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BJIMAHUE SJIEKTPOCTUMYJIALUUN MbILLL, BEJPA HA
YPOBEHb UHTEPJIEMKUHA-6 NMPU TPABMATUYECKOM
NOBPEXAEHMUW NEPEQHEN KPECTOOBEPA3HOMN CBA3KU
KOJIEHHOIO CYCTABA
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Pesome. TpaBMaTtnueckoe ITOBpEXIeHNE TTepeaHell KPecTOOOpa3HOM CBI3KM MPUBOIUT K HAPYIICHUIO
OIOPOCIIOCOOHOCTU U MEXaHUYECKOM HECTAOMIbHOCTU KOHEYHOCTU. OIHUM U3 YaCThIX OCJIOKHEHUI I10-
cJie TpaBMBbl, SIBJISIETCSI apTPOTEHHOE MBIIIIEYHOE TOPMOXKEHME, BCIAEACTBUE MHIMOUPOBAHUS YEThIPEXIIIABOM
MBIIIIBI ¥ pa3BUTHS (PYHKIIMOHAJIBHON KOHTPAKTYyphl. HalipoTuB, OMHMM M3 TTOKa3aTesieii BBICOKOI MBI-
LIEYHOM aKTUBHOCTU SIBJISIETCSI JOCTATOYHbBIA YPOBEHDb B KPOBU (DYHKIIMOHAIBHBIX MbILIEYHBIX OCIKOB-MU-
OKWHOB, B YaCTHOCTH WHTEpJEUKUHA-6, SKCIIPECCUPYIOLIMXCS U BBICBOOOXKIAIOIIUXCS MBIIIEYHBIMU BO-
JnokHamu. Llenbio uccinenoBaHus SBUJIOCh U3YYEHHUE YPOBHSI MHTEPJICHKUHA-6 Y MY>KUUH C MOBPEXICHUEM
rnepeaHeil KpecTooOpa3HOM CBI3KU B AMHAMUKE 3JIEKTPOMUOCTUMYJISILIMUA YEThIPEXIIaBOi MBIIIILIBI Oeapa.

B nccnengoBaHuu MpuHUMAaIM ydacTre 23 My>K9UHBI, cpeaHuii Bo3pact 34,8+2,2 roga, ¢ TpaBMaTUUECKIM
MOBpEXIeHNEM IIepeIHel KpecTOOOpa3HOM CBSI3KM, KOTOPHIM 3a 10 aHEel 10 onepaTUBHOIO BMEIIATeIbCTBa
MIPOBOAMJIACH DJIEKTPOMUOCTUMYJISILIMS YEThIPEXIIaBOI MBI 6eapa Ha annapare INTELECT® Advanced
(Chattanooga (DJO), CIIIA). KOHTpOabHYIO TPYIIIY COCTaBUJIM 12 3M10pPOBBIX MYKUMH, CPEAHUI BO3pacT
32,2+2,4 rona. YpoBeHb IL-6 onpenessiyii B CBIBOPOTKE KPOBU JI0 JIEKTPOMUOCTUMYJISIIIMY, U B TUHAMU-
Ke ¢ TTOMOIILIbI0 Habopa A1 UMMYHoMepMeHTHOro aHainusa («BekTop-bect», . HoBocubupck). O6paboTKy
MOJYYeHHBIX JaHHBIX IIPOBOIMIIN ¢ IPUMEHEHNEM TTaKeTa JIMIECH3MOHHBIX ITporpamMM Statistica. vers. 10.0.

