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Abstract  
The current research focuses on the biological 

potential of quercetin-rich fraction from Psidium 

guajava (QRF PG) leaf extract, emphasizing its role 

decreasing oxidative stress. Our study evaluated the 

antioxidant potential of an ethanolic extract derived 

from the leaves of Psidium guajava on a specific KB 

cell line. Cell viability was initially evaluated by 

directly observing the cells via phase contrast 

microscope. Following which a dose optimization of 

QRF PG on KB cell lines was analysed by MTT assay. 

Our study reported nearly 70% cell viability at 25 μg 

QRF PG. Cytoprotective activity of QRFPG on H2O2 

induced oxidative stress was analysed by MTT assay. 

The oxidative state of the physiologic system in vitro 

was analysed by lipid peroxidation with a value of the 

satisfying reduction in the level of lipid peroxidation to 

0.429 μg/MDA units, an increase in catalase level in 

cells treated with QRFPG as 0.5254 enzyme units, 

elevation in glutathione reductase to 0.5922 enzyme 

units and superoxide dismutase at 1.09 enzyme units.  

 

Our study noted a steady reduction in fluorescence 

intensity in oral KB cells treated with QRFPG with a 

value of 17526.10 +/- 2586.9 AU indicating the ability 

of QRFPG in scavenging reactive oxygen species.  The 

impact of QRF on the face of the Nrf2 gene was 

determined in KB cells subjected to oxidative stress by 

free radicals. The immune modulatory potential of 

quercetin was checked by evaluating the inflammatory 

mediators like cyclooxygenase 2, tumor necrosis 

factor-alpha and interleukins 6. The antimicrobial 

activity of the plant extract against the oral pathogens 

Streptococcus mutans and Enterococcus faecalis was 

done using the agar diffusion method.  The present 

study highlights the role of QRFPG as an antioxidant, 

anti-inflammatory and antibacterial bioactive 

compound.  
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Introduction 
Quercetin is a plant flavonoid present in many of the tropical 

plants. Recent studies proved the efficacy of quercetin as an 

antibacterial52,  anti-inflammatory72, anti-oxidant88, anti-

cancer10, anti-biofilm agent94 and antidiabetic29. Due to these 

properties, quercetin gained global attention to be exploited 

as a nutraceutical and was used in line with modern 

treatment strategies. Recently, quercetin gained GRAS 

(Generally Recognized as Safe) status38. Due to its ability to 

disrupt biofilm formation and to minimize the extent of 

bacterial aggregation and biofilm formation, it can be 

exploited as a medical adjuvant in treating oro dental 

infections65,100. The flavonoid antioxidant quercetin’s ability 

to scavenge reactive oxygen species23 is of greater 

significance in controlling periodontal disease94.  

 

Interestingly, the findings of a recent study demonstrated 

quercetin’s ability to inhibit the release of inflammatory 

mediators, particularly cytokines, in gingival fibroblasts in 

an in vitro setting. This effect is reported to help reduce 

alveolar bone resorption63. Quercetin’s molecular structure 

contains a keto carbonyl group, a dihydroxy group between 

the A ring, o-dihydroxy group B, C ring C2, C3 double bond 

and 4-carbonyl as the active groups6,8,96. The bioactive 

potential of quercetin is mainly due to the functional 

phenolic hydroxyl groups and double bonds60. Figure 1 

depicts the structure of quercetin. The antioxidant 

mechanism of quercetin77 is by regulating the enzyme GSH 

level, downregulating the MDA level and upregulating the 

activity of enzyme superoxide dismutase (SOD)97.  

 

Quercetin promotes interferon gamma cell expression and 

downregulates Interleukin -6 positive cell expression, hence 

its role is observed in the anti-inflammatory mechanism. 

This modulation of cytokine expression is one of the 

mechanisms by which quercetin is believed to exert anti-

inflammatory effects21,48.  

 

By shifting the balance of cytokines towards a more pro-

inflammatory (IFN-γ) response and away from a potentially 

allergy-promoting (IL-4) response, quercetin can contribute 

to an overall anti-inflammatory effect13. The anticancer 

potential of quercetin owes its ability to induce extrinsic and 

intrinsic apoptosis pathways93. It may help to lower the 

severity of hypertension and may act as an antihypertensive 

compound95. 

 

 
Fig. 1: Structure of Quercetin 
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Periodontitis is a dental burden affecting the global 

population43.  It is a chronic inflammatory disease that has 

the potential to damage irreversibly the supporting tissues of 

the tooth like the periodontal ligament, cementum and 

alveolar bone, resulting in eventual tooth loss53. On exposure 

to bacteria, neutrophils and other immune cells release ROS, 

especially H2O2 and superoxide dismutase31. As the 

periodontal disease progresses, the ROS level in the tissues 

increases, resulting in higher lipid peroxidation levels. The 

elevated level of ROS in gingival crevicular fluid indicates 

progressing periodontitis25. The ROS triggers the NF-κB 

signaling pathway, resulting in the upregulation of the 

expression of inflammatory mediators55. This sequence of 

events leads to the activation and differentiation of 

osteoclasts, eventually progressing to alveolar bone loss and 

periodontal diseases12,41,45.  

 

The nuclear factor kappa B (NFkβ), a transcription factor, 

modulates cellular genes by regulating the inflammatory 

response92. Quercetin may suppress the production of 

inflammatory cytokines in LPS-induced inflammation in 

human gingival fibroblast cells. This suppression is 

achieved, in part, by upregulating Toll-like receptor 4 

(TLR4) and peroxisome proliferator-activated receptor 

gamma (PPAR-γ)26,78. 

 

The link between chronic inflammation and cancer is a 

complex and multifaceted process involving various 

molecular and cellular mechanisms73. Khandia and Munjal47 

in their recent investigation, showed that chronic 

inflammation creates a microenvironment that can 

contribute to the initiation, promotion and progression of 

cancer. One of the key players in this connection is the 

upregulation of inflammatory mediators including cytokines 

and enzymes. Cyclooxygenase-2 (COX-2) is an enzyme that 

converts arachidonic acid into prostaglandins during the 

inflammatory response. Pro-inflammatory cytokines induce 

the expression of COX-2 at the site of inflammation64. COX-

2 has been linked to inhibiting apoptosis (programmed cell 

death), allowing cancer cells to evade the standard 

regulatory mechanisms that control cell survival and 

death103.  

 

Interleukin-6 (IL-6) is a vital member of the pro-

inflammatory cytokine family and plays a multifaceted role 

in the immune system and various physiological processes. 

IL-6 is produced by multiple cells including immune cells 

such as macrophages and T cells, as well as non-immune 

cells like fibroblasts and endothelial cells89. Several studies 

pointed to the inevitable role of IL-6 as a major inducer of 

the acute phase response, a series of systemic changes that 

occur in response to inflammation or infection.  

 

An exciting study by Jones and Jenkins44 proposed that IL 6 

stimulates the liver to produce acute-phase proteins such as 
C-reactive protein (CRP), fibrinogen and serum amyloid A, 

which are involved in the inflammatory process. IL-6 can act 

as a pro-inflammatory and anti-inflammatory cytokine 

depending on the context and the presence of other signaling 

molecules. 

 

TNF alpha is yet another inflammatory mediator that has a 

crucial role in regulating and altering the immune 

homeostasis of the system. TNF alpha is a multifunctional 

cytokine initially identified for its ability to induce tumor 

necrosis, hence its name. TNF-α binds to two cell surface 

receptors, TNF receptor 1 (TNFR1) and TNF receptor 2 

(TNFR2)51. Upon binding, these receptors initiate signal 

transduction pathways within the cells. Inappropriate or 

excessive activation of TNF-α signaling is associated with 

chronic inflammation98. Understanding the TNF-α signaling 

mechanism has led to the development of therapeutic tools, 

including TNF-α inhibitors. These inhibitors treat 

autoimmune diseases to dampen the excessive immune 

response and alleviate symptoms39.  

