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ABSTRACT:  

Background: Periodontitis is a dysbiotic, host-mediated inflammatory disease, and 

chlorhexidine, the reference antiseptic adjunct, has limited anti-inflammatory activity and 

measurable cytotoxicity. Plant-derived polyphenols offer combined antimicrobial and 

host-modulating properties. This sample study sets out the design, analysis and reporting 

framework for an in vitro comparison of epigallocatechin-3-gallate (EGCG), quercetin 

and curcumin against periodontal pathogens and inflammatory mediators. 

Methods: The framework assumes 200 subgingival plaque samples from patients with 

Stage II–IV periodontitis, randomly allocated to five groups (n = 40 each): vehicle control, 

EGCG, quercetin, curcumin and 0.12% chlorhexidine (positive control). Outcomes were 

minimum inhibitory and bactericidal concentrations (MIC/MBC), agar-well zones of 

inhibition, crystal-violet biofilm inhibition, IL-1β, IL-6, TNF-α and PGE2 in LPS-

stimulated gingival fibroblasts before and 24 h after exposure (ELISA), and fibroblast 

viability (MTT). All outcome values in this version were computer-generated (random 

seed 2026) around literature-plausible ranges; no laboratory measurements were made. 

Data were analysed with Kruskal–Wallis, Welch ANOVA with Games–Howell post hoc 

tests and paired t-tests. 

Results (simulated, illustrative only): In the simulated dataset, chlorhexidine produced 

the lowest MIC (median 3.9 µg/mL), the largest zone of inhibition (20.8 ± 1.8 mm) and 

the greatest biofilm inhibition (72.9 ± 8.3%), but the lowest fibroblast viability (68.6 ± 

5.4%) and the smallest cytokine reductions (≈19–20%). All three polyphenols reduced IL-
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1β, IL-6, TNF-α and PGE2 from baseline (all p < 0.001), by 37–46%, while viability 

remained above 89%. EGCG showed the greatest anti-inflammatory and antibiofilm 

effect among the polyphenols; quercetin had the highest MIC (median 125 µg/mL). The 

vehicle control showed no significant change. 

Conclusion: This sample study provides a complete, reproducible analytic and reporting 

template. The simulated pattern mirrors the hypothesis that polyphenols trade some 

antimicrobial potency for superior host modulation and biocompatibility relative to 

chlorhexidine. No inference about the true effects of these compounds may be drawn 

until the simulated values are replaced with actual laboratory measurements. 

 

1. INTRODUCTION 

Periodontitis is a chronic, multifactorial inflammatory disease of the tooth-supporting tissues, characterised by progressive loss 

of clinical attachment and alveolar bone and classified since 2017 by stage and grade [1,2]. Severe periodontitis affects roughly 

one in ten adults worldwide and is among the most prevalent chronic conditions of humankind [3,4]. Beyond tooth loss, it is 

linked through systemic inflammation with cardiometabolic and other comorbidities [5,6], and individual susceptibility is shaped 

by behavioural, systemic and genetic risk factors [7,8]. 

The disease is initiated by a dysbiotic subgingival biofilm. Classical work described 'red' and 'orange' microbial complexes [9], 

and current models emphasise polymicrobial synergy and dysbiosis in which keystone organisms such as Porphyromonas gingivalis 

subvert host immunity [10,11]. P. gingivalis, Tannerella forsythia [12], Fusobacterium nucleatum [13] and Aggregatibacter 

actinomycetemcomitans [14] are the principal pathogens studied in vitro, and their organisation within a biofilm confers marked 

tolerance to antimicrobials [15]. 

Tissue destruction, however, is largely host-mediated. Bacterial products trigger the release of IL-1β, IL-6 and TNF-α and the 

COX-2/PGE2 pathway, which drive matrix degradation and osteoclastic bone resorption [16–19]; oxidative stress amplifies 

this cascade [20]. An ideal adjunct would therefore act on both the microbial and the inflammatory arms of the disease. 

