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Introduction  

Lung fibrosis, a chronic respiratory disease which is marked 

by alveolar fibrosis wall thickening, due to impaired ventilation and 

insufficient air exchange, and breathing failure that occurs in the end. 

This heterogeneous condition exhibits diverse parenchymal damage 

patterns, Interstitial lung disease (ILD) in addition to idiopathic 

pulmonary fibrosis (IPF)  representing which is worst and cannot be 

changed forms marked by escalating parenchymal fibrosis.1 IPF 

prevalence ranges globally from 0.9-13.0/100,000, predominantly 

affecting males (7:3 ratio) and individuals >60 years.2,3 Recent evidence 

indicates approximately 30% of fibrotic ILD patients develop 

progressive pulmonary fibrosis (PPF), a recently defined entity 

demonstrating IPF-like progression. PPF carries a grave prognosis (3-5 

year median survival), significant socioeconomic burden, and 

irreversible clinical decline.4 Current pathophysiological models 

attribute pulmonary fibrosis to dysregulated wound repair mechanisms, 

where heterogeneous etiological factors including thermal injury, 

infections, autoimmune processes, traumatic insults (surgical/non-

surgical), foreign bodies, and malignancies elicit aberrant inflammatory 

and fibrogenic responses.4  

*Corresponding author. Email: gondomastutik@fk.unair.ac.id 

   Tel: +62-82293924734 
 

Citation: Rahman LN, Mastutik G, Rahaju AS. Effects of Quercetin 

Administration on TNF-α, IL-6, Hydroxyproline, and Ashcroft Scores in 
Preclinical Study of Pulmonary Fibrosis: A Systematic Review and Meta-

Analysis. Trop J Nat Prod Res. 2025; 9(9) 4111 – 4116 

https://doi.org/10.26538/tjnpr/v9i9.5  
 

 

Official Journal of Natural Product Research Group, Faculty of 

Pharmacy, University of Benin, Benin City, Nigeria 

 

 

 

The pathways of molecular signalling at play in PF encompasses the 

TGF-β/Smad, WNT/β-catenin, and PI3K/Akt/mTOR signalling 

pathways. This process involves chemokine, cytokine, and growth 

factor-mediated damage to both parenchymal and inflammatory cells, 

driving disease pathogenesis.5 During fibrotic progression, 

macrophages secrete essential mediators including Interleukin-1 (IL-1), 

Interleukin-6 (IL-6), Tumour Necrosis Factor-alpha (TNF-α), 

Transforming Growth Factor-beta (TGF-β), Matrix Metalloproteinases 

(MMPs), and Insulin-like Growth Factor-1 (IGF-1). That orchestrate 

fibroblast activation, endothelial proliferation, angiogenic signalling, 

and pathological extracellular matrix (ECM) deposition. Crucially, 

macrophages exert dual roles by simultaneously secreting tissue 

inhibitors of metalloproteinases (TIMPs) to counter-regulate fibrotic 

expansion.4,6 Both the drugs nintedanib and pirfenidone received FDA 

approval for IPF management, with conditional recommendations in 

guidelines reflecting moderate confidence in their benefits despite 

therapeutic limitations.7 As a result, clinical trials have recently reported 

significant adverse effects associated with pirfenidone, with 

gastrointestinal disorders (36%) and skin-related issues (28–32%) being 

the most common.8 Similarly, nintedanib is known to cause diarrhoea 

as a common side effect (up to 63.2%).9 This side effect has limited the 

extensive use of pirfenidone and nintedanib. Novel medications and 

treatment strategies are now needed to enhance IPF individual's quality 

of life and prognosis.8,9 

Quercetin a naturally occurring flavonoid in plant-based foods 

demonstrates antiinflammatories, antioxidant, and immunomodulatory 

attributes. It inhibits bleomycin-induced epithelial-mesenchymal 

transition via Smad/β-catenin-dependent ROS suppression and exhibits 

antifibrotic effects through Nrf2-mediated redox balance 

modulation.10,11 Quercetin's pleiotropic actions position it as a 

promising adjunctive candidate for fibrotic lung diseases, warranting 

further clinical investigation. A thorough assessment of the clinical 

feasibility of quercetin in idiopathic pulmonary fibrosis requires 

comprehensive evaluation of its therapeutic efficacy. Given this current 

lack of clinical evidence, exploring its mechanistic basis and potential 

efficacy through animal models remains an urgent priority.11 To our 
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Lung fibrosis, a chronic respiratory diseases which is marked by alveolar fibrosis wall thickening 

