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ABSTRACT

Chronic Kidney Disease (CKD) is a progressive condition characterized by inflammation, fibrosis, fluid imbalance,
and mitochondrial dysfunction. While traditional medicine has long employed kidney-tonifying botanicals, their
cellular mechanisms remain underexplored. This study evaluated a multi-herb botanical hydrosol formulation
containing Alpinia oxyphylla Miq. and fermented extracts of Polygonatum kingianum, Euryale ferox, and Lycium chinense.
Using renal epithelial cell models, we assessed its effects on inflammation, fibrosis, aquaporin regulation and
mitochondrial gene activation. The hydrosol significantly inhibited Nitric Oxide (NO) production in LPS-stimulated
macrophages. In IL-1f-treated HEK293 cells, it induced a time-dependent immunoregulatory response-enhancing
anti-inflammatory cytokines (IL-6, IL-8, IL-10) at 6 hours, while suppressing pro-inflammatory cytokines (IL-12A,
IFN-y) at 24 hours. In TGFf1-induced fibrotic models, it reduced extracellular matrix accumulation and preserved
epithelial morphology. Although Aquaporin-3 (AQP3) expression showed a nonssignificant increase, a positive
regulatory trend was observed. Notably, the formulation upregulated mitochondrial and proteostasis-related genes,
including a >4-fold increase in Parkin and significant elevations in Ubl5, NADSYN1, Atg8, and chaperonin subunits
CCT2, CCT6A, and CCT8. These findings suggest that the formulation exerts anti-inflammatory, antifibrotic, and
mitochondrial-activating effects. Overall, this work provides mechanistic support for the potential application of
hydrosol-based functional foods in promoting renal health and healthy aging.

Keywords: Botanical hydrosol; Chronic kidney disease; Inflammation; Mitochondrial activation; Functional food;
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INTRODUCTION

Chronic Kidney Disease (CKD) is an increasingly serious global
health issue characterized by progressive loss of renal function,
inflammation, and fibrosis, often exacerbated by lifestyle-
related factors such as high-sodium diets and hyperglycaemia [1].
Concomitantly, fluid retention, cellular senescence, and impaired

Renin-Angiotensin System (RAS) inhibitors-are available, the
global prevalence of CKD continues to rise, prompting growing
interest in adjunctive nutritional strategies rooted in traditional
medicine and functional food science. Epidemiological data show
that high dietary sodium intake exacerbates hypertension and
proteinuria in CKD patients, while chronic hyperglycemia is a
major driver of CKD onset and progression, especially in type 2

aquaporin-mediated water regulation further contribute to disease
progression and diminished quality of life [2-4]. These pathological
changes can accelerate glomerular hypertension, impair tubular
reabsorption, disrupt electrolyte balance, and promote renal
interstitial fibrosis-ultimately leading to End-Stage Renal Disease
(ESRD) [5]. Although pharmacological interventions-such as

diabetes [6,7].

Traditional Chinese Medicine (TCM) has long emphasized the
dynamicrelationship between kidney health, fluid metabolism, and
systemic vitality. In this context, Alpinia oxyphylla Migq., a medicinal
and edible herb listed in the chinese pharmacopoeia and included

Correspondence to: Chi-Fu Chiang, Research and Design Center, TCI CO., Ltd., Taipei, Taiwan, E-mail: Jimmy.Chiang@tci-bio.com

Received: 05-Sep-2025, Manuscript No. JCEST-25-38670; Editor assigned: 08-Sep-2025, Pre QC No. JCEST-25-38670 (PQ); Reviewed: 22-Sep-2025,
QC No. JCEST-25-38670; Revised: 29-Sep-2025, Manuscript No. JCEST-25-38670 (R); Published: 06-Oct-2025, DOI: 10.35248/2157-7013.25.15.492

Citation: Lin YK, Wang JX, Lin YH, Chan ST, Mao YW, Chiang CF (2025). A Multi-Herb Botanical Hydrosol Attenuates Inflammation and Fibrosis
While Enhancing Mitochondrial Function in Renal Cell Models. ] Cell Sci Therapy.15:492.

