Galangin and Piperine Modulate BALF and Cytokines in Pulmonary Model	Comment by rfi: The lung model is very general. Is it a specific animal model (e.g., mouse or rat)? And most importantly, what type of lung disease or injury is being modeled? (e.g., asthma, COPD, ARDS, fibrosis, or LPS-induced neglected injury)
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ABSTRACT 

	Aims: To evaluate the anti‑inflammatory efficacy of galangin and piperine administered individually and in combination on broncho‑alveolar lavage fluid (BALF) cellularity and lung cytokine profiles in a bleomycin‑induced pulmonary fibrosis model in mice.
Study Design: Randomized controlled animal experiment.
Place and Duration of Study: Department of Veterinary Pharmacology and Toxicology, College of Veterinary Science, Hyderabad, India, from June 2021 to August 2021.
Methodology: Fifty male C57BL/6 mice (6–7 weeks) were acclimatized for 15 days and then allocated to seven groups (n = 6 for analysis). Group 1 received saline only; Group 2 received a single oropharyngeal dose of bleomycin (1.5 U kg⁻¹). Groups 3 and 4 received galangin (5 mg kg⁻¹ day⁻¹) and piperine (50 mg kg⁻¹ day⁻¹) alone respectively. Groups 5 and 6 received bleomycin plus galangin or piperine, respectively, at the same doses. Group 7 received bleomycin plus doses of galangin (2.5 mg kg⁻¹ day⁻¹) and piperine (25 mg kg⁻¹ day⁻¹). After 21 days, BALF was collected for total and differential cell counts; lung homogenates were analyzed by ELISA for TNF‑α, NF‑κB, IL‑6, and IL‑10. Data were expressed as mean ± SE and compared by one‑way ANOVA with Tukey’s post‑hoc test (P < 0.05).	Comment by rfi: Mention the time of administration of the compounds in relation to bleomycin (did the administration begin immediately or a few days after bleomycin?
Results: Bleomycin significantly increased BALF total cells (20.33 ± 0.33 × 10⁵ vs 9.53 ± 0.58 × 10⁵ in controls) and neutrophils (4.61 ± 0.24 × 10⁵ vs 1.39 ± 0.14 × 10⁵; P < 0.05). Galangin and piperine monotherapy reduced these counts by ~26 % and ~29 %, respectively, while combination therapy achieved a 34 % reduction (13.48 ± 0.12 × 10⁵). Bleomycin also elevated TNF‑α, NF‑κB, and IL‑6 (5‑ to 6‑fold) and suppressed IL‑10 (60 % decrease). Combination treatment lowered TNF‑α to 64.37 ± 1.13 pg mg⁻¹ (vs 145.70 ± 1.94 pg mg⁻¹ in bleomycin group) and NF‑κB to 77.88 ± 2.84 pg mg⁻¹ (vs 173.53 ± 2.14 pg mg⁻¹), while restoring IL‑10 toward baseline (37.25 ± 1.39 pg mg⁻¹ vs 43.73 ± 1.53 pg mg⁻¹ in controls) (all P < 0.05).
Conclusion: Galangin and piperine significantly attenuate bleomycin‑induced pulmonary inflammation by reducing leukocyte infiltration and re‑balancing pro‑ and anti‑inflammatory cytokines. Combination therapy displayed superior efficacy, suggesting a synergistic interaction and supporting the potential use of these phytocompounds as adjunct treatments for inflammatory lung diseases.
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1. INTRODUCTION 