Mechanical debridement remains the cornerstone of therapy [21,22], supplemented where appropriate by regenerative materials 

and biologics [23,24] and by adjuncts such as diode lasers for oral soft-tissue management [25,26]. Systemic and local 

antimicrobials offer additional benefit in selected cases [27,28], and combined regimens exploit antimicrobial synergy [29], but 

resistance among periodontal microbiota is a growing concern [30]. Chlorhexidine is the reference antiseptic [31,32] and 

continues to be used as the comparator in trials of herbal and non-antibiotic adjuncts during scaling and root planing [33]. Its 

drawbacks include cytotoxicity towards fibroblasts and other host cells [34], possible induction of reduced susceptibility [35] 

and minimal host-modulating activity, which has driven interest in host-modulation therapy [36]. 

Natural products remain a major source of new therapeutic agents [37]. Polyphenols are abundant plant secondary metabolites 

with antioxidant, anti-inflammatory and antimicrobial activity [38–40], exerting antibacterial effects through membrane 

disruption, enzyme inhibition and interference with virulence factors [41–43]. Several reviews support their potential in 

periodontal inflammation [44–46]. EGCG, the principal green-tea catechin [47], inhibits P. gingivalis growth, adherence and 

biofilm formation [48,49], protects epithelial defensins [50] and green-tea intake is inversely associated with periodontal disease 

[51]. Curcumin inhibits periodontopathic bacteria and gingipain activity [52,53] and down-regulates inflammatory mediators in 

vitro and in vivo [54–56], although its bioavailability is poor [57]. Quercetin inhibits P. gingivalis and A. actinomycetemcomitans [58], 

reduces experimental periodontal bone loss [59,60] and modulates NF-κB-dependent cytokine signalling [61,62]. Related 

polyphenol fractions likewise dampen macrophage cytokine responses to periodontopathogen LPS [63,64]. 

Few studies have compared these three polyphenols head-to-head against a panel of clinical periodontal isolates while 

simultaneously quantifying their effects on inflammatory mediators and host-cell viability, with chlorhexidine as the benchmark. 

The aim of this sample study was to build and demonstrate the complete experimental, analytic and reporting framework for 

such a comparison. Because the outcome data in this version are simulated, the results section illustrates how findings would 

be presented and must not be interpreted as evidence. The working hypothesis is that EGCG, quercetin and curcumin are less 

potent antimicrobials than chlorhexidine but produce greater suppression of IL-1β, IL-6, TNF-α and PGE2 with better 

preservation of fibroblast viability. 
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2. MATERIALS AND METHODS 

2.1 Nature of this sample study 

This document is a sample (template) study. The protocol below describes the intended laboratory procedures. The 

accompanying dataset (n = 200) was generated with random numbers (seed 2026) around ranges considered plausible from the 

published literature, in order to develop the statistical analysis plan, test the analysis code and design the results tables and 

figures. No patient was recruited and no laboratory assay was performed for this version. All values reported in Section 3 are 

therefore simulated and illustrative. When actual measurements become available, the same analysis pipeline is to be re-run and 

every number, table and figure replaced. 

2.2 Study design and samples 

The planned design is an in vitro experimental study using subgingival plaque samples from 200 systemically healthy adults with 

periodontitis (Stage II–IV, 2017 AAP/EFP classification) [1,2]. For each participant, age, sex, stage, mean probing pocket depth 

(PPD), mean clinical attachment loss (CAL) and bleeding on probing (BOP, % of sites) are to be recorded. Samples are to be 

collected with sterile paper points from the deepest pocket after supragingival plaque removal and transported in reduced 

transport fluid. Ethical approval and written informed consent must be obtained before any sample collection [details to be 

inserted]. 

2.3 Isolation and identification of pathogens 

Samples are to be cultured anaerobically (80% N₂, 10% H₂, 10% CO₂, 37 °C) on supplemented blood agar and selective media. 

The predominant isolate from each sample (P. gingivalis, F. nucleatum, T. forsythia or A. actinomycetemcomitans) is to be identified by 

colony morphology, biochemical profile and confirmatory species-specific PCR. 

2.4 Test agents and allocation 

Samples are to be randomly allocated by computer-generated sequence to five groups (n = 40 each): (i) vehicle control (culture 

medium with ≤0.5% DMSO), (ii) EGCG, (iii) quercetin, (iv) curcumin (each ≥95% purity, dissolved in DMSO and diluted in 

medium) and (v) 0.12% chlorhexidine digluconate (positive control). Laboratory personnel performing the assays and the 

analyst are to be blinded to group identity using coded tubes. 

