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Abstract

Background and Aim: Osteoarthritis (OA) is a chronic inflammatory disease that causes dysfunction of cartilage and
joints. Activation of the immune system and the development of inflammatory responses are among the main
pathogenesis of the disease. Recently, it has been shown that the expression of Matrix metalloproteinase (MMPS) in
patients is increased and leads to the destruction of cartilage in the joints of patients. The introduction of Nanoparticles
(NPs) has transformed many fields like medicine, nutrition, and electronics. The usage of nanotechnology in medicine
particularly for drug delivery is revealed to have numerous benefits.

Therefore, in this study, for the first time, we evaluated the use of Menthol and silver nanoparticles on the
expression of MMPs type 1, 3, 9 and 13 in OA models.

Methods: BFLS cells were first incubated with LPS to induce inflammation. Then, the expression of MMPs type 1, 2,
3, and 9 was evaluated using RT-PCR, ELISA, and migration and invasion assay. This work, therefore, was aimed to
synthesize Menthol-mediated silver nanoparticles and evaluate their anti-inflammatory activity. Menthol mediated
silver nanoparticles were synthesized by short-term (1 day) interaction of Menthol (1 mL) with 2mM AgNO3 solution
and centrifuged to obtain silver nanoparticles. Further, the menthol mediated AgNPs were evaluated for anti-
inflammatory activity by in vitro method.

Results: The results showed that the expression of MMPs in LPS-treated cells and silver menthol nanoparticles was
decreased compared to LPS-treated cells. In addition, it was shown that menthol silver nanoparticles had the greatest
reduction in MMP9 expression and reduced their migration and invasion.

Conclusion: It can be said that the use of menthol silver nanoparticles can be used as a supplement along with
corticosteroid and anti-inflammatory drugs and even to replace them for the treatment of OA patients, which requires
further studies in the future.
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Introduction mechanisms of pathogenesis, as well as the use of
preventive and therapeutic strategies can greatly
reduce the social burden and treatment costs (3, 4).
The main organs mainly involved in this disease are
the knees, fingers, and spine. The clinical
manifestations of this disease are not the same in all
patients and the clinical symptoms are different in
obese people, athletes, and patients with trauma (5,
6).

However, the most common clinical symptoms in
patients with pain are joint and cartilage disorders

Osteoarthritis (OA) is a chronic joint-related disease
characterized by disability as well as disruption of
joint tissue (1). According to global statistics, about
37% of OA patients in the United States are over 60
years old (2). The World Health Organization
(WHO) also reports that by 2050, approximately
130 million people worldwide will have OA and
about 40 million will be disabled due to the severity
of the disease (3). Therefore, paying special
attention to this disease and identifying the
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and deformity of the joints (7, 8). The pathogenesis
of OA is not fully understood however
inflammation is known to be the main cause of OA.
Activation of immune system cells has been shown
to lead to the production of inflammatory cytokines.
Cytokines then destroy cartilage and joint matrices
by increasing the expression of Matrix
Metalloproteinase (MMPs) (9).

MMPs are a family of protease enzymes that break
down the extracellular matrix. The expression of
MMPs in the synovial fluid and cartilage of OA
patients has been shown to increase. Among
MMPs, MMPs of types 1, 3, 9, and 13 increase their
expression compared to other MMPs in patients
(10, 12).

These MMPs increase the breakdown of collagen in
cartilage and ultimately lead to joint dysfunction.
Although many drugs, including corticosteroids and
nonsteroidal anti-inflammatory drugs (NSAIDs),
are used to treat OA, none of them prevent the
disease from progressing and cartilage damage. In
addition, some patients require surgery despite the
use of anti-inflammatory drugs (10, 12). Although
the use of anti-inflammatory drugs relieves patients,
their side effects can exacerbate clinical symptoms
and the severity of the disease.