 

Common examples of TNF-α inhibitors include drugs like 

infliximab, adalimumab and etanercept [68]. TNF-α inhibitors 

have effectively managed symptoms and improved the 

quality of life for individuals with autoimmune diseases. 

Despite all the suggested advantages, several studies pointed 

out the side effects of TNF alpha inhibitors including 

headaches, rashes, anemia etc. and worsening of 

cardiovascular diseases62. Cases of TB in patients with 

autoimmune disorders being cause of worry in using these 

therapeutics40. The present study emphasizes the potential of 

developing plant-based phytochemicals as therapeutics for 

diseases involving inflammatory mediators, aiming to 

improve the overall well-being of patients with these 

conditions while minimizing side effects. This approach 

aligns with the growing interest in natural compounds and 

their potential health benefits.  

 

The study explicitly addresses diseases involving 

inflammatory mediators and free radicals like periodontal 

diseases, suggesting that targeting these pathways with 

plant-based compounds may offer a viable therapeutic 

approach. Inflammation is a critical component of various 

chronic diseases including autoimmune disorders. 

Modulating inflammatory responses can be crucial for 

disease management. 

 

The bioactive pharmaceutical potential of quercetin as an 

anti-bacterial, anti-inflammatory, immune-modulatory, 

antioxidant1 and wound healing34 in managing periodontal 

disease is gaining global interest among researchers. The 

bacterial invasion progresses through the destructive 

interaction of inflammatory response and oxidative stress, 

culminating in tissue injury and bone loss20,75,90. The ability 

of quercetin to induce the synthesis of reduced glutathione 

(GSH) minimizes the risk of oxidative stress. The enzyme 

superoxide dismutase rapidly captures oxygen-free radicals 

produced in the body and converts them into hydrogen 
peroxide H2O2. H2O2 is then decomposed into nontoxic H2O, 

requiring the presence of GSH as a hydrogen donor57,69.  
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Quercetin controls reactive oxygen species by increasing 

total GSH levels 5599. The main aim of our present study was 

to analyze the extent of the potential of quercetin to attenuate 

oxidative stress injury in oral periodontal tissue. This is 

achieved by enhancing free radical scavenging and 

regulating various enzymes and inflammatory mediators to 

alleviate periodontal tissue destruction and promote the 

regeneration and rejuvenation of cells and tissues.  

 

Material and Methods 
Extraction of Psidium guajava leaves: The present study 

was conducted on the Psidium guajava tree leaf extract. The 

species identification of the plant was done by the Botany 

Department of Kerala University, Kariavattom, Trivandrum, 

India. The collected leaves were thoroughly washed and 

shade-dried before processing. The leaves were dried in the 

open air, protecting the area from direct exposure to sunlight. 

Further processing and extraction were done at the Centre 

for Research and Molecular Applied Sciences, Trivandrum, 

Kerala. The shade-dried Psidium guajava leaves were made 

into powder before extraction. Ethanolic extract was 

prepared using the cold percolation method70. 100-gram 

dried plant leaves powder was suspended in 250 ml of 80% 

ethanol each time for the study.  

 

The suspension was kept overnight in a rotary shaker, 

maintaining aseptic conditions. The suspended plant leaf 

extract was then filtered using Whatmann filter paper no.1. 

Prepared crude extract was used for the preliminary 

screening and analysis. The solvent extract from the  

Psidium guajava leaves was partially purified by column 

chromatography5. After complete fractionation, the 

compound was isolated, purified and characterized using 

analytical chromatographic techniques. The purified and 

indicated quercetin-rich fractions were further used to study 

the compound's bioactive potential. 

 

Dose Optimization of Quercetin Rich Fraction in KB Cell 
Lines: The study used the human mouth epidermal cell line, 

KB cells. KB cell lines were used since the present study 

concerns in vitro experimental periodontitis. KB cell lines 

were purchased from the NCCS, Pune, India and kept under 

controlled conditions in Dulbecco's modified 

eagle medium30. An antibiotic solution containing penicillin 

(100U/ml), streptomycin (100µg/ml) and amphotericin B 

(2.5µg/ml) was added to the cell culture. The cell culture was 

suspended in 10% growth medium and 100µl cell 

suspension (5x104 cells/well) was seeded in 96 well tissue 

culture plates and incubated at 37ºC in a humidified 5% CO2 

incubator. A cyclomixer dissolved 1mg of quercetin-rich 

fraction in 1mL 0.1% DMSO. The quercetin solution was 

filtered through a 0.22 µm Millipore syringe filter to ensure 

sterility.  

 

The growth medium was removed after 24 hours and 

quercetin-rich fractions in varying concentrations (100µg, 

50µg, 25µg, 12.5µg and 6.25µg in 500µl of DMEM) at 

100µl each were added in triplicate to respective wells. Non-

treated cells were maintained as control. Both treated and 

non-treated cells were incubated at 37ºC in a humidified 5% 

CO2 incubator. Cell viability was evaluated by directly 

observing the cells using an inverted phase contrast 

microscope followed by the MTT assay method49. The 

percentage of viability was calculated. 

 

Cytotoxicity evaluation by inverted phase contrast tissue 
culture microscope: After 24 hours of incubation, the 

treated and non-treated cells were observed under an 

inverted phase contrast tissue culture microscope (Olympus 

CKX41 with Optika Pro5 CCD camera). The result of direct 

observation was recorded as images. Any detectable changes 

in the morphology of the cells, such as rounding or shrinking 

of cells, granulation and vacuolization in the cytoplasm of 

the cells, were considered indicators of cytotoxicity.   

 

Cytotoxicity Assay by MTT Method: 15 mg of MTT 

(Sigma, M-5655) was reconstituted and dissolved in 3 ml 

PBS and filter sterilized. Cells were incubated for 24 

hours, followed by removing the sample content from the 

wells. 30 µl of the reconstituted MTT solution was added to 

each well including control. The cell culture plate was 

incubated at 37°C for 4 hours in a humidified 5% CO2 

incubator. After incubation, the supernatant was removed 

and 100 µl of DMSO (Sigma Aldrich, USA) was added to 

each well to solubilize the formazan crystals formed by 

viable cells. Absorbance values were measured at 540 nm 

using a microplate reader[86]. The percentage of growth 

inhibition was calculated using the formula 1: 

 

                       Mean OD Samples x   100 

% of viability = ------------------------                                   (1) 

                   Mean OD of the control group 

 

Non-toxic concentrations were selected for further 

biological studies based on cytotoxicity analysis. Dose 

optimization of quercetin-rich fractions in KB cell lines was 

done based on MTT assay. 

 

Quercetin-Rich Fractions protecting KB Cells against 

H2O2-Induced Oxidative Injury: The study used the 

human mouth epidermal cell line, KB cells. KB cells were 

cultured and maintained aseptically using the standard 

protocol. Serially diluted 100µl plant extract (QRFPG) in 

concentrations 100µg, 50µg, 25µg, 12.5µg and 6.25µg in 

500µl of 5% DMEM and 20mM H2O2 was co-administered 

to cell culture and incubated at 37ºC in a humidified 5% CO2 

incubator. Entire culture plates were observed and changes 

were noted every 24 to 72 hours in an inverted phase contrast 

tissue culture microscope  (Olympus CKX41 with Optika 

Pro5 CCD camera)84.       