2.5 Minimum inhibitory and bactericidal concentrations 

MIC is to be determined by broth microdilution in supplemented Brucella broth using two-fold serial dilutions (1.95–1000 

µg/mL) according to CLSI M11 for anaerobes [65,66]. The MIC is the lowest concentration without visible growth after 48–

72 h. For MBC, 10 µL from each clear well is to be subcultured on blood agar; the MBC is the lowest concentration producing 

≥99.9% kill. An MBC/MIC ratio ≤ 4 is interpreted as bactericidal. 

2.6 Agar well diffusion 

Standardised inocula (0.5 McFarland) are to be spread on blood agar, 6-mm wells cut and filled with 50 µL of each agent, and 

zones of inhibition measured in millimetres after anaerobic incubation, including the well diameter (a value of 6.0 mm therefore 

denotes no inhibition) [67]. 

2.7 Biofilm inhibition assay 

Biofilms are to be formed in 96-well plates for 48 h in the presence of sub-MIC concentrations of each agent, stained with 

0.1% crystal violet, solubilised in 30% acetic acid and read at 570 nm [68]. Inhibition is expressed as percentage reduction in 

optical density relative to untreated wells. 

2.8 Fibroblast culture, LPS stimulation and cytokine measurement 

Primary human gingival fibroblasts (passages 3–6) are to be stimulated with P. gingivalis LPS (1 µg/mL) for 24 h. Supernatants 

collected at this point constitute the baseline value. Cells are then exposed to each agent at a non-toxic concentration for 24 h, 

after which supernatants are collected again. IL-1β, IL-6, TNF-α and PGE2 are to be quantified in duplicate with commercial 

ELISA kits and expressed in pg/mL. Percentage reduction is calculated as (baseline − post-treatment)/baseline × 100. 
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2.9 Cell viability 

Viability of fibroblasts after 24 h exposure is to be measured by the MTT assay [69] and expressed as a percentage of untreated 

cells. 

2.10 Sample size 

Sample size was set a priori with G*Power 3.1 [70]. For a one-way ANOVA across five groups with a medium effect size (f = 

0.25), α = 0.05 and power 0.80, 200 samples (40 per group) exceed the required minimum and allow for assay failures. 

2.11 Statistical analysis 

Continuous data are summarised as mean ± standard deviation (SD) and ordinal MIC/MBC data as median (interquartile range, 

IQR). Baseline comparability was assessed with one-way ANOVA and chi-square tests. MIC and MBC across active agents 

were compared with the Kruskal–Wallis test and Bonferroni-corrected Mann–Whitney U tests. Because the vehicle control has 

no variance for zone of inhibition, zones were compared with the Kruskal–Wallis test, with Games–Howell pairwise 

comparisons among the active agents. Biofilm inhibition, viability and cytokine percentage reduction were compared with 

Welch's ANOVA (Levene's test indicated unequal variances) followed by Games–Howell post hoc tests; partial η² is reported 

as effect size. Within-group changes from baseline were tested with paired t-tests. Two-way ANOVA (group × pathogen) was 

used to check whether effects differed by isolate, and ANCOVA adjusted for age as a sensitivity analysis. Associations were 

assessed with Spearman's ρ. Two-sided p < 0.05 was considered significant. Analyses were performed in Python 3 (SciPy, 

statsmodels, pingouin). 

3. RESULTS (SIMULATED DATA – ILLUSTRATIVE ONLY) 

Participant characteristics. The simulated cohort had a mean age of 43.5 ± 10.5 years (range 25–70); 103 (51.5%) were male, 

and 75, 99 and 26 samples were classified as Stage II, III and IV, respectively. The predominant isolates were P. gingivalis (n = 

64), F. nucleatum (n = 52), T. forsythia (n = 46) and A. actinomycetemcomitans (n = 38). Sex, stage, PPD, CAL, BOP and pathogen 

distribution did not differ between groups (Table 1). Mean age was lower in the vehicle-control group (p = 0.021), but adjusting 

for age did not alter any group effect (ANCOVA, age p ≥ 0.26). 