Accordingly, today, the use of herbal medicines to
treat patients due to low side effects has been
considered (13, 14). Menthol is one of the herbal
medicines derived from Mentha piperita L.
Menthol, also called peppermint camphor, is
terpene alcohol with a strong minty, cooling odor
and taste. It is obtained from peppermint oil or is
produced synthetically by hydrogenation of thymol.
Menthol is used medicinally in ointments, cough
drops, and nasal inhalers. It is also used as a
flavoring in foods, cigarettes, liqueurs, cosmetics,
and perfumes. The menthol molecule can exist as
one of two enantiomers (mirror-image isomers).
The naturally occurring material is the levorotatory
form (the compound that rotates the plane of
polarized light to the left), called (-)-menthol (or I-
menthol). Synthetic menthol is racemic, consisting
of equal amounts (-)-menthol and (+)-menthol (or
d-menthol), the latter being the isomer that rotates
the plane of polarized light to the right (11).

when studying the effect of an electrical stimulus
applied to human skeletal muscle tissue after the
tissue was exposed to menthol. At various
application strengths, inactivated sodium channels
were measured to determine the effect on
depolarization. It was demonstrated that the
menthol blocked the alpha subunit of voltage-gated
sodium channels, therefore causing
hyperpolarization of the nervous membrane and a
block in the signal of pain transduction (12).

On the other hand, the simultaneous use of
nanoparticles for specific intra-compartmental
analysis using the examples of delivery to
malignant cancers, to the central nervous system,
and across the gastrointestinal barriers has been
shown to significantly reduce inflammation (13).
Different animal studies have reported the analgesic
effects of M. spicata essential oil and its main
abundant compounds such as carvone, limonene,
and menthol, also, the efficacy and safety of
spearmint oil in reducing pain severity were
confirmed in osteoarthritis patients. Despite the
beneficial effects of spearmint oil in reducing pain,
other large clinical trials are required to confirm the
efficacy and safety of M. spicata oil (14).

Many topical ointments and pain-relieving gels
such as Biofreeze, Icy Hot, and BenGay use
menthol as an active ingredient (15). Menthol has
antinociceptive and counterirritant properties and it
has also the ability to elicit cold sensations (16).
Used menthol-containing topical gels create a cold
sensation by stimulating the potential family of
transient receptors potential through ion channels
(TRPs).

TRPs are found throughout the body, but the
transient cation channel receptor subfamily M
member 8 (TRPM8), also known as the cold and
menthol receptor 1 (CMRL1), is a protein that in
humans is encoded by the TRPM8 gene (17, 18).
The TRPMS8 channel is the primary molecular
transducer of cold somatosensation in humans (19).
In addition, mints can desensitize a region through
the activation of TRPMS8 receptors (the
‘cold'/menthol receptor) (20). TRPM8 contributes a
neuronal sensor of cold temperatures and is
fundamental for innocuous cool and noxious cold
sensations (21).
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Silver nanoparticles have unique optical, electrical,
and thermal properties and are being incorporated
into products that range from photovoltaics to
biological and chemical sensors. Examples include
conductive inks, pastes and fillers which utilize
silver nanoparticles for their high electrical
conductivity, stability, and low sintering
temperatures.

Additional  applications  include  molecular
diagnostics and photonic devices, which take
advantage of the novel optical properties of these
nanomaterials. An increasingly common application
is the use of silver nanoparticles for antimicrobial
coatings, and many textiles, keyboards, wound
dressings, and biomedical devices now contain
silver nanoparticles that continuously release a low
level of silver ions to protect against bacteria (22).
There are several methods for synthesizing
nanoparticles.  However, the synthesis of
nanoparticles by chemical or physical methods is
detrimental to the production of hazardous products
and is not environmentally friendly (23). In this
scenario, a safe method for NP synthesis is
required. The synthesis of NPs using plants is more
beneficial than those synthesized using chemical
products. Plant-derived nanoparticles are well-
suited for medical applications due to the absence
of toxic chemicals in the production process (24,
25).

Therefore, in this study, for the first time, we
evaluated the wuse of Menthol and silver
nanoparticles on the expression of MMPs type 1, 3,
9 and 13 in OA models.