Copyright: © 2025 Lin YK, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Cell Sci Therapy, Vol. 15 Iss. 2 No: 1000492 1



Lin YK, et al.

in classical formulas such as suoquan pill, is traditionally used
to “warm the kidney,” “secure essence,” and relieve symptoms
such as frequent urination, nocturnal emission, and coldness in
the lower body. Modern phytochemical analyses have shown that
Alpinia oxyphylla Miq. contains bioactive compounds including
volatile oils (e.g., borneol and camphor), flavonoids, and
sesquiterpenes, which exhibit antioxidant, anti-inflammatory,
and neuroprotective effects [8,9]. Emerging pharmacological
studies have started to elucidate the mechanisms underlying
its traditional use. For instance, in LPS-stimulated macrophage
and epithelial cell models, Alpinia oxyphylla Miq. extracts were
found to suppress the production of proinflammatory mediators
such as Nitric Oxide (NO), IL-1f, and TNF-a through the
activation of the Nrf2/HO-1 signaling pathway, highlighting
its immunomodulatory potential [10]. In renal contexts, Alpinia
oxyphylla Mig. volatile oil has demonstrated nephroprotective
activity by reducing oxidative stress and renal tissue damage in
rodent models of cisplatin-induced acute kidney injury [11].
Furthermore, essential oil components such as camphor and
linalool have been implicated in diuretic and smooth muscle-
relaxing effects [12], potentially alleviating urinary retention and
edema-symptoms commonly associated with early-stage kidney
dysfunction [11]. These observations provide modern evidence
supporting the traditional classification of Alpinia oxyphylla
Migq. as a kidney-tonifying and fluid-regulating herb in Chinese
medicine.

In addition to Alpinia oxyphylla Migq., botanicals such as Polygonatum
kingianum, Euryale ferox and Lycium chinense-commonly recognized
under the concept of Medicine-Food Homology (MFH)-have
gained attention for their nephroprotective, antioxidant, and
metabolic-regulatory properties. For instance, P. kingianum can
restore mitochondrial membrane potential and activate GSK-
3B/Fyn/Nrf2 signaling, while E. ferox and L. chinense exert
anti-inflammatory, metabolic, and mitochondrial-supportive
effects [13-15]. Recent studies show that fermentation-assisted
hydrolysis enhances the bioactivity of these herbs, converting
polysaccharides into low-molecularweight oligosaccharides,
peptides, and flavonoid glycosides, thereby improving cellular
uptake and activating protective pathways such as Nrf2, AMPK,
and mitophagy [16].

To harness the synergistic effects of these traditional botanicals,
we developed a novel formulation consisting of Alpinia oxyphylla
Mig. hydrosol combined with a fermented herbal complex
derived from P. kingianum, E. ferox, and L. chinense. The hydrosol
formulation preserves watersoluble and volatile constituents
while offering a biocompatible, ingestion-friendly delivery system.
Given the involvement of inflammatory signaling, aquaporin
dysfunction, and cellular senescence in CKD progression, we
hypothesized that this formulation may exert multi-pathway
protective effects on renal cells.

We investigated its effects on inflammatory regulation by
assessing NO production and cytokine gene expression in
LPS and IL-1fstimulated cells. Cytoprotective effects were
evaluated under hyperosmotic stress using NaCl-treated Madin-
Darby Canine Kidney (MDCK) cells. We further assessed the
formulation’s ability to restore Aquaporin-3 (AQP3) expression-
an essential membrane protein involved in water transport and
fluid balance. To examine anti-fibrotic potential, we applied
the formulation to TGF.f1-induced fibrotic models. Finally, we
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investigated its influence on agingrelated markers, including the
expression of Chaperonin-Containing TCP1 complex (CCT)
genes and mitochondrial biogenesis regulators. Therefore, this
study aimed to systematically evaluate the in vitro efficacy of a
multi-herb botanical hydrosol-composed of Alpinia oxyphylla Migq.
and fermented MFH herbs-on renal inflammation, fibrosis,
aquaporin regulation, and mitochondrial activation, using
established epithelial cell models. To our knowledge, this is the
first study to comprehensively characterize such a hydrosol-based
formulation targeting CKD-associated mechanisms.