Table 1. Baseline characteristics of participants and samples by treatment group (simulated data) 

Variable Vehicle control 

(n=40) 

EGCG 

(n=40) 

Quercetin 

(n=40) 

Curcumin 

(n=40) 

CHX 0.12% 

(n=40) 

p 

Age (years), mean ± SD 38.9 ± 10.4 44.9 ± 10.8 44.5 ± 9.5 43.2 ± 11.3 46.2 ± 9.4 0.021 

Male, n (%) 21 (52) 23 (58) 17 (42) 23 (58) 19 (48) 0.605 

Stage II, n (%) 10 (25) 17 (42) 13 (32) 16 (40) 19 (48) 0.538 

Stage III, n (%) 23 (58) 17 (42) 22 (55) 21 (52) 16 (40)  

Stage IV, n (%) 7 (18) 6 (15) 5 (12) 3 (8) 5 (12)  

Mean PPD (mm), mean ± SD 5.7 ± 0.9 5.5 ± 1.1 5.5 ± 0.8 5.5 ± 1.1 5.5 ± 1.0 0.881 

Mean CAL (mm), mean ± SD 6.6 ± 1.1 6.3 ± 1.3 6.3 ± 1.0 6.3 ± 1.2 6.2 ± 0.9 0.614 

BOP (%), mean ± SD 52.8 ± 12.5 53.6 ± 15.4 56.2 ± 15.8 52.0 ± 13.9 55.0 ± 16.1 0.712 

Porphyromonas gingivalis, n (%) 13 (32) 13 (32) 14 (35) 11 (28) 13 (32) 0.814 

Fusobacterium nucleatum, n (%) 8 (20) 12 (30) 11 (28) 11 (28) 10 (25)  
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Variable Vehicle control 

(n=40) 

EGCG 

(n=40) 

Quercetin 

(n=40) 

Curcumin 

(n=40) 

CHX 0.12% 

(n=40) 

p 

Tannerella forsythia, n (%) 9 (22) 6 (15) 7 (18) 11 (28) 13 (32)  

Aggregatibacter 

actinomycetemcomitans, n (%) 

10 (25) 9 (22) 8 (20) 7 (18) 4 (10)  

 

Values are mean ± SD or n (%). p-values from one-way ANOVA (continuous) or chi-square test (categorical). PPD, probing 

pocket depth; CAL, clinical attachment loss; BOP, bleeding on probing; CHX, chlorhexidine. 

Antimicrobial activity. MIC and MBC differed significantly among the active agents (Kruskal–Wallis H = 114.9 and 111.5, both 

p < 0.001; Table 2). Chlorhexidine had the lowest median MIC (3.9 µg/mL) and MBC (7.8 µg/mL). EGCG and curcumin 

shared a median MIC of 62.5 µg/mL and MBC of 125 µg/mL (no significant difference, adjusted p = 1.00), whereas quercetin 

was less potent (median MIC 125 µg/mL, MBC 250 µg/mL; adjusted p < 0.001 versus both). All MBC/MIC ratios were ≤ 4, 

indicating bactericidal activity. The ranking was consistent across the four pathogens (Figure 1). 

Table 2. Minimum inhibitory (MIC) and bactericidal (MBC) concentrations (µg/mL) of the test agents (simulated data) 

Parameter EGCG Quercetin Curcumin CHX 0.12% p 

MIC, all isolates 62.5 (31.25–62.5) 125 (109.375–125) 62.5 (31.25–62.5) 3.9 (1.95–3.9) <0.001 

   Porphyromonas gingivalis 62.5 (31.25–125) 125 (62.5–250) 62.5 (31.25–62.5) 1.95 (1.95–7.8) <0.001 

   Fusobacterium nucleatum 62.5 (31.25–125) 125 (62.5–125) 62.5 (31.25–125) 3.9 (1.95–7.8) <0.001 

   Tannerella forsythia 62.5 (31.25–125) 125 (62.5–250) 31.25 (31.25–62.5) 3.9 (1.95–7.8) <0.001 

   Aggregatibacter actinomycetemcomitans 62.5 (31.25–125) 125 (62.5–250) 62.5 (62.5–125) 2.925 (1.95–3.9) 0.003 

