OpwruHanbHble ctatbit / Original articles

https://doi.org/10.35401/2541-9897-2022-25-3-13-19 ,.) Check for updates

Use of branched-chain amino acids for reducing exercise-caused
skeletal muscle damage

Egor M. Lednev', Vadim E. Dubrov? Daniil V. Popov’

! State Science Center of Russian Federation — Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow,
Russian Federation

2Lomonosov Moscow State University, Moscow, Russian Federation

* Egor M. Ledney, State Science Center of Russian Federation - Institute of Biomedical Problems of the Russian Academy

of Sciences, 76A, Khoroshevskoe hwy., Moscow, 123007, ledhauz@gmail.com

Received: June 22, 2022. Received in revised form: July 8, 2022. Accepted: August 17, 2022.

Abstract

Introduction: Skeletal muscles damage (direct and vicarious) slows down the recovery processes in patients with injuries of the mus-
culoskeletal system. It occurs in the early postoperative period as well. An increase in the rigidity of the skeletal muscle extracellular
matrix can reduce pain, tissue swelling, and accelerate the recovery of contractility.

Objective: The analyses of the effect of branched-chain amino acids (BCAAs) intake on the expression of /IGF'I genes, type 1, 3 and
5 collagen, which are crucial in the composition of the skeletal muscle extracellular matrix, as well as on the muscle membrane dam-
age against the background of chronic damage to skeletal muscles.

Material and methods: 12 young healthy male subjects, skiers aged 19 (18; 22) received a placebo treatment (maltodextrin, 100 mg/kg
body weight/day; n = 6) or a mixture of amino acids (leucine, isoleucine, valine — 50:25:20 mg/kg body weight/day respectively; n =
6). The treatment was received daily against the background of a large amount of aerobic high-intensity training (up to 22 hours per
week). Before and after the amino acids intake a biopsy of the musculus vastus lateralis was performed, and venous blood samples
were taken during the experiment.

Results: The intake of leucine against the background of training led not only to a pronounced increase in the level of IGF1 protein
in blood by 1.5 times (which corresponds to the literature data), but also to a trend towards an increase in the expression of /GFI/Ea
mRNA by 1.8 times in the skeletal muscle, and a decrease in the level of markers of muscle membranes damage — creatine phospho-
kinase (CPK) activity and myoglobin. In addition, changes in the IGF 1-dependent collagen genes expression strongly correlated with
changes in /GFIEa expression, but not with IGF1 protein in blood (pooled group, n = 12).

Thus, the intake of leucine as a part of the essential amino acids can reduce damage to skeletal muscles caused by excessive physical
activity, lack of physical activity, or direct trauma.

Conclusion: A 10-week BCAAs intake by individuals with documented chronic muscle membrane damage caused an increase
of basal levels of IGF1 in blood and a trend towards increased /GF1 Ea mRNA expression in skeletal muscle, and also caused a modest
reduction in damage of skeletal muscle membrane.
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Pesziome

Benenne: [ToBpexeHUE CKENETHBIX MBIIII (TIPSIMOE M BUKAPHOE) 3aMEJUISET MPOLECChl BOCCTAHOBIICHHS NALIMCHTOB C TPaBMaMHt
OIOPHO-JIBUI'aTEIHLHOTO aIIapara, B TOM YHCIIE B paHHEM IOCJICONEPALMOHHOM MepHO/ie. YBEIMUSHHUE KECTKOCTH BHEKJIETOYHOTO

MAaTpUKCa CKEJIETHOM MBIIIIIBI TO3BOJISICT CHU3HUTH OOJICBOM CHHIPOM, OTEK TKaHEH, YCKOPUTH BOCCTAHOBJICHHE COKPATHTEIILHOM CIT0-
COOHOCTH.
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Heap uccaenoBanus: V3yueHne BIMAHUA NpHeMa aMUHOKHUCIIOT C pa3BETBICHHONW OOKOBOM Lenbio Ha 3Kcnpeccuio reos IGF1,
KOJIJIareHoB 1-, 3- U 5-T0 THMa, SBISAIOLIMXCS KIIOYEBBIMH B COCTaBE BHEKIIETOUHOTO MAaTPHUKCA CKEIETHOM MBIIILBI, U TOBPEKICH-
HOCTb MBIIICYHBIX MEMOpPaH Ha (JOHE XPOHUUECKOTO MOBPEKICHUS CKEJIETHBIX MBIIIIL.