with limited treatment options and progression to respiratory failure. There are molecular 

pathways of signaling associated with pulmonary fibrosis, namely the transforming growth factor 

beta (TGF-β)/Smad pathway, WNT/β-catenin pathway, and PI3K/Akt/mTOR pathway. Quercetin 

is a flavonoid which has demonstrated potential antifibrotic and anti-inflammatory actions. This 

compound suppressing reactive oxygen species dependent on Smad/β-catenin. These studies were 

designed to evaluate the potency of quercetin in treating pulmonary fibrosis. The studies were 

conducted via systematic review and meta-analysis following the PRISMA 2020 protocol. 

Quercetin was administered at a dose of 5–100 mg/kg for 21–42 days. Meta-analysis resulted in a 

significant reduction in TNF-α (SMD = −3.63; 95% CI: −6.07 to −1.18; p = 0.0037), IL-6 (SMD 

= −1.29; 95% CI: −1.90 to −0.68; p < 0.0001), hydroxyproline (SMD = −2.95; 95% CI: −4.16 to 

−1.74; p < 0.0001), and Ashcroft score (SMD = −5.90; 95% CI: −9.44 to −2.36; p = 0.0011). 

These findings indicate that quercetin effectively reduces inflammation and severity of fibrosis in 

a preclinical model of pulmonary fibrosis, highlighting its potential as a therapeutic candidate. 
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knowledge, only two prior meta-analyses have examined flavonoid 

efficacy in pulmonary fibrosis, with just one providing detailed focus 

on quercetin though notably omitting clinical fibrosis grading 

outcomes. While existing research has explored quercetin's anti-

inflammatory properties broadly, no comprehensive synthesis has 

quantified its impact on specific inflammatory biomarkers (TNF-α, IL-

6, hydroxyproline) or histopathological fibrosis severity via Ashcroft 

scoring in pulmonary disease contexts.12,13 This systematic review aims 

to advance quercetin understanding and generate robust preclinical 

evidence to inform future clinical trials. 

 

Materials and Methods  
 

Following the recommendations established by the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA), a 

systematic review was conducted.14,15 The prospective registration for 

this systematic review was made on PROSPERO 

(CRD420250627865). Population, intervention, control group, and 

outcome (PICO) framework was used, where the population consisted 

of mice or rats induced with pulmonary fibrosis. The primary 

intervention analysed was all treatments involving quercetin, compared 

to a control group receiving standard care, placebo, or no treatment. 

Quantitative inflammatory biomarkers, such as TNF-α and IL-6, have 

been detected by the Enzyme-Linked Immunosorbent Assay (ELISA) 

from Bronchoalveolar Lavage Fluid (BALF), collagen content was 

biochemically assessment based on ELISA measurement of 

hydroxyproline in lung samples, and Ashcroft system of scoring was 

applied to semi-quantitatively assess degree of severity of lung 

fibrosis.16 

 

Search Strategy and Selection Criteria 

A methodical search for research was performed in the scientific 

databases PubMed, ProQuest, ScienceDirect, and Google Scholar, 

covering publications from January 1, 2010, to December 1, 2024. The 

search was performed using keywords and terms for "Quercetin" AND 

"lung fibrosis" OR "pulmonary fibrosis" AND "preclinical." 

This meta-analysis included only experimental study designs 

comparing quercetin with a control in pulmonary fibrosis. Randomized 

controlled trials, in vitro, ex vivo, case-control, cross-sectional, cohort 

studies, and non-randomized controlled trials were excluded. 

 

Data Extraction 

This methodology outlines systematic data extraction from included 

studies, encompassing nine core parameters: (1) authorship, (2) 

publication year, (3) study design, (4) sample size, (5) pulmonary 

fibrosis induction method, (6) experimental intervention, (7) dosage 

regimen, (8) treatment duration, and (9) key outcomes. All authors 

independently verified data against full-text sources. Discrepancies 

underwent tiered resolution: primary discussion between involved 

parties, secondary multi-author consultation for persistent 

disagreements, and final majority adjudication when consensus proved 

unattainable.  