MBC, all isolates 125 (125–250) 250 (250–500) 125 (125–250) 7.8 (3.9–9.75) <0.001 

   Porphyromonas gingivalis 125 (62.5–500) 250 (125–1000) 125 (62.5–125) 7.8 (3.9–31.2) <0.001 

   Fusobacterium nucleatum 125 (62.5–250) 250 (250–500) 250 (125–500) 7.8 (3.9–31.2) <0.001 

   Tannerella forsythia 125 (62.5–500) 500 (250–1000) 125 (62.5–250) 7.8 (3.9–15.6) <0.001 

   Aggregatibacter actinomycetemcomitans 125 (62.5–500) 250 (125–500) 250 (125–250) 5.85 (3.9–7.8) 0.006 

MBC/MIC ratio ≤ 4, n (%) 40 (100) 40 (100) 40 (100) 40 (100) — 

 

All isolates: median (IQR); by pathogen: median (range). p, Kruskal–Wallis test across active agents. The vehicle control showed 

no antimicrobial activity and is omitted. Bonferroni-corrected Mann–Whitney: EGCG vs curcumin p = 1.00; quercetin vs 

EGCG and vs curcumin p < 0.001; CHX vs each polyphenol p < 0.001. 
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Figure 1. Median (IQR) minimum inhibitory concentration (A) and minimum bactericidal concentration (B) of EGCG, 

quercetin, curcumin and chlorhexidine 0.12% against each periodontal pathogen, log scale (simulated data). The vehicle 

control showed no antimicrobial activity. 

Zone of inhibition and biofilm inhibition. Zones differed across groups (H = 155.0, p < 0.001; Table 3, Figure 2A–B). 

Chlorhexidine produced the largest zones (20.8 ± 1.8 mm), followed by EGCG (15.4 ± 2.4 mm), curcumin (14.4 ± 2.1 mm) 

and quercetin (13.5 ± 2.7 mm); the vehicle showed no inhibition. EGCG zones exceeded those of quercetin (p = 0.008). Biofilm 

inhibition differed markedly (Welch F = 897.2, p < 0.001, partial η² = 0.89): chlorhexidine 72.9 ± 8.3%, EGCG 45.6 ± 8.4%, 

curcumin 42.3 ± 9.5%, quercetin 38.4 ± 8.2% and vehicle 3.4 ± 2.9%. EGCG was superior to quercetin (p = 0.002). Neither 

pathogen (p = 0.79) nor the group × pathogen interaction (p = 0.64) was significant in two-way ANOVA. 

Table 3. Zone of inhibition, biofilm inhibition and fibroblast viability by group (simulated data) 

Outcome Vehicle 

control (n=40) 

EGCG 

(n=40) 

Quercetin 

(n=40) 

Curcumin 

(n=40) 

CHX 0.12% 

(n=40) 

p 

Zone of inhibition (mm) 6.0 ± 0.0 15.4 ± 2.4 13.5 ± 2.7 14.4 ± 2.1 20.8 ± 1.8 <0.001ᵃ 

Biofilm inhibition (%) 3.4 ± 2.9 45.6 ± 8.4 38.4 ± 8.2 42.3 ± 9.5 72.9 ± 8.3 <0.001ᵇ 

Cell viability (%) 97.9 ± 1.9 92.1 ± 3.1 91.4 ± 4.6 89.1 ± 4.7 68.6 ± 5.4 <0.001ᵇ 

 

Mean ± SD. ᵃKruskal–Wallis test (vehicle zone = 6.0 mm well diameter, no variance). ᵇWelch ANOVA. Games–Howell: CHX 

differed from all groups for every outcome (p < 0.001); EGCG > quercetin for zone (p = 0.008) and biofilm (p = 0.002); 

curcumin < EGCG for viability (p = 0.014). 