 

The cytoprotective activity of QRF PG against the KB cell 

line induced with H2O2 was determined by MTT assay. The 
QRF PG extract was dissolved in dimethyl sulfoxide 

(DMSO) and diluted appropriately using a DMEM medium.  

The cells were washed with 1X PBS and 30 µl MTT 
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(5mg/ml dissolved in PBS) solution and incubated at 37ºC 

for 3 hours.  Unreacted MTT was removed by washing with 

1XPBS and solubilized by adding 200 µl of DMSO and 

incubated for 30 minutes at room temperature until the cells 

were lysed and color obtained. H2O2 induced cells without 

QRFPG were used as controls.  Absorbance was measured 

in a microplate reader at 540 nm. The viability percentage 

was calculated54,86.  

                      

Effect of Quercetin-Rich Fraction on Antioxidant 

Enzymes and Markers in H2O2-Induced Toxicity - 

Preparation of cell lysate: KB Cells were treated with 

QRFPG and then induced with H2O2, followed by trypsin-

EDTA solution. After treatment with Trypsin-EDTA, the 

cells were detached and collected into Eppendorf tubes. The 

cells were then centrifuged at 5000 rpm for 5 minutes. The 

pellet formed after centrifugation was suspended in 200µL 

of lysis buffer (0.1M Tris, 0.2M EDTA, 2M NaCl, 0.5% 

Triton) which was then incubated at 40C for 20 minutes[16]. 

The prepared cell lysate was used for experiments relevant 

to the study. 

 

Assessment of Lipid Peroxidation Level: Initiation of lipid 

peroxidation (LPO) is one of the prompting mechanisms of 

oxidative stress damage, culminating in altered cell 

metabolism and resultant changes. The body's antioxidant 

defense mechanism is designed to neutralize the effect of 

accumulating LPO and intracellular free radicals19.  500 µl 

of 70% alcohol and 1 ml of 1% TBA were added to 50µlof 

cell lysate and kept in a boiling water bath for 20 minutes, 

followed by adding 50 µl of acetone to all the test tubes at 

room temperature. The results were read 

spectrophotometrically at 535 nm36. 

 
The activity of the Catalase Enzyme: This enzymatic assay 

measures catalase's enzyme activity, catalyzing the 

decomposition of hydrogen peroxide (H2O2). This assay 

determines the rate at which the enzyme decomposes 

hydrogen peroxide and the action is expressed as moles of 

hydrogen peroxide decomposed per minute (usually defined 

as units per minute, U/min)67. To 0.5 mL of the cell lysate 

pretreated with QRFPG, 1.2 mL of 0.01 M phosphate buffer 

(pH 7.0) was added. The enzyme reaction, initiated by 

adding 1.0 mL of a 0.2 mM hydrogen peroxide solution that 

serves as the enzyme substrate, will be decomposed during 

the response. A spectrophotometer measures the decrease in 

absorbance at 240 nm. The decline in absorbance indicates 

the consumption of hydrogen peroxide during the enzymatic 

reaction which is estimated at regular intervals of 30 seconds 

up to 3 minutes.  The enzyme activity is calculated based on 

the hydrogen peroxide decomposition rate and expressed as 

moles of hydrogen peroxide decomposed per minute. The 

decrease in absorbance at 240 nm is a direct measure of 

hydrogen peroxide consumption, reflecting the enzyme's 

activity in the cell lysate66. 

 

Estimation of Glutathione: Glutathione is an essential 

cellular antioxidant that helps to protect cells from oxidative 

stress. In this protocol, the levels of GSH were determined 

by a chemical reaction that led to the formation of a colored 

product and the absorbance of the product was measured at 

420 nm4. Accumulation of oxidized glutathione is an 

indication of the presence of ROS and associated oxidative 

injury35. In healthy active cells, glutathione is seen in the 

reduced form. A steady reduction in the level of GSH 

provides a relevant and accurate measure of the oxidative 

state of the cell87.  0.5mL phosphate buffer (0.2M pH 8), 

1.3mL distilled water and 0.2mL of DTNB (0.6mM) were 

added to 1 ml cell lysate and mixed well.  The results were 

read spectrophotometrically at 420nm. The GSH levels were 

compared with a standard reduced glutathione graph.       

 

Estimation of Superoxide Dismutase: (SOD) is a critical 

enzyme in the body's antioxidant defense system. Its primary 

function is to catalyze the dismutation (conversion) of the 

superoxide radical (O2
•−) into oxygen (O2) and hydrogen 

peroxide (H2O2)102. This reaction is vital to the body's 

defense against oxidative stress. 50µl of cell lysate was 

added to the reaction mixture containing 0.1M NBT, 5.3mM 

riboflavin, 84µM potassium ferric cyanide and 45µM 

methionine in 50mM phosphate buffer. Following 20 

minutes of incubation, the absorbance was read 

spectrophotometrically at 600nm28. The formula 2 

calculated the percentage of inhibition: 

 

Percentage of Inhibition = ((Control-Test)/Control) X 100 

                Enzyme Units = Percentage Inhibition/ 50         (2) 

 

Evaluation of ROS Scavenging Potential of Quercetin 
Rich Fraction by DCFDA Method: 2’,7’ –

dichlorofluorescein diacetate (DCFDA) assay is valuable for 

assessing intracellular ROS levels and oxidative stress85. It 

provides a means to visualize and quantify the presence of 

ROS in cultured cells, making it an essential technique in 

cellular and molecular biology research. Cultured cells are 

washed with PBS to remove any culture medium or 

extraneous compounds. After washing, the cells are treated 

with 50 µL of DCFDA. The cells are then incubated for 30 

minutes. After the incubation, the excess DCFDA and any 

unreacted dye are removed by washing the cells with PBS. 

Fluorescence imaging uses a fluorescent microscope 

(Olympus CKX41 with Optika pro5 CCD camera). The 

fluorimeter excites the sample at 470 nm and measures the 

emitted fluorescence at 635 nm. This measurement indicates 

the level of ROS within the cells95. 

 

Effect of QRFPG in NRF2 Signalling Pathway: NRF2 is 

a transcription factor crucial in regulating the expression of 

various antioxidant and detoxification genes. It is involved 

in the cellular defense against oxidative stress. The effect of 

QRF on the face of the Nrf2 gene was determined in KB cells 

subjected to oxidative stress by free radicals. qPCR was 

performed. Real-time qRT-PCR analysis was carried out 
using SYBR Green Master Mix (G BIOSCIENCES, Product 

code-786-5062) using Lightcycler 96 (Roche).  Overall, 

qRT-PCR analysis measured gene expression levels in 
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response to oxidative stress93. The ΔΔCt method was used to 

compare the expression of target genes with a control or 

reference sample. It quantifies the relative change in gene 

expression which can provide insights into how the 

expression of specific genes is affected by various 

experimental conditions such as exposure to H2O2 in KB 

cells in vitro.  

 

Immune modulatory potential of QRFPG by Indirect 

ELISA: The cell line RAW 264.7(macrophage) was 

purchased from the National Centre for Cell Sciences 

(NCCS), Pune, India and was maintained in Dulbecco’s 

modified Eagles medium from Sigma Aldrich, USA. The 

cell culture with DMEM was supplemented with growth 

factors including 10% FBS, L-glutamine and antibiotic 

solution and maintained at 37ºC in a humidified 5% CO2 

incubator (NBS Eppendorf, Germany).A study conducted by 

Sul and Ra85 stated that quercetin can significantly reduce 

the production of TNF-α, IL-1β and IL-6 cytokines released 

by macrophages stimulated with LPS.  LPS is the cell wall 

component present in most Gram-negative bacteria. 

Cultured cell lines were induced with 1 µg/ml 

lipopolysaccharide (LPS) and incubated for 1 hour.  