Marepuan u Metoabl: 12 MOJOIBIX 300pOBBIX MyX4uH 19 (18; 22) net, cnopTCMeHbI-IBDKHUKY B TeueHue 10 Henenb NpuHUMaiu
iane6o (MajabToaeKcTpuH, mo 100 Mr/Kr Macchl Tena/neHb; # = 6) WM CMEChb aMUHOKHUCIIOT (JIEHIMH, H30JICHIIMH, BAJIMH B KOJIU-
yectBe 50:25:25 Mr/Kr Macchl Tena/ieHb, COOTBETCTBEHHO; /1 = 6) eXeHeBHO Ha GoHe 00IbIIoro o0bemMa adpoOHBIX BRICOKOMHTEH-
CHBHBIX TPEHHPOBOK (710 22 u/Hen.). JIo 1 moclie mpremMa UM BBIONHSIIACh OUOTICHS JIaTepaibHO TOJIOBKH YETHIPEXIVIABON MBIIIIIBI
Oenpa, a TaKkXKe B XOJI€ DKCIIEPUMEHTA OCYIIECTBILSUICS 3a00p BEHO3HOH KPOBH.

Pesyabrarbi: [Ipuem seiinvHa Ha (GOHE TPEHHMPOBOK HPHUBET HE TOJNBKO K BBIpaKEHHOMY pocTy ypoBHs Oenka IGF1 B kpoBu
B 1,5 pa3a, 4TO COOTBETCTBYET JIUTEPATYPHBIM JaHHBIM, HO M TEHIEHIUH K pupocty skcnpeccud MPHK /GF1Ea B 1,8 pa3a B ckeneT-
HOH MbIIe. Takke CHU3MWICS YPOBEHb MAPKEPOB MOBPEIKACHHOCTH MBIILICYHBIX MeMOpaH — akTuBHOCTH KOK 1 Muoro6una. Kpome
Toro, n3MeHeHus sxcnpeccud IGF1-3aBUCHMBIX T€HOB KOJUIAr€HOB CHWJIBHO KOPPEIMPOBAIM ¢ M3MeHeHueM skcnpeccun [GFIEa,
Ho He IGF1 B kpoBu (00benuHEHHAs rpynmna, n = 12).

Takum 00pa3oMm, IpueM JIeHIIMHA B COCTaBE HE3aMEHUMBIX AMUHOKHCIIOT ITO3BOJISIET CHU3UTH ITOBPEXKICHUS CKEJICTHBIX MBI, BbI3-
BaHHBIE U30BITOYHBIMU (PU3NYECKUMHU HArpy3KaMu, TMIIOAMHAMHUEH WM IPSIMBIMU TPaBMaMH.

3akiouenne: [IpueM aMHHOKHCIIOT ¢ pa3BeTBICHHON OOKOBOII 1iembio B TeueHue 10 Hezmenp JUIaMu ¢ MTOATBEP)KICHHBIM XPOHH-
YECKUM MOBPEKIACHNEM MBIIIEYHBIX MeMOpaH BbI3Bal pocT OasanpHOro ypoBHA IGF1 B KpOoBH M TEHIEHIHIO K POCTY IKCIPECCHUU
MPHK /GF1Ea B ckelIeTHBIX MBIIIIAX, a TAKXKE CIOCOOCTBOBAN YMEPEHHOMY CHIDKEHHIO IMOBPEXKICHHOCTH MBIIMICUHBIX MeMOpaH
CKEJICTHBIX MBILIIIL.

Kniwoueevie cnosa: onopHO-IABUTaTENIbHBIA alllapaT, CKEJICTHAs MBIIIIA, HOBPEX/CHUE, BHEKJICTOYHBIH MaTPUKC, TPEHUPOBKH, KOJI-
JarexH
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Introduction

Muscle damage, both direct and vicarious (due to train-
ing, immobilization, bed rest, excessive exercise) leads to
edema, pain, and decreased muscle contractility [1]. This
problem is relevant for people with impaired functional-
ity (for example during rehabilitation after prolonged bed
rest) performing ordinary physical activities. Damage of
muscle membranes and extracellular matrix is one of the
reasons behind delayed muscle soreness caused by physi-
cal activity [2, 3]. The increase of the extracellular matrix
(ECM) stiffness, which pays a key role in transmitting
force to tendons, may be a way of preventing damage and
speeding up muscle recovery.

