BIBLIOGRAPHIC INFORMATION SYSTEM

JOURNAL FULL TITLE: Journal of Biomedical Research & Environmental Sciences
ABBREVIATION (NLM): J Biomed Res Environ Sci ISSN: 2766-2276 WEBSITE: https://www.jelsciences.com

SCOPE & COVERAGE OPEN ACCESS POLICY
» Sections Covered: 34 specialized sections spanning 143 topics across » Fully Open Access journal under Creative Commons Attribution 4.0 License
Medicine, Biology, Environmental Sciences, and General Science (CCBY 4.0)
» Ensures broad interdisciplinary visibility for high-impact research. » Free, unrestricted access to all articles globally
PUBLICATION FEATURES GLOBAL ENGAGEMENT
» Review Process: Double-blind peer review ensuring transparency and » Research Reach: Welcomes contributions worldwide
quality » Managing Entity: SciRes Literature LLC, USA
» Time to Publication: Rapid 21-day review-to-publication cycle » Language of Publication: English
» Frequency: Published monthly SUBMISSION DETAILS
» Plagiarism Screening: All submissions checked with iThenticate » Manuscripts in Word (.doc/.docx) format accepted
INDEXING & RECOGNITION i SUBMISSION OPTIONS
» Indexed in: Google Scholar, IndexCopernicus (ICV 2022: 88.03) » Online: https://www.jelsciences.com/submit-your-paper.php
» DOI: Registered with CrossRef (10.37871) for long-term discoverability - L . .
: » Email: support@jelsciences.com, support@jbresonline.com

» Visibility: Articles accessible worldwide across universities, research

institutions, and libraries m ABOUT J ARCHIVE | SUBMIT MANUSCRIPT
¢

< Vision: The Journal of Biomedical Research & Environmental Sciences (JBRES) is dedicated to advancing science and technology by providing a global platform for innovation, knowledge exchange, and
collaboration. Our vision is to empower researchers and scientists worldwide, offering equal opportunities to share ideas, expand careers, and contribute to discoveries that shape a healthier, sustainable
future for humanity.


https://www.jelsciences.com/submit-your-paper.php
https://www.jelsciences.com/archive.php
https://www.jelsciences.com/about.php
https://www.jelsciences.com
https://www.jelsciences.com/publication-fee.php
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=site%3Ajelsciences.com&btnG=&oq=s

JOURNAL OF

BIOMEDICAL RESEARCH

/" 1ssn: 27662276 CENVIRONMENTAL SCIENCES

«
=
=
=
=
=
=]
=
=
o=
=
=

RESEARCH ARTICLE

ORTHOPEDICS | NUTRITION

Invitro Advances in Tendon Cell Biology:
Tenosan® as a Potential Nutraceutical Tool

for Tendon Care
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'Agave group, 40128 Bologna (BO), Italy
2Bict Srl, 26818 Villanova del Sillaro (LO), Italy

Abstract

Tendinopathies are chronic, multifactorial conditions marked by
inflammation, Extracellular Matrix (ECM) degradation, and impaired
healing. Nutraceuticals are increasingly explored as adjunctive
therapies to modulate these processes. This study evaluates the
biological effects of Tenosan® a dietary supplement, on human
tenocytes under both physiological and inflammatory conditions. An
In vitro model of tendinopathy was established by stimulating human
tenocytes with interleukin-1B. The effect of Tenosan® in improving
tendon wellness was evaluated by analyzing matrix and inflammatory
markers. Results shows that Tenosan® significantly increased the
type I/l collagen ratio, reduced Vascular Endothelial Growth Factor
(VEGF) secretion, and enhanced nitric oxide production, indicating
improved extracellular matrix remodeling and pro-regenerative activity.
These findings demonstrate that Tenosan® positively modulates key
pathways involved in tendon healing, supporting its potential use as
part of a multimodal strategy for managing tendinopathies.

Introduction

Tendons are highly organized, dense connective tissues
primarily composed of collagen fibers, predominantly type I
collagen (~95%), along with proteoglycans and elastin, which
confer tensile strength and elasticity essential for tendon function
[1,2]. Tendons play a crucial role in the musculoskeletal system by
connecting muscles to bones, enabling the transmission of force
necessary for joint movement, stability, and postural control [3].