Methods

Reagents

Silver nitrate, Menthol Crystal, Ascorbic acid,
Lipopolysaccharides (LPS), ELISA kit, Migration
and invasion kit, vimentin antibody, were purchased
from Sigma-Aldrich. Dulbecco’s Modified Eagle
Medium: Nutrient Mix F-12 and fetal bovine serum,
were purchased from GIBCO (GIBCO®, Grand
Island, NY, USA). Penicillin and streptomycin,
Trypsin EDTA 0.5%, were purchased from Bioidea
(BIO-IDEA, Tehran, Iran), Gentamycin from
Daropskhsh  (Iran), Amphotericin B (Cipla,
Mumbai, INDIA), Dimethyl sulfoxide, RNA

isolation kit, RT-PCR and all of the primers were
purchased from CinaClone (CinnaGen, Tehran,
Iran).

Preparation of menthol silver nanoparticles

First, add 1.69 g of silver nitrate powder to a
container containing 100 mL of sterile distilled
water. It was then placed on a shaker for 10
minutes. Then 50 mL of menthol was added to
100 mL of silver nitrate solution. It was then placed
on a shaker for 24 hours at 37°C. The supernatant
was then discarded after centrifugation and added to
the remaining 1 mL of a distilled precipitate. It was
centrifuged again and placed in an incubator to dry
the solution (15).

Cell Culture

Isolation and Cultivation of Synovial Cell: Synovial
cells were isolated from either biopsy of synovial
membrane or samples of radiocarpal joints fluid
from 8 months old Holstein Friesians cattle from a
slaughterhouse. Tissue biopsies were minced into
pieces with a length of 3mm along their longest
axis.

The amount of joint fluid that had been taken,
ranging from 0.5 to 50 mL, was centrifuged at RCF
500xg at 20°C, and the sediment was transferred to
a T-25 tissue culture flask control media containing:
Dulbecco’s Modified Eagle Medium: Nutrient Mix
F-12 (GIBCO®, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum
(GIBCO®, Grand Island, NY, USA), 50 mg/mL
ascorbic acid (Sigma-Aldrich, UK), and 50 mg/mL
Gentamycin (Daropakhsh, Tehran, Iran), Penicillin
100 U/mL, Streptomycin 100 w/mL (BIO IDEA,
Tehran, Iran), Amphotericin B 0.25 pg/mL (Cipla,
Mumbai, India).

The flasks were placed in a humidified atmosphere
with 5% carbon dioxide at 37°C, and the medium
was entirely replaced with a fresh medium with
intervals of seven days. The adherent cells were
harvested after detachment with Trypsin EDTA
0.5% when the -culture had reached 75%
confluence, frozen in FBS with 10%
dimethylsulfoxide at a cooling rate of 1 C/min, and
stored in liquid nitrogen. For the experiments,
cryopreserved cell isolates that had been passed 1 or
2 times before they were frozen were selected.
These cryo-preserved cell isolates were rapidly
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thawed and gently mixed with the previously
mentioned medium, grown to 75% confluence,
detached, split, replated, and again grown until a
minimum of 150 cm? flask bottom area was covered
with a 90% Confluent layer of cells with good
fibroblast morphology, corresponding to minimum
1.5x107 cells. This propagation required four to six
passages (16).

Confirmation of BFLS cells

The marker selected to confirm BFLS cells was
vimentin (28). For this purpose, 5x10° cells were
prepared and lysed using the appropriate buffer.
The proteins were then isolated by 12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to the nitrocellulose
membrane. Then, to identify the protein, the
nitrocellulose membrane was incubated with
vimentin-specific antibodies according to the
manufacturer's protocol. The relative expression of
each protein was determined by densitometry.
Treating cells with lipopolysaccharides

LPS was used to induce inflammation (expression
of CD14 and Toll-like receptor (TLR) and
expression of MMPs (29). For this purpose, 6x10°
cells were cultured. After 72 hours, 100 ng LPS was
added to the culture medium. The plates were then
incubated in a CO-containing incubation.

RNA isolation and cDNA synthesis

To extract RNA, mononuclear cells were isolated
using the Ficoll-Hypaque method. Then RNA was
extracted based on the related kit and its protocol.
The extracted RNA was evaluated using nanodrop
and 260 nm light absorption. Then cDNA synthesis
was performed using the related kit protocol.

Table 1. Summary of primers sequences.

