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REVIEW | REHABILITATION

COMPREHENSIVE ASSESSMENT OF POSTURAL CONTROL AS
A CONCEPTUAL BASIS FOR OPTIMIZING REHABILITATION AND
RECOVERY PROGRAMS IN SPORTS

Andreev DA'™, Karmazin VV?, Parastaev SA!

"Department of Rehabilitation, Sports Medicine and Physical Education, Faculty of Pediatrics,
Pirogov Russian National Research Medical University, Moscow, Russia

?Federal Research and Clinical Center of Sports Medicine and Rehabilitation,
Federal Medical-Biological Agency, Moscow, Russia

This literature-based review focuses on the basic physiological aspects of proprioception. Below, we describe and compare
a number of biomechanical platforms used to measure postural control in high-class athletes. We define the primary goals of
biomechanical assessment of postural problems, paying special attention to the functional performance of proprioceptors and
proprioceptive control. We also provide a list of clinical and biomechanical indicators of proprioceptive damage and propose a
diagnostic algorithm for assessing static and dynamic impairments in high-class athletes.

Keywords: biomechanics, proprioception, postural balance, functional asymmetry, stabilometry, unstable platforms, balance
assessment, diagnostic algorithm, high-class athletes

<] Correspondence should be addressed: Dmitry Andreev
ul. Ostrovityanova 1, Moscow, Russia, 117997; drada_rus@mail.ru

Received: 16.11.2017 Accepted: 05.12.2017

UHTEIMPAJIbHAA XAPAKTEPUCTUKA 3POEKTUBHOCTH
MOCTYPAJIbHOIO KOHTPOJ11 KAK KOHLUENTYAJIbHASA NMJIAT®OOPMA
011 oNnTUMN3ALUN PEABUTTNTALNOHHDBIX

N BOCCTAHOBUTEJIbHbIX MPOIrPAMM B CINMOPTE

0. A. AHopees'™, B. B. KapmasuH?, C. A. MNapacTaes’

"Kadegpa peabunnuraumm, CnopTUBHON MeaULMHbI 1 (PUSNHECKON KyNbTYPbl, NMEANATPUHECKMA (haKybTET,
Poccuiickunin HaumoHanbHbI MCCReaoBaTeNbCK MeAUUMHCKMIA yHMBepcuTeT umenHn H. V1. Muporosa, Mockea

2 ®efepanbHbIi HayHHO-KIMHUHECK LIEHTP CNOPTUBHOM MeAMLIMHBI 1 peabunmTtaimm,
denepansHoe Meavko-6ronornieckoe areHTcTeo, Mockea

B 0630pe npoaHannanpoBaHbl faHHbIE NUTEPATYPHbIX NCTOYHUKOB MO OCHOBHLIM (DU3MOMOMMHYECKM acrekTaM CUCTEMI
nponpuoLenuun. MpoBeagHa CpaBHUTENbHAS XapaKTEPUCTUKA KCTOMb3YeMOoro G1oMexaHn4eckoro o6opyaoBaHns Ans am-
arHOCTUKM 3(PDEKTVBHOCTU MOCTYPASIbHOrO KOHTPOJS Y CMOPTCMEHOB BbICOKOro Kracca. OnpeaeneHbl nepBooYepenHble
3afa4mn GrnomMexaHn4eckoro o6cnenoBaHnst NPy HapyLLEHUW NOCTYPasibHOro 6anaHca, cpean KOTOpPbIX MPUOPUTET OTAAeTCA
oLeHKe (hYHKLIMOHANBHOM COCTOATENIbHOCTM BCEX TUMOB MPOMPYOPELIENTOPOB 1 MPOMPUOLIENTUBHOMO KOHTPOSS. [NpnBeaeHsbI
KIIMHNKO-B1OMEXaHNYeCcKne KpUTepin MponproLIENTUBHBIX HAPYLLIEHWA Y CMOPTCMEHOB, a TakxXe paspaboTaHHbIn aBTopami
Ha VX OCHOBE anropUTM AMArHOCTUKI CTaTOANHAMUYECKNX HaPYLLIEHWA Y CMOPTCMEHOB BbICOKOIO Klacca.

KntoueBble cnoBa: 6rioMexaHmka, NponproLenLIns, MOCTypasibHbIA BanaHc, (OyHKUMOHaIbHAsA acCUMMETPUS, cTabuiome-
Tpus, HecTabunbHbIE NAATOPMbI, BaTaHCOMETPUS, anropuT™ 06CNeA0BaHNs!, CMOPTCMEHbBI BbICOKOMO Kiacca

D] Ans koppecnoHaeHumn: Axapees IMutpun AnekcaHaposmud
yn. OctpoBuTaHOBa, A. 1, . Mocksa, 117997; drada_rus@mail.ru

CraTbsl nonyyeHa: 16.11.2017 CtaTbsi NnpuHaTa K neyatun: 05.12.2017

This review critically analyzes literature covering methodology
for diagnosing and monitoring postural control disorders in
top ranking athletes. Another point considered here are the
design principles behind rehabilitation programs based on
proprioceptive capabilities assessments.

Neurology, traumatology and orthopedics make quite an
extensive use of medical equipment designed to diagnose
and correct changes in speed and strength of movements.
However, these indicators fail to fully describe the specifics of
adaptation and compensation processes peculiar to various
sports activities. Proprioception capabilities assessment and
correction enjoyed less attention from the researchers; there is
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anumber of applied methods that differ greatly from each other,
especially in defining diagnostic approaches and establishing
assessment criteria [1].

Physiological aspects of proprioception

Proprioception (deep or kinesthetic sensitivity) is the perception
of body posture and movements, both as a whole and by
segments. Understanding proprioception patterns (reception
and regulation mechanisms in the first place) allows selecting
diagnostic tools that would be effective in both clinical practice
and sports biomechanics recognition.
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There are three types of structurally and functionally
different proprioceptors: muscle spindles, tendon and articular
receptors [2].

Muscular spindles run parallel to skeletal muscle and
consist of several striated intrafusal muscle fibers. They are
attached to the connective tissue (perimysium) of the extrafusal
muscle fibers bundle; when the muscle relaxes, receptors
expand, which leads to their excitation [2, 3].

Tendon receptors, enclosed in the connective tissue
capsule (Golgi body), lie sequentially in the skeletal muscles
tendons. Their excitation occurs when the tendon stretches.

Muscle spindles send pulses to a-motoneurons of the spinal
cord and excite them, which leads to the stretched muscle's
contraction. As the muscle begins to contract, excitation of the
muscle spindles disappears or weakens greatly; at the same
time, impulses from the tendon receptors reach the spinal cord,
Renshaw cells. The latter, when excited, inhibit a-motoneurons
of the skeletal muscle, which relaxes. In other words, the
muscle alternately contracts and relaxes following impulses the
receptors send to its motoneurons [2—4].

Complex locomotions, like walking, imply synchronized
contractions of flexors of one leg and extensors of the other.
The contractions are also caused by afferent impulses from
muscle and tendon receptors and, respectively, alternating
excitation and inhibition of flexor and extensor centers [2].
Biomechanical methods provide explanations of peculiarities of
this locomotion.

Joint receptors (mechanoreceptors) are in the capsule,
cartilage, ligaments and pericapsular connective tissue. They
are distinguished into types depending on their response to
amplitude, speed and direction of movement in the joint.

For example, Ruffini endings (corpuscles), which can
be found both in the joint's capsule and the surrounding
connective tissue (including those lying deep in the dermis
and subcutaneous fatty tissue), report articular angles, i. e.
relative positions of elements of the joint. They send pulses
while the angle remains unchanged, and the intensity of those
pulses depend on the angle's value. These mechanoreceptors
are considered to be particularly sensitive to extreme angles.
Pacinian corpuscles reside in the joint capsule exclusively;
they perceive direction and speed of change of its angle. The
frequency of pulses they generate grows with that speed. Here,
clinical biomechanics allows gathering exhaustive descriptions.

The sensation of movement, same as skin sensitivity
(to touch, pressure), results from receptors sending pulses
through two main pathways, lemniscus and spinotalamic
tracts, which differ significantly in their morphological and
functional properties. There is also a third pathway, the Morin
lateral pathway, which resembles lemniscus in a number of
characteristics.

As far back as in 1922, Miles [5] stressed the importance
and versatile role movement control plays in maintaining
vertical stability. In 1924, Magnus published his Body Posture,
a fundamental work developing Sechenov's ideas on muscles
own sensitivity ("dark muscle feeling") and those of Sherington,
which pertain to the receptive fields. In the same paper, the
Dutch scientist also scrutinized the special group of posture
(adjustment) reflexes (Magnus—Klein tonic reflexes) that help
maintain posture and balance and described other reflexes
enabling animals to stand and walk normally [5].

In 1965, Gurfinkel et al. published the Human Posture
Regulation paper that laid the foundation for instrumental
assessment of proprioception system, which lead to
introduction of stabilometry as a biomechanical diagnostics
method. Thence, stabilometry helps clinicians assess functions

of motor and nervous system, since postural balance tests
allow assessing quality of proprioception in a closed kinetic
chain [5]. It is the vertical posture maintaining strategy and
somatosensory information coming from the foot contacting
the support's surface that tell the most about balance control
as proprioception indicators [5, 6].

Proprioception: biomechanical diagnostics methods

In the context of postural control rehabilitation, stabilometry
allows objective functional monitoring of the progress made
[1, 5]. Typically, the deficiency of postural control after trauma or
with an orthopedic pathology in the background is considered
to be the result of faults in the flow of afferent information
generated by ligament and capsule mechanoreceptors. Current
stabilometric systems include hardware and software and allow
regulation of the degree of mobility of the support platform.
Fig. 1 shows such a system.

Important diagnostic criteria describing vertical stability
are the statokinesiogram area and the velocity of center of
pressure (CoP), as well as the Romberg ratio (ratio of two
statokinesiogram areas, one with eyes open and the other with
eyes shut). This ratio reveals the functional ability of peripheral
and vestibular links of the proprioception system to maintain
vertical stability in the absence of visual clues, i.e. when visual
posture control does not function.

We believe that current sports medicine does not fully
appreciate the potential of the posture stereotype assessment,
given the stabilometric diagnostics methods and principles
adopted. However, stabilometry is the very tool that allows
diagnosing functional postural asymmetries in athletes. Many
authors believe that most sports have specific requirements
to the athlete's musculoskeletal system and sensory organs;
those requirements can imply special symmetry or asymmetry,
and practicing those sports means their further development
[8, 9]. Morphogenetic features and asymmetry determine how
well an athlete can make special moves, i.e. each sport require
special types of sensorimotor profiles.

Brain asymmetry's connection to vertical posture
maintenance is of special importance. A person can remain
upright for a long time when static momenta of all body parts
are balanced, which requires adequate proprioceptive control
all around.

[t should be noted that some stabilometric indicators
of functional postural asymmetry reveal special motor skills
peculiar to this or that sport. The indicators are mean position
and standard deviation of GoP in the frontal plane; they can
be used in assessing the technique of performing specific
locomotions [9].

Fig. 1. Stabilometric system [7]
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At the same time, GoP velocity and area indicators are
functional markers of the static position, which means they can
help assess the various influences special types of physical
activity have on all parts of the musculoskeletal system.
Stabilogram, therewith, is an integral and complex method
for evaluating the functional state of the motions regulation
system. Clinical assessment of the muscles enabling sport-
specific ("working") vertical stance is an essential part of the
overall posture control evaluation in sports medicine.

Thus, the ability to stabilize to equilibrium in static (standing,
sitting) positions and when moving (walking) is the most
important motor-related aspect for the sports medicine. Testing
and assessing this ability allows finding various proprioception
deficiencies. In addition, rational interpretation of the
stabilometric indicators and their comparison to the clinical
tests of muscles enabling vertical posture help to improve
rehabilitation programs designed for injured athletes and those
suffering from musculoskeletal system disorders [10, 11].
Fig. 2 is an example of a stabilogram revealing a pronounced
asymmetric stance shown by an athlete.

However, classical stabilometry has its limitations in
assessing functions of the proprioceptive system: the latter
makes use of the biological feedback principle, i.e. external
stimuli lead to changes in the posture regulation strategy.
Peripheral analyzer is the link fastest to respond to external
stimuli. For the vertical stability regulation system, this analyzer
is the ankle joint and the feet. If the support surface is stationary,
it is impossible to assess how well does this peripheral analyzer
functions when the posture responses are complex, much like
those peculiar to the sport of records. In the 1960s, Freeman
(trauma surgeon from the US) addressed this problem: unstable
platform as part of the lower limbs injury rehabilitation program
helped restore the peripheral analyzer's state to the optimal
level through activation of foot and ankle receptors [10].

Currently, this or that variation of the unstable platform
is widely used in rehabilitation of patients suffering the
consequences of spinal cord traumatic disease, spine
osteochondrosis complications, surgical treatment of hip, knee
and ankle joints orthopedic pathology [10-12]. New methods
that imply stimulation of muscles autochthonous to postural
balance are developed and introduced. New exercisers are built
around these methods; they have rigid and semi-rigid platforms
that allow various degrees of angular displacement [12, 13].
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However, mechanical exercisers were not designed to allow
assessing postural control on an unstable surface. Diagnostics
need platforms to have sensors recording athlete's response
to their movements during examination. Current systems
of this kind can have both a classical stabilometric platform
and a less conventional balance rig incorporating a combined
accelerometer-gyroscope that reports linear velocities and
velocity-angle data against a system of coordinates. Balance
metering (balancemetry) is the very method that produces
accurate assessment of the functional activity of joint
mechanoreceptors when that joint moves in space (Ruffini
corpuscles), as well as record velocity of the joint angle change
(Pacinian corpuscles). Balance metering systems equipped
with an accelerometer and a gyroscope can register even
minimal angular movements of the CoP and thus improve both
proprioception diagnostics and stimulation during biofeedback
sessions [14, 15].

From the point of view of diagnostics, balance metering
systems add much value to the assessment of athletes'
postural control of athletes. Such systems are also capable of
targeted correction of postural disorders affecting biological
response to proprioceptive, auditory and visual stimuli.
Unlike classical stabilometric systems [16], unstable platform
systems require active participation of the patient undergoing
proprioceptive disorders treatment. Unstable platform means
the patient needs to put effort into maintaining position of the
body; the effort goes through muscles that stabilize posture,
i. e. autochthonous, gluteal and hamstring muscles [11, 16].
The system's software registers body movements during
diagnostics and treatment, which allows both verification
of the primary postural control records and comprehensive
rehabilitation monitoring [11, 17]. Besides, such systems
offer extensive training sessions control tools, which gives
the therapist an opportunity to design sessions taking into
account the severity of the disease, compensatory reactions by
central and peripheral nervous systems and musculoskeletal
system, as well as the possible pathologies of these functional
systems. Fig. 3 shows a mobile wireless balance metering
platform.

Various hardware and software biomechanical diagnostics
and correction systems apply the described principle of
integral assessment of the proprioception system and feature
an unstable platform. Fundamental research by Fellicetti,
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Fig. 2. Stabilogram of an athlete, GoP shifted towards the leading arm and leg. GoP velocity and area are significantly increased with clinical signs of muscular

overstrain (right lower limb) in the background
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Srivastava, Taly, Gupta, have proved this kind of equipment is
highly efficient in treatment of proprioceptive disorders [19].

Baropodometry is one of the most promising methods
of assessing postural control in athletes. Unlike stabilometry,
baropodometry involves up to several tens of thousands strain
gauges. These gauges register even the slightest movements
of pressure exerted by feet and allow accurate assessment of
CoP area and velocity (major postural diagnostics indicators)
and dynamic changes of pressure peculiar to standing, walking,
running and special dynamic tests [20].

Baropodometry systems make use of two types of gauges,
capacitive and resistive. They register changes in electrical signal
or medium resistance between the two plates. Capacitative
gauges are more accurate, but their calibration is an intricate
process, which is why they are only used in laboratory settings.
Clinics find resistive gauge platforms more practical [21].

Baropodometry is developing rapidly. Researchers and
designersremedy various faults foundin early versions of gauges,
like hypersensitivity, thermal sensitivity, unstable operation
and insufficient robustness. Today, there are many variations
of baropodometry platforms: compact systems for standing
position assessment, walkways for gait analysis, treadmills,
sensory insoles etc. Baropodometry also allows analysis of the
feet's statodynamic function and gait. Baropodometry tests
add much value to diagnostics of functional manifestations of
flatfoot, monitoring rehabilitation from various neurological and
orthopedic feet disorders. Such platforms form part of hardware
and software systems designed to analyze movements and
aide in manufacturing insole orthoses [20, 21].

Besides, some spine and autochthonous back
muscles assessing methods grow more and more popular,
including optical topography and regulated inclination trunk
antigravitational muscles examination that requires a special
set of hardware [22]. It should be noted that diagnostics of
dynamic proprioceptive disorders in athletes is more accurate
when biomechanical systems are used, those that ensure
synchronization of different locomotion indicators registration
methods (video analysis, myography), application of inertial
systems making use of gyroscopes and accelerometers. We
believe that wireless and inertial systems possess the greatest
potential for comprehensive biomechanical examination
of athletes in general and their proprioception systems in
particular.

Another important aspect of the primary and dynamic
assessment of postural control quality is local diagnostics of
functions of ligaments and joints muscles. Electromyography
and thermography are both good choices to this effect [23].

Biomechanical assessment of proprioception in athletes:
methodology principles

The range of diagnostic equipment described above allows
optimal and comprehensive assessment of athletes' postural
stereotypes. In addition, such tools help reveal the symptoms
of proprioception disorders, find proof backing clinical
examination data, monitor proprioceptive data changes during
the rehabilitation process [24]. However, our experience
and various research efforts undertaken throughout the
world suggest that the biomechanical equipment in question
plays the most important role in designing rehabilitation
programs [25].