Tendinopathy refers to a heterogeneous and widespread group
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degeneration and impaired function. These
conditions are particularly prevalent in athletes
and individuals engaged in repetitive mechanical
activities; however, they also affect the general
population, with an increasing incidence
linked to aging and lifestyle-related factors
[4]. Metabolic factors such as hypoxia, chronic
inflammation, oxidative stress, apoptosis, and
hormonal imbalances play a critical role in
tendinopathy pathogenesis. Key histological
and molecular characteristics of tendinopathy
include collagen fiber disorganization, increased
neovascularization and innervation, enhanced
inflammation, and elevated cellular apoptosis

(5].

In particular, growing evidence highlights
the active involvement of inflammation in the
progression of tendinopathies [6], characterized
by the increased levels of pro-inflammatory
cytokines (e.g., IL-18, TNF-a), immune cell
infiltration, and activation of inflammatory
pathways such as NF-«xB and MAPK [7,8].
Moreover, pathological stimuli induce a
dysregulation of collagen turnover in tenocytes,
which contributes to tendon degeneration
[9,10]. In addition, angiogenesis plays an
essential role in tendon dysregulation and repair
and must be finely regulated in the context of
tendinopathies. VEGF expression peaks after
the initial inflammatory phase and acts as a
potent stimulator of neovascularization [11].
While this process is critical in the early stages
of healing, persistent VEGF overexpression
has been associated with pathological
angiogenesis, characterized by disorganized
collagen deposition, excessive scar formation,
and impaired biomechanical properties of the
tendon [12].

In this context, novel therapeutic strategies
targeting the inflammatory microenvironment
of tendinopathies are increasingly being
explored. Current therapeutic approaches
advocate for a comprehensive, multimodal
strategy that combines therapeutic exercise,
targeted physical therapies (e.g., shockwave
therapy), and specific nutritional support
aimed at enhancing tendon healing processes
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[13-15]. Specifically, recent studies on patients
with calcific shoulder tendinopathy treated
with Radial Shockwave Therapy (RSWT) have
demonstrated that adjunctive nutraceutical
supplementation significantly reduced pain,
inflammation,andintratendinouscalcifications,
while improving range of motion, muscle
strength, and quality of life. These benefits were
maintained over time, with no relapses observed
atthe3-month follow-up and superior outcomes
compared with control groups [16]. Moreover,
in the postoperative setting, prolonged
supplementation has been shown to reduce
pain and enhance structural integrity following
rotator cuff repair, supporting faster recovery
and lower recurrence rates [17]. Likewise, the
combination of nutraceutical supplementation
with  Extracorporeal Shockwave Therapy
(ESWT) has shown promise in the treatment of
insertional Achilles tendinopathy, suggesting
a synergistic effect that warrants further
investigation [18].

Tenosan® is a commercially available dietary
supplement designed to support tendon, joint,
and muscle health, particularly in individuals
exposed to increased mechanical stress or
affected by tendinopathies. Its composition
includes bioactive compounds with antioxidant,
anti-inflammatory, and structural support
properties: L-Arginine Alpha-Ketoglutarate
(AAKG), optimized methylsulfonylmethane
(OptiMSM®), Dbeetroot extract (TruBeet®),
polyphenols from Vitis vinifera (ViNitrox®),
hydrolyzed collagen type I, Vitamin D (Vit D),
and Vitamin C (Vit C).

In particular, hydrolyzed collagen type I has
garnered attention as a nutritional intervention
for tendon health, thanks to its specific activity
on tendon structure, since its positive effects
on connective tissue are well documented
[19-21]. AAKG is commonly marketed as an
ergogenic aid due to its potential to enhance
vasodilation through the upregulation of the
endothelial L-arginine—nitric oxide pathway
[22]. Methylsulfonylmethane (MSM) is a sulfur-
based nutritional supplement reported to exert
analgesic and anti-inflammatory effects. In

I Avino S, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2244
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addition, as a sulfur donor, it is essential for
supporting protein synthesis, including collagen

[23].