Temperature cycle conditions for cDNA synthesis
are included 5 min at 70 C, 1 hour at 42 C, and
finally 5 min at 94 C. Materials used for cDNA
synthesis included 1000 ng total RNA, 0.5 uL Oligo
(dT) primer, 2 pL first strand buffer, 1 uL. dANTP,
1 uL M-Mlv, 0.5 uL Rnase inhibitor, and Up to
10 puL Diethyl pyrocarbonate (DEPC) water.

MTT Assay

Metabolic activity can be evaluated by measuring
the activity of the mitochondrial enzyme succinate
dehydrogenase using 3-(4, 5-dimethylthiazol-2-yl)
—2, 5-diphenyltetrazolium bromide (MTT test).
This test is widely used in in vitro evaluation of the
toxicity of plant extracts. We applied the MTT test
to evaluate the potentially toxic effects of menthol
extract on cells from the human monocyte cell line
THP-1.

Cells were exposed to increasing concentration
(1x103, 9x103, 1x10?, 9x10?, 1x101, 9x10%, 1, 3,
6, 9, 12, 15, 18, 21, 24, 27 and 30 pg/mL) of Ag-
NPS-Menthol in the presence of LPS (1 pg/mL) or
incubated with LPS (1 pug/mL) alone for 24 hours.
The cells were incubated with 20 ul MTT and
placed in a 37°C incubator for 4 hours. Then, cell
culture suspension was removed and 100 uL of
isobutyl alcohol was added to the microplate to
dissolve the formazan substance. The absorbance of
the solution at 570 nm was measured by a
microplate reader. There was no evidence of a
negative effect after treatment with concentrations
up to 1x103pg/mL. Concentrations higher than
3 pg/mL caused a significant reduction in cell
viability (Figure 1).

Primer Name Forward 5" to 3’ Reverse 5" to 3’ —Tm
Forward Reverse
B.MMP-1 3-ACACCCCAGACCTGTCAAGA-5 3"-CGACTGAGCGACTAACACGA-5 60.40 59.83
B.MMP-2 3"-CGAATAGAATAGCCCCTCGG-5" 3-AGGCTCGGTGCGTGTG-5 57.34 59.63
B.MMP-3 3-GAGGAGGCGACTCCACTTAC-5" 3’-GGCTGATGCATGTGACCAGA-5’ 59.54 60.25
B.MMP-9 3-CGCTATGGCTACACTCCTGG-5 3 -TTGTCCTGGTCGTAGTTGGC-5 60.00 55.00
B.GAPDH 3'-GAGAACGGGAAGCTCGTCAT-5 3-TTGATGGTACACAAGGCAGGG-5’ 55.00 60.27

CD14 5'-GAC GAC GAT TTC CGT TGT GT-3'

5-TGC GTA GCG CTA GAT ATT GGA-3' 57.34 59.63

BTLR4 5-AACCACCTC TCC ACCTTG ATACTG-35-CCA GCC AGA CCT TGAATACAG G-3 5954 60.25
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RT-PCR

Real-time polymerase chain reaction (RT-PCR) was
used to evaluate gene expression. The GAPDH
gene was used as an internal control.

Temperature cycle conditions for RT-PCR included
initial denaturation for 2 min at 94°C, (20s at 94°C
and 20s at 50°C) with 35 cycles in 20 uL of PCR
master mix. The primers used for RT-PCR reactions
are listed in Table 1.

In vitro migration and invasion assay

Cell migration was measured by 6.5 mm thick
Transwell culture chambers and 8 mm diameter
pores. 10° BFLS cells treated with silver menthol
nanoparticles were cultured in the upper part of the
Transwell plate.

A serum-free culture medium with or without LPS
was added to the bottom of the plate and incubated
for 24 hours. The non-migrating cells were then
collected at the top by sterile swab and stained with
violet crystal. Non-migrating cells were counted
with a microscope in 5 fields.

To determine the extent of the invasion, the pores at
the top of the plate were first covered with Matrigel.
5x10* cells were then transferred to a culture
medium containing FBS and then to a Transwell
previously coated with Matrigel, and after 24 hours
the cells were counted (30).

Enzyme-linked Immunosorbent Assay (ELISA)
Serum-free conditioned media samples were
collected and centrifuged at 10000 g for 5 min to
remove particulates. The concentrations of MMP-9
were measured using an ELISA kit (Sigma-Aldrich,
UK) according to the manufacturer’s instructions.

