
ble at ScienceDirect

Regenerative Therapy 26 (2024) 14e26
Contents lists availa
Regenerative Therapy

journal homepage: http: / /www.elsevier .com/locate/ reth
Original Article
Investigating the attenuating effects of metformin-loaded selenium
nanoparticles coupled with Myrtus communis L. flower extract on
CaOx deposition in male Sprague Dawley rat kidneys via regulating
MAPK signaling pathway

Jian Kang a, Yanqing Tong b, *

a School of Traditional Chinese Medicine, Changchun University of Chinese Medicine, Changchun 130021, China
b Department of Nephrology, The Affiliated Hospital to Changchun University of Chinese Medicine, Changchun 130021, China
a r t i c l e i n f o

Article history:
Received 3 February 2024
Received in revised form
4 April 2024
Accepted 11 April 2024

Keywords:
Myrtus communis L.
Metformin
Se NPs
CaOx crystals
ECM deposition
MAPK signaling pathway
* Corresponding author. NO. 1478, Gongnong Roa
chun 130021, Jilin Province, China.

E-mail address: Yanqing_Tong@hotmail.com (Y. To
Peer review under responsibility of the Japane

Medicine.

https://doi.org/10.1016/j.reth.2024.04.006
2352-3204/© 2024, The Japanese Society for Regener
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Kidney stones are a foremost clinical concern in urology with CaOx crystals accounting for roughly 80% of
these renal formations. This research endeavor seeks to ascertain the protective effects of Metformin-
encapsulated selenium nanoparticles (M@Se NPs), combined with a 55% hydroethanolic flower extract
from Myrtus communis L. (MCL) in countering the formation of kidney stones in Male Sprague Dawley
rats. The particle's diameter was measured to be 39 nm and 13.8 nm from DLS and HR-TEM analysis. Rat
groups administered with the MCL-M@Se NPs (1:1.5:1) exhibited reduced renal stone formation in urine
and serum analysis compared to the negative control group. Histological evaluations of kidney samples
using H&E, and MTS staining indicated a subdued presence of ECM deposition in contrast to other rat
groups. Conclusively, the protective mechanism of MCL-M@Se NPs against CaOx stone damage can be
confidently attributed to the obstruction of the MAPK signaling pathway.
© 2024, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Renal lithiasis, a urological disorder, arises from a typical ag-
gregation of crystalline substances like uric acid, oxalate, and cal-
cium within the kidney [1]. This ailment prevalently impacts
approximately 1e5% of the Asian demographic, 5e9% of the Euro-
pean cohort, and 7e13% of the North American populace, making it
a globally pervasive health concern. Primarily, conditions like dia-
betes, hypertension, hyperparathyroidism, and obesity predispose
individuals to the formation of kidney stones [2,3]. Additionally,
these stones can precipitate multiple complications, including in-
fections, localized renal damage, renal dysfunction, and obstruc-
tions in the urinary tract [4]. Over the past few decades, surgical
interventions for excising kidney and ureteral stones have seen
substantial advancements and refinement. Despite the advance-
ments in surgical treatments effectively mitigating postoperative
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complications, the persistent high recurrence of stones remains
troubling [5,6]. Consequently, researchers are delving into novel
medications and targets that are imperative to diminish both the
recurrence and incidence of kidney stones.

Metformin, a biguanide antidiabetic drug in use since 1958 is the
most frequently prescribedmedication for type II diabetesworldwide.
Beyond its primary purpose, it offers a plethora of benefits such as
cancer risk reduction, enhanced antioxidant defense, and life exten-
sion [7,8]. Though conventionally prescribed for diabetes, recent
studies have illuminated its multifaceted benefits, encompassing
wound healing enhancement, oxidative stress reduction, and stroke
risk mitigation [9]. Notably, metformin demonstrates promising at-
tributes for kidney protection. It not only mitigates renal fibrosis and
decreases urinary protein concentrations but also showcases protec-
tive effects against kidney stone formation through its antioxidant
actions [10]. Metformin further postulated that metformin hinders
the progressionof calciumoxalate kidney stone formation, examining
potential pathways linked toMCP-1 andOPN [11,12]. Nonetheless, the
precise processes through which metformin counteracts calcium ox-
alate crystallization and curtails reactive oxygen species generation,
thus alleviating renal oxidative stress are yet to be comprehensively
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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elucidated. While metformin has been researched for its potential to
reduce renal stone formation long-termusage has been linked tomild
adverse effects [13e15]. As a result, the present study introduces a
novel approach such as the conjugation of metformin with phyto-
chemicals present in medicinal herbs. This strategy aims to harness
the therapeutic potential of both metformin and these natural com-
pounds, possibly enhancing efficacy and minimizing side effects.

In general, medicinal plants have long been pivotal in both
ancient and contemporary medical systems. As a result, com-
pounds derived from these plants present therapeutic avenues
potentially advantageous for a large segment of the global populace
[16]. Additionally, procuring active constituents from plants is cost-
effective, and these constituents typically exhibit milder side effects
than many modern pharmaceuticals [17]. Furthermore, the
extraction of alkaloids and phenolic compounds from plants is
considered an environmentally friendly approach with
commendable efficacy. Scientific examinations of medicinal plants
used in traditional anti-nephrolithic treatments have demonstrated
promising outcomes in both in vitro and in vivo studies [18].

Myrtus communis L. (MCL) is a renowned herb in traditional
Chinese medicine celebrated for its efficacy in treating a range of
conditions including inflammation, ulcers, diarrhea, and disorders
of the respiratory and digestive systems [19]. Integral to MCL's
therapeutic value are its components, particularly phenols and
antioxidants. The most extensively researched phenolic constitu-
ents of myrtle encompass flavanols, flavonols, and anthocyanins
[20]. Notably, phloroglucinols, such as myrtucommulone and semi-
myrtucommulone have garnered attention in the context of myrtle
due to their distinct antibacterial and antioxidant activities. Previ-
ous empirical studies have underscored the antioxidant and anti-
inflammatory attributes of MCL leaves with evidence drawn from
mouse paw edema, liver fibrosis, granuloma, pulmonary fibrosis,
colonic inflammation, and ear edema in rat models [21,22]. The
selection of Myrtus communis L. flower extract was based on its
powerful antioxidant and anti-inflammatory characteristics which
are essential in the fight against CaOx stone formation. Previous
research has proven that it can prevent the production of crystals
and decrease oxidative stress which makes it a hopeful option for
managing kidney stones. Given this data, it is anticipated that the
ethanol extract of MCL leaves could offer a promising avenue in
thwarting the onset of kidney stones.