Beetroot is rich in dietary nitrates and
betalains, pigments with antioxidant and anti-
inflammatory properties. As a natural source
of nitrate, beetroot consumption increases
Nitric Oxide (NO) availability and is emerging
as a potential strategy to prevent and manage
pathologies associated with diminished NO
bioavailability [24]. Similarly, Vitis vinifera,
a compound rich in polyphenols, increases
the synthesis and bioavailability of NO, which
is widely recognized as a key mediator of
vasodilation. ViNitrox™ is a purified extract with
more than 60% total polyphenols [25].

Vitamin D exerts pleiotropic biological
effects, including tendon protection, partly
mediated through the stimulation of tenocyte
proliferation [26]. Vitamin C plays a crucial role
in preventing and managing oxidative stress-
related conditions, including those affecting the
musculoskeletal system [27-29]. In vitro studies
have demonstrated that vitamin C stimulates
collagen synthesis in human tenocytes, while
In vivo evidence supports its role in promoting
tendon healing by enhancing angiogenesis,
increasing collagen production, and reducing
fibrosis and adhesion formation [30-33].
Furthermore, vitamin Cmay enhance the efficacy
of stem cell-based regenerative approaches
and has shown clinical benefits in improving
recovery in patients with tendinopathies [34].

The effectiveness of Tenosan® in supporting
tendon health under tendinopathy conditions
has already been demonstrated by several
preclinical and clinical studies. Specifically,
supplementation with Tenosan®, particularly
when combined with low-frequency focused
shockwave therapy, has been shown to
significantly improve pain and functional
scores in patients with plantar fasciopathy,
with sustained benefits in the medium to long
term [13]. Similar findings have been reported
in the management of calcific tendon diseases,
where supplementation facilitates the reduction
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of inflammatory catabolites and promotes
connective tissue remodeling [35].

In the present study, the biological effects
of Tenosan® on primary human tenocytes
were investigated under both physiological
and inflammatory conditions, thus simulating
an In vitro model of tendinopathy. The impact
of Tenosan® on key markers of tendon health,
including collagen types I and III, VEGF, and
NO production, was assessed. The obtained
results demonstrate that Tenosan® promotes
a favorable collagen I/III ratio, reduces VEGF
secretion, and enhances NO levels. Collectively,
these findings support the rationale for

integrating nutraceutical supplementation,
such as Tenosan®, into a comprehensive
treatment paradigm for tendinopathies,

particularly in cases with underlying metabolic
or inflammatory contributors.

Materials and Methods
Tenosan® preparation

Tenosan® was provided in powder form,
packaged in individual sachets. Fresh
preparations were obtained by dissolving
the powder in sterile distilled water (dH-O)
according to the manufacturer's instructions.
The resulting solution was sterilized by filtration
through 0.22 pm pore-size filters.

Cells cultures

Primary human tenocytes, isolated from
the Achilles tendon of a healthy 74-year-old
male donor, were purchased from Zen-Bio Inc.
(Durham, NC, USA). Cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% Fetal Bovine Serum
(FBS), 1% L-glutamine, and 1% Penicillin/
Streptomycin (P/S). Cultures were incubated
at 37°C in a humidified atmosphere containing
5% CO,. Only cells at passages < 5 were used for
experiments, to ensure phenotypic consistency.

Cytotoxicity assay

The cytotoxic profile of Tenosan® was
evaluated with MTT assay. Tenocytes were

Avino S, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2244
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seeded in 96-well plates at a density of 1x10%
cells/well. After 24 h, cells were treated with
serial dilutions of Tenosan®, starting from
concentration of 25 mg/ml, in starvation
condition. Following 24 h of exposure, cell
viability was assessed by incubating the cultures
with 0.5 mg/ml MTT (3-(4,5-dimethyltiazol-2-
yl)-2,5-diphenyltetrazolium bromide) solution
for 2 h at 37°C. Formazan crystals formed by
metabolically active cells were solubilized in
isopropanol, and absorbance was measured at
550 nm using an Infinite M Nano+ plate reader
(Tecan).