MATERIAL AND METHODS

Test sample and composition

The botanical hydrosol evaluated in this study is a multi-
component formulation primarily composed of the hydrosol
of Alpinia oxyphylla Miq., combined with a fermented herbal
complex derived from three traditional Medicine-Food Homology
(MFH) plants: Polygonatum kingianum Coll. et Hemsl. (rhizome),
Euryale ferox Salisb. (seed), and Lycium chinense Mill. (seed).
These botanicals were selected based on their historical use in
kidney-tonifying formulations in traditional Chinese medicine,
as documented in the Chinese pharmacopoeia. The raw herbal
materials were authenticated by TCI Co., Ltd. (Taipei, Taiwan)
and fermented using a food-grade microbial fermentation process
under controlled temperature and pH. The final formulation also
contained plant-derived excipients, including concentrated juices
of purple carrot (Daucus carota), mulberry (Morus alba), and white
gourd (Benincasa hispida), raspberry (Rubus idaeus) powder, pectin,
soy lecithin, gum acacia, zinc gluconate, citric acid, sucralose, and
purified water. The product was manufactured by TCI Co., Ltd.
and supplied by Shanxi Agricultural Valley BaoRenTang Food
Co., Ltd. (Shanxi, China). For experiments, the hydrosol was
freshly diluted in sterile water to the indicated concentrations
immediately prior to use.

Cell culture

Three cell lines were used: RAW 264.7 murine macrophages
(ATCCTIB-71, USA), Madin-Darby Canine Kidney (MDCK) cells
(ATCC CCL-34, USA), and HEK293 human embryonic kidney
cells (ATCC CRL-1573, USA). RAW 264.7 cells were cultured
in high-glucose Dulbecco’s Modified Eagle Medium (DMEM,;
Gibco, USA) supplemented with 10% Fetal Bovine Serum (FBS;
Gibco, USA) and 1% penicillin-streptomycin. MDCK cells were
maintained in Minimum Essential Medium (MEM; Gibco, USA)
supplemented with 10% FBS, 1% penicillin-streptomycin, and 1
mM sodium pyruvate. HEK293 cells were cultured in DMEM
supplemented with 10% FBS and 1% antibiotic-antimycotic
solution (Gibco, USA). All cells were incubated at 37°C in a
humidified atmosphere containing 5% CO,.

Nitric Oxide (NO) production assay

Anti-inflammatory activity was assessed by measuring Nitric
Oxide (NO) production in RAW 264.7 cells using a Griess
assay. Cells were seeded at 1 x 10* cells/well in 96-well plates
and allowed to adhere for 24 h. Cells were stimulated with
lipopolysaccharide (LPS, 200 ng/mlL; Sigma-Aldrich, USA)
in serum-free DMEM with or without the hydrosol (0.0625%
v/v) for 24 h. Supernatants were collected, mixed with freshly
prepared Griess reagent (Invitrogen™ G-7921, Thermo Fisher
Scientific, USA), incubated for 30 min at room temperature, and
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absorbance was measured at 548 nm (Epoch™, BioTek, USA).
NO production was expressed relative to the LPS-only group (set
as 100%).

Cell viability and cytoprotection under hyperosmotic stress

Cytoprotective effects were assessed using MDCK cells exposed
to hyperosmotic stress. Cells were seeded at 3 x 103 cells/well
in 96-well plates, cultured overnight, and then treated with
hyperosmotic MEM (500 mOsm/kg, adjusted with NaCl) with or
without hydrosol (0.0625% v/v) for 48 h. Viability was assessed
using an MTT assay: Cells were incubated with MTT solution (5
mg/mL; Sigma-Aldrich, USA) for 2-3 h, medium was removed,
formazan crystals were dissolved in DMSO, and absorbance was
measured at 570 nm. Viability was expressed as a percentage of
isotonic control cells.

Aquaporin-3 (AQP3) expression

To examine the regulation of renal water channels, AQP3
expression was measured by immunofluorescence in MDCK
cells. Cells were seeded at 2 x 10* cells/well in 24-well plates,
treated with or without hydrosol (0.125% v/v) for 24 h, fixed
with 10% formaldehyde, permeabilized with 0.5% Triton X-100,
and blocked with 1% Bovine Serum Albumin (BSA). Cells were
incubated with primary anti-AQP3 antibody (1:1000, Boster,
USA) overnight at 4°C, followed by Alexa Fluor 488-conjugated
secondary antibody (1:2000, Thermo Fisher Scientific, USA) for
1 h at 37°C. Nuclei were counterstained with Hoechst 33342.
Images were acquired with an inverted fluorescence microscope
(Axio Vert.Al, ZEISS, Germany), and mean fluorescence
intensity was quantified using Image] software.

