Citrus fruits belonging to five
different classes. Citrus flavanones may be present in glycoside or aglycone forms. Naringin (4', 5, 7-
trihydroxyflavanone 7-rhamno-glucoside), the so-called 'bitter principal' of grapefruit, is the most abundant of
these compounds and is known to have a bioactive effect on human health. Naringenin and hesperetin are the
most important flavanones among the aglycone forms. Flavanones are frequently present in their diglycoside
form, which confers the typical taste to Citrus fruits.

Naringenins posses a skeleton structure of flavanone having three hydroxy groups attached to the 4', 5,
and 7 carbons. It may be found either in its aglycol form which is the naringenin, or in its glycosidic form that is
naringin, which has an additional disaccharide neohesperidose attached by means of a glycosidic linkage at
carbon 7.

Naringenin has been reported to have many pharmacological properties, including anti-dyslipidemic,
anti-obesity [17] and anti-diabetic and antifibrotic[18]. It is also found to be a free radical scavenger [19] and an
immune system modulator [20]. These low molecular weight substances have high pharmacological potency
and low cytotoxicity which make them viable alternatives to conventional therapeutic drugs. They have also
shown to possess antibacterial properties against Staphylococcus aureus, Listeria monocytogenes and
Escherichia coli. Tsuchiya et al. studied the antibacterial activity of phytochemical flavanones against 18
methicillin-resistant S. aureus strains and found that Naringenins had antimicrobial activity at concentrations
ranging between 0.75 and 1.5 mmol/L. In addition, aliphatic groups at the 6- or 8-position (A flavonoid ring)
enhanced the flavanone antibacterial activity [21].

Thus the antibacterial activity of naringenin against Streptococcus mutans which is the cariogenic
bacteria was assessed in this study. Naringenin showed a satisfactory anti-microbial effect and the MIC was
found to be between 160 and 320 g/mL . The S. mutans growth curves showed that both 160 and 320 pg/mL of
naringenin could obviously inhibit S. mutans growth. The results of this study are similar to those obtained in
study conducted by Yue J et al, in which naringenins inhibited Streptococuus mutans growth with MIC ranging
between 100 and 200 pg/mL[22].

Generally, antibacterial material exerts their effects by targeting the cytoplasmic membrane and
intracellular biomacromolecules such as enzymes and nucleic acids of susceptible bacteria. The interaction of
antimicrobial agents with DNA may affect cell function by interfering gene expression and protein synthesis,
thereby playing an important role in antibacterial action. On the other hand, because of the interfacial position
between the extra-cellular medium and the cytosol, cell membrane is often the primary or first target for
antibacterial substances.

Previous studies have shown that the antibacterial activity of naringenin may be due to bacterial
cytoplasmic membrane damage [23]. Wang et al investigated the antimicrobial mechanism of naringenin,
against food borne Staphylococcus aureus American Type Culture Collection (ATCC) 6538. Gas
chromatography—mass spectrometry (GC—MS) and fluorescence analysis showed that relatively low
concentrations of naringenin cause changes in membrane fatty acid composition and conformation of membrane
proteins.Exposure to naringenin at higher levels increased the membrane permeability significantly and even
evokes the leakage of intracellular substances with a loss of membrane integrity and significant cell
morphological changes of S. aureus cells [23].

Mandalari et al compared antimicrobial activity of Naringenin, hesperetin and eriodictyol and their
Naringin, neohesperidin and neoeriocitrin di-glycosides against Listeria innocua and S. aureus FI10139, among
the other strains. Their results suggest that if there exists a difference between aglycones and di-glycosides,
aglycones would be more active [24]. Han and You found that the aglycone Naringenin was more effective than
Naringin at inhibiting Gram positive bacteria. This would indicate that the attachment of hydrophilic
substituents to the 7-O-aglycone would diminish the interaction between the aglycone and the target strain [25].
This is almost certainly true because of the lack of affinity for the phospholipid bi-layer or specific receptors on
the cell membrane to initiate cell damage.