 

Risk of Bias 

Risk of bias assessment employed SYRCLE's validated framework, 

examining selection, performance, detection, attrition, reporting, and 

other systematic error domains in animal intervention studies. This 

review did not use any other tools as all included studies were 

preclinical or animal studies.17 

 

Data Analysis 

All included studies were tabulated to document: authorship, 

publication year, design, sample size, animal model, interventions, 

dosing, treatment duration, and quantitative outcomes (TNF-α/IL-6 

ELISA biomarkers, hydroxyproline content, Ashcroft scores) presented 

as mean±SD. For meta-analytical consistency, data originally reported 

as median/IQR or median/range were converted to mean/SD using 

established Luo-Wan algorithms.18,19 Standard Error of the Mean 

(SEM) values underwent SD conversion via SEM×√n computation 

Graphical data extraction employed WebPlotDigitizer and Meta-

Analysis Accelerator, though direct author correspondence remains 

recommended for optimal numerical accuracy.20-22  

The studies were conducted using R Studio 2024.04.2+764 and the 

current version of R 4.4.1, both developed by the R Core Team in 

Vienna, Austria.23 The Standardized Mean Difference (SMD) with the 

relevant 95% confidence interval was used in the meta-analysis.  The I2 

statistic was used to measure the heterogeneity among the included 

studies. When no substantial heterogeneity was found (p≥0.05 and 

I²≤50%), a model with fixed effects was used. However, when 

sufficient heterogeneity was found (p<0.05 or I²>50%), the model with 

random effects was employed. For all test data, a p-value of less than 

0.05 was deemed statistically significant.24  

 

Results and Discussion 
 

Study selection process and quality assessment 

The PRISMA 2020 flowchart (Figure 1) documents systematic 

literature screening. Initial retrieval identified 543 publications across 

four repositories: PubMed (n=26), ProQuest (n-10), ScienceDirect 

(n=486), and Google Scholar (n=21), with six studies qualifying for 

meta-analysis. 

 

 

Figure 1: PRISMA flow diagram of the selection process14,15 
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Study Characteristics 

Six studies involving 216 animals, including Sprague-Dawley and 

Wistar rats, as well as C57Bl/6 mice induced with pulmonary fibrosis 

through intratracheal bleomycin administration at doses of 5 U/kg, 6.5 

U/kg, or 7.5 IU/kg, were included.25-30 Experimental protocols 

employed intratracheal bleomycin administration (3 mg/mL 

concentration; 2.5 μL/g volume) or thoracic gamma irradiation (12 Gy 

dose). Quercetin interventions utilized variable dosing regimens (5, 10, 

25, 50, 75, or 100 mg/kg) across treatment durations of 21, 28, or 42 

days.25-30 Comprehensive experimental parameters are detailed in Table 

1. 

 

Risk of Bias Assessment 

SYRCLE's RoB tool evaluated six bias domains in animal intervention 

studies. Ten criteria were appraised: (1) random sequence generation, 

(2) baseline homogeneity, (3) allocation concealment, (4) randomized 

housing, (5) caregiver/investigator blinding, (6) randomized outcome 

assessment, (7) incomplete outcome management, (8) selective 

reporting, (9) other biases, and (10) conflicts of interest. Based on this 

evaluation, each research was classified as exhibiting low risk of bias, 

high risk of bias, or "some concerns.".17 The SYRCLE risk assessment 

categorized included studies as: two with high bias risk, three raising 

methodological concerns, and one demonstrating low bias 

susceptibility. Figure 2 illustrates the complete bias profile distribution. 

 

 

Figure 2: Risk of Bias (RoB) chart using the SYRCLE's tool for 

animal intervention studies 
 

Outcome Results 

Our preclinical meta-analysis showed the significant potential of 

quercetin in reducing key inflammatory biomarkers in pulmonary 

fibrosis. For TNF-α, a random-effects meta-analysis of five studies (112 

animals) convincingly showed a significant decrease in levels in the 

quercetin intervention group compared to the control group (SMD = -

3.63; 95% CI: -6.07 to -1.18; p = 0.0037; Figure 3), although substantial 

heterogeneity was observed (I²=91.4%). Similarly, for Interleukin-6 

(IL-6), two studies (52 animals) reported a significant quercetin-

mediated decrease (SMD = -1.29; 95% CI: -1.90 to -0.68; p < 0.0001; 

Figure 4), with minimal heterogeneity (I²=0.0%).25-27 This finding is 

very important considering the pathophysiology of fibrosis of the lung 

is a progressive condition that results from an inflammatory cascade 

within the bronchial and alveolar epithelium. Cytokine and growth 

factor dysregulation are key mechanisms driving the development of 

this disease, which ultimately manifests itself through fibroblast 

hyperproliferation, pathological extracellular matrix (ECM) deposition, 

and abnormal collagen accumulation.4,6 Excessive expression of pro-

inflammatory cytokines, particularly TNF-α and IL-1β, has been 

demonstrated to exacerbate pulmonary fibrosis in animal models. 