 

QRF (64.074835µg/mL) from 1mg/ml stock was added to 

LPS-induced cell lines and incubated for 24 hours at 37ºC in 

a humidified 5% CO2 incubator. Non-LPS-treated cells were 

maintained as control. After incubation, 100μL of the 

supernatant was added to 96 well plates and incubated 

overnight. 100μl of primary antibodies Cyclooxygenase 2 

(COX 2), Interlukin 6 (IL 6), Tumor Necrosis Factor (TNF) 

were added at room temperature and washed twice. 100µL 

of secondary antibody (HRP Conjugate, Santa Cruz, USA) 

was added and incubated for 1 hour at room temperature and 

washed twice.  

 

200µL of dianizdine hydrochloride (1mg/100ml methanol + 

21ml citrate buffer pH 5 + 60ml H2O2: Sigma Aldrich, USA) 

was added to the solution and incubated for 30 minutes at 

room temperature.  5N HCl (50μl) was added to stop the 

reaction. OD was read at 415 nm in an Elisa reader. The 

concentration of protein was also estimated. The following 

formula calculated the activity of the antibody (formula 3): 

 

Activity of Antibody = OD Value / Protein Concentration (3) 

 

Antibacterial effect by agar well diffusion method: 
Muller Hinton Agar Medium (HImedia) was purchased and 

prepared under standard conditions in an aseptic 

environment. The autoclaved medium was mixed well and 

poured onto 100mm Petri plates while still molten. One litre 

of commercially purchased nutrient broth was prepared 

sterilely and autoclaved for culturing the test organisms. 

Streptococcus mutans (MTCC 890) and Enterococcus 

faecalis (ATCC 29212) were test organisms. The growth of 
culture organisms was adjusted according to the McFarland 

standard, which is 0.5%.  The standard antibacterial agent, 

streptomycin, was used as the positive control at 10mg/ml 

concentration. Petri plates containing 20ml Muller Hinton 

agar medium were seeded with the bacterial cultures of 

Streptococcus mutants and Enterococcus faecalis.  

 

Using a good cutter, wells of approximately 10mm were 

bored and different concentrations of quercetin-rich 

fractions such as 250μg, 500μg and 1000μg were added, 

followed by incubation at 37°C for 24 hours. The 

antibacterial activity was assayed by measuring the diameter 

of the inhibition zone formed around the well (NCCLS, 

1993). The diameter of the zone of inhibition was measured 

in millimeters. 

 

Results and Discussion 
Prolonged oxidative stress results in tissue injury and 

progress towards periodontitis and similar oral 

manifestations. Reactive oxygen species affect the oral 

mucosa and lead to inflammation and aggressive infection. 

Orodental infection and inflammation are always linked with 

oxidative stress. In the present study, we focus on the 

biological properties of QRF PG with emphasis on the role 

of QRF PG to decrease oxidative stress. Phytochemical-

based plant products are an alternative treatment in 

managing oxidative stress-related oral diseases. This 

property of plant extracts is attributed to their natural anti-

oxidant and anti-inflammatory properties. Oxidative stress is 

mainly due to the imbalance between ROS and the body's 

antioxidant defense mechanisms. Our study focused on 

evaluating the antioxidant potential of an ethanolic extract 

derived from the leaves of Psidium guajava on a specific 

human cell line known as KB. This study employs an in vitro 

assay. 

 

In the present study, we analyzed the extent of oxidative 

stress injury by inducing H2O2 to KB cell lines which were 

then treated with QRF PG.  The oxidative state of the 

physiologic system in vitro was analysed by lipid 

peroxidation, glutathione reductase, superoxide dismutase 

and catalase37.  The effect of QRF on the face of the Nrf2 

gene was determined in KB cells subjected to oxidative 

stress by free radicals.  

 

Dose Optimization of Quercetin Rich Fraction in KB Cell 
Lines: Cell viability was initially evaluated by directly 

observing the cells using an inverted phase contrast 

microscope. The purpose of this observation was to assess 

noticeable changes in the morphology of the cells which can 

be considered as indicators of cytotoxicity. 

 

This includes rounding or shrinking of cells, blebbing, which 

refers to the formation of bulges or blisters on the cell 

surface, granulation within the cytoplasm of the cells and 

vacuolization which involves the construction of vacuoles 

within the cell cytoplasm24,58. After the initial observation, 

an MTT assay was performed to analyze the dose 

optimization of the quercetin-rich fraction on the KB cell 

line.   
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The present study reported a percentage of cell viability of 

nearly 70% at a concentration of 25 µg QRFPG. This can be 

considered the optimum or minimum concentration effective 

in minimizing oxidative injury. We checked the cell viability 

in a varied concentration from 6.25 µg to 100 µg. Of all the 

concentrations, 25 µg showed the optimum activity with 

maximum cell viability. LC50 Value of quercetin was 

70.365062 µg/ml calculated using ED50 PLUS V1.0 

software. The studies have confirmed that quercetin's 

antioxidant potential is due to a phenolic group and a double 

bond82. This result is in agreement with the study of Bao et 

al9. Their analysis showed that at the concentration of 25 µg, 

quercetin increased cell viability to 70.12 ± 2.58 %. This 

substantiates data proving quercetin's non-toxic potential in 

minimizing stress injury.   

 

Among the flavonoids, quercetin is identified as the most 

potent anti-oxidant. Due to its antioxidant and prooxidant 

properties, quercetin balances the cell's redox potential by 

enhancing the expression of antioxidant enzymes like SOD, 

CAT and GSH[61]. Non-toxic concentrations were selected 

for further biological studies based on cytotoxicity analysis. 

Dose optimization of quercetin-rich fractions in KB cell 

lines was done based on MTT assay. Figure 2 depicts the 

graphical representation of cytotoxic activity by MTT assay.  

Figure 3 shows the change in cell viability on H2O2-induced 

KB cells treated with QRFPG viability assay.  

 

 
Fig. 2: Graphical representation depicting the cytotoxic effect of quercetin by MTT assay- Along Y-axis percentage 

viability, along X-axis varied concentration of quercetin. All experiments were done in triplicate, representing the 

results as Mean+/- SE. One-way ANOVA and Dunnets test were performed to analyze data. ***p< 0.001 was 

compared to the control group, ns – nonsignificant compared to the control group. 

 

 
Fig. 3: Cell viability was initially evaluated by directly observing the cells using an inverted phase contrast 

microscope. The purpose of this observation was to assess any noticeable changes in the morphology of the cells, 

which can be considered indicators of cytotoxicity. This includes rounding or shrinking of cells, blebbing, which 

refers to the formation of bulges or blisters on the cell surface, granulation within the cytoplasm of the cells and 

vacuolization, which involves the construction of vacuoles within the cell cytoplasm. The figure depicts the changes in 

cell viability when treated with various concentrations of QRF PG in a dose-dependent manner. QRFPG reduced 

oxidative injury, evidenced by viable cells. The most viable cells are seen at a concentration of 25 µg, which can be 

considered the appropriate level of quercetin to prevent oxidative damage. 

3a control 3b H2O2 3c 6.25 µg 3d 12.5µg 

3e 25µg 3f 50 µg 3g 100µg 
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Cell viability was checked to evaluate how quercetin-rich 

fractions protect KB cells against H2O2-induced oxidative 

injury without being toxic to cells, followed by an MTT 

assay. The graph shows that quercetin protected KB cells 

against oxidative injury at various concentrations optimally 

in a range of 25 µg. Results of the MTT assay indicate 

quercetin's protective ability on H2O2-induced cells, which 

is comparable with the cells treated with H2O2 alone in a 

dose-dependent manner. Figure 4 shows the graphical 

representation depicting the in vitro cytoprotective effect of 

QRFPG in terms of percentage viability on - H2O2 induced 

KB cells with varying concentrations of QRFPG.  

