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ABSTRACT

Cisplatin-induced nephrotoxicity frequently manifests as acute kidney injury (AKI), creating a major limitation for its wide-
spread clinical application. Taxifolin, a phytochemical flavonoid, possesses potent free radical-scavenging activity and the ability
to modulate inflammatory responses. Our study focused on assessing the renoprotective capacity of taxifolin in the context of
cisplatin-induced kidney damage. Cell culture studies showed that taxifolin reduced damage to human tubular epithelial cells
caused by cisplatin. Furthermore, we evaluated the protective effect of taxifolin on mice with cisplatin-induced nephrotoxicity.
Oral administration of taxifolin effectively mitigated both functional impairment and structural injury in renal tubules, both
when administered 2 days before and 2 h following cisplatin injection. Transcriptomic analysis of renal tissues via RNA-seq
revealed that taxifolin's nephroprotective effects against cisplatin toxicity may involve Fabp4-regulated lipid metabolism
pathways. In both cisplatin-induced AKI mouse models and renal tubular cells, taxifolin enhanced lipid metabolism, restored
cellular energy (ATP) production, and upregulated PGC-1a/PPARa expression by reversing Fabp4-impaired suppression of fatty
acid beta-oxidation. Collectively, these results indicate that taxifolin exerts nephroprotective effects against cisplatin-induced
AKI by modulating Fabp4-dependent fatty acid oxidation pathways, positioning it as a potential therapeutic candidate for
cisplatin-associated nephrotoxicity.

1 | Introduction

Acute kidney injury (AKI) is a critical clinical syndrome that
poses significant threats to patient survival, characterized by
high rates of morbidity and mortality. It affects approximately
10%-15% of all hospitalized patients and has been reported in
more than 50% of patients admitted to intensive care units [1, 2].
Nephrotoxicity is one of the leading causes of AKI and serves as a

major dose-limiting factor for the chemotherapeutic agent cis-
platin (Cis) [3]. As a platinum-based drug with well-documented
antineoplastic efficacy, cisplatin remains a cornerstone in the
treatment of various solid tumors, including ovarian, osteo-
sarcoma, and prostate carcinomas [4-6]. Nevertheless, its clinical
utility is substantially limited by its nephrotoxic effects [7].
Approximately 25%-30% of adult patients receiving cisplatin
develop AKI, and among long-term survivors (>5 years), a
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significant proportion experience a persistent reduction in glo-
merular filtration rate [8, 9]. Unfortunately, there are currently
no established effective treatment for cisplatin-induced AKI in
clinical practice, highlighting a pressing and unmet medical
need. Thus, the development of strategies to mitigate cisplatin-
induced nephrotoxicity is urgently required and deserves
immediate translational attention.

Cisplatin-induced nephrotoxicity occurs primarily in proximal
tubular epithelial cells (PTECs), which constitute the major site
of injury leading to AKI [10]. Damage to PTECs disrupts key
cellular processes, including bioenergetic networks, inter-
cellular communication, and proliferative homeostasis. Renal
proximal tubular cells are highly metabolically active and rely
substantially on fatty acid oxidation (FAO) to meet their con-
siderable energy demands [11]. Impairment of FAO is strongly
associated with AKI progression, as its suppression during renal
injury leads to energy deficiency and lipotoxicity. These effects
are characterized by reduced renal ATP levels, intracellular
lipid accumulation, inflammatory activation, tubular cell dam-
age, and cell death [12]. Fatty acid binding protein 4 (Fabp4)
plays a crucial role in regulating FAO. Studies indicate that
Fabp4 overexpression downregulates key oxidative respiratory
factors in adipocytes, such as PGC-la and PPARa—master
transcriptional regulators of numerous genes involved in FAO
[13, 14]. Such disruption in FAO directly compromises the
survival of renal tubular epithelial cells, positioning metabolic
dysfunction as a central mechanism in kidney injury [15].
During AKI process, diminished FAO results in intracellular
lipid accumulation and a metabolic shift toward glycolysis for
energy production [16]. This adaptive change in substrate uti-
lization may further exacerbate renal damage. Additionally,
impaired FAO can induce mitochondrial dysfunction and apo-
ptosis, contributing to the progression of kidney injury [17].
Therefore, restoring FAO to normal levels represents a prom-
ising therapeutic strategy for mitigating cisplatin-induced AKI.

