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Sarcopenia, characterised by the progressive loss of skeletal muscle mass, strength, and
functionality, represents a significant health concern in the aging population. One of the
promising approaches to preventing sarcopenia is the use of the amino acid leucine, which
activates the mTOR signalling pathway and promotes muscle protein synthesis. Reduced muscle
strength and coordination increase the risk of falls, which can lead to severe injuries, such as
hip or vertebral fractures. Such injuries often require prolonged recovery and may result in
disability.

Sarcopenia is often accompanied by an increase in fat mass against the background of
muscle loss. This reduces the basal metabolic rate, contributing to the development of obesity
and metabolic diseases such as type 2 diabetes. Loss of muscle mass lowers overall physical
endurance, complicating the function of the heart and blood vessels, which increases the risk of
cardiovascular diseases and related complications.

The study was conducted on aged mice (25 months old), divided into three groups: a
control group, a group receiving pure leucine supplementation, and a group receiving leucine-
enriched whey protein. At the end of the experiment, the levels of leucine, glucose, and insulin in
the blood, as well as protein synthesis in muscle tissue, were assessed.

The results showed that the administration of pure leucine significantly increased its
concentration in the blood (8-fold) and muscle tissue (3.8-fold) but did not promote muscle
protein synthesis. In contrast, administering leucine in a whey protein mixture showed a less
pronounced increase in leucine levels but effectively enhanced protein synthesis (by 1.2-fold)
and reduced glucose levels. Insulin levels increased in both experimental groups, but this effect
was less pronounced in the leucine mixture group.

These findings underscore the potential efficacy of using leucine in combination with whey
protein as an effective strategy for maintaining muscle mass and function during ageing. The
obtained data have practical significance for the development of dietary and pharmacological
strategies in combating sarcopenia.
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YU JIACHO 3BAT'AYEHUH JIEMIIMHOM BLIJIOK BIIVIUBA€ HA
PIBEHb ITPOTEIHY Y M'SI3AX CTAPUX MUIIIEN?

YV cmammi pozensnymo egexmu 36azauenozo aeUyuHOM CUPOBAMKOBO20 NPOMEIHY Ha
m'a308y akmuenicms y aimuix muuien. Capkonewis, wo Xapaxkmepuzyemucs Npocpecyiouoro
8mpamoro M'sa3060i macu, cuiu ma QYHKYiOHANbHOCMI, € 3HAUYWOI0 NPOOIEMOI0 Ol 300P08's:
arooell noxunoeo Giky. OOuum i3 nepcnekmusHux nioxooie 00 3ano0ieanHs CAPKONeHii €
BUKOPUCTNAHHA AMIHOKUCIOMU JeUyuny, axka axmugye cueHanvHuil wiisx MTOR i cnpuse
cunmesy Oinka 6 m'sizax. Uepes 3menwienHs M'13080i cunu ma KOopOuHmayii 3pocmac pusux
naodiHb, Wo Modxce npussecmu 00 CEPUO3HUX MPABM, 30KpeMda Nepeiromie cmecHa uu xpeoyis.
Taxi mpaému uacmo 6uMaz2arOms mMpUBANo20 GIOHOBIEHHS Md MOXNCYMb NpU3eecmu 00
iHeanioHocmi.

CapkoneHisi uacmo cynpogoo*Cyembcs 30LMbUEHHAM JHCUPOBOT Macu Ha ¢oHi empamu
m'azie. Lle sHudicye pigenv 6a3anvHo2o0 MemabOoNi3zMy, WO CHPUSE PO3GUMKY OXCUDIHHA ma
MemaboNiuHUX 3aX80pI06aAHb, MAKUX AK YyKkposuil diabem 2 muny. Bmpama m'si3060i macu
SHUMCYE 3A2ANbHY GUMPUBATIICIMb OP2AHIZMY, WO YCKIAOHIOE pobomy cepys ma cyouH. Lle
NIOBULYYE PUSUK CEPYEBO-CYOUHHUX 3AXBOPIOBAHb MA YCKIAOHEHD.

Jlocnioscenns 6uKOHy8anu Ha cmMapux mMumax (6ikom 25 micayis), AKuX nOOIMUIU HA Mpu
2pynu: KOHMPOJbHY, 2PYNY 3 88E0EHHAM YUCMO20 JleUyury ma epyny 3i 30azadenum J1etiyuHom
cuposamrko8um npomeinom. Hanpuxinyi ekcnepumenmy susHauanu pieeHv Netiyumy, 210Ko3u ma
IHCYNLIHY 6 KPOBI, a MaKoic cunmes OLIKA 6 M'A308ill MKAHUHI.