Selenium is a crucial trace mineral that plays a pivotal role in
preserving the integrity and functionality of the kidneys. A defi-
ciency in this element can compromise the ultrastructural compo-
nents of renal tubules, glomeruli, and the extracellular matrix [23].
Both in vitro assessments and clinical research illustrate that sele-
nium supplementation can counteract the development of urolith-
iasis. However, inorganic selenium presents challenges such as
instability and dosage regulation complexities [24]. In contrast,
phytochemicals with their abundant sources, amendable structures,
robust stability, multifaceted biological activities, and minimal
toxicity, offer an attractive alternative. Similarly, sodium selenite can
thwart urolithiasis due to its affinity for crystal surfaces, thereby
curbing CaOx crystal accumulation, expansion, and inception [25].
The appropriate concentration of selenium nanoparticles, often
referred to as crystallization inhibitor molecules might avert crystal
genesis from supersaturated solutions. Numerous studies suggest
that combining Se NPs with phytochemicals found in extracts can
not only reduce toxicity but also amplify their therapeutic efficacy
[26]. For instance, Ganapathy et al. [27], developed spherically
structured Se NPs using Brassica oleracea (broccoli) extract as a
reductive agent. They evaluated the antibacterial potency of these
NPs against five distinct bacterial strains: E. faecalis, S. aureus,
Lactobacillus sp., S. mutans, and C. albicans. Remarkably, the Brassica
oleracea-Se NPs boasting an average particle diameter of 15.2 nm,
15
exhibited enhanced antibacterial performance as evidenced by
larger zones of inhibition. Similarly, Lokanadhan et al. [28], prepared
phyto-fabricated Se NPs (PFeSe NPs) using aqueous fruit extract of
Emblica officinalis. The Se NPs were elucidated with the average
particle size of 15e40 nm from HR-TEM analysis and zeta potential
of �24.4 mV from DLS analysis. Additionally, PF-Se NPs showcased
remarkable stability, nano-dimensional scale, and a spherical
configuration. These nanoparticles have demonstrated significant
bio-functional potentials, encompassing antioxidant, antimicrobial,
and biocompatible activities. Notably, the PF-Se NPs exhibited
formidable free radical neutralizing capabilities proving to be more
efficient than the benchmark antioxidant and ascorbic acid. Like-
wise, research by Swetha Reddy Vundela et al. [29], focused on the
fabrication of Se NPs leveraging Carica papaya extract and delving
into their multifaceted biological attributes. These Se NPs main-
tained stability as evidenced by a Zeta potential of �32 mV. Their
antimicrobial prowess spanned a wide spectrumwith the inhibition
hierarchy being most pronounced for fungi followed by Gram-
positive bacteria, and culminating with Gram-negative bacteria.
Furthermore, these Se NPs demonstrated a selective predilection for
curtailing the growth of cancerous cells specifically targeting IMR-
32, Caco-2, RAW 264.7, and MCF-7 cells. In contrast, their impact
on benign cells like Vero was relatively benign, underscoring their
commendable biocompatibility. Manosi Banerjee et al. [30], pro-
posed a facile and eco-friendly approach for synthesizing Selenium
nanoparticles with the aid of Moringa oleifera leaf extract from So-
dium Selenite solution. The research group demonstrated that Se
NPs were effective in Pseudomonas aeruginosa biofilm formation.
Similarly, Shabnam Tamanna et al. [31], synthesized Se NPs with
Orthosiphon stamineus leaf extract in a greener way and utilized
them for biomedical applications. The obtained results justify that
the formulation only exhibited 5% lysis at 100 mg/mL in hemo-
compatibility studies. The findings suggest that the Se NPs synthe-
sized utilizing a greener method would be biocompatible compared
to other synthesis protocols. Collectively, the research indicates that
Se NPs, whenproduced using plant extracts and possessing a particle
size ranging between 10 and 20 nm coupled with elevated negative
zeta potential values demonstrate pronounced antioxidant activity.

In this study, Metformin-encapsulated with selenium nano-
particles (M@Se NPs), combined with flower extract from Myrtus
communis L. (MCL) were synthesized. This present article also aims
to prove the mechanism of action laid behind the protective effect
of MCL-M@Se NPs on kidney stones induced in male Sprague
Dawley rats. The physicochemical characterization of the synthe-
sized MCL-M@Se NPs was validated using Ultravioletevisible
(UVeVis), Fourier-transform-infrared (FT-IR), Dynamic light scat-
tering (DLS), X-ray diffraction (XRD), High Resolution-Transmission
Electron Microscopy (HR-TEM) and X-ray photoelectron spectros-
copy (XPS) spectroscopy. Importantly, the inhibitory effects ofMCL-
M@Se NPs were elucidated with histological evaluations such as
H&E, and MTS staining with other rat groups. Similarly, the
expression markers such as Cleaved caspase-3, p-ERK1/2, Raf1, and
p-MEK1 were evaluated along with their respective mRNA
expression in rats treated with MCL-M@Se NPs in comparison to
other rat groups. This research endeavored to furnish conclusive
proof for the formulation of innovative, clinically viableMCL-M@Se
NPs for use as anti-urolithiasis agents.

2. Materials and methods

2.1. Preparation of Myrtus communis L. flower extract by Soxhlet's
extraction method

Initially, fresh Myrtus communis L. flowers were harvested,
rinsed twice using deionized water, and then shade-dried for 15
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days. Myrtus communis L. flowers that had been dried were ground
using an electric mixer until they turned into a fine powder which
was then utilized for extraction purposes. Carefully, 15 g of this
powdered Myrtus communis L. flower was encased in Whatman
filter paper, positioned in the thimble, and subsequently introduced
into the Soxhlet extraction apparatus. The extraction process was
set for a duration of 48 h until the solvent reached its boiling point
using a mixture of 100 mL of water and analytical grade ethanol as
extracting solvents. The resulting 55% hydroethanolic extract from
Myrtus communis L. flowers underwent filtration using a 20e25 mm
Whatman filter paper in a reduced-pressure environment. For
further refinement, any residual fine particles left in the solution
were eliminated through centrifugation at 2500 rpm for 10 min.
The purified extract was then preserved at 4 �C for future use.