Flavonoids, a major subclass of plant-derived polyphenols, ex-
hibit potent antioxidant and anti-inflammatory properties [18].
Growing evidence indicates that various flavonoids confer both
therapeutic and preventive effects against cisplatin-induced
AKI, primarily through modulation of reactive oxygen species
(ROS) and inflammatory pathways [16, 19, 20]. Taxifolin, a
naturally occurring flavonoid present in numerous plants, also
demonstrates notable pharmacological activities, including
strong antioxidant and anti-inflammatory effects [21, 22]. This
bioflavonoid has been applied in the treatment of inflammatory
bowel disease [23]. In models of spinal cord injury, taxifolin has
been shown to mitigate neuroinflammation and microglial
pyroptosis via specific inhibition of the PI3K/Akt signaling
pathway [24]. Additionally, taxifolin activates the Nrf2 pathway,
thereby reducing oxidative stress and apoptotic activity, sug-
gesting its potential as a treatment for glucocorticoid-induced
femoral head osteonecrosis [25]. In a mouse model of non-
alcoholic steatohepatitis (NASH), taxifolin treatment effec-
tively attenuated hepatic steatosis, chronic inflammation,
and extracellular matrix remodeling—effects mediated in
part through direct actions on hepatocytes to suppress lipid
accumulation [26]. However, the renal protective potential of
taxifolin against cisplatin-induced nephrotoxicity has not yet
been systematically evaluated.

In the present study, we demonstrated the protective role of
taxifolin against cisplatin-induced nephrotoxicity, both in vitro
and in vivo. Mechanistically, this protection was mediated by
enhancing FAO through the inhibition of Fabp4 expression.
Our findings uncover a novel pharmacological mechanism of
taxifolin, suggesting its potential as a therapeutic candidate for
cisplatin-induced nephroprotection.

2 | Materials and Methods

2.1 | Reagents
Taxifolin (T1738, 98.9% purity) and Cisplatin (T1564, 99.63%
purity) were obtained from TargetMol.

2.2 | Cell Culture

The human renal proximal tubular cell line (HK-2) was
obtained from ATCC and was cultured in RPMI-1640 medium
(BC-M-017; Biochannel), added with 10% FBS (BS-1102; OP-
CEL) and 1% penicillin-streptomycin (BC-CE-007; Biochannel).
HK-2 cells were maintained under a humidified incubator with
5% CO, at 37°C.

2.3 | Cytotoxicity Assay

The SRB cytotoxicity assay was utilized to assess taxifolin sen-
sitivity in HK-2 cells under cisplatin challenge. HK-2 cells were
plated in 96-well plates at 3000 cells/well and treated with 5 uM
cisplatin plus taxifolin at escalating concentrations (0, 2.5, 5, 10,
20 uM) for 24 h.

The cells were immobilized by adding 10% trichloroacetic acid
at 4°C for 4 h. Subsequently, the cells were treated with SRB
stain for 30 min, followed by rinsing with 1% acetic acid and air-
drying in an inverted orientation at 60°C. To ensure complete
dye solubilization, 10 mM Tris-base solution was dispensed into
each well until the dye achieved complete dissolution. The
absorbances at 540 nm of each well were measured using a
microplate reader (Multiskan FC; Thermo Fisher Scientific).
The cell survival fraction was calculated by dividing the optical
density of the treated cells by the optical density of the
untreated cells.

2.4 | Murine Model of Cisplatin-Induced
Nephrotoxicity

Six- to eight-week-old male C57BL/6 mice were obtained from
the certified Laboratory Animal Center of Hangzhou Medical
College. All experimental procedures were conducted in strict
compliance with China's Animal Welfare Guidelines, as sanc-
tioned by the Institutional Animal Care and Use Committee
(IACUC) of Hangzhou Medical College (Registration Number:
2023-111, ethical approval date: 3/15/2023). Housing parame-
ters for the mice included SPF-certified accommodation with a
programmed 12-h diurnal rhythm, maintained at (24 +2)°C
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and 55% + 5% relative humidity. During the experimental
period, subjects received a nutritionally complete diet with
continuous access to provisions.

