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Introduction

	 The global outbreak of Coronavirus Disease 2019 (COVID-19) 
has profoundly reshaped public awareness of respiratory health. Be-
yond the acute phase of infection, a substantial proportion of indi-
viduals continue to experience prolonged respiratory discomfort, im-
paired airway repair, persistent inflammation, or reduced pulmonary 
function [1]. These post-infection sequelae highlight that maintaining 
respiratory resilience, tissue repair capacity, and immune homeostasis 
has become a critical health concern in the post-pandemic era [2]. 
Consequently, there is growing interest in preventive and supportive 
strategies that promote long-term respiratory health rather than solely 
addressing acute symptoms.

	 Conventional Western medical approaches to respiratory disor-
ders primarily rely on anti-inflammatory agents, bronchodilators, 
and immunomodulatory drugs. While these treatments are effective 
in controlling acute symptoms and disease exacerbations, their long-
term use may be associated with limitations, including drug tolerance, 
systemic side effects, and insufficient support for tissue repair and 
functional recovery [3]. In contrast, traditional Chinese medicine and 
botanical-based interventions have historically been used to support 
respiratory function through milder and more holistic approaches [4]. 
Plant-derived ingredients are often characterized by multi-target bio-
logical activities and are considered suitable for long-term use, with 
the potential to support immune balance and tissue homeostasis [5]. 
As a result, botanical extracts have gained increasing attention in the 
field of functional foods and integrative health research [6]. In paral-
lel, advances in microbiome science have led to the recognition of the 
gut–lung axis as an important regulatory pathway linking intestinal 
microbial homeostasis to respiratory health [7]. Accumulating evi-
dence suggests that gut microbiota can influence pulmonary immune 
responses, inflammatory signaling, and epithelial barrier function 
through microbial metabolites and immune-mediated mechanisms 
[8]. In this context, microbiota-modulating strategies, including the 
use of prebiotic or prebiotic-like components (also referred to as syn-
biotic-supporting matrices or “next-generation microbiota modula-
tors”), have emerged as promising approaches to indirectly regulate 
respiratory health [9]. Lactobacillus helveticus–associated functional 
matrices and fermentation-derived components have been reported 
to exhibit immunomodulatory properties, including the regulation of  
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Abstract
	 Respiratory health has gained increasing attention in the post-pan-
demic era, particularly with respect to epithelial repair, inflammatory 
regulation, and fibrosis-associated risk following infection or environ-
mental stress. Functional beverages combining microbiota-modulat-
ing components with botanical ingredients may provide supportive 
strategies for maintaining pulmonary homeostasis. This study in-
vestigated the lung-protective potential of a commercially available 
functional beverage containing Lactobacillus helveticus–associated 
functional components, Mosla chinensis Maxim, and additional me-
dicinal and edible plant ingredients using in vitro cell-based models. 
Human Bronchial Epithelial Cells (BEAS-2B) were used to evaluate 
epithelial repair capacity via a wound healing assay, while human 
lung fibroblasts (WI-38) were employed to assess inflammatory and 
pro-fibrotic cytokine responses under Lipopolysaccharide (LPS)-in-
duced inflammatory conditions. The results showed that the function-
al beverage significantly enhanced epithelial wound repair, with the 
repair rate reaching 161.6% compared with the control group. Under 
LPS stimulation, treatment with the composite beverage markedly 
attenuated the secretion of the pro-inflammatory cytokine interleu-
kin-8 (IL-8) and significantly reduced levels of transforming growth 

factor-β1 (TGF-β1), a key regulator of pulmonary fibrosis. Notably, 
suppression of TGF-β1 secretion was also observed under basal 
conditions without inflammatory stimulation. Overall, these findings 
demonstrated that the functional beverage supported lung-protec-
tive functions in vitro by enhancing respiratory epithelial repair while 
modulating inflammatory and pro-fibrotic cytokine responses, pro-
viding mechanistic support for its potential application as a functional 
nutritional strategy for respiratory health maintenance.
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inflammatory cytokine production and enhancement of epithelial cell 
function [10]. These observations suggest that microbiota-oriented 
nutritional strategies may contribute to respiratory health mainte-
nance via gut–lung axis–mediated immune modulation.

	 In addition to microbiota-modulating components, medicinal 
herbs traditionally used for respiratory support have attracted scientif-
ic interest. Mosla chinensis Maxim., commonly known as Elsholtzia 
in traditional Chinese medicine, has long been used for the manage-
ment of external pathogenic factors and respiratory discomfort [11]. 
Contemporary pharmacological studies indicate that Mosla chinensis 
Maxim. possesses anti-inflammatory, antioxidant, and bioactive prop-
erties relevant to respiratory health [12]. These characteristics suggest 
that this botanical ingredient may play a supportive role in maintain-
ing pulmonary homeostasis and mitigating inflammation-related re-
spiratory stress.