Correct interpretation of clinical and biomechanical
examination data require understanding of statodynamic
peculiarities of various sports, preferences as to the arm or

leg, physiological aspects influencing the supporting and
dominating lower extremity [26].

Speaking of athletes, the main postural control diagnostics
principles are:

 characterization of manifestation (degree) of asymmetry
resulting from sports activities;

« vertical stability analysis - general, on one leg, when
moving (motor coordination test);

« identification of the primary link in the proprioceptive
disorders pathogenesis.

Postural asymmetry is a necessary component of an
athlete's postural stereotype complex assessment. Signs of
morphological and functional asymmetries can be found in
major afferent elements, central and efferent posture control
departments. Finding out the degree of asymmetry in athletes
is closely related to ontogenetic features and the dominance of
the "working" hand/leg in a particular sport [27-33].

In addition, it is necessary to assess the postural stereotype
stability (control) both when the athlete takes the main stance
and when he/she stands on one leg [28-30]. Gribble et al. [28]
conducted a systematic comparative review of studies covering
clinical and biomechanical aspects of athletes (competitive
sports) and non-athletes doing the Star coordination test.
This test is aimed at clinically assessing the vertical balance
of the testee, who needs to stand on one leg and reach zones
around him/her with the other leg. The postural biomechanical
diagnostics data (stabilometry and baropodometry included)
proved that the CoP shifts towards the dominating lower
extremity when the testee takes the stance. Also, it was found
that the testee's balance is better when he/she is standing
on the dominating leg (applies to professional athletes, left
for left-handed, right for right-handed) [28]. The results back
the "working" asymmetry theory and the CoP shift toward
the dominant lower limb as influenced by the functional
requirements of the sport in question [34-36].

Fig. 3. Balance metering platform [18]
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Examination stage

Diagnostic method

Primary postural examination

e Classical stabilometry
e Computer optical topography
e Standard baropodometry

Identification of common proprioceptive balance
disorders, vertical position

e Stabilometry (Romberg test)
* Baropodometry (test on one leg)

Identification of statodynamic disorders of

proprioception baro-platform)

* Balance metering (mono axis and multi axis tests)
* Baropodometry (dynamic tests, frontal and sagittal directions)
* Movements and gait analysis (video recorder, inertial wireless gauges, treadmill with

* Examination of function of the trunk's antigravitational muscles, regulated inclination

Identification of functional local changes in muscles,

ligaments and joints * Thermography

* Electromyography

These changes can be considered a manifestation of
adaptive reorganizations of postural control. When physical
overstrain is significant and also due to injuries, changes
in practicing (different shoes, cover, position on the playing
field), the posture regulation adaptation processes may be
disrupted. Such a disruption may lead to disadaptation of
intermuscular interactions, and if no correction measures are
taken, appearance of compensatory changes. The latter up
the risk of development of chronic musculoskeletal disorders
in athletes [37-39].

Clinical and biomechanical criteria of disadaptation are:

1. pain in the overstrained part;

2. CoP shift towards the overstrained part;

3. functional deficiency of the muscles responsible for
keeping the overstrained part's joints stable;

4. appearance of the secondary changes
undergoing compensatory changes.

Many years of clinical and biomechanical research in

in parts
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AN UPDATE ON DEHYDRATION IN ATHLETES
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Fluid and electrolyte imbalances can compromise physical performance of professional athletes. We have conducted a study to
understand how aware athletes are of their hydration status and how they deal with dehydration. First, we surveyed 51 athletes
(mean age of 20.4 years) specializing in different sports, including ice hockey, water polo, tennis and figure skating, using a
questionnaire. Next, we analyzed the anonymized results of the laboratory tests run on the samples of 30 athletes specializing
in futsal. We focused on hemotocrit and sodium levels and urine specific gravity as indirect indicators of hydration status. Survey
results demonstrated that 86 % of the participants lacked knowledge of wise approaches to replenishing fluid or electrolytes
after physical exercise, did not adequately control fluid intake and developed various degrees of dehydration. We noticed that
awareness of hydration status negatively correlated with professional qualifications of the participants. Retrospective analysis
of laboratory tests showed that hypohydration prevailed among high-class athletes: at least 73 % of them showed signs of
dehydration. We emphasize the need for elaborating unified clinical recommendations on rehydration for Russian athletes that
should be further approved by doctors and coaches.
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"Kadeppa peabunutaumm, CnopTUBHON MeAULMHbI 1 (PUSNHECKON KyNbTYPbl, NeAUaTPUHECKMA (hakynsTeT,
Poccuinckmin HaumoHanbHbIN MCCeaoBaTeNbCKN MEQULIMHCKUIA yHBepcnTeT umeHn H. . MNuporosa, Mockea

2 MepumumHeKkas KnnHvka HaumoHanbHoro areHTcTea KMHUHecko hapmakonorun 1 chapmanmmn, Mockea

S PenepanbHoe MeayKo-61oIornieckoe areHTCTBo, Mockea

4 PenepanbHbIi HayYHbI LIEHTP Dr3MHECKO KynbTypbl 1 cnopTa, Mocksa

5 depepanbHblii HayHHO-KIMHUHECKUIA LIEHTP CNOPTUBHON MeavUMHbI 1 peabunutaummn ®MBA Poccumr, Mockea
S NHcTUTYT Mo3ra Yenoseka nmenn H. M. bextepesoi PAH, CankT-MNeTepbypr

HapyLueHre BogHO-coneBoro 6anaHca — 3710 (hakTop, IMMUTUPYLLMIA (U3NHECKYIO paboTOCNOCOOHOCTb NpodeccroHab-
HbIX CMOPTCMEHOB. Hamu Bb1i10 MPOBEAEHO NCCNEef0OBaHNE C LIeNblo ONPeaeneHnst CTeneHn MHPOPMMPOBaHHOCTY aTiieToB Mo
npobneme gervapatauum B cnopte. Ha nepBom sTane 661110 NpoBeAeHO C MOMOLLbIO pas3paboTaHHOro aBTopami OnpoCHNKa
aHkeTMpoBaHne 51 crnopTcMeHa (cpeaHnin BodpacT — 20,4 rofa) co crneunanmdaumen B pasinyHblX BUAaxX CropTa: XOKKee
Ha Nbay, BOOHOM Moo, BOMbLLIOM TEHHMUCE, (DUNYPHOM KaTaHun. Ha BTopom atane 6biam npoaHanna3vpoBaHbl AenepCOoHM-
hrumpoBaHHble faHHbIe NabopaTopHbIX MccrnegoBaHuii 30 CMOPTCMEHOB CO Crielpannsaunen B MUHN-byTooNe: oLeHnBam
KOCBEHHblE MPU3HaKM rapaTaLiOHHOro cTatyca — reMaToKpUT, CoOOepXKaHNE HAaTPUSt B KPOBW, YAEMBHYIO MIOTHOCTb MOYM.
Mo pesynsTatam aHKeTMPOBaHKsA Oblnia KOHCTaTUPOBaHa HU3Kash MHPOPMUPOBaHHOCTL 86 % CMOPTCMEHOB MO BOMpPOCaMm
paLmOoHaNbHOMO BOCMOMHEHVS MOTEPD >XXMAKOCTU 1 MUHEPaNIOB BCNEACTBNE (PUINHECKNX HArPy30K, YTO CIY>XUT OfHOWN 13
BaXKHENLLMX MPUHNH HEKOHTPOMPYEMOIO NMOTPEONEHNS XKNOKOCTU 1 PasBUTUS 00E3BOXMBaHNSA pasnnyHolm ctenenun. Otme-
YeHa 3aBMCKMMOCTb YPOBHST MH(OPMUPOBAHHOCTX OT CMOPTUBHON KBanmMdukaumn atneta. Mpu peTpoCcneKTMBHOM aHanm3e
[JaHHbIX 1abopaTopHOro TECTUPOBaHKS Oblia OPUEHTUPOBOYHO YCTAHOBMEHA PaCMPOCTPaHEHHOCTb MMNornapaTaumn cpem
CMOPTCMEHOB BbICOKON KBaIMOUKaLMN: BEPOSTHbIE MPU3HAKL Aernaparaumm Mean Mecto No MeHbLuen mepe B 73 % cny-
yaeB. B Poccun cnenyeT paspaboTtaTts 1 BHEAPUTL HaLMOHabHbIE KIMHMYECKNE PEKOMEHAALMN MO peryapaTauunmn B Cnopre,
KoTOpble 6b1M 6bl 0A0OPEHBI MEAULIMHCKIM 1 TPEHEPCKMM COOOLLIECTBOM.

KnioyeBble croBa: rvapaTauyoHHbI cTaTyc, Aermaparauus, peruapartauyis, CriopTCMeHbl BbICOKON KBanmvKaLmm, yrne-
BOAHO-3M1EKTPOSINTHBIE PACTBOPbI
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The balance of fluids is as important for physical capabilities
of athletes as their energy metabolism intensity [1, 2]. Various
body fitness indicators depend on qualitative and quantitative
characteristics of hydration, i.e. saturation of body with
liquids. Hydration disorders, from subclinical hypohydration to
dehydration, also affect them drastically. That is why hydration
status can help assess physical and functional condition of
athletes.

Effective rehydration solutions that help maintain and
restore fluid balance in particular and water-salt balance in
general, are essential for optimizing the recovery of athletes
after strains of training and competition. Evidence-based
studies found that carbohydrate-electrolyte solutions (CES)
are superior to low-salinity water in rehydration, which means
they can boost the mentioned recovery of athletes and possibly
improve their performance [3]. According to the International
Society of Sports Nutrition (ISSN), CES can be used to
accelerate rehydration, restore the volume of electrolytes and
maintain the endurance levels [4]. Nutritionists have defined the
optimal composition of such solutions, which are classified as
sports drinks. They should contain at least 2 carbohydrates
and sodium, the only mineral that requires no mandatory
replenishment [5]. Other minerals, especially potassium can
join the composition, too, but that is an option. The reason
behind the optional character of the inclusion is that the body
retains acceptable volumes of potassium even when the
strain is significant, i.e. lasts for 8 days in a row and results
in up to 3 to 4 liters of sweat generated, and the potassium
consumption is down to 30 % of the recommended daily
intake. Secondly, there is no conclusive evidence backing
the negative effect low levels of potassium, magnesium and
calcium may have on physical endurance. There is significant
number of Consensus Statements [5, 7-11] that regulate CES
consumption and aim to develop the rational consumption
algorithms.

Despite the attention coaches and medical doctors
throughout the world pay to the water-salt balance problem,
and regardless of the extremely wide range of commercial
sports drinks available on the market, hypo- and dehydration
is still a condition diagnosed quite often both in professional
athletes and people regularly going in for sports. According to
Sponsiello et al [12], only 37 % of the examined athletes were
hydrated properly, and according to V.A. Kurashuvili, [13], up to
91 % of professional competitive sports athletes (basketball,
handball, football) begin their training session while dehydrated.
This being said, athletes often disregard dehydration: 65 % of
runners going long and super long distances did not attach any
importance to the possible problem [14]. It should be noted
that these data were obtained through interviewing 419 men
and women participating in the Chicago Marathon, most of
whom have been practicing long distance running for at least
10 years.

The level of hydration is an indicator defined by individual
properties of the athlete's anthropometric data, instrumental
and laboratory testing parameters, eating habits, social
and cultural status, confessional identity [8]. However, the
researchers behind paper [8] did not take into account the
awareness of athletes of fluid deficiency caused by physical
strain and ways to replenish that deficiency.

Designing this study, we aimed to identify the relationship
between awareness about body hydration regimen
rationalization as one of the characteristics of eating habits
found in a quite specific social group (top tier athletes)
and established laboratory methods of hydration status of
athletes.
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METHODS

There were two stages to the study.

First stage implied surveying 51 professional athletes with
the help of a questionnaire we developed. There were slightly
more men than women among the respondents: 53 % versus
47 %. Age-wise, the distribution was as follows: athletes 16-18
years old — 51 %, 19-21 years old — 18 %, 22-24 years
old — 12 %, 25 years and older — 20 %. The mean age was
20.4 years. The athletes practiced various sports: ice hockey,
water polo, tennis, figure skating. 9 respondents were Masters
of Sport of International Class, 5 -- Honored Masters of Sports.

The questionnaire contained 19 questions grouped into 6
clusters.

 Cluster 1 (questions 1-5): general information about the
athlete (sex, age, anthropometric data, practiced sport and skill
level, current training focus and intensity);

o Cluster 2 (questions 6-7). self-assessment of the
water-salt balance status during and after training sessions,
awareness of the average fluid loss per a training session;

« Cluster 3 (questions 8-11): how does the athlete replenish
fluid loss during training sessions;

e Cluster 4 (questions 12-15); how does the athlete
replenish fluid loss after training;

e Cluster 5 (questions 16-18): how does the athlete
replenish fluid loss during competitions;

« Cluster 6 (question 19): what brands of special water-salt
balance normalizing sports drinks does the athlete prefer.

The second stage implied a retrospective analysis of the
laboratory tests results that indirectly described the hydration
status of athletes. We studied the depersonalized data
obtained through in-depth medical examinations of 30 top
tier athletes practicing futsal; none of those athletes filled the
first stage's questionnaire. We took 3 indicators as markers of
shifts in the water-electrolyte balance: hematocrit (volume of
erythrocytes in blood) as recorded in the general clinical blood
test; Na* content in blood; specific density of urine. The array
of laboratory test results was provided by the Clinic of Sports
Medicine of the Moscow Scientific and Practical Center for
Medical Rehabilitation, Restorative and Sports Medicine of the
Moscow Department of Health.

RESULTS

The survey revealed various levels of awareness of de/
rehydration occurring when practicing sports, from an almost
complete ignorance (sports requiring complex coordination
efforts) to the decent levels of awareness (competitive sports).
The key problem was the lack of information on the water-
electrolyte balance assessment methods and data on how
much fluid should an athlete consume before, during and after
training sessions and competitions. That said, it should be
noted that 86 % of athletes drink during long training sessions/
competitions, which is a positive sign.

As a rule, the greater the qualification of an athlete is, the
more he/she knows of the perspiration-related fluid loss and
the better he/she can manage the hydration status. However,
even top tier athletes generally underestimated the fairly simple
ways of monitoring the body's moisture saturation, which
are weighing before and after training session; grading the
urine color against the template [15] published to the website
of University of West Alabama's Athletic Training & Sports
Medicine Center; identification of the urine's body composition
and specific gravity.
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Only 7 athletes of the 51 surveyed took time to establish
the individual fluid loss after training sessions, which is 14 % of
the respondents (Figure 1). It should be noted that members of
this extremely small group, while training/competing, generally
consumed 50 to 70 % of fluid lost to physical exertion. Figure 2
shows the actual fluid loss due to training activities, and figures
3 and 4 show that most athletes do not consume enough fluid
to compensate for that loss, especially after the sessions.

The most popular fluid to restore the water-salt balance
among athletes is drinking water. More often than not, it is
coaches that insist coaches on such a choice; they are wary of
CES due to their composition because of the risk of violation of
anti-doping rules.

As for the special CES, the surveyed athletes prefer
products procured by the management following orders placed
by the team. The share of CES made in Russia is below 20 %.

Quite often, athletes take commercially available sports
drinks (iso- and hypotonic types) with drinking water; some
of them do this consciously, relying on some information
(unfortunately, not always justified).

The results of analysis of the laboratory tests data that
indirectly prove the water-electrolyte balance is broken were
rather unusual.

The hematocrit reference value (47 %) was exceeded in one
case only, while 23 out of 30 futsal players exhibited border
values (44-46 %). Thus, in 80 % of athletes the liquid fraction
of blood tended to grow smaller, which can be considered a
sign of hypohydration.

Fifteen athletes had hypernatremia, which is a probable
indicator of hyperosmotic hypohydration, i.e. prevalence of

fluid loss over the mineral component (above 152 mOsmol/kg
H,0). 5 athletes returned border values (146-152 mOsmol/kg
H,0). Seven athletes had normal sodium content in their
blood (135-145 mOsmol/kg H,0); 2 athletes suffered from
hyponatremia. These 2 athletes had a hypoosmotic condition,
but there was no reason to assume hyperhydration ("water
intoxication" resulting from consuming large amounts of
drinking water) since the specific density of their urine was
acceptable (1020).

In 5 athletes, the specific density of urine (due to excess
concentration diluted substances) grew to 1025 and above,
which may mean dehydration; 11 athletes had the density
below 1020, which signals of the optimal level of hydration.
Fourteen athletes had the density within the limits of normality
(1020-1025). Thus, in about 2/3 of athletes the concentration
of substances diluted in urine tended to rise; however, this
fact cannot be taken as significant without information on the
content of urea, which is more important to urine's osmolality
than sodium.

DISCUSSION

Top tier athletes do not know much about fluid deficiency
resulting from physical exertion, ways to identify that deficiency
and remedy it. This is a factor putting their performance and
endurance at risk [1-3]. Our survey proves that the low level
of awareness means up to 86 % of athletes do not possess
sufficient information to optimize their fluids consumption
regimen and thus are unable to manage their hydration status.