To investigate the renal preventive efficacy of taxifolin against
cisplatin-induced AKI, mice were randomly allocated into four
distinct experimental cohorts: control group (CON, n = 6); cis-
platin group (Cis, n =6); cisplatin-induced AKI mice treated
with 50mg/kg taxifolin group (Cis+ TAX 50, n=6); and
cisplatin-induced AKI mice treated with 100 mg/kg taxifolin
group (Cis + TAX 100, n = 6). Taxifolin (50 and 100 mg/kg) was
administered by gavage for 5 consecutive days. On the
third day, cisplatin 20 mg/kg was intraperitoneally injected
once a day.

To explore the therapeutic efficacy of taxifolin in mitigating
cisplatin-induced AKI, mice were randomly allocated into four
distinct experimental cohorts: control group (CON, n = 6); cis-
platin group (Cis, n =6); cisplatin-induced AKI mice treated
with 50mg/kg taxifolin group (Cis+ TAX 50, n=6); and
cisplatin-induced AKI mice treated with 100 mg/kg taxifolin
group (Cis + TAX 100, n =6). Two hours after intraperitoneal
injection of cisplatin (20 mg/kg), taxifolin (50 and 100 mg/kg)
was administered by gavage for 2 consecutive days.

The experimental endpoint was marked by the humane sacri-
fice of animals under anesthesia, achieved through intra-
peritoneal administration of 0.3% pentobarbital sodium.

Whole blood was harvested via cardiac puncture and processed
into serum through centrifugation at 2000 rpm at 4°C for 15 min
for subsequent biochemical analysis. Renal tissues were cryo-
preserved in liquid nitrogen to preserve molecular integrity for
downstream gene and protein expression analysis or fixed in 4%
paraformaldehyde for histological examination.

2.5 | Serum Biochemical Measurements

Serum biochemical markers, specifically blood urea nitrogen
(BUN) and creatinine (Cre), were assessed using an automated
analyzer (Cobas c311; Roche) following standardized blood
collection protocols.

2.6 | Renal Histopathology

Tissue samples were formalin-fixed, paraffin-embedded, and
sectioned into 5um slices for H&E staining to enable histo-
logical examination and renal injury scoring. Pathological eva-
luation revealed renal tubular dilatation, necrotic changes, and
cast presence in the examined tissue sections. The renal tubular
injury was assessed using the afflicted tubule proportion: 0 (no
injury), 1 (<25%), 2 (25%-50%), 3 (50%-75%), and 4 (> 75%).

2.7 | RNA Extraction, RT-qPCR, and RNA-Seq

Total RNA was isolated from biological samples using RNAex
reagent (AG21101; AG) and an RNA extraction kit (AG21024;

AG). Using the Evo M-MLYV reverse transcription system, the
RNA template was reverse-transcribed into cDNA under opti-
mized reaction conditions (AG11728; AG).

Real-time quantitative PCR was carried out in a 10 uL reaction
volume using the SYBR Green Pro Taq HS premixed
Kit (AG11733; AG) on the CFX Connect Detection System
(Bio-Rad). Gene expression was measured via the 244
method, with all data normalized to Gapdh. A portion of the
kidney tissue was utilized for RNA-seq.

2.8 | Western Blot Analysis

Protein extraction was performed from renal cortical samples
employing RIPA cracking buffer (containing 1% protease and
phosphatase inhibitors). The protein extract was separated by
10% SDS-PAGE followed by electrophoretic transfer to a
0.45uM PVDF membrane (C3117; Millipore). Membrane
blocking was performed using 5% nonfat milk powder for 1h at
room temperature, followed by three washing cycles and over-
night incubation with primary antibodies at 4°C. HPR-
conjugated secondary antibodies were applied for 1h at 25°C.
Subsequently, the membranes were washed again and visual-
ized using a chemiluminescence imaging system (FUSION FX;
Vilber GmbH). The relative differences in expression levels
were normalized to GAPDH levels.

2.9 | Bodipy Staining

Both HK-2 cell culture and frozen renal sections were subjected
to fixation using 4% PFA for 15min, followed by incubation
with Bodipy (C2053S; Beyotime) for 20 min in the dark at 24°C.
Following nuclear staining with DAPI (10 ug/mL) for 5min,
fluorescence images were captured using an inverted micro-
scope (EVOS M7000; Invitrogen).

