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Gentamicin-induced acute kidney injury (AKI) causes tubular damage and activates
inflammatory pathways, including p38 MAPK, which regulates cellular stress and inflammation.
This study assessed the phenolic compound profile, safety, and nephroprotective effects
of Taraxacum officinale extract in an experimental model of AKI. Phenolic compounds,
specifically flavonoids and phenolic acids, were identified by thin-layer chromatography and
quantified spectrophotometrically. Acute toxicity was measured by the Prozorovsky method.
AKI was induced in Wistar rats with gentamicin (100 mg/kg), followed by oral administration
of T. officinale extract (44 or 88 mg/kg) for 14 days. Kidney function, kidney injury molecule-1
(KIM-1), and activated p38 levels were measured to evaluate inflammation and renal protection.
The extract contained luteolin, quercetin, apigenin, and caffeic acid. Total flavonoid content
was expressed as luteolin equivalents (2.464 + 0.24%). The LD50 (2.19 g/kg) showed low acute
toxicity. Gentamicin raised serum creatinine, KIM-1, and p38 (p < 0.01), while 88 mg/kg extract
reduced creatinine (“49.7%), KIM-1 (“14.3%), and p38 (“19.4%) (p < 0.05-0.01). Histopathology
confirmed renal protection. These results demonstrate that T. officinale confers dose-dependent
renoprotection, likely by reducing inflammation through flavonoid-mediated suppression of
p38 MAPK signaling, which limits downstream production of pro-inflammatory mediators and
renal cell injury.

Keywords: Acute kidney injury; Flavonoids; Gentamicin nephrotoxicity; Inflammation;
Kidney injury molecule-1; Mitogen-activated protein kinase.
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induced nephrotoxicity represents a significant
proportion of AKI cases, particularly among
hospitalized patients.* Aminoglycoside antibiotics
such as gentamicin are extensively utilized for the
management of severe Gram-negative infections;
however, their clinical application is limited by
dose-dependent nephrotoxicity.*?

Gentamicin accumulates in proximal
tubular epithelial cells, leading to mitochondrial
dysfunction, excessive generation of reactive
oxygen species (ROS), lipid peroxidation, and
ultimately tubular necrosis.’ These pathological
changes trigger inflammatory signaling cascades
that can lead to kidney impairment. Among
these pathways, mitogen-activated protein kinase
(MAPK) signaling plays a critical role in mediating
cellular stress and inflammatory responses.® In
particular, activation of the p38 MAPK pathway
promotes the production of pro-inflammatory
cytokines and apoptotic signaling in injured renal
tissue.”® Consequently, inhibition of p38 MAPK
activation has emerged as a potential therapeutic
strategy to attenuate inflammation and limit renal
injury in experimental models of AKI.°

Natural products rich in flavonoids
and phenolic compounds are of interest as
nephroprotective agents, as they often exhibit
antioxidant and anti-inflammatory effects.!®
Flavonoids, such as luteolin and quercetin, can
limit cellular oxidative damage and reduce the
generation of pro-inflammatory cytokines by
blocking the activation of MAPK and NF-éB
signaling pathways."""* This dual activity, by
altering critical signaling cascades and diminishing
oxidative stress, underscores their potential to avert
inflammatory kidney injury.'*

Taraxacum officinale F.H.Wigg
(Asteraceae), or dandelion, is a medicinal plant
utilized for inflammatory and metabolic disorders. It
contains many flavonoids and phenolic acids, such
as luteolin, quercetin, apigenin, and caffeic acid.'>'®
Studies report antioxidant, anti-inflammatory, and
hepatoprotective effects of T. officinale extracts."
However, its mechanistic nephroprotective effects
in gentamicin-induced AKI, particularly regarding
p38 MAPK and tubular damage markers, remain
poorly defined.

Therefore, the present study aimed to
evaluate the phytochemical composition, safety
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profile, and nephroprotective effects of Taraxacum
officinale extract in a gentamicin-induced acute
kidney injury rat model. In particular, the study
focused on assessing renal injury biomarkers and
investigating the modulation of the p38 MAPK-
mediated inflammatory pathway.