Bl Yes B No

Fig. 1. Awareness of the actual fluid loss due to training activities. Results of surveying professional athletes (n = 51)

B Lessthan 1 kg

B 1to2kg

Fig. 2. The average volume of fluid lost during a training session (fact). Results of surveying professional athletes (n = 51)

Over 2 kg
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Fig. 3. The volume of fluid consumed during a training session. Results of surveying professional athletes (n = 51)

M Lessthan 0.5 @ 0.5-1 |

1-1.51

Fig. 4. The volume of fluid consumed after a training session. Results of surveying professional athletes (n = 51)

It should be noted that during training sessions/competition
and after them the athletes should consume at least 150 % of
fluids they have lost [3, 5]. Consequently, our observations show
that no less than 2/3 of athletes, regardless of their drinking
regimen motivation (thirst or directions issued by doctors),
are at risk of developing hypo-and dehydration. That said, the
surveyed athletes typically replenish 50 to 70 % of fluid lost
during training sessions and competitions. Burke et al. report
similar figures [16]. This means that the common problem is
insufficient fluids consumption after physical exertion. All in all,
the filled questionnaires we collected allow stating that 73 % of
athletes do not consume enough liquids to compensate for the
losses, regardless of sport practiced.

As for the results of the retrospective analysis of
depersonalized laboratory tests data, 3 athletes exhibited 3
three signs of dehydration, 16 exhibited 2 signs and 8 athletes
had just 1 sign. The optimal level of hydration (eughydration)
was registered in 4 cases only, which makes 10 % of the
sample. This is less than what other researchers found (see
study [12], for example, where the share of properly hydrated
athletes was 37 %). Our observations are paradoxical, since
football in all its variations is a sport that takes nutrition and
liquids intake seriously, which is proved by a regularly reissued
set of rules [10].
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The data obtained through this research signal of athletes
underestimating the risk of dehydration and the negative
impact it has on their performance; the athletes seem to
lack understanding and knowledge of how to keep their
water-electrolyte balance at the optimal level. On the national
level, this problem is exacerbated by the lack of clinical
recommendations on rehydration as applied to practicing
athletes, the recommendations that would have been approved
by doctors and the coaching community. Development of such
recommendations and making them readily available to public
could significantly improve the situation.

CONCLUSIONS

The survey conducted as part of this study was designed to
achieve both research and didactic goals. The purpose-made
questionnaire formed basis for a discussion with sports nutrition
specialists; the discussion revolved around the possible reasons
behind the great differences in answers, including those given
to the question of rational rehydration (or maintaining the status
at the desired level) and its role in improving the performance
of athletes, most of which took it as an incentive to learn how
to keep the water-salt balance in order. The retrospective
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analysis of depersonalized laboratory tests data has objectively
confirmed the problem exists.

The problem of irrational fluids consumption by practicing
athletes is still extremely urgent. In this connection, the
most important task to be solved as soon as possible is the
development of various instruments to monitor hydration
status, instruments that can be used both in laboratory settings
(ike stationary equipment to analyze body composition,
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CAN SPORTS BE SAFE? REALITY, CONCEPTS AND REGULATIONS
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A safe sport is a bit of an oxymoron: competition puts a severe strain on the vital systems of the organism that may be dangerous
or uncontrollable, does not come in small doses and entails unpredictable results. Sports injury surveillance aims to estimate
the impact of different factors that increase the risk of injuries and to elaborate wise and efficient measures to curb this risk.
Accurate data on mortality rates in athletes help to improve approaches to health screening. Injury surveillance systems that
also report injury-related deaths in athletes exist in many developed countries. This article talks about sports injuries in Russia
and provides rationale for creating a nation-wide system of sports injury surveillance.
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"Safe Sport" is an established term widely used by professionals
or various backgrounds. Russian legislation cites it, too, but
this term finds different definitions in scientific, medical and
sport circles.

Federal Law no. 329-FZ On Physical Culture and Sport in
the Russian Federation defines sport as a social and cultural
activity encompassing various sports and implying competitions
training people for them [1]. The law prescribes ensuring safety
of life and health of the participants of such competitions and
states that it is not just the organizers who should put effort
into that but sportsmen themselves as well: they must regularly
undergo medical examinations and obey medical regulations
when competing [2, 3]. Here lies the insoluble contradiction
between the actual practice of sport and the basic laws of
medicine [4]. Winning a competition always requires maximum

effort, which puts body under an uncontrollable strain with
possible unpredictable consequences. It is impossible to
predict the number of situations when athletes practicing
competitive and contact sports risk injury. It is also impossible
to predict the outcome of a competition and the response
a person's body may exhibit to a maximum load at any
given time.

Thus, the legislative requirement to ensure safety of life
and health of athletes is always violated. If this is the case,
does it not make the "safe sport" phrase a dangerous illusion
cherished by lawmakers that does not allow professional
response to the problems of sports-related injuries? We believe
that understanding the level of such injuries and reasons behind
them can help build a foundation for safer competitions and
sports in general.

BULLETIN OF RSMU | 6, 2017 | VESTNIKRGMU.RU



Systematic registration and analysis of sports injuries

Competitions are always dangerous. This is a fact recognized
by experts in all nations participating in international sports
events. These experts have been studying the risk factors
for over 50 years now; they distinguish between modifiable
(controllable) and unmodifiable (uncontrollable) factors, as well
as factors that cannot be accurately predicted at all [5, 6].

Sports injuries make up 2 to 5 % of all injuries suffered by
people, including domestic, professional injuries etc. When
determining the injury rate for this or that sport, it is common
to calculate it for a thousand athletes practicing it. Such an
approach allows offsetting the effect its general popularity
produces on the value. This is the so-called intensive injury
rate, which equals 188 for rugby, for example, and 18 for
bodybuilding [7]. Foreign researchers also determine injury risks
by calculating the number of injuries per a thousand training
sessions or competitions/events (athlete exposure). In the US,
this indicator brings box (5.2) and rugby (3.8) to the top of
the list. The figures were obtained in 2003, when a study
analyzed the examination data of 20.1 million athletes gathered
in 2002 [7].

All foreign researchers acknowledge that sport is a
dangerous activity; both on professional and state levels, they
work to determine and measure the effect of controllable injury
risk factors and minimize that of uncontrollable factors. For
example, in 2007, the National Collegiate Athletic Association
of USA (NCAA) provided data on 182,000 injuries from more
than 1 million sports events reports submitted in seasons
1988/1989 to 2003/2004 (16 years). NCAA has been collecting
standardized data on injuries suffered by student athletes in
relevant competitions and training sessions since 1982. It was
established that injury-wise, competitions mean greater risk
(13.8 per 1,000 events) than training sessions (4.0 per 1,000
events); the difference is statistically significant [7]. Lower
extremities suffered over half of all such injuries, and 15 % of
those were sprained ankles.

Reports filed by medical institutions also help analyze
sports injuries. In 2001-2012, emergency aid stations through
the US received 3.42 million calls that had to do with brain
injuries associated with sports activities [8]. Men suffered such
injuries twice as often as women; almost 70 % of such patients
were under 19 years of age. Cycling, football and basketball
competitions and training sessions generated most of those
injuries. Women commonly suffered them when practicing
cycling and competitive sports. 89 % of men and 91 % of
women received outpatient treatment at emergency aid
stations. Another research paper analyzed calls to over 900
US hospitals (approximately 30 million people per year) that
occurred in 2010-2013; the researchers found the number of
competition-related eye injuries to be 120,847 [9]. 81.3 % of
calls were made by men that got injured playing basketball,
baseball or softball.

School reports is a yet another source of data. Online
reports filed by US high schools in 2005-2014 present 59,862
sports injury cases [10]. Most of those that resulted in prolonged
suspension from training activities occurred at competitions
(60.4 %). The highest injury rate was seen in American football
(26.5 per 100,000 athletes), then came gymnastics (18.6) and
wrestling (17.9). In competitive sports, most injuries came
through contacts (48.2 % of cases); knee joint suffered more
often than other parts of body (33.7 % of cases).

Robust statistical tools allow effective monitoring of sports
injuries and making adequate managerial and professional
decisions. The above examples show the operation of sports
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injuries registration and analysis system developed in one of
the leading sporting power, the US; the situation there is in
stark contrast to that in Russia. The Sports Injury Notice (Form
092-u) was abolished more than 30 years ago. Since then, the
sports injury statistics were not collected in our country in a
centralized manner.

Sports-related sudden deaths registration and prevention

The world statistics knows of several thousand deaths that
occurred during sports events, which conclusively proves
the current life-threatening conditions prevention systems
is ineffective. One of the first cases of sudden death of
athletes dates back to 1976, when two basketball players
from one of the American colleges died 8 weeks apart. One
of them suffered from the Marfan syndrome, the other's
condition was hypertrophic cardiomyopathy. Sudden deaths
of athletes in subsequent years made the problem much
more visible: the list includes names like Pete Maravich,
Reggie Lewis, Corey Stringer, Jason Collier, Thomas Errion.
Attention paid by professionals to sports-related deaths lead
to better understanding of demographical factors, conditions
and reasons behind those deaths, which include a variety of
genetically determined cardiovascular diseases (most often
— hypertrophic cardiomyopathy), blunt trauma or myocardial
contusion, etc. A number of initiatives were launched; those
initiatives aimed to develop consensus guidelines governing
admission to sports activities and pre-professional screening
designed to detect unforeseen cardiac abnormalities. Within
three decades, the research efforts resulted in collection of great
volumes of data, but they did not resolve all the contradictions
in this area [11].

Screening for sudden death risk factors has originally been
developed for athletes under 35, but recently attention has
also been paid to the rapidly growing group of older athletes.
The cardiac arrest risk they run in connection with physical
activity is 10 times greater; its main cause is the coronary
artery disease. Systematic review of 1,737 studies containing
data on the effectiveness of various coronary artery disease
imaging methods applied to athletes 35 and older showed
that such sportsmen should also undergo CT angiography,
echocardiography and MRI, otherwise the data to assess
calcification of arteries and myocardial perfusion may be
incomplete [12].

Efficacy of the sudden death prevention screening programs
was appraised in a study carried out in Veneto (ltaly). The study
compared athletes and ordinary people aged 12-35; during
the study, the number of sudden cardiovascular deaths among
screened athletes was 55 (1.9 cases per 100,000 person-
years) and that among unscreened ordinary people was 265
(0.79 cases per 100,000 person-years). The annual incidence
of sudden cardiovascular death in athletes decreased by 89 %,
from 3.6 cases in 1979-1980 to 0.4 cases per 100,000 person-
years in 2003-2004 (p < 0.01). This is the result of introduction
of mandatory athletes screening on the national level. Mainly,
the number of sudden deaths caused by cardiomyopathies
has decreased. This is a positive example of a professional
approach to identifying life-threatening conditions in athletes
and a real reduction in the number of sudden deaths.

Abroad, there are also special databases collecting data on
all deaths occurring at the events organized by national sports
associations [14]. Analysis of those data allows assessing
mortality rates as they relate to specific reasons. For example,
NCAA data analysis revealed that athletes belonging to the
association run a high risk of sudden cardiac death, and male
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athletes, black sportsmen and basketball players are exposed
to a significantly higher risk of death [14].

Sports injuries management in Russia

Regretfully, the national sports injuries registration system at
the level of Ministry of Health was lost almost 30 years ago.
Statistical data provided by medical and sports clinics and
departments are disembodied; they do not cover all sports and
sporting events, never undergo systematization at the national
level and, therefore, do not reflect the real state of affairs.
There are no national registers of serious injuries and deaths
resulting from sports activities. At the same time, official reports
issued by the Russian Ministry of Sport state that the number
of people going in for sports is constantly growing. National
healthcare institutions have made a number of attempts to
set up state-level regulation routines aimed at prevention of
sudden cardiac death and other diseases in athletes. A decree
issued by the Ministry of Health of Russia [3] prescribes that
a person can only be allowed to train when he or she wields
a medical examination note permitting practicing the sport in
question. The note is a mandatory requirement for everyone,
regardless of the specific sport chosen or sports school/club
attended. At the same time, such medical examinations lack
in substance and quality, and international admission screening
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CONCLUSIONS

Sports should be acknowledged as hazardous activity. The
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sports nowadays, and their frequency will never dive below a
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registration system that was lost several decades ago.
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DRUG-FREE TREATMENTS OF TENSION HEADACHES IN SCHOOL-AGE
CHILDREN

Polunina V'™ Sergeenko EYU', Yarustovskaya OV2, Polunin VS!
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2 Russian Medical Academy of Continuous Professional Education, Moscow, Russia

Nowadays headaches are common among teenagers and children. This study aimed to assess effectiveness of reflexology,
kinesiology taping and myofascial trigger point therapy in children with tension headaches and to compare these treatments
with traditional drug-based modalities. The study recruited 37 children (19 boys and 18 girls) aged 9 to 14 years. The main
group (n = 25) received 2 series of reflexology treatments separated by a month interval, kinesiology taping and trigger point
massage, which was also taught to the patients and their parents. The control group (n = 12) received Ibuprofen and Mydocalm
(the daily doses did not exceed 30 mg/kg and 2-4 mg/kg, respectively). Treatment duration in both groups was 4 months.
Treatment effectiveness was assessed based on the evolution of patients’ complaints and the impact of headache on children’s
daily activities, using the visual analog pain scale and the HIT-6 method, respectively. Within a month, headaches became
1.2 times less frequent and the attacks became 1.2 times shorter in the control group, while in the main group headaches
became 2.5 times less frequent and the attacks became twice as short as they had been before Headache intensity did not
change significantly in the control group, while in the main group it decreased 1.5 times (p < 0.05). The number of controls who
experienced a severe impact of headache on their daily activities decreased 1.2 times after the treatment, while the main group
reported no such impact at all. In the main group the number of patients who experienced only a slight impact of headaches
on their daily activities increased 4.7 times, from 12 % to 56 %. Our findings demonstrate that drug-free treatments for tension
headaches are more effective than drug-based regimens. Moreover, children benefit from drug-free regimens as they are not
exposed to the negative effects of analgesics and muscle relaxants.

Keywords: children, tension headache, kinesiology taping, reflexology, drug-free treatment
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HEMEOWKAMEHTOS3HbIE CNIOCOBbI JIEYEHUA MONIOBHbIX BOJIEN
HAMPS>XEHUSA Y OETEN LLUKOJIbBHOMO BO3PACTA

B. B. MonyHnHa'=, E. tO. Cepreerko’, O. B. ApyctoBckast?, B. C. MonyHWH'

T Poccuiickumii HaLmMoHanbHbIA CCneaoBaTenbCKi MeanUMHCKNIA yHuBepcuTeT nmenn H. W. Muporosa, Mockea
2 Poccuinckast MeauumHeKas akaeMmns HenpepbiBHOrO NpodeccroHanbHoro obpadoBaHns, Mockea

[onoBHast 605b O4eHb PacNpPOCTPaHeHa Cpeam COBPEMEHHbIX AETEN 1 NOAPOCTKOB. Llenbto nccneqoBaHns ABAsnock nsyde-
HMe ahEKTUBHOCTY pedhnekcoTepanim, KMHE3MOTENNMMPOBAHMS 1 TOYEHHOIO Maccaka MmodacLmanbHbIX TPUEPHbIX TO-
YeK B SIeHEHU FONTOBHbIX BONen HaNPsXKeHNs y AeTel B CPaBHEHNM C MEAMKAMEHTO3HOW Tepannen. B nccnegosanvn npuHanm
yyactre 37 geten (19 manb4mkos 1 18 oeBo4ek) B Bo3pacTte 9—14 net. B ocHoBHOM rpynne (N = 25) neveHne BKIKOHano 2 Kypca
pednexkcoTepanim C NepepbiBOM MeXay HUMK B 1 MeC., KUHE3NOTENMMPOBAHWE 1 TOHEYHbIA MaCCaK, KOTOPOMY B TOM Y1CNe
Obl 0ByHEHbI MALMEHTbI N X POANTENM; B KOHTPOMBHOW (N = 12) — nony4erre nbynpodeHa (CyTovHast no3a — He bonee
30 MI/kr) 1 Mmaokanva (cytovHast no3a — 2—4 mr/kr). ObLlas Npoao/mMKUTENBHOCTb NeHeHNst B 06enx rpynnax coctasmna
4 Mmec. ODPEKTMBHOCTb NEYEHNS OLIEHMBANV MO AMHAMVKE XKanob Ha rofioBHYK B0Sb C MCMOIb30BaHMEM BU3yasibHOW aHa-
IOrOBOW LLKasbl 60U 1 CTENEHN BNVSIHWS FOMOBHOW 60/ HA MOBCEAHEBHYIO aKTMBHOCTb AETEN C MOMOLLIBIO MeToAnKK HIT-6.
B KOHTpONbHOM rpynne YactoTa anM3040B FOMOBHOM 60/1 32 MECSLL U CPEeOHSIA MPOAO/MKUTENBHOCTb MPUCTYNa B CPEAHEM
YMEHBLUNANCH NOCAe NederHvs B 1,2 pasa, a B OCHOBHOWM rpynne 4YacToTa 30408 rofIoBHOM 601 32 MECSIL, yMEHbLUMIACH B
2,5 pasa 1 cpeaHsas NpoaomKUTENBHOCTL MPUCTYNa — B 2 pasa. [1pu SToOM 00bi4HAA MHTEHCMBHOCTb FOIOBHOW 60N B KOHT-
POMNBHOW rpynmne NPakTUYeCKM He N3MeHMNach, a B OCHOBHOW — yMeHbLLnnack B 1,5 pasa (p < 0,05). B KOHTponbHOM rpynne
KOMMYECTBO NALMEHTOB C CUJIbHBIM BINSIHUEM FOMOBHOV 60NN HA MOBCEAHEBHYIO aKTUBHOCTb YMEHBLUMIOCH NOCAE NEeYeHNst
B 1,2 pasa, B OCHOBHOW e rpynne Taknx naumeHToB BOOOLLE He OCTanoCh, a KOMMHYECTBO MAUMEHTOB C HE3HAYUTENBHBIM
BVSHVEM FONOBHOW OO Ha MOBCEAHEBHYHO aKTUBHOCTb YBEMYMIOCH B 4,7 pasa — ¢ 12 0o 56 %. Nony4eHHble pesynsraThl
MoKa3bIBatOT, YTO HEMEAMKAMEHTO3HOE NIEHEHME FONOBHBIX BONEN HaNPsXKeHWUs Yy AeTen aphekTUBHEE MEONKAMEHTO3HOIO,
npy STOM BaXKHO, YTO AETW HE MOABEPrarTCA HeraTvBHbIM SheKTam OT ynoTPedNeHNs aHaNbrETVIKOB 1 MNOPENaKCaHTOB.