Pezynomamu noxazanu, wo 68edenHs uUCMO20 NeUYUHY 3HAYHO RNIOBUWLYBANO U020
KOHYyeumpayito 8 Kpogi (y 8 pasis) i m'azo6ii mxkanuni (y 3,8 pasu), are He cnpusio cuHmesy
oinka 6 m'sazax. Hamomicme 66edenHs netiyuny 6 cymiuli i3 CUPOBAMKOBUM NPOMEIHOM
0eMOHCMPYBANO0 MEHUL BUPAdCeHe NIOBUEHHS PIGHs Nelyuny, npome eq)eKmusHo NoCUIo8a1o
cunmes oinka (8 1,2 pasu) ma 3nHudicysano pieens 21toko3u. Pisens incyniny niosuuyyeascs ¢ 000x
eKCNepUMEeHMATbHUX 2PYNAX, 0OHAK yell epekm 06Y8 MeHul GUPAXCEHUM Y 2pyni i3 CYMIuuiio
JIeUYUHY.

Bucnoesxu oocniodcenns niokpecionoms 00YibHICMb BUKOPUCIAHHS IeUYUHY V NOEOHAHHI
i3 CUpoBaAmMKOBUM NPOMEIHOM K ehekmuenoi cmpameeii 0 NiIOMPUMAHHI M'SA30801 mMacu ma
@yuxyii 6 ymosax cmapinua. OmpumaHni O0aHi MarOme NPAKMUYHE 3HAYEHHS Ol PO3POOKU
xapuogux ma ¢hapmaxono2ivHux cmpameziil y 60pomuv0i 3 CapKONeHicro.

Knrouoei cnosa: incynin, netiyun, capkonenis, Cmapinus M 'a3i8, CUpo8amkosull NPomeiH.

Aging is a natural biological process characterized by progressive declines in
physiological and functional capacities, including the musculoskeletal system. One
of the hallmark features of aging is sarcopenia, the loss of skeletal muscle mass,
strength, and function. Sarcopenia significantly impacts the quality of life,
reducing mobility, increasing the risk of falls, and contributing to chronic health
conditions such as frailty and metabolic disorders [4, 14]. Despite its prevalence
and clinical implications, the underlying mechanisms of muscle aging remain
incompletely understood, necessitating further research into preventative and
therapeutic strategies [7].

At the cellular level, muscle aging is driven by a complex interplay of factors,
including impaired protein synthesis, mitochondrial dysfunction, chronic low-
grade inflammation, and dysregulated signaling pathways such as the mechanistic
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target of rapamycin (mTOR) and ubiquitin-proteasome systems. These changes
result in an imbalance between anabolic and catabolic processes, contributing to
the net loss of muscle protein. Furthermore, aged muscles exhibit reduced
regenerative capacity due to the diminished functionality of satellite cells, the
resident stem cells responsible for muscle repair and growth [2, 14].

Dietary interventions, particularly those targeting protein intake, have
emerged as promising approaches to mitigate muscle aging. Among these, the
amino acid leucine has garnered attention for its potent anabolic properties.
Leucine activates the mTOR signaling pathway, a key regulator of muscle protein
synthesis, making it a focal point in strategies to combat sarcopenia [11, 13].
Additionally, whey protein, a rich source of leucine and other essential amino
acids, is well-documented for its efficacy in promoting muscle health [1].
However, the specific effects of leucine-enriched whey protein in the context of
aging remain underexplored [9].

This study investigates the impact of leucine-enriched whey protein
supplementation on muscle function in aged models. By elucidating the potential
benefits of targeted nutritional strategies, this research aims to contribute to the
development of effective interventions for preserving muscle health and functional
independence in aging populations.

MATERIALS AND METHODS

The study was conducted on male BALB/c laboratory mice aged 25 months,
corresponding to the human aging period of approximately 70-75 years. The
animals were kept under standard vivarium conditions with free access to food and
water. The research adhered to Directive 2010/63/EU of the European Parliament
on the protection of animals used for scientific purposes and the Law of Ukraine
No. 3447-1V "On the Protection of Animals from Cruelty."

The mice were divided into three groups:

Control Group: received no supplements and served as the baseline group.

Leucine Group: administered daily leucine (Sigma, 0.75 g/kg) via oral
gavage.

Leucine-Enriched Whey Protein Group: administered 0.5 ml of leucine-
enriched whey protein (Vansiton, equivalent to 0.75 g/kg of leucine) daily via oral
gavage. The leucine and leucine-enriched protein interventions were carried out for
10 days.

Blood and Tissue Sampling. Blood samples were collected at the beginning
and end of the experiment and stored frozen for further analysis. Plasma leucine
levels, glucose, and serum insulin concentrations were measured using enzyme-
linked immunosorbent assay (ELISA).

Muscle Protein Synthesis Measurement. At the end of the experiment,
muscle protein synthesis in the anterior thigh muscle was assessed using the
SUNSET method [8]. This method involves immunodetection of puromycin-
labeled peptides, providing a reliable measure of protein synthesis.
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Statistical Analysis. Data analysis was performed using the Statistica 10
software. Statistical significance of differences was determined using the Mann—
Whitney and Wilcoxon tests. Changes were considered statistically significant at
p<0.05.