Imaging of menthol silver nanoparticles

After the preparation of menthol silver
nanoparticles, FESEM, EDAX, TEM, and XRD
imaging were performed. An electron beam is used
in TEM and FESEM imaging, while an X-ray is
used in XRD and EDAX imaging.

Statistical analysis

Error limits cited and error bars plotted to represent
the simple standard deviation of the mean. When
different samples were compared, the results were
considered statistically different when p<0.05 or

p<0.001 (Student’s t-test, ANOVA test, and REST
test) for the unpaired samples. The IC50 values
were calculated by scatter plot in an Excel graph.

Results

Confirmation of BFLS cells and induced
inflammation by LPS

we analyzed the expression of two members of the
LPS-receptor complex, TLR4 and CD14 by RT-
PCR. Using primers designed for the bovine TLR4
and CD14, mRNA transcripts for both were
detected in BFLs treated with Ag-NPs-Menthol and
untreated cells, indicating that BFLS possess the
required LPS-receptor complex to respond to LPS.
Stimulation of BFLSs with LPS resulted in the up-
regulation of TLR4, CD14, and COX-2 the enzyme
required for the conversion of AA to PGs, which
suggested the initiation of a pro-inflammatory
response. Since LPS-stimulated BFLSs produced
high levels of PGE2, an anti-inflammatory
molecule, down-regulation of TLR4 may prevent
the cells from further recognizing LPS and
producing PGE2, thereby preventing suppression of
an immune response(17).

Evaluation of MMPs, CD14, and TLR genes
expression by RT-PCR

As Ag-NPs-Menthol inhibited BFLS migration and
invasion, we examined the effect of Ag-NPs-
Menthol on MMPs gene expression. As shown in
Figure 1, LPS induced MMP-9, MMP-2, and MMP-
1 mRNA expression in BFLS, whereas treatment
with  Ag-NPs-Menthol suppressed LPS-induced
MMP-9 expression in a dose-dependent manner.
However, MMP-1, MMP-2, and MMP3 mRNA
expression were not affected by Ag-NPs-Menthol
treatment. The treatment of BFLS with Ag-NPs-
Menthol suppressed LPS-induced MMP-9 secretion
and activity in a dose-dependent manner. These
results indicated that Ag-NPs-Menthol selectively
inhibited LPS-induced MMP-9 expression in gene
expression (Figure 2 and 3).

In addition, the results showed that treatment of
BFLS cells with menthol silver nanoparticles
reduced the expression of CD14 and TLR4, which
was statistically significant with untreated) (Figure
4).
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Figure 1. Graphs used for 1C50 value determinations of Ag-NPs-Menthol against BFLS. Dose-response data
points represent the mean value of 3 trials.
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Figure 2. The effect of Ag-NPs-menthol on the expression of MMPs. Gene expression was examined in groups
treated with different doses of Ag-NPs-menthol and compared with cells treated with LPS. There was a significant
difference in gene expression between the groups. Statistical significance between cell and cell+LPS groups and other
groups were analyzed using the student Newman-Keuls test (mean+1 SD, n+3, p<0.05 and p<0.001*%*).

Abbreviation: LPS: Lipopolysaccharides, 1C50: Inhibitory concentration 50%, MIC50: median Inhibitory
concentration 50%, HD: High Dosage. MMP: Bovine metalloproteinase; Ag-NPs-Menthol: Silver Nitrite
Nanoparticle’s-Menthol.
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Figure 3. The effect of the different compounds on MMP-9 expression. The vertical axis shows the expression of
MMP-9 and the horizontal axis shows the different compound and their concentrations. The results show that the use
of Ag-NP with intermediate concentration reduced the expression of MMP-9 compared to other compounds. There
was a significant difference in gene expression between the groups. Statistical significance between cell and cell+LPS
groups and other groups were analyzed using the student newmane keuls test (mean £1 SD, n %3, p<0.05 and
p<0.001**).