KntoueBble cnoBa: OeTW, rofoBHas 00Mb HaNPsPKeHWs, pednekcoTepanisi, KUHE3NOTENNMMPOBAaHNE, HEMEOVKAMEHTO3HOE
neyveHne

5<] Ons koppecnoHaeHuuu: MNonyHrHa BrkToprs BanepbesHa
yn. OctpoBuTAHOBE, 4. 1, . Mocksa, 117997; vikt025@gmail.com

Cratbsl nony4eHa: 03.11.2017 Ctatbsi npuHATa K nevaru: 25.11.2017
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According to various researchers, from 25 to 80 % of
schoolchildren suffer from headaches [1-4]. Often, they are
accompanied by attention deficit and hyperactivity. Eighteen
to twenty-five percent of children and teenagers have tension
headaches, i.e. repeated bilateral headaches of compressing,
pressing and dull types [5-8]. They make 2/3 of all headaches
suffered by this group [9].

The specific feature of tension headache pathogenesis in
children and adolescents is the immaturity of their psychological
defense mechanisms. They can develop tension headaches
as a result of physical and mental fatigue, sleep deprivation,
visual overstrain, problems with their group or classmates [1].
In addition, some researchers [10-12] point out that children
suffering from tension headaches often have cerebrovascular
disorders, including attention deficit, memory loss, increased
irritability, affective outbreaks. These disorders may be caused
by birth injuries to the CNS, somatic diseases, craniocerebral
trauma, neuroinfections.

In some cases, headache is accompanied by the
symptoms of autonomic dysfunction [13-15]. Timely detection
of vegetative disorders allows effective correction of the clinical
manifestations of the pathology, which translates into improved
quality of life for patients [15]. It is especially important to
diagnose vegetative imbalance in children and adolescents,
because their age is the time when segmental and supra-
segmental structures of their brain mature, and those structures
influence appearance of pain syndromes, including cephalothia.

Trigger points, mainly those found around upper shoulder
girdle and neck, play an important role in tension headache
development. A trigger point is a cluster of electrically active
sections of muscle fibers that are connected to the contracted
ending of the motor nerve in the skeletal muscle. Constant
tension of the trigger point fibers disrupts blood circulation in
the corresponding parts of the muscle; metabolic products
accumulate there and prolong the existence of those points,
which can contribute to the reflected headaches of different
locations. Massaging (and self-massaging, most importantly)
the trigger points helps to somewhat remedy the headache.
The alleviation is the result of disruption of chemical and
neurological feedback loop that keeps the muscle contracted.
Also, massaging improves the local blood flow and straightens
the muscle fiber [16, 17].

Reflexology has been used to treat headaches for a long
time [18, 19]. There are acupuncture points that help remedy
the condition. Acupuncture combined with the trigger points
massage may Yyield a long-term relief from a headache.

Kinesio taping is one of the pain management methods
suggested by Kenzo Kase (Japan) in 1973. The method
is effective as part of rehabilitation programs; it has been
applied all over the world for more than 30 years now. Kinesio
tapes are elastic bands of high quality cotton covered with
acrylic hypoallergenic adhesive gel that activates at the body
temperature. The elastic properties of tapes are close to
those shown by skin. And since they are cotton, the skin is

Characteristics of headache in the groups, before and after treatment
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breathing and evaporation remains unhindered. Thus, the
tapes can be left on the skin for 5-7 days and there is no need
to skip showers. Clinical studies have shown that kinesio tapes
normalize microcirculation in the skin's connective tissue and
subcutaneous fatty tissue, alleviate pain, restore functional
activity of the muscles and optimize afferent pulses at the
segmental level [20]. Depending on the application method, a
tape can relax or contract the muscle, reduce fascia tension,
minimize swelling, help with the resorption of hematomas.
Kinesio tapes at trigger points and zones reinforce the effect of
reflexology and point massage.

The purpose of our study was to research the effectiveness
of non-drug treatment of headaches in children, including
reflexology and kinesio taping.

METHODS

The study was conducted at the premises of the Rehabilitation
Department of Children's City Polyclinic no. 39 (Moscow).
Thirty-seven children participated in the study: ages 9 through
14, 19 boys and 17 girls, suffering from tension headaches for
6 to 18 months. The average age of the children was 11.2 +
1.6 years. Inclusion required the child to suffer from episodic
tension headaches (at least once a month, but not more than
15 episodes a month) and have myofascial trigger points.
Children with other types of headaches and of other ages were
not included into the study.

Outpatient, all participants were examined by a neurologist,
an oculist, a psychologist, a reflexotherapist; underwent
ultrasound dopplerography of cerebral vessels, a general blood
test, blood pressure checkup; had their neck and shoulder
muscles assessed, as well as those of the back and upper
limbs; filled questionnaires (their parents, too) and health diaries.
Then the children were randomly divided into two groups, each
receiving a different treatment.

The treatment group included 25 children (13 boys and
12 girls). A neurologist monitored them for 4 months; they
had 2 reflexology courses with kinesio tapes and learned to
massage myofascial trigger points. The control group included
12 children (7 boys and 5 girls); their state was monitored
by a neurologist for 4 months from the day they applied for
medical help; they received medication, analgesics and muscle
relaxants: ibuprofen (daily dose — no more than 30 mg/kg) and
midocalm (daily dose — 2—-4 mg/kg).

Prior to the therapy, the patients kept health diaries for 1-2
months (aided by their parents). There, children registered days
when they had headache, its intensity, duration and impact
on general health and daily activities. Subsequently, based
on those records we determined the pain intensity using the
visual analogue scale (VAS): 0 points — "no pain", 10 points —
"the pain is unbearable". HIT-6 was used to assess the impact
headaches had on daily activities [21].

Treatment group received 2 two-week reflexology courses:
10-12 sessions per a course, on weekdays, each lasting

Treatment group Control group
Headache characteristics
before treatment after treatment | before treatment after treatment
Frequency, average number of episodes per month. 129+26 51 +1.2%* 123+ 2.1 10.1 +1.9¢
Average duration per month, h 49+14 2.4 +0.6" 52+1.3 43+09
Typical intensity per month, VAS score 6.2+1.1 41 +0.9" 6.1+1.1 56+14
Impact of headache on daily activities, HIT-6 score. 53.5 + 3.1 453 +2.7* 52.3 +4.9 49.5 + 6.1

Note. * — p <0.05 when comparing results before and after treatment within a group, # — p <0.05 when comparing results after treatment between groups.
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Fig. 1. Treatment group patients by impact of headache on their daily activities, before and after treatment (p <0.05)
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Fig. 2. Control group patients by impact of headache on their daily activities, before and after treatment (p <0.05)
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Fig. 3. Frequency of complaints of shorter attention span, poorer memory and rapid fatiguability among patients with tension headache, before and after treatment,
calculated for 100 subjects (p <0.05)
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10-15 minutes depending on the child's age. The second
course was a month later. Reflexological treatment included
acupuncture with a massage roller, corporeal and auricular
acupuncture, acupressure. Five to seven corporal and two to
three auricular points were affected in a session. The points
were chosen following patient's complaints and results of
examination.

After the reflexological treatment, children received kinesio
tapes applied to their trapezius and hind neck muscles with the
aim to relax them. Trapezius muscles received "Chinese lantern"
applications, hind neck muscles — Y-shaped applications. No
strain was put on the tapes.

In addition, therapists massaged trigger points found in the
area of trapezoid, sternoclavicular-mastoid, belt, supraspinatus
and pericranial muscles. Patients and their parents were
trained to deliver point massage. They were recommended to
massage at least twice a day, in the morning and in the evening,
1 minute to each point, and also every time after a long stay in
uncomfortable poses.

MS Excel-2007 was used for statistical processing of the
data. We calculated the mean value and the mean squared
deviation of each parameter studied; Student's t-test was used
to assess the confidence of differences revealed.

The study was approved by the ethics committee of the
Children's City Polyclinic #39 (Minutes No. 1 of 21.03.2016).
Parents of the patients signed voluntary informed consent
forms and thus approved participation of their children in the
study.

RESULTS

The effectiveness of treatment was assessed through analysis
of the dynamics of patients' complaints, intensity of headache
as reported at examination, during surveying and testing. The
data considered were those obtained before treatment and 4
months after treatment.

The table shows characteristics of headache in the groups.
In the control group, which received medications only, the
frequency of headache episodes per month and their mean
duration decreased on average 1.2 times, but the differences
were insignificant. In the treatment group, which received
non-drug treatment, the frequency of headache episodes
per month decreased 2.5 times and they grew twice as short
(p < 0.05). That said, the intensity of headache in the control
group remained practically the same, while inthe treatment group
it decreased 1.5 times (p < 0.05). The same pattern applied to
the impact headache had on the daily activity of patients. Thus,
reflexology and kinesio taping alleviate headache better than
drugs, with the difference being statistically significant.

The impact of headache on the daily life of patients is of
greatimportance. This factor was assessed using HIT-6; Figures
1 and 2 show the results. In the control group, the number of
patients whose dalily life suffered greatly from their headaches
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group complained of those symptoms significantly less often
than children from the control group.

DISCUSSION

Tension headaches are primary headaches; children and
adolescents develop this type of headache most often [1, 9].
The results we obtained through this research effort prove
that reflexology and kinesio taping are effective methods of
treatment of tension headaches with myofascial syndrome
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DEPENDENCE OF MUSCLE STRENGTH ON BIOLOGICAL MATURATION
RATES AND KEY VARIABLES OF PHYSICAL DEVELOPMENT
IN TEENAGE BOYS
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Functional abilities of school-age children are affected by a variety of factors, including endogenous. Over the course of a few
years, we studied physical development of 182 boys who underwent annual physical examination from the age of 11 to 17. We
took basic anthropometric measurements, such as height and weight, tested hand muscle strength and assessed biological
maturation and body build. Our study showed that muscle strength in school-age boys suffers a negative influence of such
endogenous factors as delayed physical development, body mass deficit, short stature, and asthenic build. Excess weight and
low skeletal weight also contribute to decreased muscle strength in teenage boys. Our results can be used to identify teenagers
at risk who should be given special attention during PE classes at school or during training sessions before the GTO fitness test.
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Hand grip strength reflects muscular and nervous health of an  of physical capacity are becoming increasingly important in
individual. Hand grip tests have long been used to assess the  light of Order 172 of the President of the Russian Federation
functional capacity and physical strength of children during  dated March 24, 2104 On the Nationwide Fitness Program
regular medical checkups or pre-training consultations. Studies ~ GTO (GTO stands for Ready for Labor and Defense).
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There is evidence of new trends in the physical development
of children and teenagers towards a larger overall body size,
accelerated biological maturation, earlier menarche, and
overweight [1-9], as well as reduced functional capacities,
including decreased muscle strength [10-13]. In the majority
of studies dynamometry scores are analyzed in the context
of social and environmental factors [14, 15]. However,
the correlation between muscle strength and the physical
development of children and teenagers accounting for the
population variability remains understudied.

In this work we aimed to investigate how hand muscle
strength correlates with physical development and the rate of
biological maturation.

METHODS

This longitudinal study recruited 182 Moscow-born Caucasian
teenage boys. The boys underwent physical examinations
annually, from the time they were 11 till they turned 17 years of
age. In terms of general health, the participants fell into health
categories 1 and 2.

Physical development and biological maturity of the
participants were assessed using a unified anthropometric
method and standard techniques [16]. Basic anthropometric
measurements were taken (body weight and height) and a
functional right-hand grip test was conducted. To assess
how balanced the physical development was, we did weight
to height scaling using a modified regression technique
[17]. Somatoscopy included visual assessment of biological
maturity. Based on the maturation rate, the boys were classified
as retarded in physical development (biological age lagged
behind chronological age); normally developing (biological
age coincided with chronological age); and accelerated in
their physical development (biological age was ahead of
chronological age).

Body build was classified using Darskaya’s maodification
(1975) of the method proposed by Shtephko and Ostrovsky
in 1929. Based on the visual assessment of the muscle
bulk, bone skeleton, subcutaneous fat distribution, thorax
shape, abdomen, back, and legs, we discriminated between
the abdominal, thoracic, muscular, asthenic and mixed
somatotypes [16].

Table 1. Correlations between the main parameters of physical development and
hand muscle strength of 11-year-old boys (r; p < 0.05)
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Associations between muscle strength and muscle/fat
mass were studied in 23 boys. Somatometric measurements
were taken using conventional anthropometric methods and
techniques. Body composition was analyzed on the InBody
device (South Korea) for bioelectrical impedance analysis.

Statistical processing was performed using Statistica
6.0 (StatSoft, USA). To estimate significance of differences,
Student’s t test was applied. Correlations were studied between
qualitative characteristics of physical development using
Pearson’s linear correlation coefficient r to describe correlation
strength. At r< + 0.3, the correlation was either absent or weak;
at r ranging from + 0.5 to + 0.7 the correlation was moderate;
at r> + 0.7 the correlation was strong.

The study was approved by the Ethics Committee of
Pirogov Russian National Research Medical University (Protocol
130 dated December 9, 2013). Informed consent was obtained
from the parents and headmasters.

RESULTS

The correlation analysis showed that there was a statistically
significant (p<0.05) moderate correlation between muscle
strength and body height in 11-year old boys; the correlation
between muscle strength and body weight also turned out to be
significant in this age group. It should be noted that correlation
strength declined as the boys grew older (Tables 1, 2).

More pronounced correlations were observed in impedance
tests. The analysis revealed the presence of statistically
significant (p<0.05) strong correlations between muscle
strength and basal metabolism parameters (r = 0.86) and
skeleton mass (r = 0.86). Moderate negative correlations were
detected between muscle strength and fat mass (r = -0.52,
p < 0.05).

Table 3 presents data on the hand muscle strength of boys
grouped by their age. As the boys grew older, muscle strength
increased from 15.25 + 0.86 kg at 11 years of age to 38.66 +
0.8 kg at 17 years of age, i.e. 2.5 times.

Figure 1 shows age-related dynamics of muscle strength in
teenage boys depending on the rate of biological maturation.

The boys whose physical development was accelerated
had better muscle strength at the age of 11, scoring even more
by the age of 13, in comparison with their peers retarded in

Table 2. Correlations between the main parameters of physical development and
hand muscle strength of 17-year-old boys (r; p < 0,05)

. . Right hand . ) Right hand
Parameter Height | Weight muscle strength Parameter Height | Weight muscle strength
Height 1 0.75 0.53 Height 1 0.56 0.47
Weight 0.75 1 0.47 Weight 0.56 1 0.39
Right hand muscle strength 0.53 0.47 1 Right hand muscle strength 0.47 0.39 1
Table 3. Age-related dynamics of muscle strength in boys aged 11 to 17 years (M + m)
Age, years 11 12 13 14 15 16 17
Muscle strength, kg 15,15 + 0,26 16,85 + 0,30 19,93 + 0,58 26,08 + 0,69 31,49 + 0,68 35,13 + 0,60 37,50 + 0,74
Table 4. Muscle strength in boys belonging to different somatotypes (M + m)
Somatotype
Parameter asthenic thoracic muscular abdominal mixed
1 2 3 4 5
Right hand muscle strength 14.3+0.2 17.04 + 0.1 18.3+0.2 18.6 + 0.3 16.2 +£0.2

p-value

p < 0.05 when comparing 1 and 3; p < 0.01 when comparing 1 and 4
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physical development. The highest scores in this group were
seen at the age of 17. At 11 or 12 years of age, the boys whose
development was retarded did not differ significantly from
normally developing teenagers in terms of muscle strength, but
at 183-15 years they scored less than normally developing or
accelerating children. By the age of 16-17, these differences
were leveled out and became unreliable.

Figure 2 shows how muscle strength depends on the
physical development of the participants (body mass). In all age
groups, no significant differences were observed in terms of

45
40
35
30
25

20

Muscle strength, kg

15

10

muscle strength between normally developing and overweight
children. The value of the muscle strength of boys with weight
deficiency in all age groups except for 14 year old teenagers
was significantly lower than that of harmoniously developing
children (p<0.01, p<0.05, respectively).

We also discovered that muscle strength was dependent
on body height. In all age groups, muscle strength of teenagers
who were shorter than the average was significantly weaker
than in other boys (p < 0.01, p < 0.05; see Table 3). The boys
who were taller than the average or just tall scored better in

Retarded development

Normal development

Accelerated development

12 13 14

15 16

Age, years

Fig. 1. Age-related dynamics of muscle strength measured in teenage boys with regard to their biological development
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Fig. 2. Parameters of muscle strength of teenage boys depending on weight
*—p<0.05*"-p<0.01

NPD — normal physical development, WD — weight deficiency, OW — overweight.
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Fig. 3. Parameters of muscle strength of teenage boys depending on height
*—p<0,05 *—p<0,01.

18.6

Fig. 4. Percentage of schoolchildren with different builds

hand grip tests than their peers at 11-16 years of age and
11-14 years of age, respectively (p < 0.01). In older age groups
these differences were insignificant.