Pulmonary fibrosis is a progressive and often fatal condition characterized by excessive deposition of extracellular matrix (ECM) components, leading to irreversible scarring and structural remodeling of the lung tissue. It is a common pathological outcome associated with various inflammatory airway diseases, including idiopathic pulmonary fibrosis (IPF), acute respiratory distress syndrome (ARDS), and interstitial pneumonitis (Faverio et al., 2018). These disorders are associated with high morbidity and poor survival, despite varying in etiology and severity (Nadrous et al., 2005). A hallmark of pulmonary fibrosis is the accumulation and activation of fibroblasts and myofibroblasts, driven by epithelial injury and the release of growth factors that promote fibroblast proliferation and differentiation (Wang et al., 2021).
Myofibroblasts are key effector cells in fibrosis, secreting collagen, fibronectin, and other ECM proteins, contributing to tissue stiffening and impaired lung function (Guo et al., 2022). IPF, the most common and severe interstitial lung disease, is characterized by persistent fibroblast foci, chronic inflammation, oxidative stress, and progressive ECM remodeling. Reactive oxygen species (ROS) are implicated in the initiation and progression of fibrosis through direct ECM damage and activation of matrix metalloproteinases (Hanumegowda and Mohan, 2025).
Among various experimental models of pulmonary fibrosis, bleomycin-induced lung injury remains the most widely used due to its reproducibility and relevance to human pathology. Bleomycin, an antineoplastic antibiotic, induces DNA strand breaks through ROS generation, leading to epithelial damage, inflammation, and fibrogenesis (Chen et al., 2024). The lung’s low levels of bleomycin hydrolase, an inactivating enzyme, make it particularly vulnerable to bleomycin toxicity (de Almeida et al., 2024).
Natural compounds with antioxidant and anti-inflammatory properties have gained attention as potential therapeutic agents against pulmonary fibrosis. Galangin, a bioactive flavonoid found in honey and Alpinia officinarum, exhibits potent antioxidant, anti-inflammatory, and anti-fibrotic effects. It has shown efficacy in attenuating inflammation and fibrosis in cardiac and hepatic tissues via modulation of Nrf2 and NF-κB signaling pathways (Aladaileh et al., 2019; Thangaiyan et al., 2020). Similarly, piperine, an alkaloid from Piper nigrum, is known for its wide pharmacological spectrum including anti-inflammatory, antioxidant, and bioavailability-enhancing effects (Phuon et al., 2024). Piperine has also been reported to modulate various enzymes and transporters, enhancing the therapeutic potential of co-administered agents (Tripathi et al., 2024).
Given these pharmacological profiles, the present study was designed to investigate the protective effects of galangin and piperine, individually and in combination, against bleomycin-induced pulmonary fibrosis in male C57BL/6 mice. The study specifically aims to evaluate their anti-inflammatory properties and their influence on bronchoalveolar lavage fluid (BALF) parameters, with a focus on their potential to mitigate pulmonary damage and oxidative stress.	Comment by rfi: It is better to state the necessity of conducting the research at the end of the introduction.

2. material and methods 

2.1 Chemical and reagents
Galangin and Piperine was purchased from Tokyo Chemical Industry (TCI), Japan. Bleomycin purchased from Cipla, India. The enzyme linked immunosorbent assay (ELISA) kits for interleukin-6 (IL-6); Tumour Necrosis Factor-α (TNF-α); NF-κB (Nuclear factor kappa-B cells) and interleukin-10 (IL-10) were procured from Krishgen Biosystems, Mumbai, India. 


2.2 Animals
A total of 50 healthy adult male C57BL/6 mice (6–7 weeks old) were acclimatized for 15 days prior to the study. The animals were randomly assigned to seven groups: groups 1, 3, and 4 included 6 mice each, while groups 2, 5, 6, and 7 included 8 mice each. For statistical analysis, a sample size of six animals per group was considered. Mice were housed in polypropylene cages under standard laboratory conditions (12-hour light/dark cycle, 22–24 °C, hygienic environment) in the Department of Veterinary Pharmacology and Toxicology. All treatments were administered for three weeks according to the group-specific schedules. The Institutional Animal Ethics Committee authorised the experimental procedure with permission number: 40/24/C.V.Sc., Hyd. IAEC-mice/12.06.2021. 
2.3 Experimental Design


List 1 : Experimental Grouping and Treatment Regimen for Mice
	Group
	                     Treatment
	No. of Mice