2.2. Synthesis of MCL-M@Se NPs

The research employed Sodium selenite (Na2SeO3) as a source of
selenium, diluted to a 10 mM concentration using deionized water
to achieve a total volume of 20 mL. In beaker-A, an extract from the
flower of Myrtus communis L. (15 mL) was introduced. Subse-
quently, the Na2SeO3 solution was incrementally introduced while
ensuring consistent agitation at a temperature of 70 �C. Concur-
rently, in Beaker-B, Metformin tablets (molecular weight of 84.08)
were pulverized using a mortar and pestle and then suspended in
deionized water to yield a 10 mM solution. This freshly prepared
metformin suspensionwas then addedwith the contents of Beaker-
A with stirring sustained for an additional 30 min. The emergence
of Se NPs was discernible by a noticeable red colour in the solution.
The solution was subjected to centrifugation at 1500 rpm for
3e4 min. This procedure segregated the larger Se-NPs, leaving
behind in the supernatant a solution ofMCL-M@Se NPs. Employing
an analogous methodology, the comparative effectiveness of MCL-
M@Se NPs was evaluated against metformin@Se NPs (M@Se NPs)
and Myrtus communis L. flower extract@Se NPs (MCL@Se NPs). The
primary distinction in the protocol was the exclusion of Myrtus
communis L. flower extract when synthesizing M@Se NPs, and the
absence of metformin in the creation of MCL@Se NPs (Fig. 1).

2.3. Experimental design

The Changchun University of Chinese Medicine, Changchun
ensured that all protocols related to animal experimentation,
ensuring they adhered to the highest ethical standards for animal
welfare. Sprague-Dawley male rats (n ¼ 50) aged 6 weeks and
Fig. 1. Schematic illustration on the synthesis of Metformin-Loade
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weighing between 150 and 220 gwere employed for the study. These
rats were nourished with standard commercial rat feed and given
regular water; all while being housed in a controlled humidity
environment. Additionally, the cage flooring was layered with
sawdust to prevent potential illnesses and ensure optimal cleanli-
ness. Following a 4-week acclimation phase, the rats were arbitrarily
segregated into five uniform groups. Group A: healthy control, Group
B: negative control, Group C: rats administered M@Se NPs, Group D:
rats given MCL@Se NPs, and Group E: rats treated with MCL-M@Se
NPs (1:1.5:1). Group A, the healthy control was provided distilled
water in place of tap water for 28 days. The subsequent groups were
given 3 mL of a solution composed of 1% ethylene glycol and 2%
ammonium chloride as a substitute for water, administered daily via
gavage for 28 days. Group B functioned as the negative control. Group
C, labeledM@Se NPswas subjected to daily intraperitoneal injections
starting on day 14. In a parallel manner, Group D denoted asMCL@Se
NPs, underwent intraperitoneal injections daily between days 15 and
28. Group E, termedMCL-M@Se NPs consistently received their 1 mL
dosages from days 15e28. 24 h before euthanasia, urine specimens
were procured from all the rats and preserved at �80 �C. Subse-
quently, on the 28th day, the rats were administered anesthesia
(Xylasin/Ketamine ¼ 0.45/10 mg kg�1). Blood samples were drawn,
and then centrifuged at 4000 rpm for 15min at a temperature of 4 �C.
The resulting serum supernatant was carefully siphoned off and
retained at �80 �C. Post euthanasia, the left renal organ was fixated
in a 4% paraformaldehyde solution and subsequently encased in
paraffin for hematoxylin, eosin (H&E), and Masson's trichrome
staining procedures. In contrast, the right renal organ was instantly
frozen using liquid nitrogen and maintained at �80 �C.

2.4. Collection and analysis of urine and serum samples

After a 28-day observation period, rats were situated in meta-
bolic cages for 24 h urine sample collection. These specimens were
contained in tubes with 0.02% sodium azide to deter bacterial
proliferation. After ascertaining their volume and pH, the samples
were partitioned for a range of assessments, specifically for mag-
nesium (MAK026-sigma Aldrich), phosphate (MAK308-sigma
Aldrich), nitrogen (MAK449-sigma Aldrich), oxalate (MAK315-
sigma Aldrich), calcium (MAK022-1 KT-sigma Aldrich), and uric
acid (MAK077-sigma Aldrich). The evaluations employed com-
mercial assay kits adhering to the directives provided by the
manufacturer, and measurements were conducted using the Vari-
oskan Flash microplate reader by Thermo Scientific. After that,
sedatives were given to the rats, and blood samples were quickly
d Selenium Nanoparticles Coupled with MCL Flower Extract.



Table 1
Primers of the 6 gene sequences.

C-Raf F-50-TGAAAAGGTTGGTGGCTGACTG-30

R-50- CGGTTTATCTTAGGGAGGGCAT-30

MAPK1 F-50-TGGTTCCTCCCACTCCTGAA-30

R-50-TGGGCAAATAGCACACACCT-30

MAPK3 F-50-ACTACCTGGACCAGCTCAAC-30

R-50-GCTTGTTGGGGTTGAAGGTT-30

MAP2K1 F-50-TGGTGGCAGATGTAGTAGT-30

R-50-ATTGCTCGTCCTTACCATTC-30

MAP2K2 F-50-ACTCGTGCAGCACCTGCA-30

R-50-TGCA GGTCGT CAGCGAGT-30

CASP3 F-50-GCAGCTTTGTGTGTGTGATTC-30

R-50-AGTTTCGGCTTTCCAGTCAG-30
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taken from the orbital sinus. These samples were placed into
centrifuge tubes without anticoagulants. Once the blood samples
coagulated naturally, theywere centrifuged according to the above-
discussed protocol to isolate the serum. This serum was then
analyzed for its creatinine and nitrogen content. Additionally, the
serum levels of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-
6), and interleukin-1b (IL-1b) were ascertained using Enzyme-
Linked Immunosorbent Assay (ELISA) Kits sourced from Thermo
Fisher Scientific. The assay was diligently performed in line with
the manufacturer's instructions stipulated in the ELISA kit.

2.5. Histopathological and immunohistochemistry studies

2.5.1. H&E staining
The renal tissues fixed in 4% paraformaldehyde were subjected

to a sequential dehydration procedure using ethanol [32]. Post-
dehydration, the tissues were immersed in xylene for 30 min. Af-
ter this immersion, they were encased in paraffin. Slices of these
encased tissues, varying from 3 to 5 mm in thickness were carefully
sectioned. These tissue sections were subsequently stained with
Hematoxylin and Eosin (H&E). Utilizing a BA210 LED Digital mi-
croscope (magnification 200�), scrupulous examinations were
conducted to observe histopathological alterations in the renal
structure and to detect calcium oxalate deposits.