2.10 | Oil Red Staining

For Oil Red O staining, the kidney tissues were fixed in 4%
paraformaldehyde overnight, subsequently dehydrated using a
sucrose gradient, and then embedded in Tissue-Tek OCT
compound (Sakura). Next, 10 um sections were stained with Oil
Red O (Cat No. C0157S; Beyotime) for 20 min. Following suc-
cessive rinsing steps with distilled water, the samples were
processed for counterstaining using hematoxylin to enhance
nuclear visualization. Histological staining images were
obtained using a microscope (EVOS M7000; Invitrogen).

211 | Statistical Analysis

Data were analyzed using GraphPad Prism software (v 9.5.1)
and ImageJ (v1.8.0) and expressed as means =+ SD. One-way
ANOVA followed by Tukey's post-hoc test was applied to
identify statistical significance. p <0.05 indicated statistical
significance. *p <0.05, **p <0.01, ***p<0.001 versus Ctrl;
#p <0.05, **p <0.01, ***p < 0.001 versus Cis group.
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3 | Results
3.1 | Taxifolin Alleviates Cisplatin-Induced

Injury in HK-2 Cells

Renal tubule epithelial cells are highly vulnerable to AKI,
making them a relevant model for in vitro studies. To evaluate
the renal protective effects of taxifolin, we utilized the human
proximal tubule cell line HK-2. Cell viability was assessed under
cisplatin challenge with increasing concentrations of taxifolin
(0-20 uM). Using SRB assays, we identified a concentration-
dependent protective effect of taxifolin, with significant cyto-
protection observed within this range (Figure 1A). Conse-
quently, 20 uM taxifolin was selected for further experiments.
Bright-field imaging confirmed that taxifolin markedly attenu-
ated cisplatin-induced morphological damage in HK-2 cells
(Figure 1B). To elucidate the molecular mechanisms underlying
taxifolin's protective effects, we analyzed the transcription of
two well-established renal injury biomarkers: kidney injury
molecule-1 (KIM-1) and neutrophil gelatinase-associated lipo-
calin (NGAL). Quantitative RT-qPCR showed that taxifolin
treatment significantly reduced the mRNA levels of both KIM-1
and NGAL in cisplatin-treated HK-2 cells (Figure 1C,D). Fur-
thermore, taxifolin reduced apoptosis in HK-2 cells, as evi-
denced by decreased levels of cleaved PARP (C-PARP)
(Figure 1E,F). Together, these results demonstrate that taxi-
folin attenuates cisplatin-induced nephrotoxicity in HK-2 cells
by improving viability, reducing injury biomarkers, and in-
hibiting apoptosis, suggesting its potential as a therapeutic
agent for cisplatin-associated AKI.

A

3.2 | Taxifolin Pretreatment Prevents
Cisplatin-Induced AKI In Vivo

To evaluate the protective effect of taxifolin against cisplatin-
induced AKI in vivo, mice were pretreated with oral taxifolin
(50 or 100 mg/kg) for 5 days. On Day 3, a single intraperitoneal
injection of cisplatin (20 mg/kg) was administered (Figure 2A).
After 72 h, cisplatin-treated mice developed significant AKI, as
indicated by marked elevated levels of BUN and serum creati-
nine (Cre), consistent with impaired renal function. Impor-
tantly, taxifolin pretreatment significantly mitigated this renal
dysfunction (Figure 2B,C). Histopathological examination fur-
ther revealed that taxifolin markedly reduced cisplatin-induced
kidney tissue damage (Figure 2D,E). At the molecular level,
taxifolin also suppressed the cisplatin-mediated upregulation of
injury biomarkers KIM-1 and NGAL at the mRNA level
(Figure 2F,G). These findings indicate that taxifolin pretreat-
ment may preserve renal function by suppressing cisplatin-
induced nephrotoxic pathways.