	 Based on these considerations, the present study investigated a 
commercially available microbiota-modulating botanical functional 
beverage, which contains Lactobacillus helveticus–associated func-
tional components, Mosla chinensis Maxim., and thirteen additional 
medicinal and edible plant ingredients. Using an in vitro cell-based 
model, this study aimed to evaluate the potential lung-protective ef-
fects of this composite formulation. By examining cellular responses 
related to pulmonary protection, this research seeks to provide mech-
anistic evidence supporting the application of prebiotic-oriented, 
herbal functional beverages.

Materials and Methods
Cell Culture

	 Human bronchial epithelial cells (BEAS-2B) and human lung 
fibroblasts (WI-38) were used in this study to evaluate the cellular 
effects of the tested formulation on airway epithelial function and fi-
broblast-related responses. The BEAS-2B cell line and WI-38 human 
embryonic lung fibroblasts were obtained from the American Type 
Culture Collection (ATCC). BEAS-2B cells were cultured in Dulbec-
co’s Modified Eagle Medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin–streptomycin. WI-38 cells 
were maintained in Minimum Essential Medium (MEM) supplement-
ed with 10% fetal bovine serum and 1% penicillin–streptomycin. All 
cells were incubated at 37 °C in a humidified atmosphere containing 
5% CO₂.

Test sample

	 The test sample evaluated in this study was a commercially avail-
able functional beverage, Probiotics Elsholtzia Compound Drink 
(SYRINX®, China). The formulation contains Lactobacillus helve-
ticus TCI357 fermented, Mosla chinensis Maxim., and thirteen me-
dicinal and edible botanical ingredients, including Mentha haploc-
alyx Briq., Morus alba L. leaf, Houttuynia cordata Thunb. extract, 
Platycodon grandiflorus (Jacq.) A. DC., Chrysanthemum morifolium 
Ramat., Poria cocos (Schw.) Wolf, Lilium brownii var. viridulum, 
Siraitia grosvenorii (Swingle) C. Jeffrey, Prunus mume Siebold & 
Zucc., Hippophae rhamnoides L., Glycyrrhiza uralensis Fisch., Den-
drobium officinale Kimura & Migo flower, and Perilla frutescens (L.) 
Britton seed powder, and additional food-grade excipients, including 
citric acid, steviol glycosides, sucralose, plum-flavored food-grade 
flavoring, erythritol, apple juice concentrate, and purified water.

Wound healing assay

	 Cellular repair capacity was evaluated using a culture-insert–based 
wound healing assay. Briefly, human bronchial epithelial BEAS-2B 
cells were seeded into culture inserts placed in 6-well plates, creating 
a defined cell-free gap between two cell populations. Cells were cul-
tured under standard conditions until firm attachment and monolayer 
formation were achieved. After cell attachment, the culture inserts 
were carefully removed to generate a uniform wound area. The wells 
were gently washed with phosphate-buffered saline (PBS) to remove 
non-adherent cells, followed by the addition of fresh culture medium 
containing the test samples at the indicated concentrations. Cells cul-
tured in medium alone served as the control group. Wound closure 
was monitored by phase-contrast microscopy. Images were captured 
immediately after insert removal (0 h) and after 6 h of incubation. The 
extent of wound healing was quantified by measuring the remaining 
wound area using ImageJ software.

Inflammatory Cytokine Assay

	 WI-38 cells were seeded into culture plates and cultured under 
standard conditions until reaching approximately 70–80% conflu-
ence. To induce an inflammatory and pro-fibrotic response, cells were 
stimulated with Lipopolysaccharide (LPS) at a final concentration of 
4 μg/mL. Simultaneously, cells were treated with the test samples at 
the indicated concentrations. Following incubation for the designated 
period, culture supernatants were collected and centrifuged to remove 
cellular debris. The levels of transforming growth factor-β (TGF-β) 
an IL-8 in the supernatants were quantified using a commercially 
available enzyme-linked immunosorbent assay (ELISA) kit, accord-
ing to the manufacturer’s instructions.

Statistical Analysis

	 All results are expressed as mean ± Standard Deviation (SD). 
Group differences were analyzed using Student’s t-test (Microsoft 
Excel, USA). A p value < 0.05 was considered statistically significant.