2.5.2. Masson trichrome staining
Paraffin-embedded kidney tissue sections were first dewaxed

with xylene and subsequently rehydrated through a graded series
of alcohols. These sections were then subjected to a-SMA and
COL1A1 primary antibodies and incubated at 4 �C overnight. To
eliminate any non-bound primary antibodies, the sections under-
went a buffer rinse. They were then exposed to an appropriate
secondary antibody, either coupled with a colorimetric or fluores-
cent marker, diluted in an appropriate solution. After the stipulated
incubation time, another buffer rinse was performed to discard any
residual unbound secondary antibodies. Interestingly, kidney tis-
sues were preserved in 4% paraformaldehyde for a day at 4 �C, then
encased in paraffin and sectioned. Each section was then rinsed
three times with distilled water each wash lasting 5 min. Utilizing
the Trichrome Stain (Masson) Kit from Sigma Aldrich, solution A
was introduced and left to act at room temperature for 12 h. The
sample slices submerged in the solution were then heated in an
oven at 60 �C for 30 min, after which solutions D and F were added
for the preheating process. Following this, the specimen was
washed with tap water until the yellow tint on the tissue dissi-
pated. Equal portions of solutions B and C were combined and
utilized to stain the specimens at 35 �C. Afterward, they were once
again rinsed with tap water. Post-treatment of the specimenwith a
mixture of 1% hydrochloric acid and alcohol for aminute resulted in
the nucleus acquiring a grayish-black shade. Following a tap water
rinse, the specimen was stained with solution D for approximately
5 min. After another wash, it was subjected to staining with solu-
tion E at 35 �C. Without an intervening rinse, the specimen was
subsequently stained with solution F at ambient temperature. The
differentiation phase encompassed treating the sample with 1%
glacial acetic acid thrice each session lasting a few minutes. Renal
fibrosis was identifiable by the blue areas evident in the Masson
trichrome staining [33]. All microscopic observations were con-
ducted using a Nikon light microscope with captured images
further scrutinized using ImageJ software.

2.6. Detection of SOD, MDA, CAT, GPx, GSH, and GR in renal tissue

For the identification of SOD, MDA, CAT, GPx, GSH, and GR, a
precise 1 g of kidney tissuewasmeticulously placed in amortar and
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pulverized with a pestle using a precooled homogenizing buffer
containing 0.9% sodium chloride (1:9) on an ice bath. This was
rigorously mixed using a pipette for approximately 8e10 min until
the tissue was thoroughly homogenized. The resultant 10% ho-
mogenate was then subjected to centrifugation at a gentle speed of
500 rpm for 10 min in cold conditions [34]. Following this, the
supernatant was carefully decanted and mixed with the specific
reagents provided in the detection kit, adhering to the stipulated
guidelines. In the final step, the optical density (OD) readings were
acquired using an Agilent BioTek Synergy Neo2 Hybrid Multimode
Reader.
2.7. Western blotting analysis

Proteins were extracted from renal tissues utilizing RIPA buffer,
and their quantitative levels were ascertained via a BCA protein assay
kit sourced from Sigma Aldrich. Subsequently, these proteins un-
derwent separation through a 10% SDS-PAGE process and were
translocated to PVDF membranes. Post this step, the membranes
were subjected to blocking via a 5% non-fat milk solution for 3 h
under ambient conditions. These membranes were then incubated
with primary antibodies such as Raf1, ERK1/2, p-ERK1/2, MEK1, p-
MEK1, and Cleaved caspase-3, allowing them to remain in this state at
4 �C throughout the night. After a trio of washes, they were exposed
to secondary antibodies for 3 h at a temperature of 35 �C [35].
Visualization of protein bands was facilitated through a chem-
iluminescence method with their relative densities being quantified
using the ImageJ software, benchmarking against b-actin.
2.8. Quantitative RT-PCR analysis

To corroborate the insights garnered from our RNA-seq analysis,
we utilized quantitative real-time RT-PCR to assess six selected
genes. We orchestrated these experiments across three biological
replicates for each category. The gene-specific primers were
conceived using the Primer Premier 5.0 software, and a compre-
hensive detailing of these genes alongside their respective primers
is furnished in Table 1. The RT-PCR was operationalized on the Light
Cycler 480 instrument-II with a reaction mixture of 10 mL, incor-
porating 5 ng of the cDNA template and the SYBR Premix Ex Taq II.
The procedure was initiated with a 5-min pre-incubation at 98 �C,
succeeded by 45 cycles at 98 �C for 20 s, then transitioning to 60 �C
for 50 s [36]. Upon completion of amplification, we scrutinized the
melting curve to validate the singular product amplification.
Concurrently, during the 60 �C, 50-sec segment of each cycle, we
documented fluorescence signals via the LightCycler 480
instrument-II. Expression magnitudes of the focal genes with b-
actin were ascertained employing the 2�DDCt methodology.
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2.9. Statistical analysis

All findings are delineated as the average ± standard deviation
(SD). Analytical processing of the data was orchestrated using the
GraphPad Prism software, and distinctions among the quintet of
groups were scrutinized via one-way ANOVA. For individual pair-
wise analyses, the LSD-t test was invoked under conditions of
consistent variances, whereas Tamhane's T2 test was harnessed for
disparate variances. A statistical significance threshold of P < 0.01
was established.

3. Result and discussion

3.1. UV visible analysis

The UVevis spectrum depicted in Fig. 2a underscores the exis-
tence of phytochemicals in MCL flower extract and the synthesis of
Se NPs within MCL-M@Se NPs. Primarily, the Myrtus communis L.
plant, renowned for its rich flavonoid content is a staple in Unani
medicine. A spectral peak at 233 nm suggests the presence of
compounds such as terpenoids, saponins, tannins, and alkaloids in
the 55% hydroethanol-based MCL flower extract, all of which are
reputed for their antioxidant attributes [37]. In contrast, a peak
approximately at 334 nm is associated with the metformin medi-
cation. Upon merging the MCL flower extract with the metformin
drug in the presence of Se-precursor, a new peak at 273 nm
emerges in theMCL-M@Se NPs. This spectral shift is paralleled by a
hue transition from yellow to deep crimson in the solution, signi-
fying the genesis of Se NPs. Importantly, the inherent phytochem-
icals in the MCL flower extract combined with metformin facilitate
the straightforward reduction of Se NPs, obviating the need for
extrinsic reducing agents such as hydrogen peroxide or sodium
borohydride. This hue metamorphosis signifies the surface plas-
mon resonance inherent to Se NPs, which arises from the trans-
formation of Se4þ to Se0 NPs [38,39]. It's pivotal to recognize that a
more acute wavelength and a broader peak hint at the Se NPs
within MCL-M@Se NPs being both spherical and diminutive in
dimension.