 

Figure 2. Zone of inhibition (A), biofilm inhibition (B) and fibroblast viability (C) by treatment group (mean ± SD; simulated 

data). The vehicle zone of 6.0 mm equals the well diameter (no inhibition). CHX, chlorhexidine 0.12%. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 
 

1427 

 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

Anti-inflammatory effects. Baseline cytokine levels were similar across groups (Table 4). All three polyphenols and 

chlorhexidine reduced IL-1β, IL-6, TNF-α and PGE2 from baseline (paired t-tests, all p < 0.001; Figure 3), whereas the vehicle 

showed no significant change. Percentage reductions differed among groups for every mediator (Welch ANOVA, all p < 0.001, 

partial η² 0.86–0.89; Figure 4). EGCG produced the largest reductions (IL-1β 43.9%, IL-6 46.0%, TNF-α 44.0%, PGE2 45.8%), 

followed by curcumin (40.1–40.7%) and quercetin (37.0–37.7%); chlorhexidine achieved only 19.0–20.0%. Games–Howell tests 

(Table 5) showed EGCG > curcumin for all four mediators (p ≤ 0.005), curcumin > quercetin for IL-1β (p = 0.008) and TNF-

α (p = 0.017) but not IL-6 (p = 0.054) or PGE2 (p = 0.181), and every polyphenol > chlorhexidine (p < 0.001). Among 

polyphenol-treated samples, biofilm inhibition correlated weakly with IL-1β reduction (ρ = 0.22, p = 0.017). 

Table 4. Inflammatory mediators in LPS-stimulated gingival fibroblasts before and after 24 h exposure (simulated data) 

Mediator Vehicle control 

(n=40) 

EGCG 

(n=40) 

Quercetin 

(n=40) 

Curcumin 

(n=40) 

CHX 0.12% 

(n=40) 

p (between 

groups) 

IL-1β baseline 

(pg/mL) 

431.0 ± 77.9 412.0 ± 

64.1 

387.7 ± 65.9 419.8 ± 69.2 436.0 ± 65.3  

IL-1β post-treatment 

(pg/mL) 

422.3 ± 77.7 231.6 ± 

41.5 

243.6 ± 47.2 248.7 ± 44.1 347.8 ± 58.7  

IL-1β paired p 

(baseline vs post) 

0.125 <0.001 <0.001 <0.001 <0.001  

IL-1β reduction (%) 1.8 ± 7.7 43.9 ± 3.6 37.3 ± 4.4 40.7 ± 4.3 20.0 ± 7.5 <0.001 

IL-6 baseline (pg/mL) 615.9 ± 72.4 621.4 ± 

73.3 

602.5 ± 108.2 636.0 ± 92.8 613.0 ± 107.5  

IL-6 post-treatment 

(pg/mL) 

615.0 ± 105.0 336.3 ± 

57.4 

375.5 ± 74.1 377.9 ± 68.1 497.7 ± 104.6  

IL-6 paired p (baseline 

vs post) 

0.926 <0.001 <0.001 <0.001 <0.001  

IL-6 reduction (%) 0.4 ± 9.9 46.0 ± 5.1 37.7 ± 4.4 40.7 ± 5.2 19.0 ± 7.8 <0.001 

TNF-α baseline 

(pg/mL) 

334.1 ± 45.8 359.9 ± 

54.6 

345.6 ± 57.6 358.3 ± 63.9 353.2 ± 58.7  

TNF-α post-treatment 

(pg/mL) 

328.4 ± 52.4 202.0 ± 

38.2 

217.7 ± 40.2 214.9 ± 43.0 282.6 ± 48.7  

TNF-α paired p 

(baseline vs post) 

0.115 <0.001 <0.001 <0.001 <0.001  

TNF-α reduction (%) 1.8 ± 6.6 44.0 ± 5.4 37.0 ± 4.8 40.1 ± 3.9 19.8 ± 6.3 <0.001 

PGE2 baseline 

(pg/mL) 

875.4 ± 132.3 918.6 ± 

117.4 

893.2 ± 130.3 855.0 ± 122.3 878.4 ± 126.3  

PGE2 post-treatment 

(pg/mL) 

853.1 ± 147.7 497.3 ± 

71.8 

558.2 ± 99.0 512.1 ± 86.8 712.1 ± 128.4  

PGE2 paired p 

(baseline vs post) 

0.054 <0.001 <0.001 <0.001 <0.001  

PGE2 reduction (%) 2.7 ± 7.9 45.8 ± 4.2 37.6 ± 5.5 40.1 ± 4.7 19.2 ± 5.6 <0.001 
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Mean ± SD. Within-group p from paired t-test (baseline vs post-treatment). Between-group p for percentage reduction from 

Welch ANOVA; Games–Howell: EGCG > curcumin for all mediators (p ≤ 0.005); curcumin > quercetin for IL-1β (p = 0.008) 

and TNF-α (p = 0.017); all polyphenols > CHX (p < 0.001). 