Insulin-like growth factor type 1 (IGF1) is one of the
regulators of the expression of collagens and other ECM
proteins [4]. Numerous studies involving patients with ac-
romegaly and growth hormone (GH) deficiency as well as
healthy volunteers, have shown that GH-induced increase/
decrease in serum IGF1 leads to an increase/decrease in
the expression of IGFI, COL1AI, COL3A41, LOX as well
as to a change in the rate of collagen synthesis in muscu-
lus vastus lateralis and an increase/decrease in stiffness
of the patellar ligament [5-8]. At the same time, work on
fibroblasts demonstrated that it is IGF1, and not GH, that
regulates collagen synthesis [9].

The source of IGF1 in blood is liver, which synthe-
sizes and secretes it under the influence of GH [10]. In
addition, the level of IGF1 in blood can be increased by
the consumption of food rich in leucine [11, 12]. The in-
crease in the amount of protein in food in combination
with vitamin D3 after 6 months raises the level of IGF1 in
the blood of elderly patients with hip fracture [13]. More-
over, an increase in /GFI gene expression in response
to branched-chain amino acids (BCAAs) was found in
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primary porcine hepatocytes and HepG2 cells [14, 15].
At the same time, the effect of leucine on /GFI expres-
sion in skeletal muscle has practically not been studied.
It is important to take into consideration that the effect
of IGF1 at tissue level in the adult organism is primarily
associated with locally secreted IGF1, since the bioavail-
ability of systemic IGF1 decreases due to its binding to
the IGFBP proteins [16].

In this study it is suggested that the intake of leucine
as a part of amino acids against the background of chronic
damage to skeletal muscles (a model of constant inten-
sive aerobic training) will reduce the damage and activate
ECM biogenesis, including through the IGF1-dependent
signaling pathway. We have studied the effect of a 10-
week BCAAs intake in volunteers who regularly perform
intensive training (skiers who train 2 times a day, about
22 hours per week).

Objective

The analyses of the effect of branched-chain amino
acids (BCAAs) intake on the expression of /GFI genes,
type 1, 3 and 5 collagen, which are crucial in the composi-
tion of the skeletal muscle extracellular matrix, as well as
on the muscle membrane damage against the background
of chronic damage to skeletal muscles.

Material and methods

The research program was approved by the Biomedical
Ethics Committee of the State Scientific Center of the Rus-
sian Federation — Institute for Biomedical Problems of the
Russian Academy of Sciences (Protocol no. 411 dated De-
cember 5, 2015). All studies were carried out in accordance
with the Declaration of Helsinki. All volunteers signed
a written informed consent to participate in the study.
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Study organization

12 men (cross-country skiing, sports qualification from
adult First-Class Sportsman to Candidate for Master of
Sport, regular training experience of at least 3 years; aver-
age age 19 (18; 22) years, body weight 71.2 (68.6; 74.6) kg,
height 1.78 (1.72; 1.80) m, body mass index 23.0 (22.4;
23.3) kg/m?, (VO,,_ (maximum rate of oxygen uptake)
4.69 (4.22; 4.97) I/min, total training 21-22 hours/week
before and during the experiment)) were divided into ex-
perimental and control groups (6 people per group) in ac-
cordance with anthropometric and functional indicators.

The study was double-blind, placebo-controlled.
Volunteers received a placebo treatment (malto-
dextrin 100 mg/kg body weight/day) or BCAAs
(leucine:isoleucine:valine, in the amount of 50:25:25 mg/
kg body weight/day respectively; Academy-T, Russia)
daily in the morning after training. Prior to the experi-
ment, the diet of volunteers in both groups did not differ
and was sufficient. During the experiment, volunteers
were advised to maintain a diet similar to that before
the experiment. Additional intake of biologically active
additives was not allowed. Volunteers did not take any
kind of medication before and during the experiment.
Before the beginning of the experiment and 3, 6 and
10 weeks after, venous blood samples were taken every
morning on an empty stomach after a day of rest before
the BCAAs intake. Before and 12 weeks after the begin-
ning of treatment and training, a biopsy of the musculus

vastus lateralis was performed by a fine-needle automa-
tic microbiopsy using a Bard Magnum biopsy instru-
ment (USA). Aerobic capacity was assessed 2—3 days
after the biopsy during a treadmill test.