BaszanbHblii ypoBeHb 1L-6 B ocHOBHOII rpyrmmne coctaBui 1,28 (0,87-1,72) 1ir/mJji, 4To 3HAYUMO HUXKE B
CpaBHEHUH C OKa3aTesIeM 3I0pOBBIX Il 5,2 (3,8-6,1) nr/mi1 1 00yCIOBIIEHO HU3KUM YPOBHEM (PU3MIECKOM
AKTUBHOCTH, BCJIEICTBME (DYHKIIMOHAIBHOM KOHTPAKTYPBI YeThIPEXTIIaBOM MBIIIIEL. B nuHaMmKe 3J1eKTpo-
MUOCTUMYJISILUM Ha 5-€ CyTKU ypoBeHb 1L-6 3Haummo yBenuuuics B 3,2 pa3a OT 0a3ajbHOrO ypOBHSI, Ha
10-e cyTku B 4,6 pa3, Ipy 3TOM He MpeBbIlIas MoKas3aTesl TPYIIIbl 340POBbIX JIML. [1pu cokpaleHnu MUO-
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LIMTOB, B IIUTOILIa3Me KJIETOK MOBBIIIAIACh KOHIIEHTPALMSI MUOKWMHA — MHTEePJIeMKUHA-6, CTOCOOCTBYIOIIAsT
HaKOIUICHUIO B MBIIIEYHON KJIETKE MAaKpO3PTOB, BCJICACTBME MUOKMH-3aBUCUMON aKTUBALIUM TJIUMKOTEHO-
nu3a. PerapaTuBHbBIC M TPOTUBOBOCTIAIUTEIbHBIC CBOMCTBA I L-6 peain3ytoTcst B CTUMYTUPYEMBbIX TTOTIepey-
HO-TIOJIOCATHIX MBIIIIIAX TT0 MEXaHU3MY KJIACCUYECKOTO CUTHAJIMHTA, CTIOCOOHOTO OJIOKMPOBATH AKTUBALIMIO
YHUBEPCAJTbHOTO BHYTPUKJIETOUHOTO (hakTopa TpaHckpumimn NF-kB, B OTHOILIEHUN TIPOAYKIINU TTPOBOC-
MaJUTEJIbHBIX IIMTOKWMHOB. TakM 00pa3oM, 3JIEKTPOMUOCTUMYJISIIIMS A0 Hadajaa ONepaTUBHOTO JICUCHUS
MPUBOAUT K MOBBIIIEHUIO KOHIIEHTPALIMK B KPOBU MUOKMHA — [L-6, 4TO ciocoOCTBYeT yBeTUUSHU IO MPOTH -
BOBOCHAJIMTEIbHOTO U PETNapaTUBHOrO MOTEHIIMATIA TTOBPEXKICHHbBIX TKAHEN.

Knroueswie crosa: myxscuunnl, nospescoenue nepeoreii KpecmoodpasHoll C8sA3KU, IAeKMPOMUOCUMYAAUUSL, MUOKUHYL, 116,
penapayus

EFFECT OF ELECTRICAL STIMULATION OF THE THIGH
MUSCLES ON THE LEVEL OF INTERLEUKIN-6 IN TRAUMATIC
INJURIES OF THE ANTERIOR CRUCIATE LIGAMENT OF THE
KNEE JOINT

Akhmetyanov R.R.2 Davydova E.V.2*, Sabiryanov A.R.”

¢ Chelyabinsk Regional Clinical Hospital, Chelyabinsk, Russian Federation
b South Ural State Medical University, Chelyabinsk, Russian Federation

Abstract. Traumatic damage to the anterior cruciate ligament leads to impaired support and mechanical
instability of the limb. One of the frequent complications after injury is arthrogenic muscle inhibition due to
inhibition of the quadriceps muscle and the development of functional contracture. On the contrary, one of the
indicators of high muscle activity is a sufficient level in the blood of functional muscle proteins — myokines,
in particular interleukin-6, which are expressed and released by muscle fibers. The aim of the study was to
study the level of interleukin-6 in men with damage to the anterior cruciate ligament in the dynamics of
electromyostimulation of the quadriceps femoris.

The study involved 23 men, mean age 34.8*2.2 years, with traumatic injury of the anterior cruciate
ligament, who, 10 days before surgery, underwent electromyostimulation of the quadriceps femoris using the
INTELECT® Advanced device (Chattanooga (DJO), USA). The control group consisted of 12 healthy men,
mean age 32.21+2.4 years. The level of IL-6 was determined in the blood serum before electromyostimulation,
and in dynamics using a kit for enzyme immunoassay (Vector-Best, Novosibirsk). The obtained data were
processed using the Statistica licensed software package v. 10.0.