Somatotyping (Fig. 4) revealed that 42 % of boys belonged
to the weak types (asthenic and thoracic); 25.8 % of the
participants belonged to the relatively strong (muscular and
abdominal) types; 32.2 % had mixed somatotypes. The analysis
of muscle strength in children with different somatotypes
showed that a somatotype significantly affects muscle strength.
Asthenic children scored less than their peers who belonged to
the muscular and abdominal types.

DISCUSSION

Studies conducted in different regions of our country are evident
of a downward trend in muscle strength in modern children

BULLETIN OF RSMU |6, 2017 | VESTNIKRGMU.RU

OPUIMMHAJIBHOE NCCJIEQOBAHNE | TUTMIEHA

Height:
H Below average

M Average
M Above average

M Tall

B Asthenic
[l Thoracic

30.9 B Muscular

Il Abdominal

B Mixed

and teenagers. It has been established that in the Moscow
region both boys and girls have worse dynamometry scores in
comparison with the children tested in the 1960s and 1980s,
and these differences are significant (p < 0.01) [15]. Low values
of parameters reflecting the functional capacity of children
mean that these children may not be able to meet the GTO
requirements, risking their health or even life when attempting
to pass this fitness test.

Among endogenous factors affecting muscle strength
are the rate of biological maturation and body build [18-20].
Our findings demonstrate that decelerated rates of biological
development and asthenic builds negatively affect muscle
strength in teenage boys. In our study, average values of
muscle strength in teenagers retarded in their physical
development at the age of 13 to 15 were significantly lower
than in other groups. At the same time, those boys had caught
up with their peers in terms of muscle strength by the age
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of 17. Dynamometric measurements in boys with the asthenic
somatotype demonstrated significantly lower values than in
those with the muscular and abdominal types.

While analyzing the influence of other endogenous factors
on muscle strength in teenagers and children, we found out
that (im)balanced physical development and height (stature)
also affect the studied parameter. Boys with weight deficiency
and shorter than average height in all age groups scored
less than others in terms of muscle strength. In our sample
there were no really short boys but we assume they also have
reduced functional abilities.

Research studies suggest that about 40 % of all high-
school children nowadays may not be able to pass the GTO
fitness test [21-25], which brings the need for improving
physical education at schools. Based on our findings, we can
identify a group at a risk of reduced functional abilities. This
group includes boys of asthenic body type, those with weight
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WORKPLACE HYGIENE IN CORRECTIONAL FACILITIES: PROBLEMS
AND SOLUTIONS
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The state takes the responsibility of protecting the life, health and working ability of inmates of penitentiary institutions. This
study aimed to explore working conditions at a correctional facility located in Tatarstan. Among the most significant workplace
hazards were high noise and vibration levels, poor lighting, exposure to increased concentrations of harmful substances in
the air, physical distress, constrained posture, sensory stress, and monotonous work. Health evaluation of 5,009 incarcerated
individuals exposed to poor working conditions revealed that they were more likely to develop work-related diseases than
their counterparts who worked in the office. Among the former skin and subcutaneous tissue diseases, hearing impairment,
respiratory conditions and cardiovascular disorders were 2.1, 1.7, 1.5 and 1.3 times more frequent, respectively. Our study
revealed the lack of medical examinations on admission, as well as regular medical checkups, and the reluctance of the inmates
to use personal protection at work. Based on the study results, adequate measures were taken to improve working conditions,
raise awareness of hygiene problems among the inmates and initiate routine medical checkups. The number of incarcerated
individuals working under bad conditions plunged from 68 % to 19 %. Also, up to 82 % of inmates started to use personal
protection.

Keywords: inmate, safety at work, working conditions, work environment, hard labor, work intensity, personal protection
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’MIMEHUYECKAS OLLEHKA YCNTOBUI TPYOA B YHYPEXKAEHUAX
NCMPABUTEJIbHOWN CUCTEMBbI: MPOBJIEMbI U NYTU PELLIEHUA

H. B. MonyHuHa', M. N. TumepasaHos?, O. FO. MunywkmHa?, HO. M. Mueosapos?, B. C. MonyHuH!, A. A. Anb CabyH4i?,
@. Y. Kosblpesa?™ B. B. Koponmk?

"Kacbenpa 06LLEeCTBEHHOrO 3[00POBbS 1 3APaBOOXPAHEHNIS, SKOHOMUKI 30PaBOOXPAHEHNS], NMeANaTPUHECKIMIA (haKynbTeT,
Poccunitcknin HaumoHanbHbI MCcneaoBaTenbCKin MEAULIMHCKUI yHMBepcuTeT nmenn H. . Muporosa, Mockea

2Kadhenpa rvreHbl, NeauaTpuyeckmnin haynsTer,
Poccuincknin HaumoHanbHbI MccneaoBaTenbCKUin MeAULIMHCKUI yHMBepcuTeT nmenn H. . Muporosa, Mockea

[ocynapcTBo 6epeT Ha cebst 06513aHHOCTb COXPAaHUTL XKN3Hb, 300P0BbE 1 TPYOAOCMNOCOOHOCTb OCY>KAEHHbBIX K OTOLITUIO HaKa-
3aHUS B YHPEXXAEHNSAX NEHUTEHLMAPHON cUCTeMbI. Llenbto nccnefoBanHvsa SBASANOCE N3yYeHne YCNoBu Tpyaa 3aKkIOHEHHbIX
OOHOro 13 MCNpaBUTENbHbIX YYpexaeHun B Pecnybnvke TatapcTaH. K Hanbonee 3Haq4MbIM BPEAHbIM MPOU3BOACTBEHHBIM
(hakTopam Ha pabo4mx MecTax no pesynsratam 1x 06CnefoBaHns Oblan OTHECEHbI MOBbILLIEHHbIN YPOBEHb LLyMa, HedocTa-
TOYHbIN YPOBEHb UCKYCCTBEHHOWN OCBELLIEHHOCTY MPOU3BOACTBEHHBIX MOMELLEHNI, MOBbILLEHHBIA YPOBEHb OOLLIEN 1 NIOKasb-
HOW BMOpaLMK, NPEBbILLEHNE NPeaebHO AOMYCTUMbIX KOHLIEHTPALUMI BPEAHbIX BELLIECTB B BO3AyXe pPabo4yer 30HbI, a Takxe
dursmHecKme Neperpysku, BbIHy>kKaAeHHas paboyas nosa, CEHCOPHbIE HArPY3KM 1 MOHOTOHHOCTb PaboTkl. AHann3 3abonesae-
MocTi 5 009 ocy»KaeHHbIX, paboTaBLLMX BO BPeOHbIX YCAOBUAX TPyAa, MOKa3asl, YTO Cpeam HUX Yallle B CPaBHEHWN C NMLamu,
paboTaBLUMMK B O(PUCHBIX MOMELLEHNSAX, PEMMCTPUPOBaIM 3aboneBaHns, 0OyCNOBAEHHbIE HEONArONPUSATHBIMIA YCNOBUAMM
TPyaa, B TOM Ymcne BONE3HN KOXM 1 MOOKOXHOM KneT4aTkn — B 2,1 pasa, HapyLLeHus cnyxa — B 1,7 paga, 60ne3Hu opra-
HoB ObixaHus — B 1,5 pasa, 3aboneBaHnsa CUCTEMbI KpoBoobpalleHna — B 1,3 pasa. ViccnegoBaHve BbISBUNO OTCYTCTBUE
npenBapUTENbHbIX 1 MEPUOANHECKVX MEOULIMHCKIX OCMOTPOB, a TakxKe HeXXenaHne OCy>XOEHHbIX MCMOoNb30BaTh CpeacTea
NHAMBUOYANbHON 3aluThl. [10 pedynstatam nccnenoBaHns Obinm NPOBEeAEHbI MEPONPUATIA MO YAYHLLEHWUIO YCIOBUA TRYAa,
Oblna HanakeHa CaHMUTaAPHO-MPOCBETUTENBHAA paboTa, BHeOpeHa CucTemMa MeaVLMHCKMX OCMOTPOB. Y1Cno paboTatoLLmxX
BO BpeAHbIX YCNOBUSIX TpyAa CHM3KNOCh ¢ 68 % 0o 19 %. Cpencrea MHOMBUOYabHOW 3aLLUTLI CTann NpUMeHsTb 40 82 %
3aK/ItOYEHHbIX.

KntoueBble croBa: 3aK/to4eHHble, 6e30MacHOCTb PaboyMX MECT, YCIOBUSA TPYAA, (haKTOpbl paboyein cpefbl, THKeCTb TPyaa,
HaNPsKeHHOCTb TPyaa, CPEACTBa UHAVBUAYATIbHON 3aLLnTbI

D<] Ans koppecnoHaeHuum: Kosbipesa datuma YBxXmkoesHa
yn. OctpoBuTaHOBa, A. 1, . Mocksa, 117997; kf61@mail.ru
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Occupational health and safety is still a concern faced by
the members of some social groups, including inmates of
correctional facilities (CF).

Labor is believed to be beneficial for physical and mental
health in closed communities; it promotes strong bonding,
encourages team spirit and respect for human dignity, and
facilitates re-socialization. The penitentiary system gives
inmates an opportunity not to lose their professional skills
and learn a new profession that may aid further re-integration
into the society. Through work inmates partially reimburse
the expenses for their upkeep, pay fines imposed by court
decisions, earn some pocket money and save up for the time
when they will be released.

Working conditions for those serving sentences should
be created taking into account the state of their health, work
capacity, experience, availability of work skills and profession.

Working hours, health and safety requirements, sanitation
and hygiene norms are established by the labor legislation of the
Russian Federation. Labor protection is a system of preserving
the life and health of workers in the process of work, including
legal, socio-economic, organizational and technical, sanitary
and hygienic, rehabilitation and other measures. Provision of
acceptable working conditions will help to preserve the health
of working convicts [1-3].

The aim of the study was to investigate the working
conditions of those serving sentences in correctional institutions
and to develop measures to optimize the labor process for
preserving the health of convicts.

METHODS

The study was conducted in one of the penitentiaries of the
Republic of Tatarstan. At the correctional facility, production
enterprises have been set up, including foundry, woodworking,
metalworking, slag-blocking, sewing industries and auto
services, employing up to a third of all convicts. The assessment
of sanitary and hygienic conditions of labor of the affected
persons was carried out by carrying out laboratory-instrumental
studies of physical factors in the workplace, determining the
concentration of harmful substances in the air of the work
area, studying the severity and intensity of the work process,
and the safety of workplaces and the provision of prisoners
with personal protective equipment in accordance with the
guidance R 2.2.2006-05 Guidance on hygienic assessment of
working environment factors and labor process. Criteria and
classification of working conditions (Table 1).

Particular attention was paid to the study of the role of
harmful production factors, the impact of which on the worker
under certain conditions leads to illness or disability.

Assessment of the state of health was carried out on the
basis of an analysis of data on the incidence of 5,009 working
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convicts obtained from the analysis of registration form
No.025-10/y-11. The comparison group included office workers
(information and computing center, marketing department,
logistics department, technical control department, technical
department, a group of economists and accountants).

Individual protective equipment (IPE) plays an important
role in the system of preventive measures aimed to ensure
safe working conditions and to reduce occupational poisoning
and diseases. To learn why IPE are ignored in the prison, we
surveyed 5,009 inmates.

RESULTS

Noise sources in the conditions of foundry, blacksmith,
metalworking and woodworking industries are working
machines, manual power tools, electric machines, compressors,
forging and pressing, handling and auxiliary equipment. The
effect of high noise levels leads to a decrease in efficiency,
development of fatigue, increase in morbidity and disability
among workers [4]. Table 2 shows noise levels measured in the
workshops of the correctional facility.

The table shows that the actual levels of production noise
at the workstations of the spindle and forge areas exceeded
the maximum permissible meanings. Unstable production
noise in the workstations surveyed had a fluctuating character,
with a continuous change in the sound level over time. The
impulse noise was characteristic for the spindle and forging
sections. The value of the equivalent noise level (in terms of
the duration of the work shift) was calculated to estimate the
possible harmful effect of noise of different levels and duration.
The obtained data made it possible to classify the working
conditions according to the level of effect of industrial noise on
the spindle and forge areas to the harmful conditions of the 2nd
degree (class 3.2).

Metalworking, woodworking machines, casting machines,
press-forging equipment, transport are sources of general
vibration. That is why the majority of working places, with
the exception of places on forging and transport sites, were
classified as places with harmful working conditions (class 3.1)
of "general vibration" factor. Transport department workers are
also exposed to local vibrations. The corrected acceleration of
local vibration here was 118.3 + 7.2 dB, which is acceptable
(Class 2).

Inmates working in sewing workshops were exposed to the
harmful effects of local vibrations produced by sewing machines.
The acceleration of vibration was 134 + 0.1 dB, exceeding the
occupational standard of 126 dB; therefore, working conditions
here were assigned to Class 3.2. High frequency vibrations of
30-125 Hz cause vascular, neural, muscular, bone and joint
pathologies. The source of the general vibration in the sewing
section is the engines, which most machines fasten directly to

Table 1. Assessment of labor conditions in the state penitentiary. Measurements taken

Measurement

Number of measurements/workplaces

Class of working conditions

296 workplaces

Noise levels

296 measurements

Vibration levels

204 measurements

Microclimate (in cold and warm seasons)

1, 776 measurements

Lighting

623 measurements

Air contamination

223 samples

Physical effort

2, 368 measurements

Stress

2, 368 measurements
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the table top and do not have damping pads. Vibration is then
transferred to the table top and machine body. The value of
vibration increases with wear and malfunction of machines [5].

Hygienic assessment of production facilities showed that
the total artificial illumination is significantly lower than the
established norms at workplaces of turners, milling machines,
in the area of processing colored castings; turners and thread-
rollers of the assembly area of hulls and covers (Table 3).
Insufficient lighting causes the development of eye fatigue,
decreases work capacity and labor productivity, increases
the number of defects and the danger of occupational
traumatism [6].

Table 2. Industrial nose levels at production areas

As can be seen from the table 3, the total artificial
illumination at the workplace of the machine operators is not
sufficient, that's why working conditions for the "lighting" factor
can't be recognized as acceptable. The lighting conditions
on the mechanical section, the area of processing colored
castings, the assembly of housings and covers, the spindle
and forging areas belong to class 3.2, that means that they can
cause persistent functional changes in the organs of vision. It
was revealed the need to install additional lighting in general
system of artificial lighting, replacement of lamps with more
powerful ones, and installation of local lighting for machine
operators.

Work areas + SD. dB(a) EL. dB(a)
Comparison group (office workers) 56.8 + 8.4 60
Painting plot 66.0 + 0.0 80
Mechanical processing area 78.6 £ 0.0 80
Nonferrous casting area 76.0 £ 0.0 80
Section for the assembly of housings and covers 64.7 £7.2 80
Spindle section 82.6 +12.0 80
Lock section 69.9 + 14.9 80
Tool area 61.4 +13.6 80
Forging site 88.4 +0.0 80
Mechanical repair area 67.9 +13.7 80
Power-repair-mechanical section 58.2 +3.24 80
Transport area 67.1 +7.87 80
Railway section 60.6 + 9.99 80
Oxygen substation 48.0 + 0.0 80
Woodworking area 728 £+11.0 80
Mounting area 65.0 + 8.6 80
Sewing area 66.1 +4.77 80
Production-duty department (elimination of accidents) 64.2 + 6.85 80
Note. EL — exposure limit
Table 3. Lighting in work areas
Work areas M = SD, Ix Minimum acceptable level, Ix
Comparison group (office workers) 300.2 + 128.5 300
Painting plot 204.7 +5.0 300
Mechanical processing area 186.2 + 32.7 200
Nonferrous casting area 236.3 + 20.5 200
Section for the assembly of housings and covers 148.2 + 76.4 200
Spindle section 230.3 + 43.6 200
Lock section 195.6 + 75.4 200
Tool area 207.9 + 99.1 200
Forging site 250.0 + 0.0 200
Mechanical repair area 178.8 £ 111.5 200
Power-repair-mechanical section 248.6 + 35.5 200
Transport area 145.0 + 119.2 200
Railway section 101.5 +14.7 200
Oxygen substation 75.5 £ 0.71 200
Woodworking area 160.8 + 15.5 200
Mounting area 244.7 + 38.2 200
Sewing area 279.5 + 130.0 400
Production-duty department (elimination of accidents) 123.0 + 33.5 200
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Assessment of air pollution in the working area showed
that there was the dust in the air of the working area with an
admixture of silicon dioxide in a volume of 2-10 %. Among
the aerosols of predominantly fibrogenic action, the largest
danger is dust containing free silicon dioxide [7]. The maximum
permissible concentration (MPC) of such dust, depending on
the content of silicon dioxide is 1 and 2 mg/m?®. For other types
of dust, MPC is 2-10 mg/m?®. In our study, the proportion of
samples with excess of hygienic standards was 84.4 %. Dust
pathology can be manifested in the form of catarrh of the upper
respiratory tract, dust bronchitis and pneumonia [8].

The share of samples with excess of MPC of mineral oils is
25.4 %. Lubricating oils, when inhaled, can irritate the mucous
membranes of the upper respiratory tract. On the skin of
workers may develop oily folliculitis and oily acne [2].

Gasoline fumes were detected in the air of the transport
area. On average, their concentrations did not exceed
occupational standards per shift. However, the share of non-
standard samples was 33.3 %. The content of products of
incomplete combustion of fuel did not exceed the maximum
permissible values in samples of air in the breathing zone of
workers in the transport section of shop No. 5. The studies
were carried out taking into account the effect of summation.