MATERIALS AND METHODS

Materials

The herb Taraxacum officinale F.H.-Wigg.
was taken from Gachuurt, Mongolia, in 2024, and
the species was recognized by Dr. M. Urgamal, a
botany expert at the Botanic Garden and Research
Institute, Mongolian Academy of Sciences,
Ulaanbaatar, Mongolia.
Chemicals, Reagents, and Instruments

Thin-layer chromatography used silica
gel 60 F254 aluminum plates (20 x 20 cm, Merck
KGaA, Germany) and a glass chromatography
chamber. Visualization and absorbance
measurements were performed using a ZF20D
UV lamp (254 and 365 nm) and a UNICO
UV-2102C spectrophotometer. Biochemical
parameters were analyzed with a Biobase-Silver
biochemical analyzer. An automated hematology
analyzer, the BK-3200VET, was used to measure
hematological parameters. A ChroMate-4300
microplate reader was used to perform enzyme-
linked immunosorbent assay (ELISA) tests in
accordance with the manufacturer’s instructions.

Reference standards included apigenin
(€799%, HPLC, Carl Roth, Germany), luteolin
(€799%, HPLC, Sigma-Aldrich, Germany), gallic
acid (¢799%, HPLC, China), and caffeic acid
(€799%, HPLC, China). Folin—Ciocalteu reagent
(Sangon, China) and ELISA kits for KIM-1 and
p38 (China) were also used.
Experimental Animals and Ethical
Considerations

This study followed ARRIVE guidelines
and NIH animal care standards. Procedures were
approved by the Biomedical Ethics Committee of
the Ministry of Health of Mongolia (Approval No:
24/091). Healthy adult mice and Wistar rats bred
in the institution’s vivarium were used and kept at
20 + 2°C, with full access to food and water and a
12-hour light/dark cycle.
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Phytochemical Analysis
Identification of Biologically Active Compounds
by TLC

One gram (+0.001 g) of powdered sample
was extracted at 20°C temperature using 20
milliliters of methanol for 1 h and filtered. Aliquots
(50-100 puL) were applied onto silica gel 60 F254
plates. Standard solutions (1 mg/mL in methanol)
of luteolin, caffeic acid, quercetin, and apigenin
were prepared, and 5—-10 pL were spotted alongside
the samples. Chromatographic separation used
n-hexane:ethyl acetate:acetic acid (12.4:5.6:2) as
solvent. After development and drying, the plates
were sprayed with 5% ferric chloride solution.”
Determination of Total Flavonoid Content

The total flavonoid content of the
sample was quantified using a spectrophotometric
aluminum complexation assay. Finely powdered
plant sample was underwent to ethanol extraction
under reflux conditions. A portion of the obtained
extract was treated successively with sodium
nitrite, aluminum nitrate, and sodium hydroxide,
which resulted in the formation of a colored
flavonoid—aluminum complex. The intensity
of the developed color was recorded at 500 nm
using a spectrophotometer equipped with a 1 cm
path length cuvette. Quantification was performed
using luteolin as the reference compound, and the
flavonoid concentration was expressed as luteolin
equivalents (mg LE%)*
Determination of Total Phenolic Content

Total phenolic compounds were assessed
by a spectrophotometric assay employing Folin—
Ciocalteu reagent. This procedure relies on the
reduction of the reagent by phenolic constituents
in an alkaline environment, leading to the
development of a blue-colored complex. The
ethanolic extract was combined with diluted
Folin—Ciocalteu reagent, followed by the addition
of sodium carbonate solution to establish alkaline
conditions. After a defined incubation period, the
absorbance of the mixture was observed at 760 nm.
Gallic acid served as the standard for calibration,
and the results were calculated and reported as
gallic acid equivalents (GAE%)*
Determination of Total Phenolic Acids

Total phenolic acids were quantified using
the Arnow reagent method, which relies on the
formation of a colored complex between phenolic
acids and nitrite—-molybdate reagents under
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alkaline conditions. The extract was reacted with
hydrochloric acid, Arnow’s reagent, and sodium
hydroxide, and the absorbance of the developed
color was measured at 525 nm. Results were
calculated as caffeic acid equivalents.”
Acute Toxicity Study

Acute toxicity was determined using
the rapid method of Prozorovsky (1978).> A 1:1
liquid extract was administered intraperitoneally
to male and female white mice (15-19 g, n = 20).
Mortality was observed for 72 h, and LD50 values
were calculated and classified according to Sidorov
(1973).%
Anti-Inflammatory Activity