RESULTS AND DISCUSSION
The leucine level in the blood differed significantly across the experimental
groups. Compared to the control group, the animals receiving leucine exhibited a
markedly higher concentration of leucine in their blood serum (Figure 1-A).
Specifically, the blood leucine level increased 8-fold in the group administered
pure leucine. In contrast, the group receiving the leucine-enriched whey protein
mixture showed a 3-fold increase in blood leucine levels.
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Fig. 1. Leucine Levels in Blood (A) and Muscle Tissue (B) in Mice Receiving Leucine and
Leucine-Enriched Whey Protein

Notes: *P < 0,05 compared to control values, #P < 0,05 compared to the group receiving leucine

The results of leucine levels in muscle tissue turned out to be interesting. In
the group of animals that received leucine, its content in the muscles increased by
3.8 times (compared to the control). In the group that received a mixture of leucine
and whey protein, it increased by 2 times (Fig. 1-B).

Insulin plays an important role in the development of sarcopenia—age-related
reduction in muscle mass and strength. Insulin stimulates protein synthesis in
muscles and suppresses their breakdown. Under healthy conditions, it provides an
anabolic effect that helps maintain muscle mass. However, with age, insulin
resistance may develop—a condition in which tissues become less sensitive to
insulin. This reduces its ability to stimulate protein synthesis, leading to the loss of
muscle mass [7].
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After the administration of leucine, insulin levels increased 3.5 times (Fig. 2-
A). In the group that received leucine with whey protein, the levels increased 2
times (Fig. 2-B).

In response, the pancreas begins to produce more insulin to compensate for its
reduced effectiveness, leading to increased insulin levels in the blood
(hyperinsulinemia). The rise in insulin levels is also an adaptive reaction of the
body, which, with prolonged exposure, can have negative consequences.
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Fig. 2. Blood insulin levels (A) and glucose levels (B) in mice that received leucine and leucine
in combination with whey protein.

Notes: *P < 0,05 compared to control values, #P < 0,05 compared to the group receiving leucine

In older mice that received leucine in combination with whey protein, protein
synthesis in muscle tissue was enhanced by 1.2 times. Interestingly, in the group
that received leucine alone, the activity of protein synthesis significantly decreased
(by 2.2 times) (Fig. 3).

Leucine is an essential amino acid that plays a key role in maintaining muscle
mass and function, especially in older age. With aging, the sensitivity of muscle
tissue to protein synthesis stimulators declines, but leucine helps activate signaling
pathways such as mTOR, which promote muscle protein synthesis. This is
Important for preventing sarcopenia (loss of muscle mass and strength). It is
recommended to include leucine-rich foods (such as meat, fish, eggs, and dairy
products) or use supplements to counteract age-related changes [3].
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Fig. 3. Protein synthesis in the muscles of mice that received leucine and leucine in combination
with whey protein

Notes: *P < 0,05 compared to control values, #P < 0,05 compared to the group receiving leucine

Sarcopenia is characterized by the progressive loss of muscle mass, strength,
and functionality that occurs with age. It is a significant concern for older adults, as
it affects their quality of life and increases the risk of falls, fractures, disability, and
mortality. The decline in anabolic hormones (testosterone, estrogen, growth
hormone) and the increase in insulin resistance contribute to the progressive
reduction of protein content in muscle fibers. Among the therapeutic strategies for
sarcopenia is the use of the amino acid leucine. Leucine is an essential amino acid
critical for stimulating protein synthesis in muscles [6].

The use of leucine in its pure form, as shown in the study, led to an increase
in the levels of this amino acid in the blood and muscles. However, it did not
enhance protein synthesis in the muscles. At the same time, elevated levels of
insulin and glucose in the blood were observed.

Consumption of leucine in combination with whey protein demonstrated a
reduction in glucose levels, which we associate with enhanced protein synthesis in
the muscles. The obtained results align with findings from other researchers who
studied the effect of the amino acid leucine on muscle recovery processes [5, 12].

Thus, the conducted study yielded results indicating that the intake of the
amino acid leucine combined with whey protein is the most effective way to
enhance protein synthesis in older mice.
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CONCLUSIONS

Administration of pure leucine to elderly laboratory mice resulted in an
increase in its levels in blood plasma. When leucine was administered in
combination with whey protein, plasma leucine levels increased by the tenth day
but not significantly compared to the administration of pure leucine. The level of
leucine in muscle tissue at the end of the experiment was also high in the group of
animals that received pure leucine. Leucine combined with whey protein also
contributed to an increase in its levels in muscle tissue.

The levels of insulin and glucose in the blood were dependent on the amount
of leucine. After consuming pure leucine, both insulin and glucose levels
increased. However, when leucine was consumed in combination with whey
protein, glucose levels did not increase compared to the control.

Notably, administration of leucine alone did not significantly enhance protein
synthesis in muscles. It is generally assumed that leucine intake should promote
muscle protein recovery. However, it was found that leucine combined with whey
protein significantly enhanced protein synthesis in the muscles of elderly mice,
which should be considered during rehabilitation strategies.
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