 

Figure 5 illustrates the changes in cell viability when treated 

with various concentrations of QRF PG in a dose-dependent 

manner. Table 2 shows the percentage viability of KB cells 

co-cultured with quercetin-rich fractions and H2O2. The most 

viable cells are seen at the concentration of 25 µg with a 

percentage viability more significant than 65%. Employing 

a standard cell viability and cytotoxicity assay i.e. MTT 

assay conducted by Sul and Ra85 found that quercetin 

exhibited no toxicity at concentrations up to 50 μM. In 

contrast, a concentration of 100 μM resulted in reduced cell 

viability.  

 

Effect of Quercetin-Rich Fraction on Antioxidant 

Enzymes and Markers in H2O2-Induced Toxicity: 

Prolonged oxidative stress results in tissue injury and 

progress towards periodontitis and similar oral 

manifestations. Reactive oxygen species affect the oral 

mucosa and lead to inflammation and aggressive infection. 

Orodental infection and inflammation are always linked with 

oxidative stress. In the present study, we focus on the 

biological properties of QRF PG with emphasis on the role 

of QRF PG to decrease oxidative stress. Phytochemical-

based plant products are an alternative treatment in 

managing oxidative stress-related oral diseases. This 

property of plant extracts is attributed to their natural anti-

oxidant and anti-inflammatory properties. Oxidative stress is 

mainly due to the imbalance between ROS and the body's 

antioxidant defense mechanisms.  

 

Our study focused on evaluating the antioxidant potential of 

an ethanolic extract derived from the leaves of Psidium 
guajava on a specific human cell line known as KB. This 

study employs an in vitro assay. We used three sets of KB 

cell lines to investigate the effect of quercetin-rich fraction 

on antioxidant enzymes and markers in H2O2-induced 

toxicity. The first set is the control group without QRFPG 

and H2O2, the second group of cells treated with H2O2-alone 

and the third group co-administered with QRFPG and H2O2-

in vitro. Dodda et al22 reported from their investigation that 

cells treated with quercetin showed a significant reduction in 

LPO level and protection from oxidative tissue injury by 

hydrogen peroxide. 

 

Table 1 

Percentage of cell viability upon different concentrations of quercetin-rich fractions in MTT assay. Dose 

Optimization of Quercetin Rich Fraction in KB Cell Lines 

Sample  Concentration 

(µg/mL) 

Percentage Viability Standard error 

Control 100.00 0 

Quercetin Rich 

Fraction  

 

6.25 98.66 0.31021 

12.5 89.24 0.614303 

25 78.11 0.204874 

50 50.81 0.261983 

100 36.67 0.563822 

 

Table 2 

Shows the percentage viability of KB cells co-cultured with Quercetin-rich fractions and H2O2. 

Sample Concentration 

(µg/ml) 

Percentage 

Viability 

Standard error 

CONTROL 100.01 0 

   

H2O2 47.16 0.568868 

6.25 43.74 0.284599 

12.5 52.83 1.64569 

25 65.15 0.338382 

50 52.03 0.459099 

100 43.09 0.570771 
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Fig. 4: Graphical representation depicting the cytoprotective effect of quercetin by MTT assay- along Y-axis 

Percentage viability, along X-axis varied concentration of quercetin. All experiments were done in triplicate, 

representing the results as Mean+/- SE. One-way ANOVA and Dunnets test were performed to analyze data.  

***p< 0.001 compared to H2O2 exposed group, *p< 0.1 compared to H2O2 exposed group, ns – non significant 

compared to H2O2 exposed group 

 

 
Fig. 5: The viability of cells was evaluated by the direct observation of cells using an inverted phase contrast 

microscope. The detectable changes in the morphology of the cells, like rounding or shrinking of cells, granulation 

and vacuolization in the cytoplasm of the cells, were considered indicators of cytotoxicity. The figure depicts the 

changes in cell viability when treated with various concentrations of QRF PG in a dose-dependent manner. 

 

We treated H2O2-induced KB cells with QRF PG.  We 

observed a satisfying reduction in the level of LPO to 0.429 

μg/MDA units when compared with H2O2-induced KB cells 

not treated with QRF PG as 0.723 μg/MDA. The result 

indicates the ability of QRFPG to reduce lipid peroxidation 

and alleviate oxidative stress27. The effect of QRF on lipid 

peroxidation is depicted in figure 6.  

 

Our study shows an increase in catalase level in cells treated 

with QRFPG as 0.5254 enzyme units compared with 0.2842 

enzyme units in H2O2-treated cells alone. The increase in the 

level of catalase activity in cells treated with QRFPG 

supports our hypothesis, as QRFPG reduces oxidative stress 

by increasing catalase activity. The effect of the quercetin-

rich fraction on antioxidant enzyme catalase in H2O2-

induced toxicity is shown in figure 7.  

 

A recent study revealed quercetin's ability to donate its H2 

atoms and reduce ROS activity81. A survey conducted by 

Srivastava et al83 showed the antioxidant potential of 

quercetin. Quercetin directly participates in various 

intracellular signaling pathways, contributing to antioxidant 

efficacy.  Eventually, several in vivo studies recommend 

quercetin’s ability to inhibit xanthine oxidase, a potent 

antioxidant18. A recent investigation by Lyu et al59 

demonstrated the power of quercetin to defend cells from 

H2O2-induced oxidative injury by elevating the reduced 

glutathione content. The main principle stated was that 
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quercetin upregulates the expression of the first rate-limiting 

enzyme in GSH synthesis i.e. glutamate-cysteine ligase 

catalytic subunit (GCLC), culminating in the removal of 

accumulated ROS. The study of supported our results, 

proving that quercetin increases the levels of GSH and 

reduces oxidative stress associated with tissue injury. In our 

experiment with QRF PG on oral KB cells induced with 

H2O2, an elevated level of 0.5922 enzyme units of GSH was 

obtained when compared with cells not treated with QRF-

PG with 0.3114 enzyme units of GSH, indicating a higher 

activity of quercetin rich fraction to stimulate the synthesis 

of GSH and alleviating oxidative stress. The effect of 

quercetin-rich fraction on the enzyme GSH on H2O2 induced 

KB cells is depicted in figure 8. 

 

The enzyme GSH tends to react with free oxygen radicals. 

Continuous production of reactive oxygen species, such as 

hydrogen peroxide (H2O2), hydroxyl radicals (OH) and lipid 

peroxides, can occur in cells. ROS are highly reactive and 

can cause oxidative damage to various cellular components, 

leading to various health issues. As ROS accumulate, they 

can oxidize glutathione (GSH) molecules within the cell, 

converting them into their oxidized form GSSG. This 

conversion reflects the cell's response to oxidative stress. 

GSH, in its reduced form, plays a critical role in the body's 

antioxidant defense system. It is involved in neutralizing 

ROS and maintaining cellular redox balance. When GSH is 

oxidized to GSSG, its levels decrease, indicating that it has 

been used to counteract oxidative stress3.

 

 
Fig. 6: Effect of QRF PG on H2O2-induced oxidative stress on oral KB cells in vitro. The graph shows the action of 

QRFPG on lipid peroxidation, which is expressed as μg/MDA. QRFPG reduced lipid peroxidation, substantiating its 

antioxidant potential. The control group constitutes the cell line alone; the sample mentioned in the graph is QRFPG. 