Acute nephrotoxic inflammation was
induced by gentamicin, as described by Nadeem
and Rania (2023).” Doses were selected based
on preliminary toxicity data and previous
pharmacological studies. Forty Wistar rats were
split into four groups at random (n = 10 per group):
group 1 (control group): oral distilled water for 14
days; group 2 (gentamicin group): oral distilled
water for 14 days plus intraperitoneal gentamicin
(100 mg/kg) from days 8—14, group 3: therapy
with gentamicin + T. officinale 44 mg/kg, group
4:Gentamicin + T. officinale 88 mg/kg dose
treatment. The test preparation was administered
orally for 14 days. At the end of the experiment,
the kidney index was calculated. Samples of blood
were taken in order to measure creatinine, urea, and
total protein levels. ELISA was used to determine
KIM-1 and p38 levels in serum and kidney tissue.
Histopathological examination of kidney tissue was
performed, and the analysis was blinded.
Statistical Analysis

The mean + SD was used to express the
data. One-way ANOVA and Tukey’s post hoc test
were used for statistical comparisons. The Shapiro-
Wilk test was used to determine normality. The
threshold for statistical significance was fixed at p
< 0.05. GraphPad Prism version 9.0 was used for
statistical analysis.

RESULTS

Identification of Flavonoids and Phenolic
Compounds by TLC

Thin-layer chromatographic analysis of
chloroform and methanol extracts of Taraxacum
officinale raw material revealed the presence
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of several flavonoids and phenolic acids. The
chloroform extract was included for comparative
phytochemical screening purposes only; the
methanol extract was used for all subsequent
pharmacological experiments. Distinct yellow
fluorescent spots corresponding to luteolin (Rf =
0.55), quercetin (Rf = 0.62), and apigenin (Rf =
0.64) were observed under UV light (365 nm).

In addition, a blue spot corresponding
to caffeic acid (Rf = 0.74) was detected at the
same migration level as the standard compound.
The coincidence of Rf values and fluorescence
characteristics between sample extracts and
reference standards confirmed the presence of these
bioactive compounds in the plant material.

Table 1. Quantitative Analysis of Phenolic Compound
Subgroups (Flavonoids, Phenolic Acids, and Total
Phenolics) in T.officinale

Biologically Active Compounds Values obtained

Flavonoids 2.464+0.24%
Total phenolic acid 0.912+0.3%
Total phenolics 0.527+0.04%

Total phenolics, phenolic acid, and flavonoids in
methanol extracts of the T.officinale (n=3).
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Quantitative Determination of Flavonoids and
Phenolic Compounds

The quantitative analysis of biologically
active constituents in T. officinale raw material
demonstrated the following contents:
Pharmacological Evaluation
Acute Toxicity

The acute toxicity study demonstrated that
the LD, value of the dry extract of T. officinale
was 2.19 (1.75-2.47) g/kg body weight following
intraperitoneal administration. According to
established toxicity classification criteria, this value
indicates low acute toxicity.?’

Effect on Gentamicin-Induced Acute
Nephrotoxicity
Renal Function Parameters

In the Gentamicin-induced nephrotoxicity
model, serum urea levels did not differ significantly
among the experimental groups (p = 0.98),
indicating that urea was not markedly affected
under the experimental conditions.

Conversely, serum creatinine levels were
markedly increased in the control group relative to
the healthy control group (p < 0.01), confirming
successful induction of renal injury.

Administration of T. officinale extract at
a dose of 88 mg/kg significantly reduced serum
creatinine levels, representing a 49.7% decrease
compared with the control group (p <0.01). The 44

Fig. 1. Thin-layer chromatographic of the Taraxacum officinale Wigg. A. under 254 nm, B. under 365 nm before
spray, C. under 365 nm after spray. 1-Luteolin, 2-Extract in methanol, 3-Extract in chloroform, 4-Caffeic acid,
5-Quercetin, 6-Apigenin
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mg/kg dose showed a decreasing trend; however,
the reduction was not statistically significant.
Effect on Inflammatory and Kidney Injury
Biomarkers

Serum KIM-1 concentrations were
markedly elevated in the control group compared
to the healthy group, representing a 38.2% increase
(p < 0.01). Treatment with T. officinale extract
showed in a dose-dependent reduction in KIM-1
levels. At 44 mg/kg, KIM-1 decreased to 40.31 +
1.33 pg/mL (p < 0.05 vs. control), corresponding
to a 9.02% reduction. At 88 mg/kg,

Likewise, serum p38 levels were markedly
increased in the control group relative to the
normal group, representing a 34.2% increase (p <
0.01). Administration of the extract at 88 mg/kg
significantly reduced p38 levels to 39.64 + 5.00
pg/mL (p <0.05 vs. control group), corresponding
to a 19.4% decrease. The 44 mg/kg dose showed a
trend toward reduction, but did not reach statistical
significance.