Results
Functional beverage enhanced respiratory epithelial cell 
repair

	 The cellular results demonstrated that, compared with the control 
group, cells treated with the functional beverage exhibited more pro-
nounced cell migration and coverage within the scratch area, indicat-
ing an enhanced epithelial repair process. Microscopic observations 
revealed that cells in the functional beverage–treated group showed 
accelerated movement toward the wound region and more effective 
closure of the scratched area, whereas the control group displayed 
relatively limited cell migration and delayed wound closure. Further 
quantitative analysis confirmed these observations, showing that the 
respiratory epithelial cell repair rate in the functional beverage–treated 
group was significantly increased, reaching 161.6% of that observed 
in the control group. This enhancement was statistically significant, 
demonstrating that treatment with the functional beverage markedly 
promoted epithelial wound healing capacity in vitro (Figure 1).

Functional beverage reduced inflammatory cytokines

	 Under inflammatory conditions induced by simulated bacterial 
infection (LPS stimulation), the secretion of transforming growth 
factor-β1 (TGF-β1), a key regulator of pulmonary fibrosis, was  
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significantly increased, reflecting activation of pro-fibrotic signaling 
pathways. Compared with the LPS-only group, co-treatment with 
the functional beverage significantly reduced TGF-β1 secretion by 
55.2%, indicating that the functional beverage effectively attenuated 
the excessive induction of pro-fibrotic mediators under inflammatory 
conditions (Figure 2A). Importantly, the regulatory effect of the func-
tional beverage on TGF-β1 secretion was not limited to inflammatory 
stimulation. Under normal culture conditions without LPS exposure, 
treatment with the functional beverage also resulted in a significant 
reduction in TGF-β1 secretion, reaching 53.4% of the control level. 
These findings suggest that the functional beverage is capable of mod-
ulating pulmonary fibrosis–related factors not only during inflamma-
tory stress but also under basal physiological conditions (Figure 2B). 
In parallel with the observed changes in pro-fibrotic signaling, inflam-
matory cytokine responses were also evaluated. Under LPS-induced 
inflammatory conditions, the secretion of the pro-inflammatory cy-
tokine interleukin-8 (IL-8) was significantly elevated compared with 
the control group. Notably, co-treatment with the functional beverage 
markedly attenuated IL-8 secretion, reducing 77.6% relative to the 
LPS-only group. This reduction indicates that the functional beverage 
effectively suppressed infection-induced inflammatory responses at 
the cytokine level (Figure 2C).

Discussion
	 The present study investigated the lung-protective potential of a 
commercially available functional beverage containing Lactobacil-
lus helveticus–associated functional components, Mosla chinensis 
Maxim., and additional medicinal and edible botanical ingredients 
using in vitro cell-based models. By evaluating respiratory epithelial 
repair capacity, inflammatory cytokine responses, and fibrosis-related 
signaling markers, this study aimed to provide mechanistic insights 
into how a microbiota-modulating botanical composite formulation 
may support respiratory health. The results demonstrated that the 
composite beverage enhanced epithelial wound repair, attenuated 
infection-induced inflammatory responses, and reduced pro-fibrotic 
cytokine secretion under both inflammatory and basal conditions. 
Collectively, these findings suggest that the tested formulation exerts 
multi-level regulatory effects relevant to pulmonary protection.

	 One of the most notable observations in this study was the con-
current modulation of inflammatory and pro-fibrotic mediators, 
particularly interleukin-8 (IL-8) and transforming growth factor-β1 
(TGF-β1). IL-8 is a key chemokine involved in neutrophil recruit-
ment and amplification of inflammatory cascades within the respira-
tory tract. Excessive or sustained IL-8 production has been implicated 
in acute lung injury, chronic airway inflammation, and post-infectious 
respiratory dysfunction [13]. In the present study, Lipopolysaccharide 
(LPS) stimulation markedly increased IL-8 secretion, reflecting ac-
tivation of infection-associated inflammatory signaling. Importantly, 
co-treatment with the functional beverage significantly attenuated this 
response, indicating that the formulation may intervene at an early 
stage of inflammatory activation [14]. In parallel with the regulation 
of IL-8, the functional beverage significantly reduced TGF-β1 secre-
tion, a central regulator of pulmonary fibrosis and tissue remodeling 
[15]. TGF-β1 plays a critical role in fibroblast activation, extracellular 
matrix deposition, and structural remodeling following lung injury 
[16]. Persistent elevation of TGF-β1 is commonly associated with 
progressive fibrotic changes and impaired pulmonary function. In this 
study, suppression of TGF-β1 secretion was observed not only under 
LPS-induced inflammatory conditions but also under basal culture 
conditions, suggesting that the regulatory capacity of the functional 
beverage is not limited to acute inflammatory stress [17]. The simulta-
neous attenuation of IL-8 and TGF-β1 supports the concept that mod-
ulation of early inflammatory responses may contribute to limiting 
downstream fibrosis-associated signaling and maintaining pulmonary 
homeostasis [18].