 

 
Fig. 7: Effect of QRF PG on H2O2-induced oxidative stress on oral KB cells in vitro. The graph shows the action of 

QRFPG on catalase activity, which is expressed as enzyme units. QRFPG enhanced the activities of Catalase, 

substantiating its antioxidant potential. The control group constitutes the cell line alone; the sample mentioned in the 

graph is QRFPG 



Research Journal of Biotechnology                                                                                                            Vol. 20 (1) January (2025)  
   Res. J. Biotech. 

https://doi.org/10.25303/201rjbt1970216      206 

Therefore, a concomitant reduction in the level of GSH and 

an increase in GSSG provide an accurate measure of the 

oxidative state of the cell. This GSH/GSSG ratio shift 

indicates the cell's response to oxidative stress and ability to 

maintain redox homeostasis42. Measuring the GSH/GSSG 

ratio or total glutathione levels is valuable for assessing 

oxidative stress and redox status in cells and tissues80. It 

helps researchers and clinicians to understand the impact of 

oxidative stress on various physiological processes and 

provides insights into potential interventions to mitigate the 

effects of oxidative damage50,56.  In the present study, we 

investigated 3 KB cell lines: one treated with H2O2, the 

second control group without H2O2 and the third group 

treated with H2O2 and the phytochemical QRFPG.  

 

The results showed that the cell lines treated with QRF PG 

showed increased enzymatic activity of 1.09 enzyme units 

of SOD compared to those treated with only H2O2, which 

was 0.729 enzyme units of SOD. The percentage inhibition 

of free radicals was in an appreciable amount of 54.89 units 

on cells treated with QRF PG. These results suggest the role 

of QRF PG in minimizing oxidative stress by increased SOD 

and catalase (CAT) activity. In short, quercetin attenuates 

the periodontal oxidative stress level and inflammatory 

response in oral KB cells33. The result of the study supports 

our suggestion of QRF PG as an excellent anti-oxidant 

scavenger. Another study conducted by Chen et al14 

demonstrated quercetin's efficacy in enhancing glutathione 

peroxidase (GPx) and catalase (CAT) activities in serum.

 
Fig. 8: Effect of QRF PG on H2O2-induced oxidative stress on oral KB cells in vitro. The graph shows the action of 

QRFPG on the GSH level. QRFPG upregulated the activities of GSH, substantiating its antioxidant potential. The 

control group constitutes the cell line alone; the sample mentioned in the graph is QRFPG. 
 

 
Fig. 9: The graph depicts an increase in the activity of SOD in QRFPG-treated cells when compared with H2O2 alone. 

SOD level is expressed in enzyme units. The control group constitutes the cell line alone; the sample mentioned in the 

graph is QRFPG 
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Additionally, quercetin increased the total superoxide 

dismutase (T-SOD) activity while reducing the levels of 

malondialdehyde (MDA) and reactive oxygen species 

(ROS)15. Overall, the results of these studies suggest that 

quercetin, specifically in the form of QRF PG, has 

antioxidant properties and may help to reduce oxidative 

stress and inflammation. It appears to enhance the activities 

of key antioxidant enzymes (SOD, CAT, GPx), reduce 

oxidative damage (MDA) and lower the levels of ROS, 

contributing its role as an antioxidant scavenger15. The effect 

of the quercetin-rich fraction on superoxide dismutase 

(SOD) is depicted in figure 9. 

 

Our study suggests that quercetin may have protective 

effects against oxidative stress by influencing the expression 

of necessary antioxidant enzymes, namely catalase (CAT), 

glutathione peroxidase (GSH) and superoxide dismutase 

(SOD), under various conditions. As shown in figure 7, 

figure 8 and figure 9, the expression levels of CAT, GSH and 

SOD were significantly higher in the control samples and 

lower in samples incubated with H2O2 alone. The CAT, GSH 

and SOD enzyme levels were significantly higher in 

quercetin-rich fraction-treated instances than those set with 

H2O2 alone. These results demonstrated that H2O2 

significantly inhibited the levels of antioxidant enzymes, but 

treatment with quercetin-rich fraction significantly 

attenuated this inhibition effect. 

 

CAT, GSH and SOD expression levels were relatively 

normal in the control sample, suggesting that antioxidant 

enzymes are usually present and functional without 

oxidative stress.  Samples incubated with H2O2 alone 

showed a significant decrease in the expression levels of 

CAT, GSH and SOD, indicating that exposure to H2O2 led 

to a notable reduction in the expression of these enzymes 

which implies that oxidative stress can inhibit their 

production or function. The cells co-administered with H2O2 

and quercetin-rich fraction showed a significantly higher 

expression of these anti-oxidant enzymes when compared to 

the sample incubated with H2O2 alone. This outcome 

suggests that the quercetin-rich fraction is protective by 

preventing the significant inhibition of these anti-oxidant 

enzymes induced by H2O2. 

 

Quercetin promotes the antioxidant defense system and 

maintains oxidative homeostasis by regulating Mitogen-

Activated Protein Kinase (MAPK), 5' AMP-activated 

protein kinase (AMPK) and other important signaling 

pathways induced by ROS. The critical regulation 

mechanisms are the enzyme-mediated anti-oxidant and non-

enzyme-mediated anti-oxidant defense mechanisms76. 

Quercetin is a known compound that can scavenge ROS. 

Most oxidative damage caused by ROS in vivo, like skin 

damage by UV radiations, can be neutralized by quercetin. 

Quercetin regulates the endogenous redox equilibrium by 

elevating the GSH and SOD levels and directly reacting with 

ROS10.  

 

Our study noted a steady reduction in fluorescence intensity 

in oral KB cells treated with QRFPG with a value of 

17526.10 +/- 2586.9 AU compared with a higher 

fluorescence intensity in cells not treated with QRFPG with 

a value of 44594.14 +/- 1235.1. The steady decrease in the 

fluorescence intensity in QRFPG treated H2O2 induced KB 

cells is attributed to the ability of QRF PG to scavenge the 

free radicals due to induced H2O2. The fluorescence intensity 

(AU) of the QRFPG in 3 different experimental parameters 

is shown in table 3. DCFDA is a non-fluorescent dye that 

can enter the cells. Once inside, it can be hydrolyzed by 

intracellular esterases to form DCF (dichlorofluorescein) 

which is fluorescent when it reacts with ROS. During this 

time, the non-fluorescent DCFDA is converted into the 

fluorescent DCF within cells17.  

 

Intracellular esterases trigger this conversion. This step 

allows for visualizing the fluorescence signal produced by 

converting DCFDA to DCF in the cells. A fluorimeter is 

used to quantify the fluorescence signal more precisely. 

Figure 10 shows that H2O2-induced cells treated with QRF 

/PG produce diminished fluorescence71. From the above 

stated results, we suggest the possible therapeutic 

application of quercetin in managing oxidative stress-related 

tissue injury, especially in oral diseases like periodontitis. 

 

Our study suggests that quercetin may protect against 

oxidative stress by regulating the expression and activity of 

antioxidant enzymes like catalase, reduced glutathione and 

superoxide dismutase. These enzymes are crucial in 

neutralizing the harmful reactive oxygen species and 

preventing oxidative damage. Quercetin-rich fractions 

appear to counteract the inhibitory effect of H2O2 on these 

antioxidant enzymes, potentially explaining protective effect 

against oxidative stress. These results demonstrated that 

H2O2 significantly inhibited the levels of antioxidant 

enzymes, but treatment with quercetin-rich fractions 

significantly attenuated this inhibition effect. 