Table 1: Primer sequences used for qPCR analysis.
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TGF-B1-Induced Fibrosis Assay

Antifibrotic effects were evaluated using MDCK cells stimulated
with TGFA1. Cells were seeded at 2 x 10* cells/well in 24-well
plates and treated with TGF£1 (5 ng/mL; Sigma-Aldrich, USA)
with or without hydrosol (0.0625% v/v) for 48 h. Cells were then
fixed, permeabilized, and stained with ActinRed™ 555 (Thermo
Fisher Scientific, USA) to visualize cytoskeletal structures, while
nuclei were counterstained with Hoechst 33342. Fibrotic changes
were qualitatively evaluated by fluorescence microscopy.

Quantitative PCR for cytokine and agingrelated gene
expression

Gene expression analysis was performed in HEK293 cells. For
inflammatory markers, cells were treated with recombinant IL-1f
(10 ng/mL; PeproTech, USA) with or without hydrosol (0.125%
v/v) for 6 or 24 h. For agingrelated markers, cells were treated
with hydrosol (0.125% v/v) for 48 h. Total RNA was extracted
(Geneaid, Taiwan), and 2000 ng was reverse-transcribed using
SuperScript® Il Reverse Transcriptase (Invitrogen, USA). qPCR
was performed using KAPA SYBR® FAST qPCR Master Mix
(KAPA Biosystems, USA) on a Step One Plus system (Applied
Biosystems, USA). For inflammatory assays, target genes included
IL-6, IL-8, IL-10, IL-12A, IFN-y (main figures), and IL-3, IL-18,
IL-23 (supplementary). For agingrelated assays, target genes
included CCT2, CCT5, CCT6A, CCT7, CCTS, Parkin, AtgS,
NADSYN, and Ubl5. GAPDH served as the internal reference.
Primer sequences for all target genes are listed in Table 1. Primer
sequences were designed and validated using PrimerBLAST
(NCBI) and synthesized by genomics (New Taipei City, Taiwan).
Relative gene expression was calculated using the 2AAACt method.

Gene Forward Primer Reverse Primer
IL-3 CCTGCCGATCCAAACATG CCCCATTGAGGTTGTTGAAGTC
IL-6 GGTACATCCTCGACGGCATCT GTGCCTCTTTGCTGCTTTCAC
IL-8 ACTGAGAGTGATTGAGAGTGGAC AACCCTCTGCACCCAGTTTTC
IL-10 TCAAGGCGCATGTGAACTCC GATGTCAAACTCACTCATGGCT
IL-12A GATGGCCCTGTGCCTTAGTAGTAT GGGCCTGCATCAGCTCAT
IL-18 TCTTCATTGACCAAGGAAATCGG TCCGGGGTGCATTATCTCTAC
IL-23 AGCAGCAATTAAGAACTGCCA TACCAAAGCCGAGCTGTTGTT
IFN-y TCGGTAACTGACTTGAATGTCCA TCGCTTCCCTGTTTTAGCTGC
CCT2 AAGCCACGAAGGCTGCAA TCATCGGAACCATGATCAACTG
CCT5 CGGATAAGTGCCCCACCTTA TCCAGTGCGTCGGCAAA
CCT6A TGGCCAGAACATCTCTTCGTACT AGTCCACTACAGCCTCTGTTAAGACA
CCT7 GTGGCATGGACAAGCTTATTGTAG CAGAATTGTGGCCCCATCA
CCTS8 ACCCGGAGGTGGAGCAA GGACATGTCTCTCCATATGATGTGA
Parkin GCAGAGACCGTGGAGAAAAG CTTTTCTCCACGGTCTCTGC
Atg8 TATCCAGACCGTGTGCCCGTC GTGGATGCGCTTGCGAATGAGG
NADSYN GCAAAATGTGCAGGCTCGAA GCACTGGAGCAGTCGTACTT
UbL5 TCCTAGCGTTAACTGCGACC CTAGCTGGAGCTCGAATCGC
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA
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Statistical analysis

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

RESULTS
Nitric oxide inhibition by botanical hydrosol

To evaluate the antiinflaimmatory potential of the botanical
hydrosol, NO production was quantified in LPS-stimulated
macrophages using the Griess assay. Stimulation with LPS
significantly elevated NO levels compared to the unstimulated
control (set as 100%) as shown in Figure 1. Treatment with
the botanical hydrosol (0.0625%) markedly suppressed NO
production to 85.7 + 3.9% relative to the LPS group (p<0.05,
n=3), indicating a statistically significant inhibition. Notably, NO
levels in the hydrosol-treated group were even lower than those
in the untreated control (87.9 + 2.1%), suggesting a potent anti-
inflammatory response.