Histopathological result

Histopathological examination of kidney
tissue from the healthy control group revealed
normal renal architecture, including intact

glomeruli and well-preserved proximal and distal
tubules.

In contrast, the control group exhibited
extensive tubular epithelial degeneration and
necrosis, marked congestion, edema, and
inflammatory cell infiltration in both cortical and
medullary regions, confirming the establishment
of acute nephrotoxic inflammation.

In the treatment groups, renal structural
damage was attenuated. In the 44 mg/kg group,
tubular epithelial degeneration and necrotic
changes were slightly reduced compared with the
pathological control. Notably, the 88 mg/kg group
demonstrated relatively reduced inflammatory
infiltration and improved preservation of tubular
and glomerular structures. Collectively, these
results indicate that T. officinale extract exerted
a dose-dependent nephroprotective and anti-
inflammatory effect in gentamicin-induced acute
renal injury.

DISCUSSION

The present study demonstrates that
Taraxacum officinale extract confers significant

Table 2. Renal function parameters of T. officinale in the Gentamicin-
induced nephrotoxicity model

Groups Urea (mmol/L) Creatinine(umol/l)
Normal 23.17+£0.17 62.97+6.31
Control 22.61£0.79 127.7£16.95*
T. officinale 44 mg/kg 2599 +1.28 119.6+7.33
T. officinale 88 mg/kg 24.49 £2.00 64.19+15.25%*
#p < 0.01 vs the normal group
** p <0.01 vs gentamicin group
KIM-1 8
50
£33 Control
407 E= Nephroloxic model
TO 44 mg/kg

pg/ml

TO 88 mg/kg

Fig. 2. Levels of the kidney injury biomarkers of T. officinale in the Gentamicin-induced nephrotoxicity model
KIM-1 further decreased to 38.06 + 0.71 pg/mL (p < 0.01 vs. Control group), corresponding to a 14.3% reduction
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renoprotection in gentamicin-induced acute kidney
injury (AKI), primarily through modulation of
inflammatory signaling pathways, particularly p38
MAPK. Gentamicin nephrotoxicity is characterized
by preferential accumulation in proximal tubular
epithelial cells, leading to excessive ROS
generation, mitochondrial dysfunction, and
activation of stress-responsive kinases, including
p38 MAPK.!2? Activation of p38 promotes
transcription of pro-inflammatory mediators and
enhances tubular epithelial apoptosis, thereby
contributing to progressive structural and functional
renal impairment.”$

In the present model, gentamicin markedly
increased serum creatinine, KIM-1, and p38 levels,
confirming renal dysfunction and activation of
inflammatory injury pathways. KIM-1 is a well-
established biomarker of proximal tubular damage
and is closely associated with inflammatory
signaling activation during AKIL.?**° Treatment
with T. officinale extract—particularly at 88 mg/
kg—significantly reduced creatinine (“49.7%),
KIM-1, and p38 concentrations, accompanied
by clear histopathological improvement. These
findings suggest that p38 MAPK suppression is
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a central mechanism underlying the observed
nephroprotective effect.

The identified flavonoids—Iuteolin,
quercetin, and apigenin—are well-documented
modulators of MAPK signaling cascades.
Experimental evidence demonstrates that these
compounds attenuate p38 MAPK phosphorylation
and inhibit downstream NF-éB activation,
thereby decreasing pro-inflammatory cytokine
synthesis and limiting apoptosis in injured
tissues.!123132 By targeting redox-sensitive kinase
pathways, flavonoids disrupt the ROS—p38-NF-¢B
amplification loop characteristic of gentamicin-
induced tubular damage.®'> The relatively high total
flavonoid content (2.464 + 0.24%) observed in this
study supports the biological plausibility of MAPK
pathway inhibition as a mechanism underlying
renal protection.