3.2. FT-IR analysis

FT-IR spectroscopy is an advanced analytical method employed
to identify the specific chemical bonds within a substance by
gauging the absorption of infrared light (Fig. 2b). The Myrtus
communis L. extract revealed a multitude of absorption peaks at
Fig. 2. UVevisible spectrum (a) and FT-IR spectrum (b) for MCL flower extract, met-
formin and MCL-M@Se NPs.
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varied positions. Specifically, the peak around 3436 cm�1, as well as
those at 2926 and 2848 cm�1 can be attributed to the hydroxy
group and the symmetrical and asymmetrical stretching modes of
eCH, respectively. The peak at 2069 cm�1 is indicative of the C≡C
stretch. Additionally, the stretching frequencies at 1701 cm�1,
1369 cm�1, and 1024 cm�1 are associated with the carbonyl stretch
C]O and the CeO stretch both of which are related to various
oxygen-containing functional groups [37,40]. The FT-IR spectrum of
unadulterated metformin as illustrated in Fig. 2b, exhibits charac-
teristic peaks at 3269, 1642, and 1072 cm�1. These peaks are
attributable to primary NeH stretching and C]N stretchingmodes,
respectively. The FT-IR spectrum of the biosynthesized MCL-M@Se
NPs reveals a pronounced absorption peak at 3263 cm�1, signifying
the presence of eOH groups. This subtle wavenumber shift can be
attributed to the incorporation of Se NPs within theMCL-M@Se NPs
structure. Additional peaks surface at 2913 cm�1, indicative of
aldehyde groups; 2140 cm�1, corresponding to the CeN group; and
1642 and 1523 cm�1, pinpointing the existence of carbonyl groups
[38]. A faint band around 1392 cm�1 is suggestive of the aliphatic
bending group while 1237 cm�1 denotes the alkyl ketone group,
and 1002 cm�1 points to the presence of alkyl amine groups. The
CeH groups are identified by the wavenumber at 532 cm�1. The
detection of the alkyl ketone group substantiates the inclusion of
flavonoids as part of the phytochemicals in the MCL flower extract
[41]. These flavonoids possess a myriad of functional groups that
play a pivotal role in the bioreduction of Se NPs [42]. The emer-
gence of alkyl amine groups underscores the role of theMCL flower
extract which carries the eNH2 group, in both the bio-reduction
and stabilization of the nanoparticles.

3.3. XRD analysis

The XRD analysis of MCL-M@Se NPs is presented in Fig. 3a
alongside a simulated reference pattern. Typically, XRD is utilized
to determine aspects like crystalline size, microstrain, and lattice
parameters. The simulated reference for Se NPs labeled with JCPDS
No: 06-0362 shows ten distinct peaks in Fig. 3a. The XRD pattern of
MCL-M@Se NPs aligns well with this simulated reference for Se NPs
[43]. Notably, a subtle shift towards higher diffraction angles in the
spectrum is observed. This could be attributed to the formation of
smaller nanoparticles that might have more lattice contraction
than the bulk Se NPs. Using the Debye Scherrer equation�
crystalline size ¼ Kl=b cos q

�
, the crystalline size of Se NPs inMCL-

M@Se was found to be 48 nm. Given that K is a constant, valued at
0.94, b represents the FWHM, q symbolizes the diffraction angle,
and l signifies x-ray radiation wavelength [44]. Such contraction
can lead to diminished interplanar spacing, subsequently causing a
migration of the XRD peaks towards higher angles. Moreover, the
biologically synthesized Se NPs when combined with the metfor-
min drug showed a decrease in crystalline size due to the tem-
plating effect and synergistic actions. Furthermore, the
incorporation of metformin drugs, flavonoids, and alkaloids results
in lattice contraction which correlates with the smaller size of Se
NPs in MCL-M@Se NPs.

3.4. DLS analysis

Laser diffraction analysis was employed to examine the particle
size distribution and zeta potential of the produced nanoparticles.
Fig. 3(b-g) depicts the particle size distribution and zeta potential
for M@Se NPs, MCL@Se NPs, and MCL-M@Se NPs. Specifically, the
particle sizes were determined to be 51 nm forMCL@Se NPs, 59 nm
and 336 nm for M@Se NPs, and 39 nm forMCL-M@Se NPs (Fig. 3(b-
d)). It's important to note that the decrease in particle size is



Fig. 3. XRD spectrum ofMCL-M@Se NPs along with stimulated reference pattern (a), size distribution (bed) and zeta potential (eeg) results from DLS spectroscopy forMCL@Se NPs,
M@Se NPs and MCL-M@Se NPs.
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attributed to the templating effects and synergistic actions of the
MCL flower extract combined with the metformin drug [45,46].
Indeed, the phytochemicals and the amine (-NH2) group facilitate a
more effective reduction of the Se NP while the flavonoids present
in the MCL extract act as templating agents. In parallel, the zeta
potential measurements indicate negative values: �16 mV for
MCL@Se NPs, �29 mV for M@Se NPs, and �32 mV for MCL-M@Se
NPs (Fig. 3(e-g)). A heightened negative charge suggests robust
stability for the Se NPs preventing aggregation particularly in the
MCL-M@Se NPs.

3.5. HR-TEM analysis

High-resolution Transmission Electron Microscopy (HR-TEM)
was employed to determine the size of Se NPs within the synthe-
sized MCL-M@Se NPs. HR-TEM images are presented in Fig. 4aed
with magnifications ranging from 200 nm to 10 nm. Notably, the
MCL-M@Se NPs reveal distinctively spherical morphologies of se-
lenium nanoparticles, corroborating the data obtained from
UVevisible spectra. The particle size histogram (inset of Fig. 4c)
reveals an average particle size of 13.8 nm for the Se NPs. Addi-
tionally, d-spacing value of 0.33 nm was computed for the Se NPs
withinMCL-M@Se NPs (Fig. 4d). It's important to note a discernible
discrepancy in Se NP sizes when analyzing DLS. This stems from the
fact that DLS evaluates the hydrodynamic size of nanoparticles in
tandem with any associated chemicals, whereas HR-TEM solely
gauges the physical size of Se NPs [47,48]. The diminutive size of
these particles can be ascribed to the enhanced reductive capabil-
ities and synergistic effect of the employed MCL flower extract and
the metformin drug. This reduction in particle size was crucial in
bolstering the anti-urolithiasis efficacy in the Sprague Dawley rat
model.