 

Figure 3. IL-1β (A), IL-6 (B), TNF-α (C) and PGE2 (D) concentrations in LPS-stimulated gingival fibroblasts at baseline and 

24 h after exposure (mean ± SD; simulated data). *p < 0.001 versus baseline, paired t-test. 

 

Figure 4. Percentage reduction of IL-1β, IL-6, TNF-α and PGE2 from baseline after 24 h exposure, by treatment group 

(mean ± SD; simulated data). 
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Table 5. Games–Howell pairwise comparisons of percentage reduction in inflammatory mediators (simulated data) 

Comparison IL-1β IL-6 TNF-α PGE2 

EGCG vs Quercetin +6.6 (<0.001) +8.3 (<0.001) +6.9 (<0.001) +8.2 (<0.001) 

EGCG vs Curcumin +3.2 (0.005) +5.3 (<0.001) +3.8 (0.004) +5.7 (<0.001) 

Curcumin vs Quercetin +3.4 (0.008) +3.0 (0.054) +3.1 (0.017) +2.6 (0.181) 

EGCG vs CHX 0.12% +23.8 (<0.001) +27.0 (<0.001) +24.2 (<0.001) +26.6 (<0.001) 

Quercetin vs CHX 0.12% +17.3 (<0.001) +18.7 (<0.001) +17.2 (<0.001) +18.4 (<0.001) 

Curcumin vs CHX 0.12% +20.6 (<0.001) +21.7 (<0.001) +20.3 (<0.001) +20.9 (<0.001) 

EGCG vs Vehicle control +42.1 (<0.001) +45.6 (<0.001) +42.2 (<0.001) +43.2 (<0.001) 

Quercetin vs Vehicle control +35.5 (<0.001) +37.3 (<0.001) +35.3 (<0.001) +34.9 (<0.001) 

Curcumin vs Vehicle control +38.9 (<0.001) +40.3 (<0.001) +38.4 (<0.001) +37.5 (<0.001) 

CHX 0.12% vs Vehicle control +18.3 (<0.001) +18.6 (<0.001) +18.0 (<0.001) +16.6 (<0.001) 

 

Values are mean difference in percentage reduction (first group minus second group, percentage points) with Games–Howell 

adjusted p in parentheses. Positive values indicate greater reduction by the first group. CHX, chlorhexidine 0.12%. 

Cell viability. Fibroblast viability differed between groups (Welch F = 271.7, p < 0.001; Table 3, Figure 2C). Viability remained 

high with EGCG (92.1 ± 3.1%), quercetin (91.4 ± 4.6%) and curcumin (89.1 ± 4.7%) compared with the vehicle (97.9 ± 1.9%), 

whereas chlorhexidine reduced viability to 68.6 ± 5.4% (p < 0.001 versus all other groups). Curcumin was slightly less 

biocompatible than EGCG (p = 0.014). 

4. DISCUSSION 

This sample study establishes a complete framework for comparing three plant-derived polyphenols against periodontal 

pathogens and their inflammatory consequences, using chlorhexidine as the reference. In the simulated data, a clear trade-off 

emerges: chlorhexidine was the most potent antimicrobial and antibiofilm agent, but it was the weakest suppressor of 

inflammatory mediators and the most cytotoxic, whereas EGCG, curcumin and quercetin combined moderate antimicrobial 

activity with roughly twice the cytokine suppression and good fibroblast viability. If confirmed with real measurements, this 

pattern would support positioning polyphenols as host-modulating adjuncts rather than as replacements for antiseptics [36,44]. 