Additional evidence has shown that naringenin might target directly to nucleic acids and change the
functions of DNA [23]. In the study conducted by Wang et al, along with Multivariate Curve Resolution-
Alternating Least (MCR—-ALS) analysis, the genomic DNA-binding of naringenin was also quantitatively
monitored using Uv-vis spectra and the concentration and pure spectra profiles for the three reaction species
(DNA, naringenin and DNA-naringenin) were obtained. In addition, thermal behavior of DNA and docking
studies were also performed which discovered that naringenin preferentially bound to the A—T base pairs region
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of genomic DNA via groove mode. Mild secondary structural and obvious morphological variations of this
biomacromolecule were induced by naringenin as shown by atomic force microscopy and circular dichroism
studies. According to these results, it may be suggested that naringenin exerts its antibacterial effects through
disruption of cytoplasmic membrane and its DNA targeting effects against Staphylococcus aureus[23].

V. Conclusion

The antibacterial effect of Naringenins against Streptocococcus mutans in this study makes it an alternative
agent in the management of dental caries. Further studies are however required for future use in clinical

application.

References

[1]. Marsh, P.D. Are dental diseases examples of ecological catastrophes? Microbiology-Sgm. 2003, 149, 279-294.

[2]. Pitten, F.A., and Kramer, A. (1999). Antimicrobial efficacy of antiseptic mouthrinse solutions. Eur. J. Clin. Pharmacol. 55, 95-100.

[3]. Besinis A, De Peralta T, Handy RD. The antibacterial effects of silver, titanium dioxide and silica dioxide nanoparticles compared
to the dental disinfectant chlorhexidine on Streptococcus mutans using a suite of bioassays. Nanotoxicology 2014; 8: 1-16

[4]. Buffet-Bataillon S, Tattevin P, Bonnaure-Mallet M, Jolivet-Gougeon A. Emergence of resistance to antibacterial agents: the role of
quaternary ammonium compounds--a critical review. Int J Antimicrob Agents 2012; 39: 381-389.

[5] Mai J ,Tian XL , Gallant JW, Merkley N, Biswas Z, Syvitski R,et al. A novel target-specific, salt-resistant antimicrobial peptide
against the cariogenic pathogen Streptococcus mutans. Antimicrob Agents Chemother 2011; 55: 5205-5213.

[6]. Park YK, Koo MH, Abreu JAS, Ikegaki M, Cury JA, Rosalen PL. Antimicrobial activity of propolis on oral microorganisms.Curr
Microbiol. 1998; 36(1):24-8.

[7]. Bae K, Jun EJ, Lee SM, Paik DI, Kim JB. Effect of water-soluble reduced chitosan on Streptococcus mutans, plague regrowth and
biofilm vitality. Clin Oral Investig 2006; 10:102-107.

[8]. Arweiler, N.B., Auschill, T.M., Reich, E., and Netuschil, L. (2002). Substantivity of toothpaste slurries and their effects on
reestablishment of the dental biofilm. J. Clin. Periodontol. 29, 615-621.

[9]. Thorsteinsson T, Loftsson T, Masson M. Soft antibacterial agents. Curr Med Chem 2003;10:1129-36.

[10]. Lansdown AB. Silver. 2: Toxicity in mammals and how its products aid wound repair. J Wound Care 2002;11:173- 7

[11]. Lee, I. H., Y. Cho, and R. I. Lehrer. 1997. Effects of pH and salinity on the antimicrobial properties of clavanins. Infect. Immun.
65:2898-2903.

[12].  Vikram A, Jayaprakasha GK, Jesudhasan PR, Pillai SD, Patil BS. Suppression of bacterial cell-cell signalling, biofilm formation
and type |11 secretion system by citrus flavonoids. J Appl Microbiol 2010; 109: 515-527.

[13].  Jung UJ, Kim HJ, Lee JS, Lee MK, Kim HO, Park EJ, Kim HK, Jeong TS, Choi MS. Naringin supplementation lowers plasma
lipids and enhances erythrocyte antioxidant enzyme activities in hypercholesterolemic subjects. Clin Nutr 2003 ;22(6):561-8.

[14].  Al-Rejaie SS, Aleisa AM, Abuohashish HM, Parmar MY, Ola MS, Al-Hosaini AA, Ahmed MM. Naringenin neutralises oxidative
stress and nerve growth factor discrepancy in experimental diabetic neuropathy. Neurol Res 2015 ;37(10):924-33.

[15]. Pinho-Ribeiro FA, Zarpelon AC, Fattori V, Manchope MF, Mizokami SS, Casagrande R, Verri Jr WA. Naringenin reduces
inflammatory pain in mice. Neuropharmacology 2016;105:508-19.