Abbreviations: DMSO: Dimethyl sulfoxide (DMSO); NSAID: Non-steroidal anti-inflammatory drugs (NSAIDs);
LPS: Lipopolysaccharides; 1C50: Inhibitory concentration 50%; MIC50: median Inhibitory concentration 50%; HD:
High Dosage; MMP: Bovine metalloproteinase; Ag-NPs-Menthol: Silver Nitrite Nanoparticle’s-Menthol.
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Figure 4. The expression of TLR4 and CD14 in BFLS cells. The results show that the use of Ag-NPs-menthol
reduced the expression of CD14 and TLR4. However, it was found that the use of this combination further reduced the
expression of CD14 compared to TLR4. There was a significant difference in gene expression between the groups.
Statistical significance between cell and cell+LPS groups and other groups were analyzed using the student Newman-
Keuls test (mean +1 SD, n £3, p<0.05 and p<0.001**). The column is Percentage of the Activated.
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Evaluation of migration and invasion of BFLS
cell

The results showed that treat of BFLS cells with
LPS and silver menthol nanoparticles significantly
reduced cell invasion and migration compared to
cells treated with LPS alone. These results indicated
that menthol silver nanoparticles reduced the
number of BFLS cells and lost them. The best dose
for BFLS cells was median IC50 (Figure.4). As
shown in Fig. 4 the in vitro migration ability of
BFLS was increased 2-fold when stimulated with

Cell Migration Assay
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Qq,

.
5
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LPS for 24 h. Similarly, data obtained from the
invasion assay showed that LPS increased cell
invasion 2.5-fold in comparison with the control
group. However, LPS-induced cell migration and
invasion were inhibited by AG-NPs-Menthol in a
dose-dependent manner. These results suggest that
non-toxic  concentrations of Ag-NPs-Menthol
ranging from 6.2 pg/mL inhibit BFLS migration
and invasion induced by LPS in vitro (Figure 5).

Cell Invasion Assay
1504

B MMES

100

50

Figure 5. The effect of menthol silver nanoparticles on the invasion and migration of LPS-treated BFLS cells. The
results showed that increasing the concentration of Ag-NPs-Menthol reduces the invasion and migration of cells.
There was a significant difference in gene expression between the groups. Statistical significance between cell and
cell+LPS groups and other groups were analyzed using the student Newman-Keuls test (mean+1 SD, n £3, p<0.05 and

p<0.001**). The column is percentage of the Activated.

Evaluation of MMP-9 expression by ELISA
Based on the evaluation of the data, it was shown
that the best dose to reduce the expression of MMP-
9 was LC-50. For this purpose, after measuring the
amount of MMP-9 by ELISA, it was shown that
LC-50 from menthol silver nanoparticles is suitable
to prevent the expression of MMP-9 (Figure 6).
Imaging of silver nanoparticle menthol
Photographs of silver menthol nanoparticles were
performed at the University of Tehran using TEM,
FESEM, EDAX, and XRD microscopes. Different
images of menthol silver nanoparticles are shown in
the following figures. The TEM results show two
phases with darker and lighter colors, the dark
phase is related to heavy silver particles and the
light phase is related to the organic phase of
menthol (Figure 7).

The XRD analysis report of biosynthesized silver
menthol nanoparticles were shown that each of
these peaks corresponds to a specific plane of the
sample, and the angle of each peak depends on the
distance between the plane and the intensity of the
peak related to the arrangement of atoms in the
plates. As a result, each material has a unique X-ray
pattern that can be used as a fingerprint to identify
it. The XRD diagram also shows that the material is
composed of amorphous and crystalline phases, the
amorphous phase is related to the organic phase and
the crystalline phase is related to AgCl. For a more
detailed study, the percentage of each phase was
calculated using Origin software (Figure 9).
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Figure 6. Examination of MMP-9 expression by ELISA. The results showed that the higher the concentration of Ag-
NPs-Menthol cause reduced the expression of MMP-9 in cells. There was a significant difference in gene expression
between the groups. Statistical significance between cell and cell+LPS groups and other groups were analyzed using
the student Newman-Keuls test (mean £1 SD, n £3, p<0.05 and p<0.001**). Abbreviation: LPS: Lipopolysaccharides;
IC50: Inhibitory concentration 50%; MIC50: median Inhibitory concentration 50%; HD: High Dosage; MMP: Bovine
metalloproteinase; Ag-NPs-Menthol: Silver Nitrite Nanoparticle’s-Menthol.