Cytoprotective effect of botanical hydrosol under hyperosmotic
stress

To assess the cytoprotective potential of the botanical hydrosol,
MDCK cells were subjected to hyperosmotic stress induced by

OPEN aACCESS Freely available online

high-salt treatment (NaCl, final concentration: +50 mM) for 24
hours, with or without co-treatment with the botanical hydrosol
(0.0625%). High-salt exposure significantly reduced cell viability
to 46.5 £ 0.0% relative to the untreated control (100 = 5.2%,
p<0.001) as shown in Figure 2. Co-treatment with the botanical
hydrosol partially restored viability to 58.1 + 21.0%, although the
difference compared to the high-salt group was not statistically
significant (p=0.393). These data suggest a modest trend of
protection against salt-induced cytotoxicity, albeit with variability
across replicates.

Upregulation of Aquaporin-3 (AQP3) expression by botanical
hydrosol

To evaluate the regulatory effect of the botanical hydrosol on
water transport proteins, AQP3 expression was assessed in
MDCK cells using immunofluorescence staining. After 24-hour
treatment with the botanical hydrosol (0.125%), cells exhibited a
modest increase in green fluorescence intensity corresponding to
AQP3 expression as shown in Figure 3A. Quantitative analysis
of relative Mean Fluorescence Intensity (MFI) revealed a 5.4%
increase in the botanical hydrosol group compared to the control
group (105.4 + 7.0% wvs. 100.0 £ 5.0%, p=0.340) as shown in
Figure 3B. While the increase in AQP3 expression did not reach
statistical significance, the observed trend may suggest a potential
regulatory effect of the botanical hydrosol on water channel
activity.

Control

Relative MO production (3 of LPS group)

(n=3). *p<0.05 compared to LPS group (Student’s t-test).

Figure 1: Inhibitory effect of the botanical hydrosol on nitric oxide production in LPS-stimulated macrophages. Note: RAW264.7 cells were
treated with lipopolysaccharide (LPS, 1 pg/mL) in the absence or presence of the botanical hydrosol (0.0625%) for 24 hours. NO content in the
culture supernatant was measured using the Griess assay and normalized to the LPS-only group (set as 100%). Data are expressed as mean + SD
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Figure 2: Cytoprotective effect of the botanical hydrosol against high-salt-induced cell stress. Note: MDCK cells were exposed to hyperosmotic
conditions by supplementing the medium with NaCl (final concentration: +50 mM) for 24 hours, with or without co-treatment with the botanical
hydrosol (0.0625%). Cell viability was assessed using the MTT assay and expressed as a percentage relative to the untreated control group (set as
100%). High-salt treatment significantly reduced cell viability, while co-treatment with the botanical hydrosol showed a partial, non-significant
restoration. Data are presented as mean *+ SD (n=3). Statistical comparisons were performed using Student’s t-test.
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(A)

Control

Baotanical hydrosol

were performed using Student’s t-test.

(B)

Figure 3: Effect of botanical hydrosol on aquaporin-3 expression in MDCK cells. Note: (A) Representative immunofluorescence images showing
AQP3 expression (green) and nuclear staining (blue) after 24-hour treatment with or without the botanical hydrosol (0.125%). (B) Quantification
of relative mean fluorescence intensity (MFI), expressed as % of the control group. Data are shown as mean + SD (n=3). Statistical comparisons
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Attenuation of TGF-f1-induced fibrotic phenotype by botanical
hydrosol

To assess the antifibrotic potential of the botanical hydrosol,
MDCK cells were stimulated with TGF41 (5 ng/mL) for 48 hours
to induce fibrotic changes, with or without co-treatment with the
botanical hydrosol (0.0625%). Immunofluorescence staining
revealed increased extracellular matrix deposition and fiber-like
structures (yellow signal) in the TGFS1-treated group, indicative
of a fibrotic phenotype, compared to untreated controls as shown
in Figure 4. In contrast, co-treatment with the botanical hydrosol
visibly reduced these fibrotic features, resulting in a more organized
and less densely stained pattern resembling that of the control. These
findings suggest that the botanical hydrosol may attenuate TGFA1-
induced fibrotic responses in renal epithelial cells.

