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Oébocnosanue. CriocOOHOCTh OTIEIBHBIX AMUHOKHCIOT CTUMYJIUPOBATH aHAOOIMYECKUE
IPOLIECCHl B CKEJIETHBIX MBIIILAX JO0Ka3aHa (yHIaMEHTAIbHBIMU UCCIIEJOBAHUSIMHU, YTO JEJIaeT
aKTyaJIbHBIM MOUCK 3(Q(QEKTUBHBIX CPEICTB Ha OCHOBE aMHHOKUCIOT JUIsI CTUMYJISALIMM CHHTe-
TUYECKHUX IPOLIECCOB B CKEJETHBIX MbllINax. [fens. VI3yunTh BIUSHUE NEpOPATBHOIO IPUMEHE-
HUS OpWUTMHAJIbHOM aMHMHOKHCIOTHOM cmecu (L-aprununH, L-mernonun, L-neinun, L-
U30JIeHLIMH) Ha OOMeH Oelka, JTUMHUJIOB U YIJIEBOJOB B CKEJIETHBIX MBIIIIAX U IMEYEHH MBbIIeH -
camioB 1uauu CBA. Mamepuanst u memoowst. BHIIOTHEHO J1BE cCEpUM SKCIIEpUMEHTOB. B mep-
BOl cepuu (n=36) KUBOTHBIE ObUIM pa3OUTHI HA TpH Ipynnsl. B rpynmne 1 (n=12) mbimu B Teue-
HUE JIByX MECSIIEB MOJTydaln cOalaHCUPOBAHHBINA MO OENKY M yriieBojaM paiuoH. JKUBOTHEIE
rpynmnsl 2 (n=12) HaXOJWJINCh HA YTIEBOJIHOM, 00€IHEHHBIM O€JIKOM M30KaJIOpUHHOM pallMoHE,
B KOTOPOM HMCTOYHMKOM O€JiKa CIY)KWJI NUIEHUYHBIA rinaauH. Meimum rpynnsl 3 (n=12) Haxo-
JWINCh HA aHAJIOTUYHOM BTOPOH TpyIllle pallMoHe, B KOTOPOM HEAOCTaTOK OeJiKa BOCIOJIHSIH
TecTupyeMor cmechio L-amuHokucnoT. JKuBoTHbIM BTOpOM cepuu (n=36) MOAEIUPOBAIUA OCT-
PYIO IIEUEHOUHYIO HEJJOCTaTOUYHOCTh IIyTEM pa30BOro BHYTpuOpromuHHOro BBeAeHus 20% pac-
TBOpa 4eTblpexxyiopucroro yriepoaa (UXVY) na onuBkoBom Macie. Yepe3 3-e cyTrok mocie
uHbeKkM YXY Bce )KMBOTHBIE BTOPOH CEpUU CIy4dalHBIM METOJOM ObLIM pa3iesieHbl Ha TpH
AQHAJIOTMYHBIC TPYIIIHI B 3aBUCHMOCTH OT pallioHa NUTaHus. Pe3yismamot. Pe3ynbTaTsl iepBoi
CepUHU IKCIIEpUMEHTa TMOKa3alM, 4TO BO3MEILIEHHE OEIKOBOW HEeIOCTaTOYHOCTH aMHUHOKHCIOT-
HOM CMECBIO JOCTOBEPHO MPEAYIMPEXIAT0 U3OBITOYHBIN POCT TIIMKOT€HA B MBIIIIAX, TPHUBOJIUIO
K CHUIKEHMIO JIMIUOB B TKaHM, a TaKXke MPeA0TBPAIlalo CHIXKEHUE YPOBHS MBILIEUHOTO OeKa.
Pe3ynbTaThl BTOpOH cepuil HKCIIEPUMEHTOB ITOKA3aJI1, YTO IPUEM aMUHOKHMCIIOTHOW CMECH Ipe-
IOyTpexJal noTepu Oenka B MBIIIIAX U MOAJIEPKUBAT OEITKOBOCUHTETUYECKYIO (DYHKIIMIO Tey e-
HU. 3akniouenue. ViccienoBanue NpoJeMOHCTPUPOBANIO, YTO TECTHpyeMash CMECh IpH Nepo-
paJIbHOM MOTPEOJIEHNHU CcIIOCOOHA MPEaYyNpeXIaTh HapyIeHUs 0eIKOBO-YTIeBOJHO-TUIHIHOTO
COOTHOIICHHSI B CKEJIETHBIX MBIIIIIAX.