The basal level of 1L-6 in the main group was 1.28 (0.87-1.72) pg/mL, which is significantly lower than
in healthy individuals 5.2 (3.8-6.1) pg/mL and is due to a low level of physical activity due to functional
contracture of the quadriceps muscle. In the dynamics of electromyostimulation on the 5" day, the level of IL-6
significantly increased by 3.2 times from the basal level, on the 10" day by 4.6 times, while not exceeding that of
the group of healthy individuals. With the reduction of myocytes, the concentration of myokine interleukin-6
increased in the cytoplasm of cells, which contributes to the accumulation of macroergs in the muscle cell, due
to myokine-dependent activation of glycogenolysis. The reparative and anti-inflammatory properties of 1L-6
are realized in stimulated striated muscles by the classical signaling mechanism that can block the activation
of the universal intracellular transcription factor NF-xB in relation to the production of pro-inflammatory
cytokines. Thus, electromyostimulation before the start of surgical treatment leads to an increase in the
concentration of myokine IL-6 in the blood, which contributes to an increase in the anti-inflammatory and
reparative potential of damaged tissues.

Keywords: men, anterior cruciate ligament injury, electromyostimulation, myokines, IL-6, repair
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Introduction

Traumatic injuries of the anterior cruciate ligament
(ACL) are leading with an incidence of 4 cases per
1000 people [1]. Traumatic ACL injury occurs 20-
30 times more often than ruptures of the posterior
cruciate ligament, more often in women than in
men [7], presumably due to the peculiarities of the
hormonal background [2]. ACL is the most important
component of knee joint stabilization, which has an
extensive proprioceptive field, which is the primary
link of the kinematic apparatus. The impulses coming
from the proprioceptors limit and mechanically
stabilize the muscle response. Rupture ofthe ACL leads
to impaired support ability and mechanical instability
of the limb [4]. Most often, the ACL is damaged by a
sharp deviation of the lower leg outward and torsion
of the thigh inward. One of the classic complications
that occurs after a knee injury is arthrogenic muscular
inhibition (AMT), diagnosed by difficulty or absence
of limb extension due to inhibition of the quadriceps
muscle and the development of functional contracture
of the hamstring. The prolonged course of the AMT
phenomenon leads to atrophy of the quadriceps
muscle, constant pain in the knee, dynamic instability
of the knee joint and has a negative impact on the
outcome of surgical treatment [11].

At the same time, one of the indicators of high
muscle activity during intensive motor mode is a
sufficient level in the blood of functional muscle
proteins — myokines, which are expressed and released
by muscle fibers and have a polymodal effect on target
organs and tissues [10]. In recent years, numerous
data have been accumulated on the effect of myokines
on the main homeostatic systems: nervous, immune,

endocrine. By exerting a local paracrine effect, myo-
kines, in particular IL-6, can affect the signaling
pathways involved in muscle metabolism [10].

In connection with the above, the aim of our work
was to study the dynamics of the level of myokine 1L-6
in men with ACL damage in the dynamics of static
electrical myostimulation (EMS) of the quadriceps
femoris muscle.

Materials and methods

The main study group consisted of 23 men,
whose average age was 34.8+2.2 years, with a verified
diagnosis according to ICD-10 S83.5. Stretching,
rupture and overstrain of the anterior cruciate
ligament of the knee joint with an injury less than 4
months old, admitted for reconstructive surgery. The
main complaints of patients: a feeling of instability
in the damaged knee joint (87%), moderate pain
(64%), muscle hypotrophy of the limb (43%). To
verify the diagnosis, an orthopedic examination and
X-ray examination were performed. All patients 10
days before surgery underwent EMS of the quadriceps
femoris muscle daily, working cycle 10 s stimulation/10
srelaxation, for 20 min on the INTELECT® Advanced
combination therapy device (Chattanooga (DJO),
USA). The current strength was increased every 2-3
cycles after the start of exposure, until noticeable
muscle contractions appeared.

The control group consisted of 12 healthy men
with an average age of 32.2+2.4 years. The level
of IL-6 was detected in the venous blood serum of
healthy individuals and patients with ACL damage in
dynamics before EMS, on the 5" and 10" days using
a set of reagents for enzyme immunoassay (Vector-
Best, Russia) in the concentration range 0-300 pg/

pg/mL

Healthy
individuals

Basal

5 days 10 days

Figure 1. Level of IL-6 in the blood of healthy individuals and in the dynamics of electromyostimulation
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mL, at a wavelength of 450 nm. The obtained data
were processed using the Statistica licensed software
package v. 10.0 (StatSoft Inc., USA). When comparing
data, the nonparametric Mann-Whitney test was
used, in the dynamics of EMS using the Wilcoxon test.
Differences were considered significant at p < 0.05.