Tendinopathy In vitro model

To mimic the pathological environment
characteristic of tendinopathy, an In vitro
inflammatory model was established by
stimulating human tenocytes with IL-18 [36].
To define the optimal pro-inflammatory
concentration, cells were treated with a range of
IL-1p doses (1-50 ng/ml), and the inflammatory
response was assessed by quantifying IL-6
secretion using ELISA assay (Ref. 88-7066-88,
ThermoFisher Scientific).

Cells treatment

The effects of Tenosan® in tendinopathy
healing was evaluated on an In vitro healthy
model, made by human primary tenocytes,
and an inflammatory model, obtained by
treating cells with IL-1p. Specifically, tenocytes
were seeded in 48-well plates at a density of
1.5 x10°cells/well. After 24 h, inflammation was
induced using IL-1p 10 ng/ml. Simultaneously,
cells of healthy and inflammatory model were
treated with Tenosan® at three non-cytotoxic
concentrations: 0.8, 0.4, and 0.2 mg/ml, as
determined in preliminary viability assays.
Negative Control (CTR) consisted of untreated
cells. Following 24 h of treatment, cell culture
supernatants were collected and analyzed to
assess the expression of key markers involved
in tendon matrix remodeling, angiogenesis and
NO production.
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Detection of collagen, VEGF and NO
levels

As indicative of tissue remodeling
processes, ELISA assays was performed on
the supernatants of all the tested condition,
in order to measure the secreted amount
of collagen type I (Ref.AB285250, Abcam),
collagen type III (Ref.LS-F26725, LSBio) and
VEGF (Ref.KHGo0111, ThermoFisher Scientific).
Moreover, the amount of total NO produced
following treatments was estimated using Nitric
Oxide Assay Kit (Ref.EMSNO, ThermoFisher
Scientific), providing further insight into the
inflammatory modulation exerted by Tenosan®.

Statistical analysis

Each experimental group included at least
three replicates, and data were plotted as
replicates means + standard error. Statistical
analysis was performed thought analysis of
variance, using one way ANOVA, and statistical
significance was set at p< 0.05. Graph were
generated using GraphPad Prism 10 (GraphPad
Software, San Diego, CA, USA).

Results

Effects of Tenosan® on tenocyte viability
and tendinopathy In vitro model

The cytotoxic effect on Tenosan®, tested
at different concentrations, was evaluated
on human tenocytes. Cell viability following
treatment was assessed using the MTT assay.
Results (Figure 1A) showed that Tenosan® did
not affect cell viability at concentrations equal
or lower than 0.8 mg/ml, whereas a cytotoxic
effect was observed at concentrations from 1.5
mg/ml upwards. Therefore, the concentrations
chosen for cell treatment were: 0.8, 0.4, and 0.2
mg/ml.

To establish an appropriate In vitro model of
cellular inflammation, tenocytes were treated
with IL-1B at concentrations ranging from 50
to 1 ng/ml for 24 h. IL-6 levels in the culture
medium were measured by ELISA and compared
with the untreated Control (CTR) (FigureiB).

Avino S, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2244
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Figure 1 (A) Cell viability of human tenocytes treated with decreasing concentrations of Tenosan® (1.5 to 0.1 mg/ml) for 24 h,

assessed via MTT assay.

(A) cytotoxic effect was observed at doses > 1.5 mg/ml, while lower concentrations (< 0.8 mg/ml) did not affect cell viability.
(B) Quantification of IL-6 secretion in tenocytes treated with increasing concentrations of IL-18 (1-50 ng/ml) for 24 h. IL-1B
induced a dose-dependent increase in IL-6 release, confirming the establishment of an in vitro inflammatory model. Data
represent mean + SD of replicates. ****p < 0.0001, ***p < 0.001, **p < 0.01.

Results showed that IL-1B significantly
increased IL-6 production in a dose-dependent
manner, triggering an inflammatory response.
In contrast, untreated control cells displayed
IL-6 levels close to 0. The dose selected for
subsequent experiments and for establishing
the inflamed tendon model was 10 ng/ml: this
concentration elicits a clear inflammatory
response without compromise cell viability.