	1.
	Control ( 0.9% saline) oropharyngeal route, Single dose on 0th day
	
6

	2.
	Bleomycin sulphate @ 1.5 U/Kg bwt,  oropharyngeal route, Single dose on 0th day 
	
8

	3.
	Galangin @ 5mg/kg bwt/orally/daily
	6

	4.
	Piperine@ 50mg/kg bwt/orally/daily
	6

	5.
	Bleomycin sulphate + Galangin @ 5mg/kg bwt/orally/daily
	8

	6.
	Bleomycin sulphate + Piperine@ 50mg/kg bwt/orally/daily
	8

	7.
	Bleomycin sulphate + Galangin @ 2.5mg/kg bwt/orally/daily + Piperine @ 25mg/kg bwt/orally/daily
	
8




[image: ]
Fig.1: Experimental design



2.4 Broncho Alveolar Lavage Fluid (BALF) Collection (Renushe et al., 2022)
At the end of the experiment, animals were euthanized using a CO₂ chamber. Mice were placed in a supine position on a surgical plate and secured by pinning the limbs. An incision was made below the neck after disinfecting the area with spirit, and the overlying skin and muscle were retracted to expose the trachea. A 22 G catheter was carefully inserted approximately 0.5 cm between the second and third tracheal cartilage rings and secured with cotton thread to avoid dislodgement, ensuring minimal trauma to the tracheal tissue.
Phosphate-buffered saline (PBS, pH 7.4; 0.5–1 mL) was gently instilled into the lungs via the catheter using a syringe and then aspirated back. This lavage step was repeated 3–5 times, and the recovered fluid was collected into ice-chilled Eppendorf tubes. The BALF was then centrifuged at 4000×g for 5 minutes at 4 °C. The supernatant was collected for total leukocyte count (TLC) and neutrophil analysis, and differential cell counts were performed using an automated cell counter.
2.5 Preparation of Tissue Homogenates
Following euthanasia by CO₂ inhalation on day 21, lung tissues were immediately excised and divided into four portions for subsequent analyses, like ELISA. For ELISA-based assessments, another portion was homogenized in Tris-Triton buffer (pH 7.4) at 4 °C. All homogenates were prepared under cold conditions to preserve protein integrity and stored appropriately until further analysis.	Comment by rfi: Given that the research was conducted on the lungs, wouldn't it have been better to euthanize the animals with a combination of ketamine and xylazine? Please clarify this ambiguity for the readers and include it in the text.
2.6 Analytical statistics
The experiment findings are presented as mean ± standard error values. For the statistical study, a one-way analysis of variance followed by Tukey's multiple comparison test. P <0.05 was used to determine the significance of the findings.

3. results and discussion	Comment by rfi: If necessary, to further improve the terminology: In the cytokine paragraph, instead of NF-
κB (which is a transcription factor), it would have been better to use the term NF-
κB activation or NF-
κB subunit proteins (such as p65) in the "Cytokine Results" section to be more accurate in terms of scientific terminology (although in the context of the mechanistic discussion, the meaning is understandable).

3.1 Broncho Alveolar Lavage Fluid (BALF) Analysis
3.1.1 Total Cell Count: 
The total cell count (10⁵ cells) in BALF was significantly elevated in the bleomycin control group (Group 2: 20.33 ± 0.33) compared to the normal control (Group 1: 9.53 ± 0.58) (P < 0.05). Treatment with galangin (Group 5: 15.33 ± 0.70), piperine (Group 6: 14.98 ± 0.89), and their combination (Group 7: 13.48 ± 0.12) resulted in a significant reduction in total cell count compared to Group 2 (P < 0.05). No significant differences were observed between Group 1 and the vehicle control (Group 3: 10.52 ± 0.05) and (Group 4: 10.32 ± 0.46).
3.1.2 Neutrophil Count: 
Neutrophil count (10⁵ cells) was significantly increased in Group 2 (4.61 ± 0.24) compared to Group 1 (1.39 ± 0.14) (P < 0.05). Treatment groups receiving galangin (Group 5: 3.06 ± 0.14), piperine (Group 6: 3.15 ± 0.17), and the combination therapy (Group 7: 2.37 ± 0.15) all showed a significant reduction in neutrophil levels compared to Group 2 (P < 0.05). No significant difference was observed between Groups 1 and 3 (1.72 ± 0.19) or Group 4 (1.18 ± 0.12).
3.1.3 Macrophage Count: 
The percentage of macrophages in BALF was markedly higher in Group 2 (9.14 ± 0.95) compared to the normal control (Group 1: 3.25 ± 0.54) (P < 0.05). A significant decrease was noted in the galangin (Group 5: 6.13 ± 0.94), piperine (Group 6: 6.65 ± 0.58), and combination-treated groups (Group 7: 4.52 ± 0.31) relative to Group 2 (P < 0.05). Groups 3 (4.37 ± 0.52) and 4 (3.34 ± 0.02) did not significantly differ from Group 1.
3.1.4 Lymphocyte Count: 
Lymphocyte percentage was significantly increased in the bleomycin control group (Group 2: 3.65 ± 0.08) compared to the normal control (Group 1: 0.81 ± 0.05) (P < 0.05). Treatment with galangin (Group 5: 1.78 ± 0.03), piperine (Group 6: 2.11 ± 0.08), and the combination therapy (Group 7: 1.42 ± 0.04) significantly reduced lymphocyte levels when compared to Group 2 (P < 0.05). No significant changes were observed in Groups 3 (0.84 ± 0.09) and 4 (1.04 ± 0.04) relative to Group 1.