The concurrent reduction in KIM-1 and
p38 further indicates coordinated suppression
of tubular inflammatory signaling rather than a
purely antioxidant effect. Given that p38 MAPK
activation is upstream of multiple inflammatory
mediators implicated in AKI progression, its
modulation may interrupt key amplification

Fig. 3. Histopathological results in renal tissue samples of the four groups. A. Normal renal structure, B.
Gentamicin group, C. T. officinale 44 mg/kg, D. T. officinale 88 mg/kg, Arrows indicate tubular degeneration,
necrosis, and inflammatory cell infiltration. Hematoxylin and eosin (x 400 magnification).
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cascades that exacerbate tubular necrosis and
interstitial inflammation.”**** The concordance
between biochemical, molecular, and histological
findings strengthens the mechanistic interpretation
of renoprotection.

Moreover, the observed dose-dependent
response underscores the pharmacological
relevance of the extract. While the lower dose
produced partial improvement, the higher dose
normalized renal parameters to a statistically
significant extent, supporting concentration-
dependent modulation of inflammatory kinase
signaling.

The absence of significant changes in
serum urea levels may be attributed to its limited
sensitivity as a biomarker of acute kidney injury
and its susceptibility to extrarenal influences
such as protein metabolism and hydration status.
In gentamicin-induced nephrotoxicity, which
primarily affects proximal tubular cells, early
renal damage may not immediately translate into
elevated urea levels, whereas creatinine and tubular
injury markers such as KIM-1 are more responsive
indicators of renal dysfunction.?**

Several limitations should be
acknowledged. First, phosphorylated p38 (p-
p38) levels were not directly quantified; thus,
definitive confirmation of kinase inhibition
requires molecular validation by Western blot
or immunohistochemical analysis.® Second,
downstream inflammatory cytokins including
IL-6, NF-éB and TNF-4, were not measured,
limiting comprehensive characterization of the
inflammatory cascade.” Third, oxidative stress
indicators—comprising malondialdehyde and
superoxide dismutase, and Nrf2/HO-1 signaling—
were not assessed, precluding full delineation
of redox—inflammatory interactions known
to contribute to gentamicin-induced injury.>*
Additionally, pharmacokinetic behavior, systemic
bioavailability, and long-term safety of the
active flavonoids remain to be elucidated. Future
mechanistic studies incorporating pathway-specific
inhibitors and molecular assays are warranted to
clarify the hierarchical relationship between ROS
generation, p38 activation, and tubular injury.

Drug-induced AKI remains a major clinical
challenge with limited targeted pharmacological
interventions.>*>*¢ Given the central role of p38
MAPK in mediating inflammatory renal injury,
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therapeutic strategies aimed at modulating this
pathway have gained increasing attention.”’
The ability of T. officinale extract to attenuate
p38 activation and reduce tubular injury
biomarkers, combined with its favorable acute
safety profile (LD... € = 2.19 g/kg), suggests
potential as an adjunctive renoprotective agent
during aminoglycoside therapy. Nevertheless,
translation into clinical application requires
rigorous standardization of active constituents,
pharmacokinetic characterization, chronic
toxicity evaluation, and controlled clinical trials.
Mechanism-driven phytotherapeutics targeting
inflammatory kinase pathways may represent
complementary strategies to reduce AKI risk in
susceptible patient populations.'*

CONCLUSION

The present study demonstrates that the
methanol extract of Taraxacum officinale contains
defined subgroups of phenolic compounds — the
flavonoids luteolin, quercetin, and apigenin, and the
phenolic acid caffeic acid — with total flavonoid
content quantified as luteolin equivalents (2.464 +
0.24%). The extract exhibited low acute toxicity
(LD... € =2.19 g/kg). In a gentamicin-induced
acute kidney injury model, oral administration
of the extract at 88 mg/kg produced significant
dose-dependent renoprotection, reducing serum
creatinine by 49.7%, the proximal tubular injury
marker KIM-1 by 14.3%, and p38 MAPK by
19.4% compared with the gentamicin control
(p < 0.05-0.01). Histopathological examination
confirmed attenuation of tubular necrosis,
epithelial degeneration, and inflammatory
cell infiltration. These results indicate that the
nephroprotective effect is mediated, at least in
part, through flavonoid-dependent suppression of
the p38 MAPK inflammatory signaling pathway,
thereby limiting downstream production of pro-
inflammatory mediators and tubular cell injury.
The favorable acute safety profile and mechanistic
activity against a clinically relevant model of
drug-induced AKI support the potential of T.
officinale extract as a plant-based adjunctive agent
during aminoglycoside therapy. Further studies
incorporating molecular validation of kinase
inhibition, assessment of oxidative stress markers,
pharmacokinetic characterization, and controlled
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clinical trials are warranted to fully establish its
therapeutic potential.
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