Quantification of collagen I and Il levels

To evaluate the efficacy of Tenosan® in matrix
remodeling, in healthy model and tendinopathy-
like condition, collagen production was assessed.
Indeed, collagen plays a fundamental role in
the reparative response following tissue injury
[37]. Specifically, collagen type I is essential for
structural repair and proper connective tissue
organization, contributing to tissue strength,
whereas collagen type III, characterized by more
flexible fibers, is primarily involved in the early
stages of healing and leads to the formation
of a more disorganized and elastic scar tissue
[38,39]. Based on this, collagen type I, collagen
type III and their ratio of was investigated, after
treating human tenocytes with Tenosan®, in
presence or absence of IL-18 10 ng/ml.

To this end, ELISA assays were performed to
quantify the levels of collagen type I and type
III in human tenocytes treated with different
concentrations of Tenosan®, in the presence or
absence of IL-18 (10 ng/ml). The results showed
that collagen III levels remained unchanged
between treated and untreated groups under
both healthy and inflammatory conditions. In
contrast, collagen I levels were significantly
upregulated following Tenosan® treatment,
as shown in (Figures 2A-D). Specifically, the
product exhibited a dose dependent effect,
statistically significant for doses of 0,8 and
0,4 mg/ml, in both analysed conditions. The
selective increase in collagen I, without a
corresponding rise in collagen III, results in
a higher collagen I/III ratio, both in healthy
(Figure 2E) and inflammatory models (Figure
2F). Notably, this effect aligns with the expected
activity of the product, which is specifically
formulated to enhance collagen I synthesis,
with the aim of promote the formation of
stronger and more organized tendon matrix.
Indeed, higher levels of collagen I in relation to
collagen III allows the formation solid structure,
suggesting the beneficial effects of the product
in strengthen tendon structure in healthy

Avino S, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2244
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Figure 2 Effect of Tenosan® treatment in the modulation of levels of collagen type | (A,B), collagen type Il (C,D) and their ratio
(E,F) in human tenocytes. Left panel shows results under healthy conditions; right panel refers to the inflammatory model
induced by IL-1B (10 ng/ml). In both models, Tenosan® modulated collagen | secretion in a dose-dependent manner, with an
effect in increasing collagen I/l ratio, suggesting enhanced extracellular matrix remodeling. Data represent mean + SD of
replicates. ****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05.
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condition. Moreover, Tenosan® could have a
crucial role in supporting the structural tendons
repair, by the synthesis of a proper matrix, in
response to stress and inflammatory conditions.

Quantification of VEGF levels

VEGF plays a crucial role in angiogenesis
during tendon healing, but its effects are
complex and time dependent. In early stages,
VEGF facilitates repair by promoting blood vessel
formation, delivering nutrients and regulating
immune responses. However, persistent high
VEGF expression may impair tendon repair
in later stages [40]. For this reason, VEGF
production in human tenocytes subjected to
Tenosan® treatment, in both healthy (Figure
3A) and inflammatory model (Figure 3B), was
evaluated using ELISA assay. Results showed
the effect of the product in reducing VEGF
secretion, in both In vitro models. Specifically,
a statistically significant effect was displayed
following the treatment with all the tested
concentrations.

Quantification of nitric oxide levels

NO based therapies have well-known effects
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in enhancing tendon healing [41], for this reason
are considered a promising treatment to induce
tendons regeneration after injuries [42]. To
assess the effect of Tenosan® in NO metabolism,
levels of NO and its derivatives were measured
in the supernatant of healthy and inflamed
human tenocytes, treated with different
concentrations of the product. Total NO levels
were calculated as the sum of nitrite and nitrate,
in accordance with the kit's specifications. The
results demonstrated a significant increase
in NO levels in the supernatant of cells treated
with the product compared to untreated Control
(CTR), with a dose-dependent effect (Figure
4A). Notably, the product at 0,8 mg/ml induced
increase in NO levels also in inflamed condition
(Figure 4B), indicating its potential beneficial
effects under tendon damage conditions. These
findings suggested that Tenosan® stimulates
NO synthesis in tenocytes, both under basal and
inflammatory conditions.