Additionally, IL-6 derived from alveolar macrophages possess a well-

established pathophysiological involvement in both experimental and 

clinical pulmonary fibrosis.25,26  

 
Figure 3: Forest plot TNF-α25-27 

 

 

Figure 4: Forest plot IL-625,27 

Meta-analytical findings confirm quercetin's significant attenuation 

pertaining to inflammation biomarkers TNF-α and IL-6. Current 

evidence indicates localized overproduction of pro-inflammatory 

cytokines (notably TNF-α, IL-1β) exacerbates bleomycin-induced 

pulmonary fibrosis across animal models.26 Furthermore, alveolar 

macrophage-derived IL-6 demonstrates established pathophysiological 

involvement in both experimental and clinical pulmonary fibrosis.27,28 

Contemporary research underscores the pivotal involvement of innate 

and adaptive immunity in fibrotic progression, including IPF. T 

lymphocytes localize within active disease foci and tertiary lymphoid 

structures in pulmonary parenchyma and bronchoalveolar lavage, 

confirming their mechanistic role. IPF pathogenesis through polarized 

cytokine secretion Th1-type cytokines (IFN-γ, IL-12) drive 

inflammation, while Th2-associated mediators (IL-4, IL-5, IL-9, IL-13) 

promote fibrogenesis.29-31 Quercetin exhibits anti-inflammatory 

properties via regulating secretions of basic inflammation-related 

substances including cytokines, histamines, and chemokines.33 

Quercetin, a naturally abundant polyhydroxylated flavonoid in plant-

based foods, suppresses pulmonary fibrosis progression through 

pleiotropic molecular pathways. Verma et al.27 identified TNF-α as a 

critical fibrosis mediator, with bleomycin models showing marked 

TNF-α elevation via ROS-induced NF-κB activation. Oral quercetin 

(20-day regimen) normalized TNF-α expression and attenuated lung 

injury, confirming anti-inflammatory or fibrotic efficacy.25-27 

Radiation-induced fibrosis similarly activates NF-κB, upregulating IL-

6, IL-18, TNF-α, and IL-1β. Quercetin-3-rhamnoside (Q-3-R) inhibits 

this pathway and downstream cytokines (IL-1β and TNF-α), 

demonstrating therapeutic potential.31 Quercetin additionally 

downregulates TNF-α, IL-6, IL-1β mRNA and pro-inflammatory miR-

155 while elevating anti-inflammatory miR-122 and miR-125b. 

Upregulation of miR-26b/miR-27b correlates with reduced 

inflammation, suggesting miRNA-mediated actions. Furthermore, it 

suppresses senescence-associated secretory phenotype (SASP) 

transcripts (MCP1, MMP12, IL6), indicating multimodal anti-fibrotic 

activity.30-32  

Additional to anti-inflammatory effects, our meta-analysis findings 

clearly demonstrate quercetin's capacity to reduce fibrosis markers. 

Hydroxyproline analysis from three studies (80 animals) showed a 

highly significant reduction in collagen deposition with Quercetin 

intervention compared to controls (SMD = -2.95; 95% CI: -4.16 to -

1.74; p < 0.0001; Figure 5), with moderate heterogeneity 

(I²=69.4%).25,28,30 This reduction is highly relevant because 

hydroxyproline, as a proline-derived collagen constituent, serves as a 

validated IPF biomarker reflecting pathological collagen accumulation 

in lung tissue.16,30 
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Table 1: Characteristics of quercetin intervention studies 

No 

Author

s, Year 

Study 

Design 

Sample 

Size 

(n) 

Animal 

Model 

Pulmonary 

Fibrosis 

Induction 

Intervention Dose 

Treatment 

Duration 

Inflammatory 

Biomarkers 

(pg/ml) 
Hydroxyprolin

e (mg/g) 

mean±SD 

Ashcrof 

Score 

mean±SD 
TNF-α 

(mean±S

D) 

IL-6  

(mean±S

D) 

1. 