3.3 | Taxifolin Posttreatment Ameliorates
Cisplatin-Provoked AKI In Vivo

To further evaluate the therapeutic potential of taxifolin, we
investigated whether postexposure administration could ame-
liorate cisplatin-induced AKI. Taxifolin (50 or 100 mg/kg) was
administered intraperitoneally at 2, 24, and 48 h after cisplatin
challenge (Figure 3A). Taxifolin administration resulted in
marked attenuation of serum BUN and Cre elevation in
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FIGURE1 |

Taxifolin reduced cisplatin-induced kidney injury in HK-2 cells. (A) Effect of taxifolin (0-20 uM) on HK-2 cells survival under

cisplatin (5 uM) challenge. (B) HK-2 cell morphology was visualized using bright-field microscopy (scale bar = 50 um). (C,D) RT-qPCR was employed
to quantify KIM-1 and NGAL mRNA expression, normalized to Gapdh. (E) Western blot analysis was performed to assess C-PARP protein levels, with
B-actin serving as the loading control. (F) Quantification analysis of protein levels of C-PARP.
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FIGURE 2 |

Taxifolin prevented cisplatin-induced nephrotoxicity in vivo. (A) A diagrammatic depiction of administering taxifolin to prevent

cisplatin-induced AKI. (B,C) Serum BUN and Cre levels were detected after 72h cisplatin injection. (D) Representative images stained with
hematoxylin and eosin. Arrows indicated tubular dilatation and necrosis, and asterisks indicated cast formation (scale bar = 50 pm). (E) Tubular
injury score analysis. (F,G) RT-qPCR was used to detect KIM-1 and NGAL mRNA expression in mouse renal samples, normalized to Gapdh. n=6

animals per group.

cisplatin-treated mice (Figure 3B,C). H&E staining revealed that
cisplatin exposure resulted in distinct tubular pathology, spe-
cifically tubular epithelial necrosis, luminal dilatation, and
protein cast deposition (Figure 3D). Notably, taxifolin inter-
vention significantly ameliorated renal histopathology
(Figure 3E). The results of RT-qPCR suggested reduced KIM-1
and NGAL gene expression posttreatment (Figure 3F,G). Thus,
these data support the translational potential of taxifolin as a
nephroprotective agent in cisplatin-induced AKI.

3.4 | Taxifolin Treatment Reduces Apoptosis and
Inflammatory Response in Mouse Kidneys

Cisplatin-induced nephrotoxicity was closely associated with
inflammatory activation and apoptotic cell death. To investigate
whether taxifolin attenuates these processes in a mouse model
of cisplatin-induced AKI, we evaluated the protein expression of
the injury marker KIM-1 and the apoptotic marker C-PARP by
Western blot. Cisplatin treatment significantly elevated both
KIM-1 and C-PARP levels, which were markedly reduced by
taxifolin administration (Figure 4A-C). We further examined
the effect of taxifolin on the transcription of key inflammatory
cytokines—TNF-a, Il1b, and Il6—using RT-qPCR. Taxifolin
treatment significantly suppressed the mRNA expression of

these pro-inflammatory factors in the kidneys of cisplatin-
exposed mice (Figure 4D-F). Together, these results demon-
strate that taxifolin effectively mitigates cisplatin-induced renal
injury by attenuating both apoptosis and inflammation, high-
lighting its dual protective role in AKI.

3.5 | Transcriptomic Analysis of Taxifolin
Function in Cisplatin-Provoked AKI Kidneys

To elucidate the molecular mechanisms through which taxi-
folin exerts its renoprotective effects in cisplatin-induced AKI,
we performed RNA-seq analysis on renal tissues from taxifolin-
treated and untreated mice. Gene Ontology (GO) enrichment
analysis of the differentially expressed genes highlighted a
pronounced enrichment in biological processes associated with
lipid homeostasis, including fatty acid metabolism and lipid
catabolism (Figure 5A). Thermal profiling of fatty acid meta-
bolic genes identified Fabp4 as a significantly downregulated
target following taxifolin treatment, implicating this adipogenic
regulator in the compound's nephroprotective mechanism
(Figure 5B). Cross-validation using RT-qPCR and Western blot
analysis confirmed the heatmap findings, demonstrating
reduced Fabp4 expression at both transcriptional and transla-
tional levels (Figure 5C-E). These findings suggest that taxifolin
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FIGURE 3 | Taxifolin attenuated cisplatin-induced AKI in mice. (A) A diagrammatic depiction of administering taxifolin to attenuate cisplatin-

induced AKI. (B,C) BUN and Cre levels in serum were detected 72 h after cisplatin injection. (D) Representative images stained with H&E. Arrows
indicated tubular dilatation and necrosis, and asterisks indicated cast formation (scale bar =50 um). (E) Tubular injury score analysis. (F,G)