Knrwoueswvie cnosa: amunoxuciomsi, ckeiemmuvle Muluiybl, 6EIKOB8bIL 0OMEH.

EVALUATION OF BIOLOGICAL EFFECTIVENESS OF AMINO ACID
MIXTURE AS POTENTIAL STIMULATOR OF SYNTHETIC PROCESSES
IN SKELETAL MUSCLES
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Background. The ability of certain amino acids to stimulate anabolic processes in skeletal
muscles has been proved by fundamental research, which makes it important to search for effec-
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tive agents based on amino acids for stimulation of synthetic processes in skeletal muscles. Aim.
To study the effect of oral administration of the original amino acid mixture (L-arginine, L-
methionine, L-leucine, L-isoleucine) on protein, lipid and carbohydrate metabolism in skeletal
muscles and liver of CBA male mice. Material and Methods. Two series of experiments were
performed. In the first series (n=36), the animals were divided into three groups. In group 1 (n =
12), the mice received a diet balanced in protein and carbohydrates for two months. The animals
of group 2 (n=12) were kept on a carbohydrate, protein-depleted isocaloric diet, in which wheat
gliadin served as the protein source. Mice of group 3 (n=12) were kept on a diet similar to the se-
cond group, in which deficit of protein was compensated for with the tested mixture of L-amino
acids. In the animals of the second series (n=36) acute liver failure was modeled by a single
intraperitoneal injection of 20% carbon tetrachloride solution (CTC) in olive oil. Three days after
the injection of CTC, all animals of the second series were randomly divided into three groups,
depending on the received diet. Results. The results of the first series of experiments showed that
compensation for protein deficiency with amino acid mixture reliably prevented excessive buildup
of glycogen in muscles, led to a decrease in lipids in tissue, and also prevented reduction in the
level of muscle protein. The results of the second series of experiments showed that intake of the
amino acid mixture prevented loss of protein in muscles and supported the protein-synthetic func-
tion of the liver. Conclusion. The study demonstrated that the tested mixture, when taken orally,
can prevent disorders of protein-carbohydrate-lipid ratio in the muscles.
Keywords: amino acids, skeletal muscles, protein metabolism.

At present, a significant part of funda- this, we developed a complex of amino acids
mental research dedicated to search for means (RF patent of invention Ne 2454227) consist-
of stimulation of anabolism in muscles is tak- ing of L-line amino acids (leucine, isoleucine,
en by works on the application of low molec- methionine, arginine), for activation of pro-
ular weight compounds, primarily of amino tein anabolism in skeletal muscles.
acids, as stimulators [1,2]. So, numerous Aim of work — to study the effect of
model experiments show a significant anabol- peroral intake of the original amino acid mix-
ic effect of additional intake of both separate ture on the protein, carbohydrate, lipid me-
amino acids and of their mixtures, on muscles tabolism in skeletal muscles and liver in ex-
[3-5]. Here, it is noted that the most effective perimental animals.
stimulators of anabolism in muscles are ami- Materials and Methods
no acids with branched hydrocarbyl [6,7]. In Active components of the mixture were
this group of amino acids, the maximal ana- amino acids of Sigma-Aldrich (USA) manu-
bolic activity is found in leucine [8]. Besides, facture: L-arginine (Cat. NeA5006), L-methio-
effectiveness of peroral intake of arginine for nine (Cat. NeM9625), L-leucine (Cat. NeL.8000),
stimulation of positive nitrogen balance was L-isoleucine (Kar. Nel2752). Amino acids
also demonstrated [9]. Synthesis of protein in were mixed ex tempore in equal weight pro-
muscles is to a different extent stimulated by portions (1:1:1:1) and dissolved in distilled
additional intake of phenylalanine [10], glu- water at 37°C on the basis of 0.5 g of mixture
tamine [11], methionine [12]. Anabolic effect in 50 ml of water. Then this solution was used
of dipeptides is under study [13]. for impregnation of food (bread made of

Thus, the ability of certain amino acids straight white wheat flour) which was dried at
to control protein metabolism in skeletal 37°C before being given to animals.
muscles is proved by fundamental research. The experimental work was conducted
Here it is evident that anabolic effect of ami- on 72 male mice of CBA line of two months
no acids may enhance in case of their com- age, 25-30 g of weight. The animals were di-
plex use in certain combinations. In view of vided into two experimental series.
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In the first series (n=36) the animals
were arranged into two groups. The 1% group
of mice (n=12) received the diet balanced in
protein (3.3 g of digestible protein a day) and
in carbohydrate. Animals of the 2" group were
kept on isocaloric carbohydrate diet with low
content of protein (0.88 g of digestible protein
a day) with wheat gliadin being a source of
protein. Mice of group 3 (n=12) were given the
diet similar to the second group in which defi-
cit of protein was compensated for with the
tested mixture of L-amino acids (leucine, iso-
leucine, arginine, methionine in proportion
1:1:1:1) in the quantity replenishing deficit of
amine nitrogen. For drinking, all animals re-
ceived distilled water at free access.