[16]. Celiz G, Daz M, Audisio MC. Antibacterial activity of naringin derivatives against pathogenic strains. J Appl Microbiol 2011; 111:
731-738.

[17]. Ke JY, Cole RM, Hamad EM, Hsiao YH, Cotten BM, Powell KA, Belury MA. Citrus flavonoid, naringenin, increases locomotor
activity and reduces diacylglycerol accumulation in skeletal muscle of obese ovariectomized mice. Mol Nutr Food Res;60(2):313-
24,

[18].  Tsai SJ, Huang CS, Mong MC, Kam WY, Huang HY, Yin MC. Anti-inflammatory and antifibrotic effects of naringenin in diabetic
mice. J Agric Food Chem 2011 ;60(1):514-21.

[19]. Rashmi R, Magesh SB, Ramkumar KM, Suryanarayanan S, SubbaRao MV. Antioxidant Potential of Naringenin Helps to Protect
Liver Tissue from Streptozotocin-Induced Damage. Rep Biochem Mol Biol ;7(1):76.

[20]. Du G, Jin L, Han X, Song Z, Zhang H, Liang W. Naringenin: a potential immunomodulator for inhibiting lung fibrosis and
metastasis. Cancer Res ;69(7):3205-12.

[21].  Tsuchiya H, Sato M, Miyazaki T, Fujiwara S, Tanigaki S, Ohyama M, Tanaka T, linuma M. Comparative study on the antibacterial
activity of phytochemical flavanones against methicillin-resistant Staphylococcus aureus. J Ethnopharmacol 1996 ;50(1):27-34.

[22].  Yuel, Yang H, Liu S, Song F, Guo J, Huang C. Influence of naringenin on the biofilm formation of Streptococcus mutans. J Dent
2018;76:24-31.

[23]. Wang LH, Wang MS, Zeng XA, Xu XM, Brennan CS. Membrane and genomic DNA dual-targeting of citrus flavonoid naringenin
against Staphylococcus aureus. Integr Biol(Camb). 2017 Sep 1;9(10):820-9.

[24]. Mandalari G, Bennett RN, Bisignano G, Trombetta D, Saija A, Faulds CB, Gasson MJ, Narbad A. Antimicrobial activity of
flavonoids extracted from bergamot (Citrus bergamia Risso) peel, a byproduct of the essential oil industry. J Appl Microbiol. 2007
Dec;103(6):2056-64.

[25]. Han SS, You W. Studies on antimicrobial activities and safety of natural naringin in Korea. The Korean Journal of Mycology.

1988;16(1):33-40.

ABBREVIATIONS

Minimum inhibitory concentration -MIC

Streptococcus mutans — S.mutans

Microbial Type Culture Collection and Gene Bank - MTCC
Brain Heart Infusion - BHI

Dimethyl sulfoxide - DMSO

Colony forming units — CFU

Quaternary ammonium compounds - QACs

American Type Culture Collection - ATCC
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Gas chromatography—mass spectrometry - GC—MS

Table 1: Post Hoc Tukey’s Test

(1) Group Mean Difference (1-J) | Std. Error Sig.
320pg/ml

GROUP 1 ng/ 0.023429 0.10879 0.974793
Control -0.49171 0.10879 0.000738
160pg/ml N

GROUP 2 0.02343 0.10879 0.974793
Control -0.51514 0.10879 0.000462
160pg/ml

GROUP 3 0.491714 0.10879 0.000738
320pg/ml 0515143 0.10879 0.000462

*The mean difference is significant at the 0.05 level.

Figure legends:

Figure 1: Naringenin (N5893) purchased from Sigma-Aldrich)

Figure 2: Broth Microdilution Method.

Figure 3: Absorbance value read at 600nm using Microplate Reader (Thermo Scientific Varioskan LUX)
Figure 4: Minimum Inhibitory concentration of Naringenin

Figure 5: S. mutans growth curves of the control and naringenin (160 and 320 pg/mL) groups.
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Figure 1: Naringenin (N5893) purchased from Sigma-Aldrich)
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Figure 2: Broth Microdilution Method.

Figure 3: Absorbance value read at 600nm using Microplate Reader (Thermo Scientific Varioskan LUX)
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Figure 5: S. mutans growth curves of the control and naringenin (160 and 320 pg/mL) groups.
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