 

Table 3 

Fluorescence intensity was detected with various experimental parameters in response to reactive oxygen species. The 

table shows that H2O2-induced cells treated with QRF PG produce diminished fluorescence, substantiating the 

potential of QRF PG as an antioxidant 

S.N. Experiment Parameter Fluorescence Intensity (AU) 

1 Control 9262.21 +/-   821.4 

2 H2O2 44594.14 +/- 1235.1 

3 H2O2+QRFPG 17526.10 +/- 2586.9 

4 QRFPG 12979.82 +/- 1388.98 
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Fig. 10: H2O2-induced cells treated with QRF PG produce diminished fluorescence. Figure 10a: control with no 

fluorescence. Figure 10b: sample QRFPG alone. Figure 10c: Cells treated with H2O2 alone. The higher degree of 

fluorescence indicates the presence of reactive oxygen species.  When the H2O2-induced cells were treated with 

QRFPG, the compound scavenged Reactive oxygen species and other free radicals. This is evident from the reduced 

fluorescence seen in figure 10d. Hence convincing the antioxidant potential of QRFPG. DCFDA is a non-fluorescent 

dye that can enter the cells. Once inside, it can be hydrolyzed by intracellular esterase to form DCF (dichloro 

fluorescein), which is fluorescent when it reacts with ROS. During this time, the non-fluorescent DCFDA is converted 

into the fluorescent DCF within the cells. Intracellular esterase triggers this conversion. 

 

 
Fig. 11: The effect of QRFPG on the expression of the Nrf2 gene. The results suggest that exposure to reactive oxygen 

species (ROS) significantly decreased the face of the NRF2 gene in the model QRFPG. 

 

The effect of QRFPG on the expression of the Nrf2 gene: 

Nrf2 is a transcription factor crucial in regulating the 

expression of various antioxidant and detoxification genes32. 

It is involved in the cellular defense against oxidative stress. 

The effect of QRF on the face of the NRF2 gene was 

determined in KB cells subjected to oxidative stress by free 

radicals. The nuclear factor erythroid 2–related factor 2 

(NRF2) is an emerging regulator of cellular resistance to 

oxidants. Calabrese et al11 proposed that NRF2 controls the 

basal and induced expression of various genes containing 
antioxidant response elements (AREs) in their promoter 

regions. From the results, it can be observed that ROS 

exposure significantly reduced the expression of NRF2, 

which QRF ameliorated. It has already been reported that an 

increase in NRF2 upregulates the oxidant-responsive 

elements, thereby increasing the antioxidant enzymes of the 

cells10.  

 

Our research seeks to determine if the QRF, rich in 

quercetin, can enhance the cellular resistance to oxidants by 

upregulating Nrf2 expression or activity. The results of our 

study suggest that exposure to reactive oxygen species 

(ROS) significantly decreased the face of the NRF2 gene. 
However, when treated with QRF (Quercetin-Rich 

Fraction), this reduction in NRF2 expression was mitigated 

or ameliorated. This finding is significant because it implies 
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that QRF may have a protective or ameliorating effect on the 

face of NRF2 when cells are exposed to ROS-induced 

oxidative stress[74]. Thus, NRF2 is a crucial regulator of the 

cellular defense mechanism against oxidative stress, so 

maintaining or increasing its expression protects cells from 

the damaging effects of ROS46.  

 

The study's results support the idea that QRF could be a 

potential therapeutic or protective agent against oxidative 

stress by helping to maintain or restore the expression of 

NRF2, which, in turn, promotes the cell's ability to resist and 

respond to ROS-induced damage. Figure 11 depicts the 

NRF2 expression in H2O2-induced KB cells treated with 

QRFPG. The present study investigated the anti-oxidant 

ability of the bioactive compounds in attenuating 

experimental periodontitis. We analyzed the efficacy of 

QRFPG in regulating different enzymes like SOD, GSH, 

Catalase, LPO etc.  

 

Treatment with quercetin-rich fraction significantly 

increased the viability of KB cells exposed to H2O2, 

suggesting that it has a protective effect on cell survival. A 

substantial reduction in intracellular reactive oxygen species 

(ROS) levels was noted in KB cells treated with quercetin-

rich fraction. Lower ROS levels are indicative of reduced 

oxidative stress. The free radical scavenging ability of the 

quercetin-rich fraction was suggestive of the anti-oxidant 

efficacy of quercetin. Quercetin treatment also reduced the 

production of malondialdehyde (MDA), a lipid peroxidation 

marker. Lower MDA levels suggest that quercetin helps to 

mitigate the damage to cell membranes caused by oxidative 

stress. Quercetin pretreatment alleviated the 

lipoperoxidation of cell membranes.  

 

Lipoperoxidation is a process where cell membrane lipids 

are damaged by oxidative stress and quercetin appears to 

protect against this damage. Quercetin-rich fractions 

markedly reduced the inhibition effect of antioxidant 

enzymes such as CAT, GSH and SOD in KB cells exposed 

to H2O2. This suggests that quercetin helps to maintain or 

restore the activity of these enzymes in the face of oxidative 

stress. The results substantiate the potential of QRFPG in 

minimizing oxidative stress, claiming it to be a potent 

antioxidant. When Nrf2 is upregulated, it enhances the cell's 

ability to produce these antioxidant enzymes, bolstering its 

defense against oxidative damage. That is why Nrf2 is often 

considered a central player in the cellular response to 

oxidative stress and a potential therapeutic target for 

conditions involving oxidative stress and inflammation. 

 
Immune modulatory action of quercetin: Epidemiological 

studies have suggested that diets rich in phytonutrients, 

which are bioactive compounds found in plants, may have 

potential benefits for cancer prevention. Many 

phytonutrients have been shown to modulate the activity of 
COX-2, IL6 and TNF alpha and possess anti-inflammatory 

properties. Various fruits, vegetables and other plant-based 

foods in the diet may contribute to a lower risk of certain 

cancers by influencing inflammatory pathways. In the 

present study, we evaluated the bio potency of quercetin-rich 

fractions from Psidium Guajava leaf extracts in modulating 

immune response, thereby alleviating conditions related to 

the cytokine mediators. We studied the effect of QRFPG on 

COX-2, IL6 and TNF alpha in LPS-stimulated RAW 246.7 

macrophage cells.  

 

Our study demonstrated a reduction in the COX 2 level in 

LPS-stimulated RAW 246.7 macrophage cells to 0.147489 

enzyme units when compared with the cells treated with LPS 

alone with a value of 0.304102. Nearly a fifty percent 

reduction of COX 2 activity on QRFPG-treated cells was 

observed. Wang et al91 demonstrated that Quercetin 

downregulated Cox 2 and attenuated neovascularization. 

This was achieved via inhibiting COX-2 by quercetin, which 

decreases HIF-1α/VEGF signaling-related angiogenesis. 

The result of Wang et al91 substantiates our study that 

quercetin regulates COX 2 enzyme, thereby minimizing 

inflammatory diseases. Understanding these molecular 

connections provides insights into potential therapeutic 

strategies including the exploration of COX-2 inhibitors and 

the consideration of phytonutrient-rich diets for the 

prevention and control of various diseases including cancer.  

 

Figure 12 depicts the action of the quercetin-rich fraction on 

LPS-treated RAW 246.7 macrophage cells on COX 2 action. 

COX-2 inhibitors have been investigated for their potential 

as cancer therapeutics. These inhibitors are designed to 

block the activity of COX-2, thereby reducing the 

production of prostaglandins and potentially slowing down 

cancer progression. However, the clinical use of COX-2 

inhibitors in cancer treatment is still an area of active 

research and their efficacy and safety profiles continue to be 

explored. Understanding the intricate roles of cytokines like 

IL-6 in health and disease is crucial for developing targeted 

therapies and interventions that beneficially modulate 

immune responses. 