Table 1: Broncho Alveolar Lavage Fluid (BALF) Analysis in different groups of mice
	Group
	Treatment 
	Total Cell Count
	Neutrophils
	Macrophages
	Lymphocytes

	1.
	Control 
	9.53±0.58a
	1.39±0.14a
	3.25±0.54a
	0.81±0.05a

	2.
	Bleomycin sulphate @1.5U/kg Bwt 
	20.33±0.33b
	4.61±0.24b
	9.14±0.95b
	3.65±0.08a

	3.
	Galangin @ 5mg/kg Bwt/po/daily 
	10.52±0.05a
	1.72±0.19a
	4.37±0.52a
	0.84±0.09a

	4.
	Piperine @ 50mg/kg Bwt/po/daily 
	10.32±0.46a
	1.18±0.12a
	3.34±0.02a
	1.04±0.04a

	5.
	Bleomycin sulphate + Galangin @ 5mg/kg Bwt/po/daily 
	15.33±0.70c
	3.06±0.14c
	6.13±0.94c
	1.78±0.03c

	6.
	Bleomycin sulphate + Piperine @ 50mg/kg Bwt/po/daily 
	14.98±0.89c
	3.15±0.17c
	6.65±0.58c
	2.11±0.08e

	7.
	Bleomycin sulphate + Galangin @ 2.5mg/kg Bwt/po/daily + Piperine @ 25mg/kg Bwt/p.o/daily 
	13.48±0.12c
	2.37±0.15d
	4.52±0.31d
	1.42±0.04c


Means ± S.E with different small alphabets as superscripts differ significantly (p < 0.05) among the groups by vertical comparison (n=6).
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Fig. 2. Galangin and Piperine effect on BALF parameters. Total Cell Count (A), Neutrophils (B), Macrophages (C) and Lymphocytes (D).

3.2 Cytokine Levels
3.2.1 Tumor Necrosis Factor‑α (TNF‑α): 
Bleomycin exposure (Group 2) produced a marked rise in TNF‑α (145.70 ± 1.94 pg mg⁻¹ protein) relative to the normal control (Group 1, 28.68 ± 1.72; P < 0.05). Administration of galangin (Group 5, 95.86 ± 1.23) or piperine (Group 6, 88.61 ± 1.06) significantly lowered the cytokine when compared with the bleomycin control (P < 0.05), and the combination therapy (Group 7, 64.37 ± 1.13) produced the greatest reduction. Vehicle‑treated (Group 3, 32.93 ± 1.56) and (Group 4, 29.18 ± 1.65) animals did not differ from the normal control.
3.2.2 Nuclear Factor‑κB (NF‑κB):
NF‑κB levels rose dramatically in bleomycin‑challenged mice (Group 2, 173.53 ± 2.14 pg mg⁻¹) versus controls (Group 1, 26.73 ± 2.28; P < 0.05). Both galangin (Group 5, 127.32 ± 2.89) and piperine (Group 6, 111.54 ± 2.61) attenuated this increase (P < 0.05), while their combination (Group 7, 77.88 ± 2.84) yielded the lowest NF‑κB concentration among the treatment groups. Groups 3 (29.28 ± 1.22) and 4 (28.21 ± 2.25) remained comparable to the normal baseline.
3.2.3 Interleukin‑6 (IL‑6): 
Bleomycin significantly elevated IL‑6 to 158.16 ± 1.72 pg mg⁻¹ (Group 2) compared with 18.31 ± 1.23 in controls (Group 1; P < 0.05). Galangin (Group 5, 101.42 ± 1.70) and piperine (Group 6, 117.35 ± 1.09) each reduced IL‑6 compared to Group 2 (P < 0.05), and the combined treatment (Group 7, 88.98 ± 1.03) provided the greatest suppression. Vehicle and buffer controls (Groups 3 and 4) were statistically indistinguishable from Group 1.
3.2.4 Interleukin‑10 (IL‑10): 
Conversely, IL‑10 was depressed in the bleomycin group (17.54 ± 1.69 pg mg⁻¹) relative to normal mice (43.73 ± 1.53; P < 0.05). Treatment with galangin (29.98 ± 1.24) or piperine (32.15 ± 1.98) significantly restored IL‑10 levels (P < 0.05), while the combination regimen (37.25 ± 1.39) brought values closest to baseline. Groups 3 (41.47 ± 1.38) and 4 (44.11 ± 1.43) again mirrored the normal control.