Table 4. Air temperature in work areas
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The concentration of benzene, manganese in welding
aerosols, lead-cadmium solder, acetone, white spirit, carbon
monoxide, chlorine did not exceed the established standard
values (according to the analysis of industrial air samples). In
most cases working conditions could be assigned to Class 1
(third degree). Hygienic assessment of working conditions of
convicts by chemical factor in office premises showed their
compliance with class 2, that is, working conditions were
acceptable.

Hygienic assessment of the microclimate of industrial
premises showed that the air temperature in the workplace
was within the acceptable range (Table 4). Relative humidity
of air fluctuated in a range of 60-75 % with the speed of air
movement from 0,1 to 0,3 m/s. Thus, according to the main
parameters of the microclimate, working conditions were
characterized as admissible (class 2).

The hygienic assessment of the working conditions of
the convicts showed that the class of working conditions in
all production facilities was harmful (Class 3.1-3.2, 1%t to 2
degree). In terms of stress, working conditions were either
acceptable or harmful (Table 5).

The study showed that the majority (73.1 %) of the inmates
exposed to harmful or dangerous factors did not use personal

Air temperature, C° (M + SD)
Work areas Category of task depending on energy expenditure
Cold seasons Warm seasons

Comparison group (office workers) 1b 23.4+29 23.3+28
Painting plot 2b 23.5+0.5 235+1.2
Mechanical processing area 2a 209+0.2 20.3+1.6
Nonferrous casting area 2b 249 +1.1 20.4+0.8
Section for the assembly of housings and covers 2a 21105 21.0+0.5
Spindle section 2a 23.0+£0.6 21511
Lock section 2a 202+1.3 19.9+1.4
Tool area 2a 20.3+1.5 200+ 1.1
Forging site 2b 248 +0.0 22.6 £ 0.0
Mechanical repair area 2b 200+1.5 19.6 +1.5
Power-repair-mechanical section 2b 20.6 £ 0.7 20.3+0.8
Transport area 2a 224 +£0.9 21.0+£27
Railway section 2a 21.9+0.7 16.7 + 5.3
Oxygen substation 2a 225+0.6 21.8+0.2
Woodworking area 2b 221 +0.6 21.7+2.2
Mounting area 2a 226 +0.1 221+03
Sewing area 2a 243+1.2 228+1.9
Production-duty department (elimination of accidents) 2a 19.7+1.6 172 +5.7

Table 5. Work classes depending on the physical effort required by and stress induced

Work type Class of working conditions Stress class

Sewing manufacture, seamstresses 3.2 3.2
Sewing manufacture, cutters 3.1 2

Foundry 3.2 3.1
Production of woodworking 3.1 3.1
Manufacture of metal machining 3.2 3.1
Construction industry 3.2 3.1
Painting production 3.2 2

Transport area 3.2 3.2
Production duty department (elimination of accidents) 3.1 3.1
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protection equipment (PPE). The survey of persons who did not
use PPE showed that 54.9 % of them do not know the means
of individual protection; 47.6 % of those surveyed believed that
their use made work difficult; 44.9 % noted the inconvenience
of their use; 39.7 % did not know how to apply them; 25.9 %
did not associate their health with work in harmful conditions;
17.1 % said they did not consider it necessary to use PPE. On
average, every inmate provided 2 or 3 arguments against the
use of personal protection.

Working conditions seriously affect workers’ health
[2, 9-14]. Our analysis revealed that in the inmates exposed to
occupational hazards, morbidity rates were significantly
higher than in those unexposed (1,267.2 %o vs 810.6 %o,
p < 0.05). Among the most common conditions were skin
or subcutaneous tissue diseases (2.1. times more common),
hearing impairment (1.7 times more common), respiratory
diseases (1.5 times more common), cardiovascular diseases
(1.3 times more common). It should be noted that the absence
of medical examinations on admission and before working
shifts, as well as regular medical checkups, prevented us
from identifying those individuals who should not have
been allowed to work in the harmful working conditions.

DISCUSSION

The study of working conditions in production facilities where
convicts work allowed to identify violations of sanitary and
hygienic requirements at individual workplaces in terms of noise
level, vibration, illumination level, microclimatic parameters and
chemical air pollution in the work area. The fact of evasion by
working convicts from the use of PPE is established, which
subsequently leads to an increase in the incidence among
them. The use of personal protective equipment becomes
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DEVELOPING AN ARTIFICIAL INTELLIGENCE-BASED SYSTEM FOR
MEDICAL PREDICTION
Sakhibgareeva MV =, Zaozersky AYu

COMTEK LLC, Ufa, Russia

Diagnostic accuracy remains one of the central problems of medical care. In this work we attempt to apply artificial intelligence
to solve this challenge. We propose an approach to medical prediction based on the intelligent analysis of patients’ data from
200 different laboratory tests. The initial sample included 7, 918 cases falling into 4 nosological categories: D50 (iron deficiency
anemia), E11 (non-insulin-dependent diabetes mellitus), E74 (other disorders of carbohydrate metabolism), and E78 (disorders
of lipoprotein metabolism and other lipidemias), and was further divided into the training and testing datasets. Using gradient
boosting, we constructed a machine learning model. The model demonstrated a recognition rate of 89 % (AUC-ROC) and a
mean certainty in the diagnosis of 92 %. Our study proves feasibility of using machine learning in the analysis of this type of
medical data. We are currently implementing a web-service for medical prediction as part of our Healthcare platform aiming at
automation of clinical practice.

Keywords: artificial intelligence, analysis of medical data, machine learning, gradient boosting, laboratory diagnostics,
nosological diagnosis, multiclass classification, iron deficiency anemia, lipidemia, carbohydrate metabolism disorders

><] Correspondence should be addressed: Margarita Sakhibgareeva
ul. Bekhtereva 16, kv. 48, Ufa, Russia, 450047; margarita.vi2011@gmail.com

Received: 23.11.2017 Accepted: 13.12.2017

PASPABOTKA CUCTEMbI MPOMrMHO3NPOBAHNA OANATHO30B
3ABOJIEBAHU HA OCHOBE UCKYCCTBEHHOIO MHTEJIJIEKTA

M. B. Caxvbrapeesa =, A. KO. 3a03epckui
000 «KOMTEK», Yepa

B cTaTtbe npeacTaBneHsl pesynsraTbl UCCNEeAoBaHNSA MO MPUMEHEHNIO TEXHOMOMIN UCKYCCTBEHHOMO MHTENEKTa 15 PeLLeHNst
OOHOW 13 OCHOBHbIX MPOBGEM 30PAaBOOXPAHEHNST — MOBbILLIEHNS Ka4eCcTBa ANarHoOCTUKK 3abonesaHnii. [NpeanoxeH noaxom,
K MPOrHO3NPOBAHNIO HO30MOMMHYECKUX OUArHO30B MyTEM WHTENIEKTYaIbHOrO aHanm3a COBOKYMHOCTU pe3ynstaTtoB 1abo-
paTopHbIX nccnenoBanHuin (200 TECTOB), MPOBOAMMBIX MO KaXKAOMY Clly4qaro 3aboneBaHus nauveHToB. B obLlyto BbIOOPKY,
pasneneHHyo BMOoCIEaCTBUN Ha 0ByHaroLLLYytO 1 TECTOBYHO, BKIKOYMAN AaHHble O 7 918 cnydasax 3abonesaHui no 4 HO30/10-
rnam: D50 (xenesogeduumtHaa aHemust), E11 (MHCynMHHE3aBUCUMBIN caxapHbin anabeT), E74 (apyrve Hapylerrs obMeHa
yrneBonos), E78 (HapyLueHns obMeHa NMNonpoTeENaOB 1 Apyrie nunnaeMin). MeTogoM rpaaneHTHOro ByCT1Hra Ans HYX Obina
MOCTPOEHa MOZeNb MALLUMHHOMO 0By4eHWs. TOYHOCTb pacno3HaBaHNs MOAESBIO BbIOPaHHbIX AMAarHO30B CocTaBuna tonee
89 % (ROC AUC) npu cpeaHen yBepeHHOCTM MOAEN B KaKOOM MPOrHO31pyeMoM avarHo3e B 92 %. liccnenoBaHve nokasano
MPUHLMMNANBHYHO BO3MOXKHOCTb MPUMEHEHMS METOA0B MALLMHHOMO 0BYYeHVa 018 aHanmM3a AaHHbIX Takoro poda. Cuctema
NPOrHO3MPOBaHNSA OMarHO30B 3ab0/1EBaHU BHEAPSIETCS B BUOE BEG-CepBMca B MPOrpaMMHbIN KOMMIEKC «3apaBooXpaHe-
HWe», NpeaHasHa4YeHHbI ANg aBToMaTU3aL PaboTbl MEANLIMHCKMX YHREXOEHWIA.

KntoueBble cnoBa: VICKYCCTBEHHbIN MHTENNEKT, aHaIM3 MeOULMHCKUX OaHHbIX, MalLHHOE O6yLieHl/Ie, rpagueHTHbIN 6yCTI/IHI',
ﬂa6opaTopHa9| OMarHoCTVKa, HO30MOMYECKUA OMarHO3, MHOroK/1accoBas Knaccuurkaums, »kenesogenumtHas aHemuys,
nmnnaoemMnd, HapyLlleHuaA obmeHa yrneeoaoB
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yn. bextepesa, a. 16, kB. 48, . Yha, 450047; margarita.vi2011@gmail.com

Cratbs nonyyeHa: 23.11.2017 Ctatbsa npuHsATa K nevatu: 13.12.2017

Development of information technologies aimed to facilitate the  medical centers allowed us to build a vast database of medical

efficient delivery of medical care is one of the priority goals set
for the Russian healthcare system. Increasing effort is being
made to improve the quality of healthcare through the use of
information systems, expedite transition from paper files to
electronic medical records and employ data mining for the
analysis of huge arrays of medical data [1, 2].

Collection of medical data still presents a problem, as
noted in a number of works [3, 4], which seriously impedes
their digitalization necessary for machine learning and delays
development of analytical software. Our close collaboration with
the Siberian Center for Information Protection and deployment
of the original Zdravookhranenie software in a few regional

records and obtain authorization to process these data. It was
a perfect opportunity to perform data mining using machine
learning techniques.

The use of diagnostic information systems in clinical
practice can be very beneficial for patients. High workload or
the lack of expertise affects clinical decisions doctors make.
Besides, a taking into account of a set of information about the
patient is a basis for accurate diagnosis, prediction of disease
progression and treatment planning; without it clinical decisions
are mere approximations [5].

According to A. Chuchalin’s report presented at the
Second National Congress of GPs, every third case in Russia is
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misdiagnosed [6]. Likewise, we have discovered a considerable
number of diagnostic errors while analyzing the records of a
few healthcare facilities that use our software. In the course
of our analysis, we calculated the discrepancies between the
definitive and preliminary diagnoses. Results are presented
in Table 1 which features distribution of erroneous diagnoses
across different departments of healthcare facilities and Table
2 showing the percentage of erroneous diagnoses in different
nosological categories. Names of the healthcare facilities are
not provided in this article for ethical reasons.

Not only patients becomes victims of wrong preliminary
diagnoses and get useless treatments but also medical clinics
incur considerable expenses: the Fund of Compulsory Health
Insurance only subsidizes treatments based on a definitive
diagnosis.

In view of this, we decided that prediction of nosological
diagnosis should be a priority task in the development of an
artificial intelligence-based system. The aim of this work was
to test the feasibility of medical data mining using machine
learning, to assess prediction accuracy that makes a machine
learning model useful, and to enhance our Zdravookhranenie
platform.

METHODS
Initial dataset

Medical decisions can be based on a medical history, physical
examinations, and results of laboratory or complex functional
tests. Lab tests provide the most objective information about
patient’s condition and are often used when other methods
have failed to identify or confirm a pathology. These tests are
especially useful in patients with anemia, lipidemia, hepatitis,
seropositive rheumatoid arthritis, etc.

The source dataset consisted of disease cases with
established definitive diagnoses. The feature space included
patients’ sex and age and the results of laboratory tests
obtained from the data of prophylactic medical examination.
The data were collected using our Zdravookhranenie software
solution [7]. We chose 4 nosologies for the analysis, including
D50, E11, E74, and E78, that can be suspected and diagnosed
based on laboratory tests. The initial dataset was as follows:

« iron deficiency anemia (D50) — 778 cases (10 %);

» non-insulin-dependent diabetes mellitus (E11) — 1,392
cases (17 %);

« other disorders of carbohydrate metabolism (E74) — 163
cases (2 %);
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« disorders of lipoprotein metabolism and other lipidemias
(E78) — 5,585 cases (71 %).

In total, the dataset included 7,918 cases with results of 200
laboratory tests (blood and urine tests, cytologic examinations,
etc.) that occurred during the period from 2005 to 2017 with
patients aged 18 to 99 years, of whom 71 % of were females
and 29 % were males. In some cases, the results of laboratory

tests were recorded as “normal”, “below the norm” and “above
the norm”.

Choosing a method of machine learning and performance
metrics

Prediction of diagnosis based on the results of laboratory tests
is @ multiclass classification problem.

The data were analyzed using Scikit-learn [8], a Python-
based open-source library for machine learning. We carried
out a few preliminary tests involving such methods of machine
learning as neuronal networks, decision trees, and gradient
boosting. The last one showed the best results for our problem.
It is a technique in which an ensemble of predictors is built
sequentially, with every subsequent algorithm compensating
for the mistakes of a previous predictor [9]. Gradient boosting
over decision trees is believed to be the most effective universal
method of machine learning. Decision trees also perform very
well in classification tasks.

Considering the specifics of the problem and the fact that
the initial dataset was imbalanced, we selected performance
metrics with special care. The metrics will be described below
in terms of a confusion matrix [9-10] with respect to multiclass
classification using the one-against-all approach. This approach
is based on reducing multidimensional classifications to a set
of binary tasks in which a picked class is classified as 1, and
the rest classes are classified as O. For every picked class i the
following parameters are determined:

» TP (True Positive) — the number of true positive instances
correctly assigned to class /;

« TN (True Negative) — the number of true negatives
instances correctly not assigned to class / and therefore
assigned to class | # /;

* FP (False Positive) — the number of false positives
instances incorrectly assigned to class J;
* FN (False Negative) — the number of false negatives

instances incorrectly assigned to class j # i that should have
been assigned to class /.

Accuracy is the most intuitive performance metric showing
a fraction of correct responses; however, is not suitable for
imbalanced datasets.

Table 1. Percentage of wrong diagnoses in different units of several healthcare agencies based in Russia

Percentage of wrong diagnoses. %
Unit
Healthcare agency 1 Healthcare agency 2 Healthcare agency 3
Pulmonary 76.80 39.28 -
Anaesthetics and Intensive care 72.96 24.11 73.11
Cardiac care (>1) 57.88 23.00 46.43
Therapeutic 56.36 - -
Gastroenterology 66.38 11.29 -
Trauma 32.19 - 60.64
Neurology 55.04 14.97 -
Urology - - 67.72
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Table 2. Percentage of wrong diagnosis per nosological category in several Russia-based healthcare agencies

Nosology Percentage of wrong diagnoses,%
Disorders of lipoprotein metabolism and other lipidemias 92.73
Cholera 88.89
Disorders of sphingolipid metabolism and other lipid storage disorders 88.72
Immunodeficiency with predominantly antibody defects 83.33
Sequelae of other and unspecified infectious and parasitic diseases 80.00
Evidence of alcohol involvement determined by blood alcohol level 80.00
Juvenile arthritis in diseases classified elsewhere 75.00
Other bacterial diseases, not elsewhere classified 66.67
Car occupant injured in collision with pedal cycle 66.67
Lactose intolerance 60.00
Pericarditis in diseases classified elsewhere 60.00
Trichomoniasis 50.00
Other intestinal helminthiases, not elsewhere classified 50.00
Viral agents as the cause of diseases classified elsewhere 50.00
Malignant neoplasms of lip 50.00
Carcinoma in situ of cervix uteri 50.00
Deficiency of other nutrient elements 50.00
Other diseases of inner ear 50.00
Intestinal malabsorption 50.00
Hypertrichosis 50.00
Other disorders of kidney and ureter in diseases classified elsewhere 50.00
Pre-existing hypertension with pre-eclampsia 50.00
Epidermolysis bullosa 50.00
Unspecified jaundice 50.00
Anomaly of leukocytes, not elsewhere classified 50.00
Glycosuria 50.00
Other and unspecified abnormal findings in urine 50.00
Other disorders of carbohydrate metabolism 20.70
Iron deficiency anemia 13.90
Non-insulin-dependent diabetes mellitus 3.240

TP+ TN
TP+ TN + FP + FN

accuracy =

Therefore, other metrics are often used instead, including:

« precision — a fraction of true positives instances among
all predicted positives. In other words, it shows how many
positive predictions were really positive:

TP

precision =
TP + FP

« recall — a fraction of true negatives instances among all
true and false positives. It is also known as a true positive rate

(TPR):
™
TP+ FN

recall =

Recall is used to evaluate performance of a machine learning
model when there is a need to reduce the number of false
negatives (FN) and measure all positives [10]. This metric is
preferred for medical diagnostic tasks when it is important not

to miss a diagnosis. Although it is quite intuitive, it is not always
good for imbalanced datasets.

Another metric used in our study was ROC AUC
recommended in [10] for the evaluation of model performance
on imbalanced datasets. AUC stands for area under [ROC]
curve, ROC is receiver operating characteristic. This curve is
constructed by plotting the true positive rate (TPR) against the
false positive rate (FPR) and is a line connecting (0, 0) to (1,1):

P
TPR= ————
TP+ FN
FP
FPR =
FP+ TN

It is believed that the higher the ROC AUC value, the better
the performance of the classifier. ROC AUC of 0.5 means the
classifier makes random guesses. ROC AUC below 0.5 means
that the classifier does the opposite of what is expected of it:
if true positives were labeled as negatives, it would perform
better.