In the animals of the second series (n=36)
a model of acute hepatic failure was created by
a single intraperitoneal introduction of 20%
carbon tetrachloride (CTC) solution in olive oil
(RF patent Ne 2456927). Three days after the
injection of CTC all animals of the second se-
ries were randomly divided into three groups
depending on the diet they were given.

Animals of the 1% group of this series
(n=12) received the usual diet balanced in
protein (3.3 g of digestible protein a day) and
in carbohydrates, within 2 months. Animals
of the 2" group (n=12) were kept on
isocaloric carbohydrate diet with low content
of protein (0.88 g of digestible protein per
day) with wheat gliadin as a source of protein.
Mice of the 3% group (n=12) were kept on the
diet similar to the second group but with defi-
cit of protein compensated for with the tested
mixture of L-amino acids (leucine, isoleucine,
arginine, methionine in proportion 1:1:1:1) in
the quantity replenishing deficit of amine ni-
trogen. For drinking, all animal received dis-
tilled water at free access.

Six animals of each group were subject to
euthanasia in a month after the beginning of the
experiment, the other six animals — in two
months. Euthanasia was conducted by decapita-
tion after narcotization with diethyl ether.

The research was conducted with per-
mission of the Ethics Committee of G.A.
llizarov Russian Scientific Center for Re-
storative Traumatology and Orthopedics. The

work was conducted with observance of the
principles of animal welfare in compliance
with the requirements of European Conven-
tion for the protection of vertebrate animals
used for experimental and other scientific
purposes, and the Directive A 2010/63/EU of
European Parliament and the Council of
22.09.2010 on the protection of animals used
for scientific purposes.

After euthanasia the skeletal muscles of
hip were cleared of connective tissues, and
preparation of the liver was made. The level
of glycogen in the weighed amounts of the
organs was detected: by indirect anthrone
method in muscles, and by direct anthrone
method in the liver [14]. After extraction with
chloroform/methanol mixture (2:1), the con-
tent of the total lipids was detected in the liver
and muscles by a gravimetric method [14]. A
separate weighed amount of muscles was
washed off from erythrocytes and grinded in
0.03M KCI solution at 5°C until a homogene-
ous homogenate was obtained, After 15
minutes of extraction the homogenate was cen-
trifuged for 15 minutes at 14000g in Beckman
& Coulter ultracentrifuge (USA). The total
protein was detected in the supernatant fluid
by Lowry method. Blood was taken by decapi-
tation, and in the serum concentration of the
total protein and urea was detected using Vital
Diagnostic reagent sets (St.-Petersburg) in Stat
Fax 1904+ biochemical photometer (USA).

Reliability of group-to-group differ-
ences in the studied parameters was deter-
mined using non-parametric Kruskal-Wallis
test with subsequent multiple comparison us-
ing Dunn criterion. The data in the figures
were presented in the form of median,
25+75th percentile.

Results and Discussion

The effectiveness of the tested amino
acid mixture for activation of protein anabo-
lism in skeletal muscle was evaluated in par-
allel with evaluation of the concentration of
glycogen and lipids in the liver, since it is
known that the liver significantly influences
the functional condition of skeletal muscles
through utilization of muscle lactate, re-
synthesis of glucose and redistribution of the
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pool of exogenous amino acids [15].

The results of the experiment in the first
series of animals showed a statistically signif-
icant increase in the level of glycogen in the
2" group of mice (with limitation of protein
in food) in comparison with mice of the 1%
and 3% groups, in parallel with increase in du-
ration of protein limitation in food (Fig. 1).
With this background, mice of this group
showed a tendency to reduction in the level of
the total protein in muscles.

In mice of the 3% group (with compen-
sated protein deficit) the level of glycogen in

muscles after 1 and 2 months of observation
was reliably reduced relative to the 2™ group
animals. The level of total lipids in muscles of
the 3 group mice was significantly lower than
of the 1% and in the 2™ groups. Mice of the 3
group showed a tendency to increase in the total
protein in muscles relative to the 2" group.