3.6. XPS analysis

The XPS analysis of the synthesized MCL-M@Se nanoparticles
was conducted to assess the presence of Se nanoparticles and their
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specific spin states. Notably, the Se 3d core level spectrum exhibits
four prominent peaks. Two of these, positioned at 55.03 eV and
55.79 eV, can be ascribed to the Se 3d5/2 and 3d3/2 states [49].
Likewise, the additional two peaks situated at 56.24 eV and 56.5 eV
are attributed to the Se 3d5/2 and 3d3/2 states emerging from spin-
orbit splitting (Fig. 4e). Furthermore, the C 1s spectrum shown in
Fig. 4f, reveals three discernible peaks at binding energies of 285.1,
284.5, and 286.8 eV, correlating to C]C, CeC, and C]O bonds [50].
Concurrently, the O 1s core level spectrum depicts peaks for CeO,
C]O, and CeOH at binding energies of 529.2 eV, 530.3 eV, and
528.1 eV (Fig. 4g). These findings confirm the effective reduction of
Se nanoparticles in the MCL-M@Se samples underscoring the
reductive capabilities of the phytochemicals present in the MCL
flower extract.
3.7. Urine serum biochemistry

The urinary and serum biochemical profiles were primarily
utilized to elucidate the calcium oxalate (CaOx) crystal deposition
in rats treated with the medications. Certainly, the derived metrics
including magnesium, phosphate, oxalate, calcium, and uric acid in
the urine, alongside urea nitrogen and creatinine in serum reveal
the coordinated influence of the formulated drugs. In general, all
the parameter in the negative control (group B) tends to be higher
than other medication-treated rat groups and positive control
(group A). Furthermore, the magnesium and phosphate levels in
group E mirrored those of group A, highlighting the therapeutic
efficacy and enhanced attenuation capability of MCL-M@Se NPs. In
contrast, both group-C and group-D exhibited reduced levels of
magnesium and phosphate relative to the negative control sug-
gesting that both M@Se NPs and MCL@Se NPs medications also
possess beneficial attributes as depicted in Fig. 5a&b. Additionally,
the concentrations of urinary oxalate and uric acid were elevated in
the negative control group indicative of kidney stone induction in
comparison to the healthy control group of rats. The accumulation
of urinary oxalate in renal tissue was more pronounced in the
negative control group than in group A. Importantly, the



Fig. 4. HR-TEM images at various magnifications (aed). Inset shows the particle size distribution graph as calculated from Image-J software and XPS core level spectrum of Se 3d (e),
C 1s (f) and O 1s (g).
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administration ofMCL-M@Se NPs led to diminished urinary oxalate
levels relative to those found in group-C and group-D rats as
illustrated in Fig. 5c&d. Moreover, the patterns observed in urinary
calcium levels mirrored those of urinary oxalate and uric acid
concentrations. Notably, no discernible differences were found in
calcium levels among group C and group D while group E man-
ifested increased levels. This suggests that each of the medications
contributed favorably to reducing calcium concentrations in urine
and averting their accumulation in renal tissues, as illustrated in
Fig. 5e. Our research findings emphasize that introducing MCL-
M@Se NPs led to numerous beneficial outcomes concerning renal
health. Consequentially, there was a significant reduction in the
incidence of renal stones post-treatment attributable to the
harmonized action of MCL-M@Se NPs. Moreover, enhancements in
urinary biochemistry metrics signified favorable impacts on renal
function. Furthermore, any structural compromises to the kidneys
were rectified reinstating their inherent operational efficiency.

These results intimate that M@Se NPs, MCL@Se NPs, and MCL-
M@Se NPs could serve as promising therapeutic candidates for
renal-related ailments. Notably, rats treated with MCL-M@Se NPs
medication (group-E) exhibited considerably reduced levels in
Fig. 5. Urinary magnesium (a), urinary phosphate (b), urinary oxalate (c), uric acid (d), urin
Dawley rat groups (group A-E). group-A (Healthy control group), group-B (negative control
group-E (MCL-M@Se NPs treated group). All of the results are given as mean ± SD, with “*
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comparison to group-C & D, aligning closely with the levels in the
healthy control groups (group-A), as illustrated in Fig. 5f&g. When
evaluating renal health levels of urea nitrogen and creatinine are
frequently employed as markers of renal damage. Within the scope
of this study, the group treated with CaOx MCL-M@Se NPs (group-
E) showed notably decreased serum levels of urea nitrogen and
creatinine relative to the healthy control group (group-A). Yet,
when administered M@Se NPs and MCL@Se NPs (groups C&D),
there was a marked mitigation in the elevated urea nitrogen and
creatinine generation. Furthermore, it regulated the accumulation
of CaOx crystals safeguarded the renal tubular epithelial cells from
harm, and considerably curtailed kidney injury [51e53]. These
observations bolster the contention regarding the synchronized
action of MCL-M@Se NPs in mitigating the formation of CaOx renal
stones.

3.8. Evaluation of CaOx crystals by histopathological examinations

Histological examinations using H&E, and Masson trichrome
staining (MTS) were performed on renal specimens from diverse
rat groups (Fig. 6). Masson staining was specifically used to
ary calcium (e), serum urea nitrogen (f) and creatinine (g) levels for the male Sprague
group), group-C (M@Se NPs treated group), group-D (MCL@Se NPs treated group) and
*p < 0.01” marking significant differences compared to the group-A.