Considering the above said, we used ROC AUC as a
primary metric, but also accounted for recall.
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Table 3. Performance of the machine learning model designed for diagnostic prediction

Metric
. . Dimension of the test
Diagnosis set, number of cases
ROC AUC Recall Precision Accuracy ’
D50 (iron deficiency anemia) 0.98 0.66 0.83 0.95 44
E11 (non-insulin-dependent diabetes mellitus) 0.91 0.62 0.69 0.9 69
E74 (other disorders of carbohydrate metabolism) 0.89 0.21 0.6 0.97 14
E78 (disorders of lipoprotein metabolism and other lipidemias) 0.94 0.96 0.89 0.89 318
RESULTS CONCLUSIONS

The diagnoses and the results of laboratory tests were divided
into two sets: the training set (75 % of cases) and the test set
(25 % of cases). The model was built for 4 nosological categories
(D50, E11, E74, E78) using gradient boosting. For the test set
ROC AUC was above 89 % (Table 3). Mean certainty in correct
diagnoses included in a test sample was 92 %.

DISCUSSION

High ROC AUC values falling between 89 % and 98 % indicate
that our model is feasible for the prediction of the studied
diagnoses. Importantly, our dataset consisted of various data
types, including the results of 200 different laboratory tests
and such parameters as patients’ sex and age. Among other
strengths of the study is the use of enough large dataset
accumulated over the course of a few years. For example, in
[11] the analysis was carried out on the data collected over the
period of just 3 months in a Boston hospital. The authors of the
study attempted to predict ferritin blood levels. They also used
ROC AUC as quality metric which turned to be as high as 97%.
However, it should be noted that according to a number of
research works [12-14] a focus on nosological categories
may increase prediction accuracy. According to [15, 16],
performance can be enhanced through the use of different
methods for medical data preprocessing.
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A FEW ASPECTS OF PLASTIC SURGEONS’ PERFORMANCE
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In spite of accreditation programs, levels of professional skills vary among plastic surgeons: there are no requirements for the
diversity and number of performed surgical interventions that a surgeon can specify in his/her portfolio. Rationale for elaborating
such requirements can be explored by studying service reports of private medical practices certified to provide plastic surgery
services to their in- and outpatients. In the course of out study we analyzed such reports using different statistical tools, including
the variation coefficient, the Kolmogorov-Smironov, Mann-Whitney U and Kruskal-Wallis tests, and Spearman’s correlation
coefficient. Differences were considered statistically significant at p < 0.05. Surgical interventions were divided into 9 categories:
skin/soft tissue plasty, rhinoplasty, breast plasty, blepharoplasty, otoplasty, lip and palate repair, craniofacial plasty, repair of
urogenital defects, and hand surgery. On average, each surgeon performed a total of 112.3 + 326.4 surgeries (Mo = 1). About
30.4 % of surgeons performed 1 to 10 interventions a year. None of the surgeons performed all types of interventions and hand
surgery. We found that the diversity and number of interventions performed by a surgeon does not depend on the qualification or
academic title (ry =-0.8, p = 0.2 and ry = -0.2, p = 0.8, respectively). Skin/soft tissue repair accounted for 51.1 % of all services
provided by private medical practices. The number of post-operative treatment services was 0.017 per surgery.
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Poccuiickiii HaumoHanbHbIN CCNeaoBaTENbCKU MeONUMHCKNIN YHBepcuTeT nvenn H. W. Muporosa, Mockea

2Kadbepnpa thakynsretckon xupyprin Ne 1, neqebHbin hakynsteT,
MOCKOBCKMIA FOCYapCTBEHHbIV MEAVKO-CTOMATONOMMHECKIA YHUBEPCUTET MeHn A. V1. EBgokmmoBa, Mockea

3 Kachenpa 06LLECTBEHHOMO 340P0BbS 1 34PaBOOXPaAHEHNS,
VIHCTUTYT noBbILLeHNst kKBanmrkaLmmn deaepanbHoOro Meamnko-61onornyeckoro areHTcTea, Mockea

Beoavmas neprognyeckas akkpeantaums He rapaHTUpyeT NoAAEep»KaHNe OQMHAKOBO BbICOKOIO YPOBHS KBanMdvKaLmm Bpa-
Yel-X1PYProB, Tak Kak yTBepXAeHHbI hopmMaTt NopTdonmo He COAePXKUT TPeboBaHWn K CNekTpy 1 06bemMy onepaTuBHbIX
BMeLLaTenscTB. LlenecoobpasHocTb BBeAeHVs NoaobHbIX TpeboBaHMIA MOXHO OBOCHOBATL, M3y4ast AesTeNlbHOCTb MiacTu-
YECKMX XMPYProB MO CBEAEHMAM OTHETOB O MEAVLMHCKNX YCyrax no MaacTUHeCKOM XMPYPIrn, okadaHHbIX B MEOVLMHCKOW
OpraHM3aL YaCTHOW CUCTEMbI 30PaBOOXPaHEHVIS, UMEIOLLIEN INLIEH3WIO Ha BbINMOHEHWE paboT 1 YCiyr MO MAacTUHeCKom
XVPYPrm B aMBynaTopHbIX 1 CTaUMoOHapHbIX YCIOBUSX. B xoae aHanmsa oT4eToB Obin MpoBeAeH pacyeT koadduLpmeHTa Bapu-
aumn, kputepnes Konmoroposa—CMrpHoBa, MaHHa—YWTHW, Kpackena—Yonnuca, koadduumeHta CnvpmeHa. CTaTUcT4ecKkun
3Ha4YMMbIMKL CcHUTaN 3HaYeHKsa npu p < 0,05. OnepaTtyBHble BMeLLaTeNbCTBa Obinv pasaeneHsl Mo 9 TpyaoBbIM (OYHKLMAM:
naacT/Ka NOKPOBHbIX TKAHEN; MNacTka Hoca; MOTO4HbIX XKeNnes (MpyAv); BeK; Hapy>KHOro yxa; ryd n Heba; kpaHnodaumansHas
nnacTyka, yporeHnTabHas mnactuka, xvpypra Kuctu. CpeaHmin o6bem onepaTvBHbIX BMELLATENBCTB MO MPOMUII0 COCTaBN
112,38 + 326,4 Ha ogHoro Bpaya npy Mo = 1. Mpuyem 30,4 % xvpypros BeinoaHWM 3a rog, 1-10 onepaTtvBHbIX BMeLLaTeNbCTB.
Hn oguH Xmpypr He BbINOSHAN OnepaTVBHbIE BMeLLaTeNbCTBa Mo BCeM 9 TpyaoBbIM YHKLMSAM, a Takke Mo XMPYPIrn KUCTU.
CrekTp 1 06bem onepaTVBHbIX BMELLATEIbCTE HE 3aBUCUT OT KaTeropum uin ydeHown ctenern (f = —0,8, p = 0,2 nry =-0,2,
p = 0,8). MNMnacTvka NOKPOBHbIX TkaHeln cocTaenseT 51,1 % Bcex okadaHHbIX ycnyr. Ha ogHO onepaTtvBHOE BMeLLATENbCTBO
npwxoauTtca 0,017 ycnyr no nocneonepaLyoHHOMY BeAeHNIO.

KntoueBble crioBa: nnactnyieckast XMpyprusi, nopTdonmo niacTnHeckoro XMpypra, akkpeauTtaLms rniacTuieckoro Xnpypra,
HenpepbIBHOE MeOVLMHCKOE 06pa3oBaHme
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Although plastic surgery is a relatively young field, there is  should be provided in medical organizations [2]. Regardless of
already a lot of rigorous criticism regarding professional skills of  the form of business, those licensed centers must comply with
plastic surgeons [1]. Plastic surgery as a strictly medical activity,  the requirements for the quality and safety of provided services,
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keep records of their activities, ensure effective internal control
and undergo regular inspections and personnel performance
evaluations carried out by authorized agencies [3]. Because the
majority of plastic surgery clinics are private (not sponsored by
the state), control over quality and safety of provided medical
services should be stricter [4]. Ironically, quality assurance
becomes a matter of discussion only when patient’s health
has been compromised and their life has been put at risk [5].
Such cases brought to the public eye by the media undermine
reputation of the whole field.

The basis for ensuring the quality of medical care for
plastic surgery is the order of delivery of medical care by
types, profiles, individual diseases and conditions, as well
as standards of medical care [6]. The orders of delivery of
medical care have been approved by the Ministry of Health
of the Russian Federation and are the same for all healthcare
facilities registered in the country [7]. They are also a basis for
the functional departmentalization of medical institutions. In
turn, plastic surgeon’s qualification, as well as doctors of other
specialties, should be confirmed by certificates. the current
system of certification, though, is a subject of criticism in the
medical community [8]. A new accreditation system is hoped
to encourage continuing medical education and help doctors
attain an equally high level of professional skills [9] by training
them in all subspecialties plastic surgeon receives full access to
the activities of the specialty, and not to its part. An important
part in accreditation is played by the specialist’s portfolio, which
should reflect the doctor’s success in expanding the skills and
improving professional skills. However, it is not obligatory to
specify in the current model of portfolio the range or extent of
performed surgeries and training programs that the surgeon
has completed [10]. The lack of unified requirements for the
portfolio diminishes the value of accreditation as a tool to
ensure the same high level of qualification of plastic surgeons.
Our study aimed to investigate a few aspects of plastic
surgeons’ performance, including the range and extent of
surgical interventions, in order to provide rationale for unified
requirements for the plastic surgeon’s portfolio.

METHODS

Data were collected from official reports of private healthcare
providers authorized to perform plastic surgeries at in- and
outpatient facilities. The reports contained information about
the number and diversity of medical services delivered to
patients per year. We shortlisted data relevant for our study
(pertaining to the delivery of plastic surgery). Because the
computed coefficient of variance V was 257.2 %, which is
above 33 % and suggests heterogeneity of the range, and the
Kolmogorov—Smirnov test proved that distribution was non-
uniform (p < 0.001), we estimated significance of differences
between the samples using the Mann-Whitney U. Differences
were considered significant at p < 0.05. Correlation between
the rankings was considered significant if empirical Spearman’s
ry was above the critical threshold at p = 0.05 and p < 0.05.
The Kruskal-Wallis (K) test was used to determine differences
in distributions; sample diversity was considered significant
at p < 0.05. Data were analyzed using Microsoft Excel 2016
Analysis ToolPack and IBM SPSS Statistics 23.

The list of areas of expertise was proposed in another our
ongoing study and included 9 categories: skin/soft tissue plasty,
rhinoplasty, breast plasty (mammaplasty), blepharoplasty,
otoplasty, lip and palate repair, craniofacial plasty, repair of
urogenital defects, and hand surgery.

RESULTS

In total, 46 plastic surgeons conducted 5,184 medical
procedures during the year, with a mean of 112.7 + 289.9
procedures per surgeon. The minimal number of delivered
services per surgeon was 1, the maximum — 1,760 (Mo = 2,
Me = 10), with 36 (78.3 %) doctors performing below the
average and 10 (21.7 %) doctors carrying out more than 112
procedures a year. On the whole, 4,329 (83.5 %) of all services
provided to the customers during the year were done by 7
(15.2 %) surgeons.

All services were divided into 9 categories depending on the
areas of surgeons’ expertise. Skin/soft tissue plasty accounted
for 51.1 % of all services provided. Blepharoplasty ranked
second (5.7 %), and rhinoplasty ranked third (2.8 %). No hand
surgeries were performed during the year (Table 1).

Among “other procedures” were initial consultations,
application of aseptic dressings, management of clean wounds,
follow-up examinations of postoperative patients, and removal
of sutures (for patients who had received treatment at other
healthcare facilities). These procedures made 36.5 % of the
total services provided. It should be noted that 1,820 services
(85.1 % of their total number) falling into this category were
initial consultations, meaning that per one initial consultation
of a plastic surgeon there were 1.8 invasive (including surgical)
interventions. The total number of such procedures as clean
wound management, application of aseptic dressings and
postoperative follow-ups accounted for 55 (1.1 %), i. e. per one
surgery there were only 0.017 follow-up care services.

Of 5,184 medical services delivered in total, 3,145
were surgical interventions, with a mean of 112.3 + 326.4
procedures per plastic surgeon a year (Mo = 1, Me = 8). The
smallest number of interventions per doctor was 1, the largest
— 1,758. Of 46 surgeons, 14 (30.4 %) performed 1 to 10
surgeries a year, 4 (8.7 %) — between 14 and 50 surgeries,
6 (13.0 %) — between 64 and 134, 2 (4.3 %) — over 200,
1 (2.2 %) — 1,758 surgeries. Eighteen doctors conducted no
surgical interventions at all in the studied period.

The majority of plastic surgeons (19 out of 46 people)
dealt with skin/soft tissue plasty, 14 — rhinoplasty, 14 —
blepharoplasty, 9 — mammoplasty, another 9 — otoplasty,
3 — craniofacial plasty, 3 — urogenital plasty, and 2 — lip
plasty. None of the doctors covered the whole range of
9 types of operations. One doctor was able to perform 7 types
of surgeries, another one — 6 types; 3 doctors were qualified
in 5 types of surgical interventions, 3 doctors — in 3 types
and another 3 —in 2 types; 4 surgeons were able to carry out

Table 1. Surgical interventions categorized depending on the area of surgeons’
expertise

Area of expertise Abs. %
Skin/soft tissue plasty 2 649 51.1
Blepharoplasty 294 5.7
Rhinoplasty 147 2.8
Mammaplasty 131 25
Otoplasty 41 0.8
Urogenital defect repair 14 0.3
Craniofacial plasty 9 0.2
Lip and palate repair 8 0.2
Hand surgery 0 0
Other procedures 1891 36.5
Total 5184 100
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Table 2. Distribution of surgical interventions among surgeons of different grades and academic titles

Plastic surgeons
Parameter Other specialties
No grade or academic title Senior surgeons Cand.Sc. D.Sc.
3.2 3.5 2.4 1.8
Average number of operation types 0.4
27+1.9
Total number of operations 442 301 2222 148 32
88.4 + 88.0 100.3 + 4.6 246.9 + 543.7 37 +57.2
Average number of operations 46+4.2
129.7 + 370.0

4 types of operations, and 13 surgeons — only 1 type. Table
2 presents data on the number of different types of operations
performed by the surgeons with different academic titles and
grades.

The calculated value of Spearman’s coefficient was
indicative of the absence of a statistically significant correlation
between the average number of surgery types a surgeon
was able to perform and the level of his/her professional skills
(rg = -0.8, p = 0.2); no correlation was also observed between
the average number of operations per surgeon and the level
of professional skills (ry = 0.2, p = 0.8). Comparison of the
average ranges of surgery types in different groups of surgeons
and the average numbers of surgical interventions did not
reveal any significant differences (K=1.27,p=0.2and K= 1.9,
p = 0.5, respectively). At the same time, differences between
the average number of total surgeries (Uemp =46.5, p =0.014)
and the number of surgery types (Uemp = 72.5, p =0.017)
performed by plastic surgeons in comparison with other
surgeons were statistically significant, with plastic surgeons
being more versatile in their areas of expertise and performing
more surgeries per year.

DISCUSSION

The reports on medical care services analyzed in the course of
our study have revealed that plastic surgeries are performed
not only by plastic surgeons, but also by the doctors of other
specialties, such as maxillofacial surgeons, otolaryngologists,
ophthalmologists, trauma surgeons, gynecologists, etc. Their
narrower areas of expertise restrict the scope of surgical
interventions they can perform; the average number of
interventions they conduct is lower (Uemp = 46.5, p = 0.014)
than that performed by plastic surgeons. The intrusion of
other specialties into plastic surgery can be explained by the
specifics of plastic surgery legislation [5]. Order 555n of the
Ministry of Health of the Russian Federation dated October 30,
2012 allows delivery of plastic surgery services by surgeons
who have been additionally trained in a chosen subspecialty
of plastic surgery. However, we believe that this legal norm
must be revised considering the received data, that surgeons
of other specialties perform the extremely low average number
of few surgical interventions per year and literary data that
surgeons with plastic surgery residency training make fewer
proven cases of medical errors [11-13].

We have discovered that soft tissue/skin plasty prevails in
the range of all plastic surgery services offered to customers,
indicating a demand for cosmetic surgery. It means that many
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plastic surgeons that have been practicing only cosmetic
surgery for years lose the skills necessary to perform
reconstructive surgery. Considering that a certified surgeon
is allowed to conduct all types of plastic surgeries, his/her
portfolio should include information about the number of
reconstructive surgeries performed or he/she should only be
allowed to provide a limited range of reconstructive surgery
services based on the training he/she has received [14].

Restricting the range of interventions in the specialty of
plastic surgery could be possible under a new accreditation
system. The data obtained in the course of this study
demonstrate that plastic surgeons perform 2.7 of 9 surgery
types on average, which indicates the lack of versatility and
proves the necessity of such restrictions [15].

Of particular interest are the data on the frequency of
initial consultations and follow-up postoperative examinations
with respect to the total number of surgical interventions.
Considering that not every primary appointment ends with a
surgical intervention, such a significant excess of the number
of surgeries on the number of primary appointment can be
explained either by holding consultations in previous years,
indicating a long period of decision-making by the patient, or
the determination of indications for several operations during
one primary consultation.

It’s troubling that the number of follow-up care procedures
is ridiculously low: 0.017 per one operation. Inadequate
postoperative management and underestimated health risks or
patient’s condition are considered medical errors in cosmetic
surgery that affect the quality of medical care [16-18].