RT-qPCR was used to detect KIM-1 and NGAL mRNA expression in mouse renal samples, normalized to Gapdh. n = 6 animals per group.

may mitigate cisplatin-induced renal injury, at least in part,
through modulation of lipid metabolic pathways, with Fabp4
serving as a critical regulatory node.

3.6 | Taxifolin Attenuates Cisplatin-Induced
Impairment of FAO and Energy Deficiency

Previous studies have established that impaired FAO con-
tributes to the pathogenesis of AKI, promoting aberrant lipid
accumulation and subsequent tubular cell apoptosis. To inves-
tigate whether taxifolin modulates FAO in cisplatin-induced
AKI, we quantitatively assessed intracellular lipid deposition.
Oil red O staining revealed a substantial increase in neutral
lipids following cisplatin exposure, which was significantly
attenuated by taxifolin treatment (Figure 6A). Complementary
lipid visualization using both Oil red O and Bodipy fluorescent
dye confirmed pronounced lipid accumulation after cisplatin
injury and consistently demonstrated that taxifolin effectively
reduced lipid deposition across both detection methods
(Figure 6B). We further explored the molecular mechanisms
underlying this effect by examining key transcriptional regula-
tors of lipid metabolism. PGC-1a and PPARa are known to
synergistically promote FAO and cellular energy production.

Western blot analysis showed that cisplatin downregulated both
PGC-la and PPARa protein expression, whereas taxifolin
treatment markedly restored their levels (Figure 6C). Consistent
with these in vivo findings, taxifolin also counteracted cisplatin-
induced lipid metabolic dysregulation in renal tubular epithelial
(HK-2) cells. It suppressed Fabp4 upregulation and restored
ATP production (Figure 6D-F). Additionally, cisplatin treat-
ment led to diminished PGC-1a and PPARa protein levels in
HK-2 cells, whereas taxifolin administration resulted in their
marked upregulation (Figure 6G). Together, these results indi-
cate that taxifolin mitigates cisplatin-induced impairment of
FAO by restoring the expression of central metabolic regulators
and reducing lipid accumulation, thereby supporting renal
tubular cell energy homeostasis.

4 | Discussion

Patients receiving cisplatin-based chemotherapy frequently
develop AKI, a serious side effect for which effective clinical
interventions remain limited despite ongoing research efforts
[7]. In this study, we demonstrated through both in vitro and
in vivo models that taxifolin confers significant protection
against cisplatin-induced nephrotoxicity. RNA sequencing
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FIGURE 4 |

Taxifolin inhibited apoptotic pathway and inflammation in the kidney tissues of mice administrated with cisplatin. (A) Repre-

sentative Western blot analysis of KIM-1 and C-PARP protein levels in mouse kidney tissues. f-actin was used as the loading control. (B,C)
Quantification analysis of protein levels of KIM-1 and C-PARP. (D-F) RT-qPCR was employed to detect mRNA levels of TNF-a, IL-1@, and IL-6,

normalized to Gapdh. n = 6 animals per group.

analysis revealed that this protective mechanism likely involves
the restoration of disrupted FAO. Specifically, we observed a
marked upregulation of Fabp4—a key negative regulator of
FAO—in cisplatin-treated mice and HK-2 cells. Taxifolin
treatment effectively suppressed Fabp4 expression, resulting in
enhanced FAO and concomitant reduction in renal injury in
both experimental systems. These results underscore the
potential of taxifolin as a promising therapeutic agent for the
prevention or treatment of cisplatin-induced AKI.