Discussion

Tendinopathies are multifactorial disorders
characterized by inflammation, matrix
degeneration and impaired tendons healing,
often exacerbated by metabolic imbalances

B Inflammation model
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Figure 3 VEGF levels, expressed as pg/ml, secreted by human tenocytes treated with Tenosan®.

(A) VEGF levels in the supernatant of untreated (CTR) and Tenosan®-treated human tenocytes under healthy conditions.

(B) VEGF levels in tenocytes exposed to IL-1B (10 ng/ml) and co-treated with Tenosan®, to mimic an inflamed condition. In
both models, Tenosan® treatment resulted in reduction of VEGF secretion, suggesting a modulatory effect on angiogenesis.
Data are expressed as mean = SD of replicates. ***p < 0.001, **p < 0.01.
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Figure 4 NO levels (uM) produced in human tenocytes treated with Tenosan®.

(A) NO levels measured in untreated (CTR) and Tenosan® treated tenocytes under physiological conditions.

(B) NO levels in tenocytes exposed to IL-18 (10 ng/ml) and co-treated with Tenosan®, to simulate an inflamed tendon condition.
In both models, Tenosan® induced a dose-dependent increase in NO production, suggesting its pro-regenerative activity. Data
represent mean + SD of replicates. ****p < 0.0001, ***p < 0.001, *p < 0.05.

and oxidative stress. Recent strategies
emphasize a multimodal approach that includes
nutraceutical supplementation to support
tendon repair. Tenosan®, a dietary supplement
containing bioactive compounds with a focus on
tendon protection, has shown clinical promise
in improving outcomes in tendon-related
disorders.

Theaimof the present studywas toinvestigate
biologically relevant effects of Tenosan® on
an In vitro model of primary human tenocytes,
in order to deeply understand the pathways
involved in its tendon regenerative action.
In particular, experiments were performed
under both physiological and inflammatory
conditions, with the purpose of investigate
Tenosan® efficacy in healthy condition and as a
potential therapy for managing tendinopathies.

Firstly, the cell viability assay allowed to
identify a safe concentration range of Tenosan®
(0.8 - 0.2 mg/ml), below which no cytotoxic
effects were observed. Accordingly, subsequent
experiments were conducted using these non-
toxic concentrations, to ensure the biological
relevance of the results. To mimic tendinopathy-
like conditions, an In vitro inflammatory model

was established using IL-1p stimulation, which
resulted in a dose-dependent increase in IL-6
secretion. The selected concentration of 10 ng/
ml induced a robust inflammatory response
without compromising cell viability, allowing
the investigation of Tenosan® modulatory
effects in tendinopathy-like condition.

A key finding of this study was the role
of Tenosan® in the modulation of collagen
synthesis, specifically through the selective
upregulation of type I collagen. While collagen
type III levels remained unchanged across
treatment conditions, Tenosan® significantly
increased collagen type I expression, leading
to a higher type I/type III collagen ratio. This
ratio is a well-established marker of effective
tissue remodeling, as type I collagen is the
predominant component of mature tendon
tissue, providing tensile strength and structural
integrity, whereas type III collagen is more
prevalent during the early phases of healing and
is associated with less organized Extracellular
Matrix (ECM) structures [43]. Therefore, the
ability of Tenosan® to selectively enhance type
I collagen production suggests a shift toward
a more functionally mature and mechanically
robust matrix composition, thereby potentially

Avino S, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2244
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promoting more effective and long-lasting
tendon repair.

Additionally, a reduction in VEGF secretion
was observed after Tenosan® treatment, in
both physiological and inflamed conditions,
highlighting a regulatory effect of Tenosan® on
angiogenesis. While VEGF plays a crucial role in
the early stages of tendon healing by promoting
neovascularization and nutrient delivery,
sustained overexpression has been associated
with impaired matrix remodeling and the
formationof disorganized scartissue, potentially
compromising the mechanical properties of the
repaired tendon [44]. Therefore, modulation of
VEGF signaling is increasingly recognized as a
strategic therapeutic goal in promoting effective
and functional tendon regeneration. For this
reason, the effect of Tenosan® in downregulate
VEGF could have a crucial role in helping to
prevent maladaptive angiogenesis during the
later stages of healing.