Botanical hydrosol modulates inflammatory cytokine gene
expression

To investigate the immunomodulatory effects of the botanical
hydrosol, the expression of inflammation-related cytokines was
assessed in [L-1f-stimulated HEK293 cells using quantitative RT-
PCR. At the 6-hour time point, co-treatment with the botanical
hydrosol (0.125%) significantly increased the expression of anti-
inflammatory cytokines IL-6 (1.79 + 0.20, p<0.01), IL-8 (1.50 +
0.18, p<0.05), and IL-10 (1.45 + 0.32, p<0.05) as shown in Figure-
5A compared to the IL-15-only group, suggesting a compensatory
anti-inflammatory response during early stimulation. At 24

hours, the expression of pro-inflaimmatory cytokines IL-12A
and IFN-y was significantly suppressed in the botanical hydrosol
group (0.64 + 0.06 and 0.61 = 0.03, respectively; p<0.05) as
shown in Figure 5B, indicating an attenuation of sustained
inflammatory signalling. Additional genes including IL-3, IL-
18, and IL-23 also exhibited downregulation trends at 24 hours,
though without statistical significance. These results suggest a
broader immunoregulatory potential of the botanical hydrosol
(Supplementary Figure 1).

Anti-aging gene expression: CCT family and mitochondrial
activation

To explore the anti-aging potential of the botanical hydrosol,
gene expression levels of the Chaperonin-Containing TCP1
complex (CCTs) family and mitochondrial activation-related
markers were evaluated in HEK293 cells after 48-hour treatment.
Hydrosol treatment significantly upregulated several CCT genes,
including CCT2 (p<0.05), CCT6A and CCT8 (p<0.01), while
CCT5 and CCT7 showed non-significant increases as shown in
Figure-6A. In addition, mitochondrial function-related genes also
showed enhanced expression. Parkin expression increased by over
fourfold (p<0.01), accompanied by significant upregulation of
UbL-5 (p<0.001), NADSYN (p<0.01), and Atg8 (p<0.05) as shown
in Figure 6B. These results suggest that the botanical hydrosol
may support cellular rejuvenation and mitochondrial activity via
modulation of agingrelated gene networks.

Control

epithelial organization.

TGF-B1

Figure 4: Antifibrotic effect of botanical hydrosol in a TGEf1-induced renal fibrosis model. Note: MDCK cells were treated with TGF1 (5 ng/
mL) for 48 hours to induce fibrosis, with or without co-treatment with the botanical hydrosol (0.0625%). Fibrotic changes were assessed using
immunofluorescence staining of extracellular matrix proteins (yellow), and nuclei were counterstained with DAPI (blue). Representative images
show increased fibrotic structures in the TGF1 group, while co-treatment with botanical hydrosol reduced matrix deposition and restored

Botanical hydrosol
+TGF-p1
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Figure 5: Modulation of inflammatory cytokine gene expression by botanical hydrosol in IL-1f-stimulated HEK293 cells. Note: (A) Relative
mRNA expression levels of IL-6, IL-8, and IL-10 after 6 hours of IL-1f stimulation with or without botanical hydrosol (0.125%). (B) Gene
expression of IL-12A and IFN-y measured at 24 hours under the same conditions. Gene expression was normalized to GAPDH and calculated
using the 22AACt method. Values are expressed as fold changes relative to the IL-1f-only group (set as 1.0). Data are presented as mean + SD
(n=3). Statistical comparisons were performed using Student’s t-test. “p<0.05, **p<0.01 ws. IL-1f-only group.
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Figure 6: Effects of botanical hydrosol on anti-aging gene expression in HEK293 cells. Note: (A) Relative expression levels of CCT family genes
(CCT2, CCT5, CCT6A, CCT7, CCTS8) following 48-hour treatment. (B) Relative expression of mitochondrial activation markers, including
Parkin, Atg8, NADSYN, and Ubl-5. Data are presented as mean = SD (n=3), normalized to control group (set as 1.0). Statistical significance was
evaluated using Student’s t-test. * p<0.05, ** p<0.01, *** p<0.001 ws. control group..
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Figure S1: Expression of additional inflammatory cytokines in IL-1f-stimulated HEK293 cells. Note: Relative mRNA expression levels of IL-3,
IL-18, and IL-23 were analyzed 24 hours after IL-1f8 stimulation with or without botanical hydrosol (0.125%). Gene expression was normalized
to GAPDH and expressed as fold change relative to the IL-1f-only group. Data are shown as mean + SD (n=3). Statistical comparisons were
performed using Student’s t-test