The concentration of IGF1 protein in blood serum
was determined using an IMMULITE 2000 immuno-
chemical automatic analyzer (Siemens, USA). Creatine
phosphokinase (CPK) activity and myoglobin concentra-
tion in blood serum were measured using an AU680 bio-
chemical automatic analyzer (Beckman Coulter, USA).
Gene expression changes were assessed using a real-time
polymerase chain reaction (PCR) technique. Muscle tis-
sue samples were homogenized, then RNA was isolated
from them using RNeasy Mini Kit (Qiagen, Germany)
with subsequent assessment of the quality and concen-
tration of RNA using a NanoDrop 2000 device (Thermo
Fisher Scientific, USA). After the treatment with DNase
I (Thermo Scientific Fermentas, Lithuania) and obtain-
ing complementary DNA (¢cDNA) with the MMLV RT
Kit (Evrogen, Russia) real-time PCR was performed
(Rotor Gene Q (Qiagen)), HS-qPCR SYBR reagent kit
(Evrogen, Russia). The mRNA expression of the target
genes was assessed by the ACt method with the refe-
rence genes RPLP( and GAPDH. Primers are presented
in Table 1.

The distribution of the studied variables was checked
using the Shapiro—Wilk test and histograms; the variables
distribution was abnormal, and therefore non-parametric

Table 1
Used primers
Tabnuua 1
Hcnosb30BaHHbIe MpaliMepbl
Transcript Direction Sequence, 5°-3’ Product size, bp
IGF1 signaling pathway
normal ATGCTCTTCAGTTCGTGTGTG
[GF-1Ea reverse GCACTCCCTCTACTTGCGTTC 285
normal ACCAACAAGAACACGAAGTC
[GF-1Ec (MGF) reverse CAAGGTGCAAATCACTCCTA 281
IGFIR normal GTGACGGGCTACGTGAAGAT 148
reverse CCCACAGTTGCTGCAAGTTC
INSR normal CAGCGAGAAACTGCATGGTC 158
reverse GAAGACCCCATCCTTCAGGG
Intramuscular collagens
COLIAI normal CTCCAGGTGAAGCAGGCAAA 90
reverse AACCTCTCTCGCCTCTTGCT
normal TGTTCCACGGAAACACTGGT
CoL3AI reverse CGGCTGGAGAGAAGTCGAAG 162
normal ACAACAACCCCTACATCCGC
COL3AI reverse TGACGCTTCACCGAAGTCAT 143
Reference genes
RPLPO normal CACTGAGATCAGGGACATGTTG 77
reverse CTTCACATGGGGCAATGG
normal CAAGGTCATCCATGACAACTTTG
GAPDH reverse GTCCACCACCCTGTTGCTGTAG 496
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statistical methods were used. Despite the small sample
size, the chosen statistical methods (Mann—Whitney
U test, Friedman’s one-way analysis of variance with
Dunn’s post hoc test, Spearman’s rank correlation coef-
ficient) demonstrated its sufficiency and adequacy. All
results are expressed as medians and interquartile ranges
as “Me (Q1; Q2)”. To assess the significance of differ-
ences between groups, the nonparametric Mann—Whitney
U test was used. For all used methods, the threshold level
of significance equaled 0.05.

Results

The effectiveness of 10 weeks of training for both
groups of volunteers was expressed in the same increase
in maximum running speed and VO, . However, the
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group taking BCAAs experienced a significant increase in
running speed at the anaerobic threshold by 15.7% with-
out an increase in oxygen consumption (figure 1A).