Figure 7. TEM photos of menthol silver nanoparticles (magnification 100 to 150-250 nm. Darkdots indicate the
presence of silver).
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Figure 8. FESEM photos silver menthol nanoparticle's electron energy gives a porous state to organic matter, but
silver does not become porous. As can be seen, the particle size in FESEM was about 700 nm, which according to the
results of XRD analysis, there is a discrepancy in particle size. This may be due to the agglomeration of nanosilver

particles in FESEM images, hence, it looks bigger.
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Figure 9. XRD analysis

Discussion

OA is a chronic inflammatory disease characterized
by dysfunction of the cartilage and joints. This
disease gradually leads to the inability of the person
to walk (18, 19). So far, many factors have been
identified in connection with the pathogenesis of
this disease (20). Stimulation of immune cells and
inflammation is one of the main pathogens of the
disease. To this end, activation of inflammatory
responses has been shown to stimulate MMPs.

MMPs are one of the body's main cells and are
present in many tissues and extracellular matrices
(21). These cells are mostly involved in remodeling
the  extracellular  matrix and  producing
inflammatory cytokines and growth factors.
Previous studies have shown that the number of
these cells in OA patients is higher than in normal
individuals (21). In addition, activation of MMPs
has been shown to increase the secretion of
inflammatory mediators, which ultimately leads to
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cartilage and joint destruction. Given that
inflammation is one of the main pathways of OA
pathogenesis, therapeutic approaches to treat this
disease have shifted to the use of anti-inflammatory
drugs (22). However, although the use of these
drugs prevents the progression of the disease and
improves the clinical course of patients, long-term
use of them can be associated with complications in
patients that can reduce their survival. To prevent
complications in patients, the use of herbal
medicines to treat patients, especially OA patients,
is increasing (23, 24).

Menthol is one of the herbal remedies used for
many diseases. Due to its anti-inflammatory
properties, this drug can prevent inflammation and
stimulation of immune cells (25). Previous studies
have shown that the use of menthol in OA patients
can reduce inflammation and improve patients.
Although the use of menthol in OA has been shown
to reduce inflammation, concomitant use of
menthol and silver nanoparticles has not been
performed in OA patients (26). Therefore, in this
study, for the first time, we evaluated the use of
menthol silver nanoparticles on the expression of
MMPs and the incidence of inflammation in OA
samples. A study by Robert et al. Showed that pain
and inflammation were reduced in patients
receiving menthol compared to other patients
receiving placebo, a difference that was statistically
significant (27).

Numerous studies have been showing that menthol
gels have been used with limited empirical support
to relieve pain and improve functioning among
individuals with OA (41, 42, 43). In the present
study, the results showed that the use of menthol
silver nanoparticles led to a significant reduction in
MMPs. On the other hand, it was found that the best
dose used was IC50. In addition, it was found that
the expression of MMPs (types 1, 2, 3, and 9) in
LPS-treated BFLS cells and silver menthol
nanoparticles was lower compared to LPS-treated
cells, which was statistically significant.

The study by Huebner et al. Also showed that the
use of dexamethasone in osteoarthritis patients
reduced inflammation by inhibiting the secretion of
inflammatory cytokines (28). The study by Zhao et
al. Also showed that the use of dexamethasone

reduces the incidence of inflammation in patients
(29). In this study, the effect of dexamethasone on
the expression of MMPs and the incidence of
inflammation was evaluated. The results showed
that the use of dexamethasone like silver menthol
reduced the expression of MMP-9. However, it did
not affect reducing the expression of other MMPs.
Considering that dexamethasone and menthol have
been shown to regulate the expression of TIMP-1
(inhibitor of MMP-9) and have no effect on other
TIMPs, it can be said that the use of dexamethasone
and menthol reduces MMP-9 (30, 44-46).

Conclusion

Given that the use of menthol silver nanoparticles
reduces the expression of MMP and ultimately
prevents inflammation, it can be said that the use of
these compounds can be effective in the future for
the treatment of patients with Osteoarthritis (OA)
and because they are herbal medicines. It can be
associated with reduced complications in patients.
On the other hand, it has been shown that the use of
nanoparticles, especially silver nanoparticles, can
reduce inflammation.
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