Fig. 6. Histopathological evaluations: H&E and MTS staining for Sprague Dawley rat groups (a); scale bar: 200, 100, 50, and 25 mm. Kidney tissue damage score (b), percentage of
mineralized deposition area (c) and semiquantitative analysis of MTS staining (d). group-A (Healthy control group), group-B (negative control group), group-C (M@Se NPs treated
group), group-D (MCL@Se NPs treated group) and group-E (MCL-M@Se NPs treated group). All of the results are given as mean ± SD, with “**p < 0.01” marking significant dif-
ferences compared to the group-A.
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decipher the primary pathological events leading to End-Stage
Renal Disease (ESRD), Chronic Kidney Disease (CKD), and Tubu-
lointerstitial fibrosis (TIF). Relative to the healthy control group, it
was observed that rats administered with MCL-M@Se NPs dis-
played a markedly decreased accumulation of CaOx crystals
compared to their counterparts treated with M@Se NPs and
MCL@Se NPs (groups C&D). The MTS highlighted the presence of
tubulointerstitial fibrosis in the kidneys of the negative control rats
(group B). On the other hand, the kidneys of group A showed typical
tubular structures devoid of noticeable crystal deposits. When
juxtaposed with group B, a more pronounced formation of CaOx
stones and clear signs of renal cell inflammation were evident.
Additional findings encompassed the presence of crystal deposits
capillary swelling, and dilated blood vessels within the renal tissue
[54,55]. Eventually, these changes were ascertained in the forma-
tion and CaOx development in the negative control rat groups. The
microscopic examinations of tissues from rats treated with MCL-
M@Se NPs showed no signs of CaOx stone development, and both
Fig. 7. Semiquantitatively for a-SMA (a), and Collagen I (b) expression levels. Levels of TNF-a
control group), group-C (M@Se NPs treated group), group-D (MCL@Se NPs treated group) and
“**p < 0.01” marking significant differences compared to the group-A.
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the glomerular and tubular cells exhibited typical and healthy
structures. Notably, the rat groups C and D which were adminis-
tered with M@Se NPs and MCL@Se NPs respectively, exhibited no
signs of crystal deposits and retained a normal kidney cellular
framework. However, slight enlargements were detected in the
tubules proximate to the corticomedullary junction. These findings
suggest a reduced extent of renal tissue injury marked by the
absence of crystal formations and only sporadic cystic dilations
within renal cells [56]. Additionally, rats treated with MCL-M@Se
NPs displayed superior therapeutic effects showcasing intact tu-
bules and a consistent glomerulus free from inflammation. A
comparative bar chart highlighting crystal deposits indicated that
the administration of MCL-M@Se NPs resulted in a significant
reduction in CaOx deposits as opposed to treatments with M@Se
NPs, MCL@Se NPs, and the observations from the negative control
group.

Subsequent observations highlighted that the accumulation of
extracellular matrix (ECM) proteins, specifically a-SMA and type-I
(c), IL-1b (d) and IL-6 (e) in serum. group-A (Healthy control group), group-B (negative
group-E (MCL-M@Se NPs treated group). All of the results are given as mean ± SD, with



Fig. 8. SOD action (a), MDA content (b), CAT action (c), GPx action, (d) GSH levels and (e) GR actions in the male Sprague Dawley rat groups (group A-E). group-A (Healthy control
group), group-B (negative control group), group-C (M@Se NPs treated group), group-D (MCL@Se NPs treated group) and group-E (MCL-M@Se NPs treated group). All of the results
are given as mean ± SD, with “**p < 0.01” marking significant differences compared to the group-A.
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collagen (Collagen-I) was comparable between group E and group A
(Fig. 7a&b). In addition, rat groups C and D successfully curtailed
renal fibrosis and ECM build-up, demonstrating outcomes akin to
those seen in group B. Tubulointerstitial fibrosis (TIF), a crucial
marker of advancing renal disease precipitates the deterioration of
kidney functionality [57]. This degenerative process unfolds
regardless of the primary instigator of renal impairment. Prolonged
inflammation, stemming from a sustained injury can catalyze the
onset of fibrosis. Prior studies have underscored the epithelial-
mesenchymal transition (EMT) as an incipient physiological event
in the evolution of nephrolithiasis [58]. Given the evidence from
the present investigation, MCL-M@Se NPs emerge as a promising
therapeutic agent for countering fibrosis especially in the scenario
of ethylene glycol-induced renal stone genesis. The results suggest
that MCL-M@Se NPs serve not just to deter the development of
urolithiasis but also have a pivotal role in protecting the kidneys by
mitigating the CaOx accumulations.

3.9. Oxidative stress assessment

The renal samples from group A rats (healthy control) demon-
strated elevated levels of SOD, CAT, GPx, GSH, and GR while dis-
playing diminished concentrations of MDA. In contrast, group B
exhibited a pronounced increase in MDA and a concomitant
decrease in levels of SOD, CAT, GPx, GSH, and GR. Notably, this study
underscores that the combined effects of MCL-M@Se NPs signifi-
cantly diminish the levels of SOD, CAT, GPx, GSH, and GR, thereby
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elevatingMDA concentrations relative to group B. Nevertheless, the
groups treated with synthesized M@Se NPs and MCL@Se NPs
(group-C & D) also presented with a marked reduction in CaOx
stone formation comparable to the results observed in group-B
(Fig. 8). The adherence of CaOx crystals to tubular epithelial cells
catalyzes the activation of NADPH oxidase. This in turn, results in
the generation of superoxide prompting the activation of cyclo-
philin D. This cascade ultimately promotes mitochondrial perme-
ability transition (MPT) within renal tissues [59]. Such stimulation
instigates alterations in the mitochondrial transmembrane poten-
tial culminating in mitochondrial destabilization. This process fa-
cilitates the release of cytochrome c into the cytoplasm. Moreover,
this release triggers apoptosis, and the subsequent discharge of ROS
into the cytosol inflicts additional harm on the epithelial cells
[60,61]. The oxidative stress-induced damage to these cells is
considered pivotal for renal calculus formation, and this process
appears to be potentiated by MCL-M@Se NPs. The onset of renal
damage due to hyperoxaluria is rooted in the oxidative stress
pathway potentially resulting in an augmented accumulation of
CaOxwithin the kidneys. TheMCL flower extract is renowned for its
potent antioxidant properties. The incorporation of the metformin
drug further amplifies this antioxidant capability thereby boosting
its effectiveness. Additionally, the MCL flower extract in tandem
with metformin serves as a potent agent in alleviating oxidative
stress in the Sprague Dawley rat model. Significantly, the syner-
gistic action of Se NPs with this established combination has been
shown to diminish CaOx deposition, therebymitigating renal tissue



Fig. 9. Relative protein expression of Raf1 (a), ERK1/2 (b), p-ERK1/2 (c), MEK1 (d), p-MEK1 (e) and Cleaved caspase-3 (f) in the male Sprague Dawley rat groups (group A-E). The
protein band calculated as a ratio relative to b-actin protein levels. group-A (Healthy control group), group-B (negative control group), group-C (M@Se NPs treated group), group-D
(MCL@Se NPs treated group) and group-E (MCL-M@Se NPs treated group). All of the results are given as mean ± SD, with “**p < 0.01” marking significant differences compared to
the group-A.
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damage. The present study underscores that Se NPs combined with
metformin can counteract the oxidative stress instigated by
glyoxylate administration. Notably, the fusion ofMCL flower extract
with Se NPs andmetformin curtails the heightened oxidative stress
induced by Se NPs alone positioning the MCL-M@Se NPs as the
most efficacious treatment.
3.10. MCL-M@Se NPs effects on inflammatory factors and MAPK
pathway