In the control group CPK activity was 197 IU/L, myo-
globin content was 32 pg/L (figure 1B—1E). In the ex-
perimental group CPK activity was 237 IU/L, myoglobin
content was 32 ug/l. It should be noted that at the begin-
ning of the experiment, CPK activity in 4 out of 6 volun-
teers in the control group and in 5 volunteers in the experi-
mental group was higher than the reference values of the
corresponding set of reagents (10-171 IU/L, figure 1B).
BCAAs intake led to a significant decrease in the CPK
activity and to the difference in these values between the
groups at the 6™ week. It should be noted that in the ex-
perimental group the values were lower.
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Figure 1. Changes in running speed at the anaerobic threshold (4), CPK activity levels (B — absolute values, C — differences
from initial level) and myoglobin levels (D — absolute values, E — differences from initial level) during 10 weeks of training
Note: * corresponding color — difference from the initial level in the corresponding group, p < 0.05; ## — difference between
groups, p < 0.05. The orange dotted line indicates the reference values for CPK activity and myoglobin levels

Pucynok 1. Hsmenenus ckopocmu b6eza na anaspodnom nopoee (4), yposueu akmusnocmu KOK (B — abconiomuole 3Hauenus,
C — usmeHeHuUs1 OMHOCUMENbHO UCXOOHO20 YPOsHs) U Muocnobuna (D — abconiomnvie snauenus, E — usmenenus omuocumenvho

UCX0OH020 YPosHs) 8 xo0e 10 nedenb mpeHuposok

Ilpum.: * COOTBETCTBYIOIIETO IBETA — OTJIMYHE OT UCXOIHOTO YPOBHS B COOTBETCTBYoMIEH rpymme, p < 0,05; ## — pasnuune Mex-
Iy rpynmamy, p < 0,05. OpamxeBbIM IyHKTHPOM yKa3aHbl pedepeHcHbIe 3HadeHus it aktTuBHOCTH KOK 1 ypoBHS MHOTIIOOMHA
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There was an increase in the content of IGF1 protein in
the blood serum against the background of taking leucine
as a part of essential amino acids from the normal initial
level by 42% at week 6 and by 47% at week 10, with
a trend (p < 0.1) to a difference between groups at week
6 (figure 2A).

Expression of IGFIEa mRNA isoform (figure 2B)
and COL5A1 collagen slightly increased (p < 0.1) in the

experimental group, COL3A1 also slightly increased ex-
pression (p < 0.1) in both groups (table 2). Changes in the
IGFIR mRNA content were not found, /NSR expression
decreased in the control group (p < 0.05).

During the analysis of results of a combined group of
volunteers (n = 12) a strong significant correlation was
discovered between the expression of /GFIEa mRNA
and mRNA of COLIAI, COL3A41 (together make up
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Figure 2. Changes in the content of the IGF I protein in the blood (A) and the level of the IGF 1 Ea mRNA isoform in the skeletal

muscle (B)

Note: * of the corresponding color — difference from the initial level in the corresponding group; ## — difference between groups,
p <0.05; @ — difference from initial level, p <0.1
Pucynox 2. Usmenenus cooeposcanus denxa IGF1 6 kposu (A) u ypoens usogpopmer MPHK IGF1Ea 6 ckenemnou moiuye (B)

Ipum.: * COOTBETCTBYIOLIETO LIBETA — OTJIMYHE OT HCXOIHOTO YPOBHS B COOTBETCTBYIOLICH IpyIIIe; ## — pa3iaudne MexXIy TpyIl-
namy, p < 0,05; @ — oruuue oT ucxoaHoro yposHs, p < 0,1

Table 2

Expression of JGFI mRNA isoforms of target genes in skeletal muscle in the control (C) and experimental (AA) groups.
Data are presented as the ratio of target gene expression to reference gene expression (x1000)

Tabnuua 2

Ixenpeccusi IGF1 nzopopm MPHK uesieBbIX reHOB B CKeJIeTHOI Mblile B rpymnne KoHTpoJs (K) u sxcnepumenTa (AA).
JlaHHble npeacTaB/ieHbl KAK OTHOIIEHUE IKCIPECCHHM 1eJIeBbIX FeHOB K 3Kcnpeccun pedepercHbix (X1000)