Furthermore, Tenosan® significantly
increased NO production at the maximum
dose tested. This effect was evident in both
healthy and inflamed tenocytes and showed
a dose-dependent trend. Several studies have
demonstrated that increased NO production
plays a beneficial role in tendon healing. In
vitro experiments on human tendon cells [45]
have shown that exogenous NO donors and
upregulation of inducible Nitric Oxide Synthase
(INOS) enhance collagen synthesis, a key
component of tendon matrix repair. In support
of this, inhibition of Nitric Oxide Synthase
(NOS) activity has been shown to impair
tendon healing. Specifically, the competitive
NOS inhibitor NAG-Nitro-L-Arginine Methyl
Ester (L-NAME) has been employed in animal
models to investigate the role of NO in tendon
regeneration [46]. Treatment with L-NAME
led to a marked reduction in both the cross-
sectional area and mechanical strength of
healing tendons, underlining the critical role
of NO in this process [47]. Collectively, this
evidence suggest that upregulation of NO
contributes positively to tendon healing by
promoting extracellular matrix formation,

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:| 2766-2276

through direct enhance of collagen synthesis
[48], and by improving tendon biomechanics.
Moreover, NO signalling leads vasodilation, by
inducing smooth muscle relaxation through
cyclic GMP pathway [49], increasing blood
flow. Furthermore, In vivo studies have reported
beneficialeffectsof L-argininesupplementation,
including enhanced blood circulation to tissues,
and enhance protein synthesis [50]. Take this
into account the combination of Arginine
o -ketoglutarate, TruBeet® and Vinitrox®
contained in Tenosan® could ensure blood flow
to tendons.

In summary, the combined effects of
Tenosan® on enhancing the type I/III collagen
ratio, increasing NO levels and modulating
VEGF expression underscore its potential as
a therapeutic strategy for improving tendon
healing outcomes. Specifically, results support
the role of Tenosan® in promoting tendon
reparation in inflammatory condition that
mimic the tendinopathy environment, by
enhancing the quality of the extracellular
matrix and regulating key mediators involved
in tissue regeneration. Moreover, the product
showed efficacy also in healthy condition, by
promoting a more organized ECM and regulating
angiogenic responses. For this reason, Tenosan®
could have a double effect, with a role both in
counteracting and in preventing tendinopathy,
by reinforcing tendon structure and function,
with a consequent reduction of the risk of injury
occurrence and escalation.

Despite the valuable mechanistic insights
provided by this In vitro model, it should be
acknowledged that In vitro systems cannot fully
recapitulate the complex biological, mechanical,
and systemic environment of tendinopathies
In vivo. Indeed, the absence of biomechanical
loading, and vascular components interactions
represents a limitation of cell-based models.
Nevertheless, the present findings are
supported by previous clinical evidence showing
beneficial effects of Tenosan® in patients with
different tendinopathies. Taken together, these
experimental and clinical data strengthen the
translational relevance of Tenosan®, supporting
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its role as an adjunctive strategy within a
multimodal therapeutic approach for tendon
disorders.

Conclusion

Inconclusion, the present study demonstrates
that Tenosan® positively modulates Kkey
biological pathways involved in tendon health
under both physiological and inflammatory
conditions, supporting its potential role as a
complementary nutraceutical strategy in tendon
care. From a translational perspective, these
findings provide mechanistic support for the
clinical benefits of Tenosan® previously reported
in patients with different tendinopathies. The
observed modulation of collagen remodeling,
angiogenic signaling, and nitric oxide
production offers a biological rationale for the
improvements in pain, function, and tendon
healing described in existing clinical studies.
Future research should build on this integrated
experimental and clinical evidence to further
explore the synergistic effects of Tenosan®
within established multimodal therapeutic
approaches.
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