In the control cohorts of rats where no treatment was admin-
istered, there was a discernible augmentation in the serum con-
centrations of TNF-a, IL-1b, and IL-6 (Fig. 7cee). Contrarily, group A
along with other rat cohorts demonstrated diminished levels of
these inflammatory markers. Most strikingly, rats that underwent
treatment with MCL-M@Se NPs manifested the most attenuated
levels underscoring the potent synergistic efficacy of the medica-
tion. To delve deeper into the intricacies of the MAPK signaling
cascade investigators probed the protein expression profiles of
Raf1, ERK1/2, p-ERK1/2, MEK1/2, p-MEK1/2, and cleaved caspase-3
(Fig. 9aef). The research also gauged the relative transcriptional
Fig. 10. Relative mRNA expression of C-Raf (a), MAPK1 (b), MAPK3 (c), MAP2K1 (d), MAP2K
PCR. group-A (Healthy control group), group-B (negative control group), group-C (M@Se N
treated group). All of the results are given as mean ± SD, with “**p < 0.01” marking signifi
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activity of six genes: C-Raf, MAPK1, MAPK3, MAP2K1, MAP2K2, and
CASP-3 which are concomitant with the aforementioned proteins
(Fig. 10aef). Rats in the pinnacle of health from group A exhibited
the most subdued levels of these proteins and associated mRNA
transcription. Conversely, group B presented with markedly
augmented mRNA and protein profiles. Noteworthily, group-E
manifested diminished levels of relative mRNA and protein
expression analogous to cohorts treated with medications (group
C&D). These findings compellingly indicate that the introduction of
MCL-M@Se NPs mitigated inflammatory indices and quelled the
activity of the MAPK signaling axis in kidney stone-afflicted Spra-
gue Dawley rats.

The MAPK signaling cascade activated by a range of external and
internal stimuli such as oxidative stress, inflammation, and ROS,
principally modulates oxidative distress, inflammation, and cellular
harm. Our investigation highlighted amplified serum concentra-
tions of inflammatory indicators (TNF-a, IL-1b, IL-6), enhanced
protein expression of Raf1, ERK1/2, p-ERK1/2, MEK1/2, p-MEK1/2,
and cleaved caspase-3. Additionally, there was an upsurge in the
transcriptional activity of genes like C-Raf, MAPK1, MAPK3,
MAP2K1, MAP2K2, and CASP-3 in the untreated control cohort
2 (e), and CASP-3 (f) genes in the male Sprague Dawley rat groups (group A-E) by qRT-
Ps treated group), group-D (MCL@Se NPs treated group) and group-E (MCL-M@Se NPs
cant differences compared to the group-A.
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(group B). This points to a pronounced activation of the MAPK
cascade. Intriguingly, the administration of MCL-M@Se NPs to rats
in group E (afflicted with calcium oxalate stones) curtailed the
MAPK signaling, diminished the inflammatory indicators, and
decreased the protein and mRNA transcriptional activity [62,63].
Selenium nanoparticles combined with MCL flower extract and
metformin drug hinder the activation of MAPK by disrupting the
function of signaling molecules that are located upstream such as
Raf1 and MEK1/2. In addition, studies have demonstrated that se-
lenium compounds can reduce the transcriptional activity of genes
involved in the MAPK pathway such as MAPK1 and MAPK3 [64,65].
The use of selenium in MCL-M@Se NPs treatment has a dual effect
on the MAPK pathway affecting both protein expression and gene
transcription. This scientific basis explains the observed anti-
inflammatory and anti-apoptotic benefits of the treatment in
reducing inflammation associated with CaOx stone formation.

The combination of Metformin, Se NPs, and Myrtus communis L.
flower extract has the potential to be an effective method for
reducing CaOx deposition in the kidneys of Male Sprague Dawley
Rats. Se NPs have strong antioxidant characteristics which are
essential for countering oxidative stress that is involved in the
production of kidney stones. The flower extract ofMyrtus communis
L. which contains high levels of flavonoids and polyphenols en-
hances these effects by providing anti-inflammatory and neph-
roprotective characteristics. This collaborative method improves
the effectiveness of Metformin as a medicine as demonstrated by
studies that highlight the superior advantages of Se NPs andMyrtus
communis L. extract in promoting kidney health. This comprehen-
sive therapy focuses on addressing the fundamental processes
involved in the development of calcium oxalate kidney stones in
contrast to conventional treatments like Thiazide diuretics, Allo-
purinol, and Potassium citrate, which mainly provide temporary
relief from symptoms. Furthermore, the combination of these ele-
ments may result in the ability to use smaller amounts reducing
negative consequences while maximizing the inherent benefits of
herbal extracts when mixed with metal nanoparticles. This infers
that MCL-M@Se NPs could potentially modulate the MAPK cascade
in rats bearing CaOx stones. The research further accentuates the
efficacy of MCL flower extract with metformin and Se NPs as an
efficacious remedy for renal impairment. This targeted approach
against the MAPK cascade heralds a groundbreaking therapeutic
strategy for urolithiasis.

4. Conclusion

In summary, our research suggests that a specific combination of
MCL flower extract, the drug metformin, and Se NPs at a ratio of
1:1.5:1 can potentially counteract CaOx stone formation in Sprague
Dawley rats given 1% and 2% solutions of ethylene glycol and
ammonium chloride. The XRD analysis indicates that the synthe-
sized selenium nanoparticles have a crystalline size of around
48 nm, and this is in good agreement with JCPDS No: 06-0362. The
HR-TEM investigation ultimately determines that the average size
of Se NPs in MCL-M@Se NPs is 13.8 nm. Additionally, the XPS
spectrum strongly indicates the presence of selenium nanoparticles
in the 3d state. The presence of two peaks at energy levels of
55.03 eV and 55.79 eV can be attributed to the Se 3d5/2 and 3d3/2
states. Analysis from urine serum biochemistry and histopathology
confirms that thisMCL-M@Se NPs blend significantly reduced CaOx
accumulation in renal tissues. Additionally, rats treated with this
combination showed reduced serum levels of inflammatory
markers like TNF-a, IL-1b, and IL-6. This treatment also decreased
urine levels of Mg, Ph, Ox, Ca, and uric acid, along with serum levels
of urea nitrogen and creatinine. Further investigation into protein
and mRNA expressions linked the benefits ofMCL-M@Se NPs to the
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suppression of the MAPK signaling pathway. Thus, this research
introduces an optimizedMCL-M@Se NPs combination (1:1.5:1) as a
promising approach to combat CaOx stone formation and related
kidney damage.
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