Transcript Control Amino acids
before after before after
[GF1Ea (56:75) (1.2:102) (363 (8-18(2.3‘:2)
IGF1Ec (MGF) (0,03%;005.067) (o.ogz'%. 17) (0.091';03.%55) (O-O%g;gg-ﬁ)
IGFIR (0.1%;23.32) (0.0%52;00.4) (0.1%;33.58) (012}23.41)
INSR (5.5:84) (1.24;2;*?2) (1254 (69:62)
coLiAl (0.15: 10 022:075) 11134 0332
CoL3AI (14(1);5(1)90) (16?)?(;;00) (14(1);9270) (25‘:1?(;;00)
COL3AI En G118 (15;52-8) (3-55;1 5*-8)

Note: ## difference between groups, p < 0.05; * tendency to the difference from initial level, p < 0.1

Hpum.: ## paznmuane Mexay rpymmamu, p < 0,05; * TeHIeHIHS K OTIIHYHIO 0T Ha4albHOTO YpoBHS, p < 0,1
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Figure 3. Correlation of COLIAI (4), COL3A1 (B), and COL5A1 (C) mRNA expression with IGF1Ea mRNA expression

in skeletal muscle

Pucynox 3. Koppenayus sxenpeccuu mPHK COLIAI (A), COL3A1 (B) u COL5AI (C) ¢ axcnpeccueti mPHK IGF1Ea 6 ckenem-

HOU Mbluiye

more than 50% of the mass of the skeletal muscle ECM)
[17], COL5A1 in skeletal muscle (figure 3) which was not
observed during the comparison of correlation of these
genes with the level of /GFI in blood.

Discussion

The leucine intake as a part BCAAs by the volun-
teers against the background of intense physical activity
led to an increase in the concentration of IGF1 protein
in blood by 1.5 times. This result is similar to those ob-
tained in other studies on animals and volunteers [11-13].
However, the trend towards an increase in the content of
IGF1Ea mRNA in the experimental group in human ske-
letal muscle has not been previously presented (Table 2).
The obtained strong correlation coefficients of collagen
and /GF'1Ea emphasize the importance of IGF1 in the au-
tocrine/paracrine regulation of skeletal muscle ECM stift-
ness and its resistance to damage.

Increased basal levels of CPK and myoglobin activity in
all subjects indicate chronic muscle fiber damage in volun-
teers due to continuous intensive aerobic training. The fact
that the activity level of CPK and, to a lesser extent, myo-
globin after 6 weeks decreased in the experimental group
in comparison to the control group indicates an increase in
resistance of muscle fiber membranes to damage. It corre-
lates with the results of the studies examining the effect of
a 5-week protein intake (33.5 g/day) on long-distance run-
ners. A lower level of CPK basal activity and a significant-
ly lower increase in this indicator after a 42 km marathon
were observed against the background of BCAAs intake,
as well as a higher performance in a 12-minute test (dis-
tance covered) [18]. The discovered increase in the speed at
the anaerobic threshold without an increase in the oxygen
consumption intake can be associated with the ECM stift-
ness increase (epimysium, perimysium and endomysium)
[19-21]. Our results on the running efficiency increase in
the experimental group are consistent with data that indi-
cate a decrease muscle membranes training damage.
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Conclusion

In our study of the effects of the essential amino ac-
ids on skeletal muscle damage, it has been noticed that
10 weeks of leucine, isoleucine, and valine intake in
young athletes with documented chronic muscle mem-
brane damage caused an increase in basal blood levels of
IGF1 and a trend towards an increase in /GF/Ea mRNA
expression in skeletal muscles. The results of our study
show that long-term use of these amino acids is associ-
ated with reduced muscle damage and increased running
speed in athletes performing intensive aerobic training.
The close correlation found between /GF1 gene expres-
sion and expression of genes encoding extracellular ma-
trix proteins in skeletal muscle suggests that the reduction
in muscle damage against the background of amino acids
intake is mediated by IGF1-dependent regulation.

We believe that in order to obtain more pronounced
protective properties of amino acids in cases of muscle
damage, the dose increase and/or prolongation of amino
acids intake duration may be necessary. Further research
is needed to test this hypothesis. In addition, it seems
promising to study the effect of amino acids intake on
muscle damage in individuals with impaired functionality
during normal physical activity.
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