Emerging evidence highlights the therapeutic promise of phy-
tochemicals in managing cisplatin-induced nephrotoxicity,
owing to their multitarget bioactive profiles and low propensity
for eliciting drug resistance [19]. Taxifolin, a natural flavonoid
with demonstrated anti-inflammatory and antioxidant activi-
ties, has been shown to protect against various forms of
tissue injury [27-29]. However, its efficacy in alleviating
cisplatin-induced AKI remained unclear. In this study, taxifolin
significantly suppressed cisplatin-induced cytotoxicity, loss of
membrane integrity, apoptotic signaling, and inflammatory
activation in HK-2 renal tubular cells. Unlike conventional
clinical agents that are typically administered after the onset of
kidney injury, taxifolin demonstrated protective effects in both
preventive and therapeutic settings. Pretreatment with taxifolin

markedly improved renal function and reduced histopatholog-
ical damage in cisplatin-challenged mice. Moreover, even when
administered after cisplatin exposure, taxifolin significantly
attenuated AKI-related alterations. These findings strongly
support the clinical potential of taxifolin as a complementary
agent for preventing and treating cisplatin-associated renal
injury.

Dysregulation of fatty acid metabolism has been increasingly
recognized as a key contributor to the pathogenesis of various
kidney diseases [30-32]. Renal PTECs—the primary site of
injury in cisplatin-induced AKI—depend heavily on FAO to
meet their high energy demands [10]. Cisplatin impairs FAO,
resulting in cellular energy deficit and lipotoxicity, which in
turn drive a cascade of pathological events including reduced
ATP production, aberrant triglyceride accumulation, inflam-
matory activation, and tubular cell damage [10, 16, 33]. Phar-
macological enhancement of FAO has previously been shown
to confer renal protection in both AKI and chronic kidney
disease (CKD) models [11, 12], suggesting that restoring FAO
homeostasis could represent a promising therapeutic strategy
for cisplatin-induced AKI. In line with this, GO analysis indi-
cated that the differentially expressed genes in our data set were
predominantly enriched in processes such as fatty acid
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FIGURE 5 | RNA-seq analysis of the underlying regulatory networks mediating taxifolin's renoprotective effects in cisplatin nephropathy. (A)
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detected by RT-qPCR, normalized to Gapdh. (D,E) The protein levels of Fabp4 were determined by Western blot analysis, with subsequent
quantification via ImageJ analysis. 3-actin served as the normalization standard. n = 6 animals per group.

metabolism, cellular oxidant detoxification, and lipid catabo-
lism, underscoring the central role of lipid metabolic pathways
in taxifolin-mediated protection. Furthermore, we demon-
strated that taxifolin treatment effectively attenuated cisplatin-
induced lipid deposition, ATP depletion, and apoptotic cell
death. These results suggest that taxifolin mitigates cisplatin
nephrotoxicity at least in part through the restoration of FAO.

Fabp4 is well-established as a key mediator in the pathogenesis
of metabolic diseases such as atherosclerosis and diabetes
[34-36]. More recently, it has also been implicated in inflam-
matory responses and cell death across a range of pathological
conditions [37, 38]. Growing evidence suggests that Fabp4
contributes to multiple mechanisms of renal injury. For ex-
ample, Fabp4 expression is markedly upregulated in
doxorubicin-induced nephrotoxicity, where it is associated with
disrupted lipid metabolism and activation of apoptotic path-
ways [39]. Fabp4 levels in the kidney are closely linked to lipid
homeostasis [14], and its elevation during kidney injury may
exacerbate lipid metabolic disorders, thereby amplifying renal

damage [40]. Additionally, Fabp4 appears to promote renal cell
apoptosis, as studies have shown a positive correlation between
Fabp4 expression and apoptosis rates in kidney injury models
[41]. In this study, RNA-sequencing analysis suggested that
Fabp4 may be involved in taxifolin-mediated regulation of FAO.
We further confirmed that taxifolin significantly downregulated
Fabp4 protein expression, while upregulating key transcrip-
tional regulators of fatty acid metabolism, PGC-1a and PPARa,
which are known to enhance FAO and cellular energy
production.

5 | Conclusions

In summary, our data demonstrated that taxifolin effectively
reduces cisplatin-provoked AKI via decreasing the levels of
Fabp4, thereby correcting the abnormal FAO. These findings
underscore the promising efficacy of taxifolin as a natural
therapeutic intervention for managing cisplatin-related kidney
injury in clinical settings.
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