Figure 1: Wound healing assay for evaluating respiratory epithelial cell 
repair.

A scratch wound healing assay was conducted using human bronchial ep-
ithelial BEAS-2B cells to assess epithelial repair capacity following treat-
ment with the functional beverage. Representative phase-contrast micro-
scopic images show the wound area immediately after scratch induction 
and after incubation under control or functional beverage–treated condi-
tions. Quantification of epithelial cell repair was performed by measuring 
wound closure using image analysis software. Data are expressed as mean 
± standard deviation (SD). Statistical significance was determined by com-
parison with the control group.

Figure 2: Evaluation of cytokine secretion under inflammatory and basal 
conditions.

(A) Human lung fibroblasts (WI-38) were stimulated with lipopolysac-
charide (LPS) to induce an inflammatory condition and treated with the 
functional beverage. The secretion of transforming growth factor-β1 
(TGF-β1) in culture supernatants was measured by enzyme-linked immu-
nosorbent assay (ELISA).

(B) WI-38 cells were maintained under basal culture conditions without 
LPS stimulation and treated with the functional beverage. TGF-β1 levels 
in the culture supernatants were quantified by ELISA. (C) Under LPS-in-
duced inflammatory conditions, WI-38 cells were treated with the func-
tional beverage, and the secretion of interleukin-8 (IL-8) in the culture 
supernatants was measured by ELISA. Compared with the control group: 

# p < 0.05, ### p < 0.001; compared with the LPS group: ** p < 0.01, 
*** p < 0.001.
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	 The observed biological effects may be partially attributed to the 
functional properties of Lactobacillus helveticus–associated compo-
nents present in the functional beverage [19]. Although microbial col-
onization and gut–lung axis interactions were not directly examined 
in this in vitro study, fermentation-derived metabolites and postbiotic 
components from L. helveticus have been reported to exhibit immu-
nomodulatory activities, including regulation of cytokine production, 
enhancement of epithelial barrier function, and modulation of im-
mune cell responses [20]. These properties are consistent with the 
enhanced epithelial repair capacity and reduced cytokine secretion 
observed in the present models, suggesting that microbiota-oriented 
functional matrices may indirectly support respiratory health.

	 In addition to microbiota-associated components, Mosla chinensis 
Maxim. represents a traditional medicinal herb with a long history of 
use for respiratory discomfort in East Asian medicine [21]. Contem-
porary pharmacological studies have reported that M. chinensis con-
tains bioactive compounds with anti-inflammatory and antioxidant 
properties, which may contribute to the suppression of inflammatory 
mediator release and mitigation of oxidative stress [22]. These char-
acteristics are particularly relevant in the context of infection-induced 
or environmentally triggered respiratory inflammation. The inclusion 
of M. chinensis in the functional beverage may therefore comple-
ment microbiota-modulating effects by directly supporting inflam-
matory regulation at the cellular level [23]. Beyond these two key 
components, the functional beverage incorporates thirteen additional 
medicinal and edible plant ingredients traditionally associated with 
respiratory comfort, immune balance, or mucosal support. Botanical 
ingredients such as Platycodon grandiflorus, Houttuynia cordata, 
Glycyrrhiza uralensis, and Perilla frutescens have been reported in 
previous studies to exhibit anti-inflammatory, antioxidant, or immu-
nomodulatory activities [24]. Rather than acting through a single 
dominant pathway, these botanicals may collectively form a function-
al matrix that supports immune homeostasis and epithelial integrity 
through mild, multi-target regulation. Such a profile is characteristic 
of functional food formulations designed for long-term supportive 
use rather than acute therapeutic intervention [25].

	 From an application perspective, the present findings support the 
potential use of the functional beverage as a microbiota-modulating 
botanical nutritional strategy for maintaining respiratory health. By 
enhancing epithelial repair capacity while concurrently attenuat-
ing inflammatory and pro-fibrotic signaling, such formulations may 
help support lung resilience during periods of environmental stress, 
post-infectious recovery, or chronic low-grade inflammation. Never-
theless, several limitations should be acknowledged. This study was 
conducted exclusively in vitro, and the molecular signaling pathways 
underlying the observed effects were not directly investigated. In ad-
dition, the individual contributions of specific ingredients were not 
isolated. Future studies incorporating in vivo models, clinical eval-
uation, and microbiome-related endpoints are warranted to further 
validate and extend these findings.
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