Baowe

n, 

201025 

In Vivo 20 

Rats 

Sprague-

Dawley 

Intratracheal 

bleomycin 5 

U/kg 

Liposomal 

quercetin 

5 

mg/kg 

28 day 

56.21± 

14.13 

88.52± 

26.65 

34.78±2.84 - 

2. 

Malaye

ri, 

201626 

In Vivo 60 

Rats 

Sprague-

Dawley 

Intratracheal 

bleomycin 7.5 

IU/kg 

Quercetin 

hydrate 

25 

mg/kg 

21 day 

126.1±

17.88 

- 

- - 

50 

mg/kg 

117.2±

8.33 

- 

75 

mg/kg 

99±15.

68 

- 

3. 

Verma, 

202227 

In Vivo 24 

Mice 

C57Bl/6 

Gamma 

radiation (12 

Gy) 

Quercetin-3-

rutinoside 

(Q-3-R) 

10 

mg/kg 

42 day 

46.1±1

2.25 

100±31

.84 

- 4.98±0.76 

4. 

Mehrza

di, 

202128 

In Vivo 50 

Rats 

Wistar 

Intratracheal 

bleomycin 7.5 

IU/kg 

Quercetin  

75 

mg/kg 

28 day - - 6.25± 0.6 2.16± 0.22 

5. 

Li, 

202429 

In Vivo 32 Mice 

Intratracheal 

bleomycin (3 

mg/mL, 2.5 

μl/g) 

Quercetin  

50 

mg/kg 

21 day - - - 3.33±0.63 

6. 

Verma, 

201330 

In Vivo 30 

Rats 

Wistar 

Intratracheal 

bleomycin 6.5 

U/kg 

Quercetin 

100 

mg/kg 

21 day - - 1.88± 0.11 - 

 

 
Figure 5: Forest plot hydroxyproline25,28,30 

 

Moreover, histopathological evaluation via Ashcroft scores from three 

trials (48 animals) revealed a significant attenuation of pulmonary 

fibrosis severity mediated by quercetin, showing marked 

histopathological improvement in comparison to the control group 

(SMD = -5.90; 95% CI: -9.44 to -2.36; p = 0.0011; Figure 6), with high 

heterogeneity (I²=82.5%).27-29 The effectiveness of quercetin in 

reducing hydroxyproline levels and alleviating the severity of 

pulmonary fibrosis per Ashcroft score strongly supports its potential as 

an antifibrotic agent. Quercetin administration significantly reduces 

hydroxyproline levels and attenuates pulmonary fibrosis severity per 

Ashcroft scoring.28  
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Figure 6: Forest plot Ashcroft score27-29 

 

Crucially, gallic acid-quercetin coadministration demonstrates 

synergistic hydroxyproline reduction exceeding monotherapy efficacy 

versus bleomycin-exposed controls.28 Histopathological analyses 

confirm superior architectural preservation exclusively with 

combination therapy, effectively reversing bleomycin-induced 

parenchymal remodelling. Hydroxyproline a proline-derived collagen 

constituent serves as a validated IPF biomarker, reflecting pathological 

collagen accumulation in pulmonary tissue. Previous investigations 

establish both polyphenols' capacity to mitigate bleomycin-induced 

fibrotic histopathology, including alveolar septal thickening and edema. 

Notably, quercetin monotherapy requires elevated dosing (100 mg/kg) 

for comparable efficacy, while clinical translation remains constrained 

by limited safety data.28,34  

 

Conclusion 
Quercetin demonstrates significant therapeutic potential in reducing 

inflammatory biomarkers and pulmonary fibrosis. Administration of 

quercetin effectively lowers TNF-α, IL-6, hydroxyproline, and the 

Ashcroft score, all of which contribute to the reduction in the severity 

of pulmonary fibrosis. Quercetin's ability to reduce inflammation and 

fibrosis indicates its potential in preventing or slowing the progression 

of pulmonary fibrosis. While this study provides compelling evidence 

for the benefits of quercetin, further research involving larger sample 

sizes, varied doses, and further trials on humans are recommended to 

confirm the potential benefits of quercetin in treating pulmonary 

fibrosis. 
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