DISCUSSION attenuation, AQP3 regulation, and mitochondrial gene activation.
Botanical compounds derived from Alpinia oxyphylla Miq. have
been traditionally used to “warm the kidney” and regulate fluid
balance in Chinese medicine [8,20]. Modern research supports its
anti-inflammatory potential via Nrf2/HO-1 activation, primarily
attributed to volatile oils such as borneol and camphorfindings
consistent with our observed inhibition of NO and upregulation
of IL-6/1L-10 [21-22]. In addition to Alpinia oxyphylla Miq., the

inclusion of fermented P. kingianum (yellow essence root), E. ferox

CKD is a multifactorial condition involving immune
dysregulation, fibrosis, impaired water transport, and
mitochondrial dysfunction [17-19]. Our in vitro evaluation
demonstrates that a multi-herb botanical hydrosol formulation-
composed of Alpinia oxyphylla Miq. and fermented extracts-
modulates multiple CKD-relevant pathways, including NO
suppression, anti-inflammatory cytokine induction, fibrosis
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(gorgon fruit), and L. chinense (goji berry) may have contributed
synergistically to the observed bioactivities. These three herbs
are classified as MFH (medicinefood homology) botanicals in
Chinese medicine, known for their integrative health benefits.
Polygonatum species are representative of Medicine-Food
Homology (MFH) herbs, traditionally used to tonify the kidney,
reinforce essence, and improve vitality [23]. P. kingianum is rich in
saponins, polysaccharides, and homoisoflavonoids, which exhibit
antioxidant, mitochondrial-protective, and immunomodulatory
effects [13,24]. E. ferox contains polyphenols and alkaloids with
known anti-inflammatory and diuretic properties, while L.
chinense has been reported to support mitochondrial biogenesis
and cellular energy regulation, partly attributed to its active
component betaine [25,26]. The biological activities of these
MFH herbs may be further enhanced through fermentation-
assisted hydrolysis, which converts macromolecular components
into low-molecularweight metabolites, such as bioactive peptides,
flavonoid glycosides, and oligosaccharides [27,28]. These smaller
compounds are more readily absorbed by cells and have been
shown to activate cytoprotective signaling pathways, including
Nrf2, AMPK, and mitophagy-related cascades, thereby potentially
amplifying the effects of individual herbal components through a
synergistic network response.

Chronic inflammation and fibrotic remodeling are critical
contributors to the progression of CKD, often perpetuated by
dysregulated cytokine signaling and sustained oxidative stress
[29]. Our findings extend prior knowledge by demonstrating that
the botanical hydrosol not only suppresses NO production but
also exerts time-dependent immunomodulatory effects. At the
early phase (6 h), co-treatment significantly enhanced IL-6, IL-8,
and IL-10 expression-cytokines known to mediate tissue repair
and inflammation resolution [30-32]. At the late phase (24 h),
downregulation of IL-12A and IFN-y was observed, indicating a
potential shift away from Thl-polarized immune activation [33].
These observations suggest that the formulation may influence
both innate and adaptive immune dynamics, possibly through
macrophage polarization or dendritic cell regulation [34].
In parallel, the botanical hydrosol effectively mitigated TGF-
fSlinduced fibrotic changes in MDCK renal epithelial cells.
TGFf1 is a master profibrotic cytokine that activates SMAD2/3-
dependent transcription of Extracellular Matrix (ECM) genes
such as fibronectin and collagen type 1 [35]. The observed
morphological protection and decreased ECM staining in the
hydrosol-treated group suggest that the formulation may interfere
with TGF1 signaling, possibly through antioxidant pathways
such as Nrf2-AKT-HO-1 axi or inhibition of Epithelial-to-
Mesenchymal Transition (EMT) cascades [36,37]. These findings
support a dual anti-inflammatory and anti-fibrotic role for the
botanical hydrosol.