 

TNF-α is a cytokine with complex roles in immune 

regulation and inflammation. While it is essential for normal 

immune responses, dysregulation of TNF-α signaling is 

implicated in many clinical conditions including 

autoimmune diseases. Our study demonstrated a steady 

reduction in the activity of the enzyme TNF alpha on LPS-

treated RAW 246.7 macrophage cells in vitro.  LPS-induced 

cell lines treated with QRF PG showed an excellent 

reduction in the activity of TNF alpha with a value of 

0.149001 enzyme units/ mg of protein, compared with 

0.317154 enzyme units/mg of protein in cells treated only 

with LPS. This is nearly fifty percent inhibiting enzyme 

activity, which can be considered a therapeutic target in 

managing inflammatory diseases.  

 

Chen et al14 proved the ability of quercetin to suppress TNF-
α by blocking NF-κB and AP-1 signaling pathways which 

may contribute to the treatment of coronary heart disease. 

These results support our finding that quercetin down-
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regulates the action of TNF alpha. Figure 13 depicts the 

activity of quercetin-rich fraction on LPS-treated RAW 

246.7 macrophage cells on TNF alpha. Therapeutic 

interventions targeting TNF-α have proven valuable in 

managing various clinical conditions, demonstrating the 

practical application of our understanding of cytokine 

signaling in developing effective treatments. Therefore, it 

can be predicted that the knowledge of TNF-α signaling will 

be much more emphasized shortly to develop effective 

phytochemical remedies for treating a wide range of diseases 

involving TNF.  

 

IL-6 plays a crucial role in the regulation of cell proliferation 

and differentiation. It is involved in the growth and 

development of various cell types including immune cells, 

hematopoietic cells and certain types of cancer cells. While 

IL-6 is essential for normal immune responses and tissue 

repair, dysregulation of IL-6 signaling is implicated in 

various diseases including chronic inflammatory conditions, 

autoimmune diseases and certain cancers. The current study 

investigated the action of QRFPG on LPS-treated RAW 

246.7 macrophage cells in vitro. QRFPG reduced the 

enzyme activity of IL 6 in vitro on LPS-treated RAW 246.7 

macrophage cells.  

 

A reduction in 0.006113 enzyme units was noted in QRFPG-

treated cells induced with LPS. This is comparable with 

0.012097 enzyme units on LPS-induced cells not treated 

with QRFPG. Thus, a considerable reduction in enzyme 

activity is highly suggestive of the ability of quercetin to 

down-regulate IL6. In a current study conducted by Zhang 

et al101 showed that LPS stimulation significantly elevated 

the mRNA levels of TNF-α, IL-6 and IL-1β in RAW264.7 

cells compared to the control group. However, pretreatment 

with quercetin attenuated the LPS-induced upregulation of 

these pro-inflammatory cytokines especially IL 6 in a dose-

dependent manner. 

 

 
Fig. 12: The graphical representation depicts the downregulation of COX 2 activity on LPS-treated RAW 246.7 

macrophage cells co-cultured with QRFPG in vitro. 

 

 
Fig. 13: The graphical representation depicts the downregulation of TNF alpha activity on LPS-treated RAW 246.7 

macrophage cells upon treatment with QRFPG in vitro. 
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Antimicrobial activity of QRFPG by Agar- Well 

Diffusion Method: The antimicrobial activity of QRFPG 

was done using the agar well diffusion method. In the 

present study, we focused on the action of plant flavonoid 

quercetin against microorganisms involved in periodontal 

pathogenesis. The antimicrobial activity of quercetin against 

the test organisms was investigated and compared to that of 

the standard antibacterial agent streptomycin at a 

concentration of 10mg/ml (Table 4 and table 5). Our study 

showed that quercetin at 1000 µg concentration showed high 

antibacterial activity against Enterococcus faecalis with a 

zone diameter of 21 mm while quercetin was moderately 

active against Streptococcus mutans with a zone diameter of 

14 mm at 1000 µg concentration. The antimicrobial activity 

of quercetin against two test organisms is depicted in figure 

15.  

 

Quercetin can be considered an antibacterial agent with the 

potential to reduce the growth of pathobionts, especially 

Enterococcus faecalis, in periodontal pockets, thereby 

minimizing periodontitis.  Understanding how specific 

molecules exhibit antibacterial properties, can provide 

insights into designing new synthetic molecules to combat 

bacterial resistance to traditional antibiotics. Antibiotic 

resistance is a global health concern and developing new 

antibacterial molecules is crucial for maintaining effective 

treatment options. Our current study is vital in addressing the 

growing challenge of bacterial resistance and ensuring that 

effective treatment modalities like phytochemical-based 

molecules are available to combat bacterial infections and 

anti-microbial resistance. Several studies conducted recently 

suggested the  potential of quercetin to inhibit the pathogenic 

species like Enterococcus faecalis and Streptococcus 
mutans21,79. 

 

 
Fig. 14: The graphical representation depicts the downregulation of IL 6 activity on LPS-treated RAW 246.7 

macrophage cells upon co cultured with QRFPG in vitro. 

 

 
Fig. 15: Antimicrobial activity of Quercetin rich fractions against the test organisms Enterococcus faecalis and 

Streptococcus mutans. Quercetin shows more potent activity against Enterococcus faecalis, a powerful periodontal 

pathogen and moderate activity against Streptococcus mutans. Hence, quercetin can be considered an antibacterial 

agent with the potential to reduce the growth of pathobionts, especially Enterococcus faecalis, in periodontal pockets, 

thereby minimizing periodontitis. Figure 15 A shows the zone of inhibition of Enterococcus faecalis and  

figure 15 B shows the zone of inhibition of Streptococcus mutans. 
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Table 4 

Antimicrobial activity of Quercetin against the test organism Enterococcus faecalis compared with  

the standard Streptomycin 

Sample Concentration(µg) Zone of inhibition (mm) 

 

Quercetin rich 

fractions of 

Psidium guajava 

Streptomycin (100 µg) 20 

250 12 

500 14 

1000 21 

 

Table 5 

Antimicrobial activity of Quercetin against the test organism Streptococcus mutans compared with the  

standard Streptomycin 

Sample Concentration(µg) Zone of inhibition 

(mm) 

Quercetin rich 

fractions of Psidium 

guajava 

Streptomycin (100µg) 26 

250 Nil 

500 12 

1000 14 

 

Conclusion 
Orodental infection and inflammation are always linked with 

oxidative stress. Most widely accepted therapeutic strategies 

focus on minimizing inflammation and microbial infection. 

These treatment methodologies do not give attention to 

oxidative stress and resultant medical conditions. The 

question to be considered is whether these therapeutic 

scenarios of orodental infections address issues related to 

oral diseases. The present study investigated the bioactive 

compound quercetin's antioxidant, anti-inflammatory and 

anti-bacterial ability to attenuate experimental periodontitis. 

The current research results prove that quercetin treatment 

effectively protects KB cells from H2O2-induced sustained 

oxidative stress. Plant-based phytochemical quercetin 

reduces ROS levels, MDA production and lipid 

peroxidation, maintaining important antioxidant enzyme 

activity.  

 

In conclusion, the present study underscores the potential 

benefits of using plant-based phytochemicals to modulate 

inflammatory pathways in diseases, specifically focusing on 

minimizing side effects. These findings support the possible 

use of quercetin as a protective agent against oxidative 

stress-related cellular damage. Periodontitis is the outcome 

of multiple factors, among which microbial action, 

inflammation and oxidative injury play a significant role. 

Hence, the present study proposes using quercetin to 

attenuate periodontal diseases. This new strategy is a 

stepping stone in drug designing. Hence, we strongly 

recommend more investigation and analysis in this field to 

make quercetin an excellent pharmaceutical product against 

diseases like periodontitis and associated infections due to 

oxidative injury. 
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