In the liver of mice of the 2" group a sig-
nificant increase in the level of glycogen was
noted after 1 and 2 months of observation (Fig.
2). Concentration of the total lipids in the liver of
mice of 2™ and 3° groups showed a statistically
significant reduction relative to the 1% group.
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Fig. 1. Content of glycogen, total lipids and total protein in muscles of mice
of the first series after 1 and 2 months of the experiment.
Note: figures above the bars are the numbers of groups
with which there existed statistically significant differences (p<0.05)
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Fig. 2. Content of glycogen and total lipids in the liver of mice
of the first series after 1 and 2 months of the experiment.
Note: figures above the bars are the numbers of groups
with which there existed statistically significant differences (p<0.05)
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Thus, the results of the first series of the
experiment showed with statistical signifi-
cance (in comparison with the 2" group) that
compensation for protein deficit with the tested
amino acid mixture prevented excessive in-
crease in glycogen in muscles, led to reduction
in lipids in tissue and prevented reduction in
protein in muscles. In our opinion it was also
evident that intake of the tested mixture pro-
duced a regulatory effect on metabolism of
carbohydrates in the liver preventing their ex-
cessive accumulation noted in the 2™ group of
animals kept on the diet with excess of carbo-
hydrates. The observed wide spectrum of in-
fluence of the studied amino acids on metabo-
lism of the main substances in muscles and
liver is probably associated with the fact that in
conditions of protein deficit in a mammalian
organism, the given amino acids may play a
role of a systemic controller (cofactor) on both
enzymatic and genetic level that agrees with
the results of some previous works [6-9].

On the basis of the fact that the liver
controls distribution of the pool of exogenous
amino acids, we conducted the second series
of experiments with modeling of acute hepat-
ic failure. According to the results of this se-
ries, group 3 in contrast to group 2 showed a
tendency for preservation of the content of
protein in muscles at the level of the 1% group
(Fig. 3). Besides, after 1 month of the exper-
iment, in mice of the 3% group a significant

increase in the content of glycogen in muscles
and liver, and in the content of total lipids in
the liver was noted in comparison with 2"
group (Fig. 4). This result may be attributed
to the activating effect of the studied amino
acid mixture on gluconeogenesis and
lipogenesis in liver realized through direct
involvement into the process of the products
of deamination of consumed amino acids —
alpha-ketoacids. These processes finally con-
tributed to preservation of glycogen storages
in the liver in mice of group 3.

The results of the second series of the
experiment permit to make a conclusion that
the tested amino acid mixture, on the one
hand, can produce a direct myotropic effect
and directly prevent loss of protein in mus-
cles, and, on the other hand, it possesses an
evident hepatotropic effect directed at com-
pensation for nitrogenous deficit in the liver
with the underlying deficit of proteins. This
effect of the tested mixture helped maintain
protein-synthesizing function of the liver that
was confirmed by the data of examination of
the blood serum. In particular, the level of the
total protein in blood serum of the animals of
the 3% group (with compensation of protein
deficit) of the second series reliably increased
after 2 months of the experiment as compared
to animals of the 2" group (protein deficit) of
the same series. (Fig. 5). No significant re-
duction in synthesis of urea was noted either.
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Fig. 3. Content of glycogen, total lipids and total protein in muscles of mice
of the second series after 1 and 2 months of the experiment.
Note: figures above the bars are the numbers of groups
with which there existed statistically significant differences (p<0.05)
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Fig. 4. Concentration of glycogen and total lipids in the liver of mice of the second series
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with which there existed statistically significant differences (p<0.05)
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Fig. 5. Content of the total protein and urea in serum of mice of the second series
after 1 and 2 months of the experiment.
Note: figures above the columns designate numbers of groups
with which there existed statistically significant differences (p<0.05)

Conclusion

The conducted research showed that
peroral intake of the tested mixture of ami-
no acids (L-leucine, L-isoleucine, L-argi-
nine, L-methionine in proportion 1:1:1:1)
within 2 months can prevent disorders in
protein-carbohydrate-lipid ratio in skeletal
muscles of male mice of CBA line. This re-
sult can be explained both by direct activa-

tion of metabolism in tissue, and by indirect
mechanisms of interorganic interaction with
the liver.

Thus, the presented mixture of amino
acids can be used as a potential composite
drug that increases effectiveness of usage of
dietary protein with the aim of activation of
anabolic processes in skeletal muscles of an-
imals and humans.
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