Results and discussion

Prior to the EMS of the quadriceps femoris, the
basal level of IL-6 in the main group was 1.28 (0.87-
1.72) pg/mL, which is significantly lower than in
healthy individuals 5.2 (3.8-6.1) pg/mL (Figure 1). In
the dynamics of EMS on the 5™ day, the level of IL-6
reached a value of 4.2 (3.4-5.1), on the 10" value 6.1
(4.9-6.8), significantly different from the basal con-
centration. At the same time, the values of IL-6 on the
S5t and 10™ days did not exceed the values obtained in
the group of healthy individuals.

When exposed to and propagated by an electrical
impulse with a frequency of more than 10 Hz,
depolarization of the sarcolemma occurs, associated
with a change in the potential difference. Control over
the electromechanical conjugation of contraction
processes during EMS of the striated fibers of the
quadriceps muscle is designed to be carried out by
the intracellular T-system and the sarcoplasmic
reticulum, causing a directed current of calcium ions
in the sarcoplasm. The maximum intensity of the
contractile act occurs with the synergy of the frequency
ranges of nerve impulses and electrical stimulation.
An impulse arriving at a frequency of more than 50 Hz
forms and prolongs the excitation of the nerve fiber
and induces passive muscle contraction. It is known
that pulsed currents of low frequency, acting on the
system of blood and lymph capillaries, contribute to
the redistribution of the tissue component of the fluid.

With the reduction of myocytes, in the cytoplasm
of cells, in addition to an increase in the level and
enzymatic activity of macroergs (creatine phosphate,
adenosine triphosphate), synthetic activity increases
in relation to the production of myokines. Our studies
have shown that the baseline level of interleukin-6
before the EMS procedure was significantly reduced
in comparison with healthy men, probably due to a
low level of physical activity associated with injury
and conscious limitation of muscle loads. On the 5
day and then on the 10™" day, there was an exponential
increase in the level of myokine IL-6 in the blood,
however, its level at the end of the EMS course did
not exceed the levels of healthy individuals, which
suggests the presence of other, in particular, anti-
inflammatory and reparative properties. myokine in
relation to muscle tissue. Some authors believe that an

increased level of 1L-6 contributes to the accumu-
lation of macroergs in the muscle cell.

Literature sources state that the role of IL-6 is not
limited to participation in the acute-phase systemic
inflammatory response, but the upregulation of its
concentration in the acceptable physiological range
contributes to the supply of actively functioning
muscles with a set of energy substrates [3, 6]. A
striking example is the myokine-dependent acti-
vation of glycogenolysis in hepatocytes with a pa-
rallel increase in the expression of type 4 glucose
transporter on hepatocytes and myocytes [9]. There
is information about the stimulation of lipolysis
processes in adipocytes and the oxidation of free fatty
acids by subthreshold concentrations of 1L-6, which
are utilized by actively functioning myocytes [8].

The pleotropic biological properties of IL-6
are realized through the coordinated work of the
receptor complex, consisting of the IL-6R monomer,
which directly binds the myokine itself, and the
active gp130 subunit, which mediates a cascade of
proteolytic transformations leading to the launch of
the JAK/STAT (janus kinase/signal transducer and
activator) signaling cascade. of transcription protein)
or MAPK (mitogen-activated protein kinase) [12].
The reparative and anti-inflammatory properties of
IL-6 are realized in stimulated striated muscles by
the classical signaling mechanism that can block the
activation of the universal intracellular transcrip-
tion factor NF-kB, an inducer of the signaling cas-
cade responsible for generating an inflammatory
response [13, 14].

Relatively recently, it was shown that IL-6 pro-
motes the formation of an alternative phenotypic
transformation of macrophages into the M2 form,
which, through the production of a number of anti-
inflammatory cytokines, IL-10 and TGF-p, is
involved in the processes of repair and remodeling,
including in damaged muscle tissue. It has also been
shown that IL-6 exhibits the properties of an inducer of
the expression of the alpha chain of the IL-4 receptor
(IL-4R) in M2 macrophages, sensitizing these cells to
IL-4-mediated activation [5].

Conclusion

Thus, EMS before the start of surgical treatment of
traumatic ACL injury leads to an increase in the blood
concentration of myokine IL-6, within the range of
healthy individuals, which contributes to an increase
in the anti-inflammatory and reparative potential of
damaged tissues.
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