The simulated antimicrobial ranking agrees with the direction of published work. Chlorhexidine's broad, membrane-active 

bactericidal action explains its low MIC and large zones [31,32]. The MIC range assumed for curcumin (31.25–125 µg/mL) 

corresponds to the 62.5 µg/mL MIC and 125 µg/mL MBC reported for clinical P. gingivalis strains [53] and to the dose-

dependent growth inhibition described across periodontopathic species [52]. EGCG's inhibition of P. gingivalis growth, 

adherence and biofilm development [48,49] and quercetin's activity against P. gingivalis and A. actinomycetemcomitans [58] are 

likewise consistent with the ordering. Mechanistically, flavonoids and catechins disrupt cytoplasmic membranes, chelate metal 

ions and inhibit bacterial enzymes such as gingipains [41–43,52]. The fact that biofilm inhibition was lower than planktonic 

activity for all agents reflects the intrinsic tolerance of biofilm communities [15]. 

The most important dimension of the framework is host modulation. IL-1β, TNF-α and IL-6 orchestrate connective-tissue 

breakdown and osteoclastogenesis, and PGE2 is a principal mediator of bone resorption [17–19]. Polyphenols act on these 

pathways by inhibiting NF-κB and MAPK signalling and COX-2 expression [55,61,62], mechanisms supported by in vivo 

reductions in inflammatory infiltrate and cytokine expression with curcumin [54,56] and reduced bone loss with quercetin 

[59,60]. Similar attenuation of LPS-induced cytokine release has been shown for other polyphenol-rich fractions [63,64], and 

EGCG additionally preserves epithelial antimicrobial peptides against gingipain degradation [50]. Their antioxidant capacity 

may further limit oxidative tissue injury [20,38]. The modest anti-inflammatory effect of chlorhexidine is plausibly secondary to 
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reduced bacterial load and cell damage rather than to direct signalling effects, and its cytotoxicity towards fibroblasts is well 

documented [34]. 

From a clinical perspective, the ideal adjunct to debridement [21,22] would reduce the pathogenic load without selecting for 

resistance [30,35] and would dampen host-mediated destruction. Antibiotics, even in synergistic combinations [27,29], carry 

resistance and systemic-exposure costs, and comparisons of chlorhexidine with herbal alternatives during scaling and root 

planing illustrate continuing interest in gentler adjuncts [33]. Polyphenols could also complement regenerative and laser-assisted 

approaches [23–26] by creating a less inflamed wound environment. Epidemiological associations between green-tea intake and 

periodontal health [51], and the broader case for natural products in drug discovery [37], add plausibility. Nevertheless, 

polyphenols have low oral bioavailability and stability [39,57], so local-delivery or nano-encapsulated formulations will probably 

be required [45,46]. 

Strengths and limitations. The framework includes a positive and a vehicle control, clinical isolates of four key pathogens [9,12–

14], blinded assay reading, standardised CLSI methods and a pre-specified analysis plan robust to unequal variances. Its 

overriding limitation is that all outcome values in this version are simulated: they reflect the assumptions used to generate them 

and cannot confirm or refute any hypothesis. Further planned-design limitations are that in vitro monospecies biofilms and 

fibroblast monocultures cannot reproduce the polymicrobial, immune-competent periodontal pocket [10,11,16]; that host 

susceptibility factors, including genetic background [7,8], are not captured; and that single concentrations and one 24-h time 

point were assumed. Future work should use multispecies biofilm models, dose–response and time-course designs, 

combinations of polyphenols, and ultimately randomised clinical trials of locally delivered formulations. 

5. CONCLUSION 

This sample study delivers a ready-to-use protocol, statistical analysis plan and set of results tables and figures for evaluating 

EGCG, quercetin and curcumin against periodontal pathogens and inflammatory mediators, with chlorhexidine as benchmark. 

The simulated results illustrate the expected hypothesis, namely lower antimicrobial potency but superior host modulation and 

biocompatibility of polyphenols relative to chlorhexidine, but they are not evidence. Conclusions about the true efficacy of 

these compounds must await replacement of the simulated dataset with genuine laboratory measurements. 

DECLARATIONS 

Nature of the data. All outcome data reported in this document are simulated (computer-generated, seed 2026) and do not 

represent laboratory findings. This document must not be submitted for publication, presented or cited as reporting real results 

until the simulated values have been replaced with actual measurements and the analyses re-run. 
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