Table 2: Cytokines Analysis in different groups of mice
	Group
	Treatment 
	TNF‑α
	NF‑κB
	IL‑6
	IL‑10

	1.
	Control 
	28.68±1.72a
	26.73±2.28a
	18.31±1.23a
	43.73±1.53a

	2.
	Bleomycin sulphate @1.5U/kg Bwt 
	145.70±1.94b
	173.53±2.14b
	158.16±1.72b
	17.54±1.69b

	3.
	Galangin @ 5mg/kg Bwt/po/daily 
	32.93±1.56a
	29.28±1.22a
	21.03±1.80a
	41.47±1.38a

	4.
	Piperine @ 50mg/kg Bwt/po/daily 
	29.18±1.65a
	28.21±2.25a
	19.48±0.91a
	44.11±1.43a

	5.
	Bleomycin sulphate + Galangin @ 5mg/kg Bwt/po/daily 
	95.86±1.23c
	127.32±2.89c
	101.42±1.70c
	29.98±1.24c

	6.
	Bleomycin sulphate + Piperine @ 50mg/kg Bwt/po/daily 
	88.61±1.06c
	111.54±2.61c
	117.35±1.09c
	32.15±1.98c

	7.
	Bleomycin sulphate + Galangin @ 2.5mg/kg Bwt/po/daily + Piperine @ 25mg/kg Bwt/p.o/daily 
	
64.37±1.13d
	77.88±2.84d
	88.98±1.03d
	37.25±1.39d
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Fig. 3. Galangin and Piperine effect on cytokines. TNFα (A), NFκB (B), IL-6 (C) and IL-10(D).