AQP3 is a membrane channel protein abundantly expressed in
renal collecting ducts, playing a critical role in regulating water
permeability and fluid balance [38]. Impaired AQP3 expression
has been associated with reduced urine concentrating ability,
interstitial edema, and impaired renal osmoregulationfeatures
commonly observed in early-stage CKD and diabetic nephropathy
[39]. In our study, treatment with the botanical hydrosol induced
a mild increase in AQP3 expression in MDCK cells, suggesting
a potential regulatory effect on water transport mechanisms.
Although the observed increase in AQP3 expression did not reach
statistical significance, the trend may reflect early membrane-
stabilizing or transcriptional priming effects and warrants further
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exploration through dose- and time-dependent studies as well
as protein-level validation. Notably, several phytochemicals
present in the formulation-including polysaccharide derivatives
and flavonoids from L. chinense and P. kingianum-have been
reported, in analogous botanical models such as Poria cocos, to
influence AQP3 regulation via cAAMP-PKA or PI3K-Akt signaling
pathways (as demonstrated in EPC-induced AQP3 upregulation
in HaCaT cells) [40]. These pathways may promote trafficking
or transcription of aquaporin genes in response to osmotic or
inflammatory cues. Cellular senescence and mitochondrial
dysfunction are now recognized as core drivers of renal aging and
CKD [41]. In the present study, the botanical hydrosol significantly
upregulated several members of the chaperonin-containing
TCP1 complex (CCT2, CCT6A, CCT8), which are essential for
maintaining proteostasis and cytoskeletal organization. Notably,
CCT2 has been shown to regulate aggrephagy, facilitating
clearance of misfolded protein aggregates, while CCT8 supports
proteome stability during immune and stress responses [42,43].
Downregulation of CCT components is associated with aging-
related decline and proteotoxic stress, whereas maintaining or
restoring their expression may support cellular resilience and
longevity [44,45]. CCT/TRiC is a well-characterized folding
machinery for cytoskeletal proteins such as actin and tubulin,
essential for maintaining cell structure and facilitating recovery
during injury, including in renal epithelial cells [46]. In parallel,
we observed robust activation of mitochondrial function-related
genes, including a >4-fold increase in Parkin, a key E3 ubiquitin
ligase in the PINK1-Parkin mitophagy pathway [47]. Activation of
Parkin-mediated mitophagy has been shown in vivo to mitigate
tubular injury, suppress NLRP3 inflammasome activation, and
preserve renal function in mouse models of ischemia-reperfusion
and cisplatin nephrotoxicity, highlighting its role in mitochondrial
quality control and tissue repair [48,49]. The upregulation of
NADSYNI (nicotinamide adenine dinucleotide synthetase), Ubl5,
and Atg8 further supports enhanced mitochondrial biosynthesis
and autophagic flux, processes critical for energy metabolism
and removal of damaged organelles [50]. Parkin functions
downstream of the PINK1 Parkin axis, orchestrating the selective
ubiquitination of damaged mitochondria and recruitment of
mitophagy receptors such as p62 (SQSTM1) [51]. These findings
suggest a coordinated rejuvenation response, possibly mediated
by phytochemicals such as flavonoids or saponins present in P.
kingianum and L. chinense.

Similarly, Ubl5 upregulation observed in our study may indicate
activation of the mitochondrial unfolded protein response
(UPRmt). Ubl5 is a conserved co-factor essential for UPRmt
signaling, and its deficiency in mammalian models accelerates
aging phenotypes and impairs mitochondrial proteostasis [52]. In
the kidney, ATF5-Ubl5-driven UPRmt signaling has recently been
implicated in modulating tubular injury in diabetic nephropathy,
suggesting that reinforcement of this pathway may contribute to
renal resilience [53].

CONCLUSION

In summary, this study demonstrates that a multi-herb botanical
hydrosol formulation-comprising Alpinia oxyphylla Miq. and
fermented MFH herbs-exerts multi-pathway protective effects
in renal cell models. The formulation suppressed inflammatory
mediators and promoted a time-dependent shift toward tissue-
attenuated TGF.fl-induced fibrotic

remodeling, and showed a trend toward aquaporin-3 regulation

repairing  cytokines,
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relevant to fluid balance. At the molecular level, it significantly
upregulated mitochondrial quality-control genes (Parkin,
Atg8, NADSYNI), Unfolded protein response factors (Ubl5),
and chaperonin subunits (CCT2, CCT6A, CCTS8), suggesting
enhanced mitophagy, UPRmt signaling, and proteostasis that
may support cellular resilience against aging and stress. Together,
these findings provide mechanistic support for the potential use
of botanical hydrosols as functional formulations to promote
kidney health and healthy aging. Nevertheless, the present results
are limited to in wvitro analyses, and future in vivo studies and
protein-level validations will be critical to confirm physiological
relevance and translational potential.
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