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THE USE OF WATER-SOLUBLE C60 FULLERENE TO
ACCELERATE RECOVERY OF MUSCULOSKELETAL
SYSTEM FUNCTION FOLLOWING MECHANICAL
INJURY

Traumatic skeletal muscle injury is a complex pathological condition caused
by high-energy damage to muscle tissue. Approximately 70% of military casualties
involve skeletal muscle injuries, which are often considered among the most
devastating types of trauma. Muscle injuries are also common in sports medicine.
However, due to differences in the severity of muscle damage, the clinical
presentation may range from subclinical manifestations to catastrophic impairment.
One of the major limitations in the treatment of muscle injuries is the lack of a
unified classification system. Following injury, muscle fibers can repair focal
damage; however, extensive myofibrillar necrosis requires complete tissue




June 26, 2026 o Lisbon, Portuguese Republic I

regeneration. Another challenge is that numerous therapeutic approaches are used
in an attempt to accelerate muscle recovery despite limited evidence supporting their
efficacy.

Currently available therapeutic agents are often insufficiently effective under
extreme conditions, as they are characterized by delayed onset of action, limited
influence on multiple pathological processes, and an inability to substantially reduce
injury severity or significantly shorten recovery time.

Oxidative stress plays a key role in post-traumatic tissue regeneration and the
development of inflammatory processes. Free radicals can induce neuronal
apoptosis through mitochondrial pathways and regulate the expression of apoptosis-
related genes involved in the central sensitization associated with neuropathic pain.

An important area of modern biomedical research is the development of
effective strategies to reduce oxidative stress, with antioxidants attracting particular
attention. Interest in C60 fullerenes is largely due to their pronounced ability to
interact with reactive oxygen species (ROS) and other free radicals. Previous studies
have demonstrated that a single C60 molecule can scavenge a substantial number of
reactive radicals, including methyl radicals, and neutralize superoxide anions and
hydroxyl radicals, thereby limiting lipid peroxidation and protecting biological
membranes from oxidative damage.

Due to their combination of high antioxidant activity, low toxicity, and water
solubility, aqueous forms of C60 fullerene are considered promising agents for
protecting tissues from oxidative injury.

Muscle injury was induced by compressing the muscle with a clamp under a
pressure of 3.5 kg/cm? for 1, 2, or 3 minutes. This crush syndrome (CS) model
resulted in systemic pathological changes caused by muscle cell destruction and the
subsequent release of intracellular components, including creatine kinase, lactate,
and myoglobin, into the extracellular space. These biomarkers were used to assess
the severity of muscle injury.

Changes in muscle contraction force were measured using strain gauges.
External muscle loading was controlled by a system of mechanical stimulators, with
the force sensor and stimulator connected through a feedback mechanism.
Mechanical and kinetic parameters of gastrocnemius muscle contraction were
evaluated on days 15, 30, and 45 after injury.

Animals in the "C60 + trauma" group received water-soluble C60 fullerene
orally at a dose of 1 mg/kg body weight daily throughout the experimental period.
Fullerene treatment reduced the onset time of the gastrocnemius muscle force
response to 248 + 5 ms and 351 = 7 ms for the first and last contractions,
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respectively, on day 15 after injury. These values were 13-15% lower than those
observed in the untreated trauma group. On days 30 and 45, the corresponding
values were 228 + 3 to 278 = 4 ms and 143 + 3 to 180 + 4 ms, respectively,
representing an improvement of approximately 35—-75% compared with the trauma
group.

On day 15 after injury, the integrated muscle contraction power was
significantly reduced compared with control values (defined as 100%), decreasing
by 55% during the first contraction and by 32% during the tenth contraction. On
days 30 and 45, muscle power output decreased by 63-48% and 70-67% during the
first and tenth contractions, respectively. In animals treated with C60 fullerene, the
corresponding values were 70-54%, 75-61%, and 88-80% on days 15, 30, and 45,
respectively. Thus, the positive effect of C60 fullerene administration reached 19—
25% on days 15 and 30 and approximately 39% on day 45.

The maximal force response also decreased following injury. Compared with
the control value of 0.98 N, force generation declined to 0.76-0.51 N, 0.78-0.55 N,
and 0.82-0.61 N on days 15, 30, and 45, respectively, during the first and tenth
contractions. Treatment with C60 fullerene improved these parameters by 7.9-12%,
yielding values of 0.78-0.76 N, 0.81-0.79 N, and 0.88-0.84 N on days 15, 30, and
45, respectively.

In conclusion, this study demonstrates consistent changes in the biomechanical
and biochemical characteristics of rat skeletal muscles following experimentally
induced injury during prolonged oral administration of C60 fullerene aqueous
solution (C60FAS) at a dose of 1 mg/kg. The observed effects were time-dependent
and reached their greatest magnitude on day 45, indicating the gradual development
of therapeutic benefits during long-term treatment. Biomechanical analysis revealed
significant improvements in muscle contractile function compared with the
untreated injury model. The progressive nature of these changes suggests that they
are associated with sustained administration of C60FAS rather than acute effects of
the compound.

The obtained results indicate that water-soluble C60 fullerenes may represent
a promising therapeutic agent for reducing and correcting pathological alterations
associated with skeletal muscle injury. Furthermore, they may enhance regenerative
processes and support the physiological recovery of the musculoskeletal system.