Pulmonary fibrosis, a chronic and progressive interstitial lung disease, is often associated with epithelial cell injury, inflammatory cell infiltration, and excessive production of pro-inflammatory cytokines. Inflammatory injury to the alveolar epithelium initiates a cascade involving the recruitment of immune cells and secretion of mediators such as TNF-α, IL-6, and NF-κB, all contributing to the pathogenesis of lung fibrosis (Nagarjuna et al., 2025). Bleomycin (BLM), a chemotherapeutic agent, is widely used to induce pulmonary fibrosis in experimental models due to its ability to generate free radicals and provoke inflammatory and fibrotic responses resembling idiopathic pulmonary fibrosis (IPF) (Chen et al., 2024).
In the present study, intratracheal administration of BLM significantly increased total cell count, neutrophils, macrophages, and lymphocytes in bronchoalveolar lavage fluid (BALF) in group 2 compared to normal controls, confirming the induction of severe pulmonary inflammation. These cellular infiltrates are indicative of immune activation, with neutrophils and macrophages being central to the production of reactive oxygen species (ROS), nitric oxide, and pro-inflammatory cytokines, thereby aggravating tissue injury. These findings are consistent with previous studies indicating the pivotal role of leukocyte infiltration in the development of fibrosis following BLM insult (Yue and Guidry, 2019; Renushe et al., 2022).
Treatment with galangin (group 5) and piperine (group 6) individually led to a significant reduction in the inflammatory cells in BALF, with the combination group (group 7) showing superior efficacy. This attenuation in inflammatory cell infiltration may be attributed to the antioxidant and anti-inflammatory properties of galangin and piperine, which potentially suppress leukocyte recruitment and cytokine release. Notably, the combination treatment not only reduced the total BALF cell counts but also showed a marked decrease in neutrophil and macrophage percentages, suggesting a synergistic protective effect (Rahminiwati et al., 2025)
Tumor Necrosis Factor-α (TNF-α) is a key pro-inflammatory cytokine that interacts with toll-like receptor 4 (TLR-4), subsequently activating the nuclear factor kappa B (NF-κB) signaling pathway. This activation triggers a downstream cascade leading to the production of several pro-inflammatory mediators, thereby contributing to the onset and progression of inflammation (Shishodia, 2013). TNF-α has also been shown to upregulate the expression of inducible nitric oxide synthase (iNOS), further amplifying inflammatory responses (Bryan et al., 2009). NF-κB itself is a nuclear transcription factor composed primarily of p50 and p65 subunits and regulates the expression of numerous genes involved in immune and inflammatory processes. Upon activation, NF-κB translocates from the cytoplasm to the nucleus, where it promotes the transcription of various inflammatory cytokines, chemokines, and adhesion molecules (Zhou et al., 2014). This transcriptional activity not only enhances the production of TNF-α and IL-6 but also contributes to oxidative stress, perpetuating tissue inflammation and damage. Cytokine analysis revealed a substantial elevation of pro-inflammatory markers-TNF-α, IL-6, and NF-κB in the BLM-only group (group 2), which are known to mediate lung inflammation, endothelial activation, and fibrotic remodeling (Zhou et al., 2014). Conversely, a significant suppression of these cytokines was observed in the treatment groups, with the combination group showing the most notable decrease. The reduction in NF-κB expression, a transcription factor central to cytokine gene expression, highlights the potential of galangin and piperine to modulate upstream inflammatory signaling.
IL-10, an anti-inflammatory cytokine, was markedly reduced in the BLM group, correlating with heightened inflammation. IL-10 is well known for inhibition of macrophage as well as T-cell activation and also for attenuation of inflammatory cytokines production. The decreased levels of   IL-10 indicate the severity of lung injury. Wu et al. (2009) reported in the in vivo study that IL-10 mediated protection of the damaged lung was most likely related to the reduction of neutrophil activation.  Restoration of IL-10 levels in the treatment groups, particularly in group 7, underscores the immunomodulatory effect of galangin and piperine, contributing to resolution of inflammation. These outcomes align with earlier reports on the individual ability of galangin to inhibit NF-κB activation and piperine to suppress TNF-α and IL-6 production.
Taken together, the BALF and cytokine data from this study provide compelling evidence that galangin and piperine, particularly in combination, effectively attenuate bleomycin-induced lung inflammation by reducing leukocyte infiltration and rebalancing the cytokine environment. These findings support the therapeutic potential of these phytocompounds in the management of inflammatory lung conditions.
4. CONCLUSION:
The present study demonstrated that bleomycin-induced lung injury in C57BL/6 mice results in significant increases in total inflammatory cell counts in bronchoalveolar lavage fluid (BALF) and elevated levels of pro-inflammatory cytokines (TNF-α, IL-6, and NF-κB), along with decreased anti-inflammatory IL-10. These changes reflect a pronounced inflammatory response characteristic of pulmonary fibrosis. Treatment with galangin and piperine, both individually and in combination, effectively attenuated this inflammatory response. Notably, the combination therapy (galangin + piperine) produced superior results by significantly reducing inflammatory cell infiltration and restoring cytokine balance, suggesting a synergistic effect. These findings highlight the potential of these phytocompounds as adjunct therapeutic agents in managing lung inflammation associated with fibrotic lung disease.





Ethical approval 
The Institutional Animal Ethics Committee authorised the experimental procedure with permission number: 40/24/C.V.Sc., Hyd. IAEC-Mice/12.06.2021.
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