Interestingly, the range of operation types a plastic
surgeon is qualified to perform and the number of operations
conducted per year do not depend on the academic title or
grade. But the lack of versatility and fewer surgeries performed
by D.Sc. in comparison with other surgeons indirectly indicate
a transition from clinical practice to research and teaching.
Here, accreditation could stimulate professionals to keep their
practical skills sharp [19].

CONCLUSIONS

The obtained data demonstrate a need for amendments
to healthcare legislation regarding cosmetic surgery and
professional training of surgeons. Considering that this study
was based at only one medical facility, further research is
necessary involving other private and state-funded medical
institutions in order to obtain more accurate data and propose
rational ideas concerning the evolution of plastic surgery in
Russia.
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BREAST CANCER: ANALYSIS OF DRIVER SOMATIC MUTATIONS DETECTED
BY NEXT-GENERATION SEQUENCING
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Breast cancer (BC) is one of the most common malignancies. There is a need for novel approaches to screening for genetic
mutations in patients with BC that will help to reduce high mortality rates caused by this disease and improve treatment
outcomes. In this study we employed next generation sequencing to screen a few key genes associated with the risk of breast
cancer for mutations. We also evaluated their pathogenicity using the previously proposed bioinformatics-based algorithm and
analyzed the associations between some of the detected mutations and the clinical manifestations of the disease. Our study
recruited 16 female patients with BC (mean age was 50.7 + 11.3 years). A total of 58 mutations were detected in the oncogenes
BRCA1, BRCA2, ATM, CDH1, CHEK2 and TP53. Bioinformatic analysis of the sequencing data revealed 14 mutations that
affect the sequence of the encoded proteins. Most deleterious mutations were harbored by the genes BRCA1/2, ATM and
TP53.
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PAK MOJIOYHOW XXENE3bl: AHAJIN3 CNEKTPA COMATUYECKUX
OPAVBEPHbIX MYTAUWUX C NPUMEHEHUEM
BbICOKOMNPON3BOANUTEJIbHOIO CEKBEHPOBAHIUA

K. 1O. LlykaHog', A. HO. KpacHeHko', . O. KopocTuH', A. B. Hypos?, V. ®. CteueHko’, H. A. MNnotHukos!, C. A. SapybuHa®,
B. A. Benoea®, A. B. KosbiptumHa®, . K. BopoTtHukos?, A. A. Meluegpsiko?, B. B. nbuHckmin®31 =

OO0 «[eHoTek», Mockea

2 KapenbCKuin Hay4HbIl LIEHTP Poccuiickor akaaemun Hayk, NeTposaBoack

S NHCTUTYT 0bLeit reHeTvkin venn H. . Basnnosa PAH, Mocksa

4 HauyoHanbHbI MEAULIMHCKMA CCNE0oBaTENbCKNA LEHTP OHKoMornm nmenn H. H. BnoxuHa, Mocksa
5 Hay4Ho-1ncenenoBatensCkuii UHCTUTYT BUOMEeanUMHCKON xummnn nmenn B. H. Opexosuda, Mocksa

Pak monoyHol >kenesbl (PMPK) npeactaBnsier coboit ogHy M3 Haubornee pacnpocTpaHeHHbIX DOopM 3/10Ka4eCTBEHHbIX
onyxonen. Pa3sutie HOBbIX MOAXOA0B K CKPUHWHIY FEHETUHECKNX N3MEHEHWUI Y BOSbHBIX C OMyXONsiMM MOSIOYHOW Kenesbl
MOMOXKET 3HAYUTENBHO CHU3UTL OOLLYIO BbICOKYIO CMEPTHOCTb OT paka 3TOro Tuna v NoBbICUTb 3PdEKTUBHOCTb MPOTUBO-
OnyxoneBor Tepanuu. Llensto HacTosLen paboTsl ABASANOCH BbISBIEHNE METOLOM BbICOKONPOU3BOANUTENBHOIO CEKBEHNPOBA-
HUS CnekTpa MyTaluii B COCTaBe KJIto4eBbIX OHKOreHoB npu PMPK oueHKa 1x naToreHHOCTV C MpUMEHEHeM paHee pas-
paboTaHHOrO BMOVH(OPMATUHECKOrO allropuTMa, a TakKe OLEeHKa B3auMOCBSA3M HEKOTOPbIX MyTauuin ¢ OCOBEHHOCTSMM
KIMMHNYECKOro NposiBNeHus 3abonesaHus. B nccnegoBaHum npuHsanme yqactie 16 naumeHtok ¢ PMXK (cpeaHwin Bo3pact —
50,7 + 11,3 roga). bbino obHapy>keHo 58 myTaumin B oHokreHax BRCAT, BRCA2, ATM, CDH1, CHEK2 n TP53. Cpeayn Bbisi-
BNEHHbIX FEHETUHECKMX BAPUAHTOB C MPUMEHEHNEM BMOVH(OPMAaTUHECKNX NOAXOA0B HanaeHo 14 MyTaumii, OKa3bIBaOLLMX
BNVSIHNE Ha MOCNEfOoBaTeNbHOCTb KoanpyemMoro 6enka. bombliasi 4acTb naToreHHbIX MyTaLmi MaeHTUdMLMpoBaHa B reHax
BRCA1/2, ATM v TP53.

KntoueBble cnoBa: pak MONIOYHOM XKese3bl, BbICOKOMPON3BOANTENIbHOE CEKBEHNPOBAHNE, COMATNHECKas MyTaLns, OHKOre-
Hbl, BRCA1, BRCA2, TP53

®durHaHcupoBaHue: paboTa BbINONHeHa Npuv nogaepxke MuHucTepcTea obpasosaHus 1 Hayku PO (noeHTudmkaTop cornateHnst RFMEFIB0716X0152).

<] Bns koppecnoHaeHuum: VnbnHcku Banepwin Bnagummposudy
HacTtaBHudeckuii nep., 4. 17, ctp. 1, nog. 14, 15, . Mockea, 105120; info@genotek.ru

Cratbsi nonyyeHa: 14.12.2017 CtaTtbsa npuHATa K neyarun: 22.12.2017
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Breast cancer (BC) is the second most common type of cancer
and the second leading cause of death in women; it is also the
most incident cancer worldwide [1]. The risk of BC increases
with age: the majority of new cases are reported in women
who are 60 to 65 years old. High BC mortality is explained
by late diagnosis established when the disease has already
progressed to the advanced stage. Metastatic BC is particularly
dangerous, since it is resistant even to combination treatments
based on chemotherapy, hormones and targeted drugs. The
5-year survival rate in patients with BC is 55 %. This brings the
need for novel approaches towards more effective screening as
well as targeted therapy of BC based on the molecular genetic
profiling of tumors.

The rapid development of next generation sequencing
(NGS) has yielded a bulk of information about genetic variants
[2]. Allot of mutations are associated with BC, including somatic
and germinal mutations in the genes PIK3CA, STK11/LKB1,
CDH1, ATM, CHEK2, BRIP1, and PALB2 and mutant variants
of the highly penetrant genes associated with hereditary BC,
such as TP53, PTEN, MLH1, BRCA1, and BRCAZ2 [3].

The majority of tumor mutations are somatic; they have
an important role in the pathogenesis of cancer and confer
de novo resistance to treatment. Thus, a lot of ongoing
studies utilize NGS in an attempt to profile mutant variants in
tumors. As a result, it has been identified a significant amount
of new mutations with unknown function. To describe these
polymorphisms, mathematical algorithms are necessary that
can automatically process huge data arrays, predict potentially
pathogenic mutations and distinguish them from harmless
variants. The resulting data can be used when developing
screening or diagnostic tools (including liquid biopsy) and
selecting adequate targeted therapies.

In this work we analyze a range of mutations identified in
key BC oncogenes by NGS, using a previously developed
bioinformatic pipeline for the functional annotation of mutations
and assessment of their pathogenicity.

METHODS

We obtained tumor samples from 16 patients of Blokhin
Russian Cancer Research Center, Moscow. The participants’
age range was 27 to 76 years, with a mean of 50.7 + 11.3
years. All patients had breast malignancies and received
combination therapy. The inclusion criteria were as follows: age
of 18 to 70 years, sex (all patients were females), histologically
and cytologically confirmed breast cancer. The exclusion criteria
were a medical history of other tumor types and pregnancy.

Disease stages were determined according to the TNM
classification [4]. The study was carried out in the patients with
stages T1-3NO-3MO-1.

All patients gave voluntary informed consent. The study
complied with the principles of confidentiality. Patients’
clinicopathologic features are summarized in Table 1.

DNA isolation and quality control

DNA was isolated from the samples of tumor tissue using
DNeasy Blood and Tissue Kit (Qiagen, USA). Tumor tissue was
cut into small pieces, and buffer ATL was added to the samples.
The samples were then treated with proteinase K, incubated
at 56 °C until fully lysed, and treated with RNase A. Next, we
added 200 pl buffer AL and 96 % ethanol. The resulting mixture
was transferred to spin columns and centrifuged at 8,000 g for
1 min. The samples were washed with AW1 and AW2 buffers

to remove salts (guanidine and SDS). The columns were eluted
twice with 30 pl Low-TE buffer; the samples were incubated
and centrifuged according to the manufacturer’s protocol.
Quality control of the obtained DNA was performed on Qubit
3.0 (Thermo Fisher Scientific, USA). The samples were also run
on 1 % agarose gel electrophoresis with ethidium bromide.

Sequencing of targeted oncogenes

DNA libraries were prepared using NEBNext Ultra DNA Library
Kit for lllumina (New England Biolabs, USA). The libraries were
dual-indexed by PCR using NEBNext Ultra DNA Library Prep
Kit for lllumina and NEBNext Multiplex Oligos for lllumina (Dual
Index Primers Set 1, New England Biolabs). Quality control of the
obtained DNA libraries was performed on Agilent Bioanalyzer
2100 (Agilent Technologies, USA) using High Sensitivity Kit by
the same manufacturer according to the official protocol.

For targeted enrichment of the coding regions of tumor
genomes we used MYbaits Onconome KL v1.5 Panel
(MYcroarray, USA). The enriched fragments were sequenced
with 100 b. p. paired-end reads on HiSeq 2500 (lllumina, USA).
Sample preparation and sequencing were done according to
[llumina’s protocols.

Bioinformatic analysis

Sequencing data were analyzed using an original algorithm
developed previously [5]. First, the quality of reads was
checked: sequences with read quality below 10 were removed
from NGS data using Cutadapt software [6]. Then the reads
were mapped to the reference genome hg19 (GRCh37.
p13) using the Burrows—Wheeler Aligner algorithm [7]. PCR-
duplicates were removed by running the rmdup command in
SAMtools [8].

Mutations were called with MuTect [9]. DNA sequences
covered by at least 12 reads were considered the most
significant.

To assess the functional effect of the discovered mutations,
they were annotated in SnpEff and their effect on the encoded
protein was predicted based on the analysis of genomic
coordinates [10].

RESULTS

Using lllumina-based NGS, we have screened 16 breast
tumors for mutations harbored by cancer-associated genes
BRCA1,BRCA2, ATM, CDH1, CHEK2, MRET1A, NBN, PALB2,
PTEN, RAD50, RAD51C, TP53, and SEC23B. Qut original
bioinformatic algorithm has detected 58 point mutations in
the genes BRCA1, BRCA2, ATM, CDH1, CHEK2 and TP53,
including 19 homozygous and 39 heterozygous variants. The
list of unique mutations is provided in Table 2.

The figure below shows the frequency of mutations in the
genes with the highest abundance of mutations, namely ATM,
TP53 and BRCAT. The most frequent mutations were ¢.376-
283T>C (TP53), ¢.3994-193T>C, ¢.8010+186C>T (ATM), and
¢.5215+66G>A (BRCAT).

Based on the bioinformatic analysis and annotation of the
identified polymorphisms, we selected those mutations that
could significantly affect the regulatory or protein sequences.
To assess pathogenicity and conservation of the mutations,
we used data from COSMIC (Catalogue of Somatic Mutations
In Cancer) [11] and dbNSFP [12]. Additionally, SIFT (Sorting
Intolerant From Tolerant) and PolyPhen2 tools were used to
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Table 1. Clinicopathologic features of patients with breast cancer (n = 16)
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Parameter Value. abs. (%)

Age. years 50.7 £+ 11.3
Surgical intervention:

yes 16 (100)

no 0(0)
Stage according to TNM

T 10 (62.5)

T2 5(31.3)

T3 1(6.2)
Metastases in lymph nodes

no. M0 10 (62.5)

yes. M1 6 (37.5)
Expression of estrogen receptors (ER):

ER+ 11 (68.8)

ER- 5(31.2)
Expression of progesterone receptors (PR):

PR+ 10 (62.5)

PR- 6 (37.5)
Expression of HER2/neu:

Her2+ 9 (56.3)

Her2- 7 (43.7)
Expression of Ki-67:

low (< 14 %) 13 (81.3)

high (= 14 %) 3(18.7)
Adjuvant chemotherapy:

yes 10 (62.5)

no 6 (37.5)
Adjuvant hormonal therapy:

yes 9 (56.3)

no 7 (43.7)
Radiation therapy

yes 0 (0)

no 16 (100)

predict pathogenicity of the mutations and assess their effect on
the function of the encoded protein [13, 14]. Information about
mutation frequencies was obtained from the 100 Genomes
project and the Exome Aggregation Consortium [15, 16].
Altogether, we singled out 14 mutations affecting the
protein sequence: BRCA2 — ¢.4828G>A (p.Val1610Met
¢.5070A>C (p.Lys1690Asn); TP53 — ¢.524G>A (p.Arg175His
c.469G>T (p.Val157Phe); CHEK2 — ¢.1289C>T (p.Thr430lle
ATM — ¢.146C>G (p.Serd9Cys), ¢.4258C>T (p.Leu1420Phe
c.1192G>C (p.Asp398His); CDH1 — c.790C>T (p.GIn264
€.1342C>T (p.GIn448); BRCAT — ¢.1865C>T (p.Ala622Val
€.384G>A (p.Met128lle), and ¢.54G>T (p.Met18lle).

’

)

’

3

= 2 = 2=

DISCUSSION

In Russia, the PCR-based methods for the detection of
known mutations in BC-associated genes have become most
widespread. However, today there are more advanced methods
of genetic screening, the most promising being next generation
sequencing that can be used for identifying genetic variants
in malignant tumors and is especially suitable in exploring the
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variability of highly heterogeneous regions of tumor genomes.
In this work we applied NGS to study a number of mutations
of key oncogenes associated with BC and tested a previously
developed algorithm for bioinformatic analysis of sequencing
data.

One of the most well-studied genes playing a significant role
in BC pathogenesis is TP53. It is involved in the regulation of the
cell cycle, apoptotic activity and DNA repair. Mutations in TP53
lead to the disruption of these regulatory mechanisms and may
trigger formation of cancer. TP53 is a tumor suppressor; mutant
variants of this gene are detected in half of all cancers and in
more than 30 % of BC cases. In turn, sporadic breast cancer
is characterized by a varying frequency of TP53 mutations
between 25 % and 86 %, depending on the disease stage and
the screening technique applied. The prognostic value of TP53
mutations in BC has been sufficiently studied [17]. Among the
mutations identified in our study the most frequent was ¢.376-
283T>C discovered in 13 of 16 patients (81 %).

Patients with BC and with some of its types in particular
have relatively high frequency of BRCA1 and BRCA2 mutations.
BRCAT and BRCA2 are involved in the regulation of many cell
processes maintaining genomic stability and homologous
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Table 2. Single nucleotide variants (mutations) identified in patients with breast cancer (n = 16)

Sample Abundance of mutations in the sample, % Mutations Gene Coordinates
C.4828G>A BRCA2 Chr13:32913320
1 18.7 ©.3994-193T>C ATM Chr11:108158134
c.-73G>A CHEK2 Chr22:29137870
©.5215+66G>A BRCA1 Chr17:41215825
©.3994-193T>C ATM Chr11:108158134
2 255 c.8010+186C>T ATM Chr11:108204881
c.524G>A TP53 Chr17:7578406
¢.376-283T>C TP53 Chr17:7578837
©.8755-272A>G BRCA2 Chr13:32953182
3 29.4
¢.376-283T>C TP53 Chr17:7578837
©.3994-193T>C ATM Chr11:108158134
4 26.5 c.8010+186C>T ATM Chr11:108204881
©.376-283T>C TP53 Chr17:7578837
©.5215+66G>A BRCA1 Chr17:41215825
©.3994-193T>C ATM Chr11:108158134
5 26.5 c.8010+186C>T ATM Chr11:108204881
c.1289C>T CHEK2 Chr22:29091797
¢.376-283T>C TP53 Chr17:7578837
©.5215+66G>A BRCA1 Chr17:41215825
6 20.6 ©.3994-193T>C ATM Chr11:108158134
c.8010+186C>T ATM Chr11:108204881
c.146C>G ATM Chr11:108098576
7 255
¢.376-283T>C TP53 Chr17:7578837
©.3994-193T>C ATM Chr11:108158134
8 255 €.790C>T CDH1 Chr16:68844202
¢.376-283T>C TP53 Chr17:7578837
¢.5070A>C BRCA2 Chr13:32913562
9 28.5 c.-73G>A CHEK2 Chr22:29137870
c.469G>T TP53 Chr17:7578461
¢.5215+66G>A BRCA1 Chr17:41215825
10 37.3 c.4258C>T ATM Chr11:108160350
¢.376-283T>C TP53 Chr17:7578837
©.5215+66G>A BRCA1 Chr17:41215825
c.1865C>T BRCA1 Chr17:41245683
c.384G>A BRCA1 Chr17:41256196
c.54G>T BRCA1 Chr17:41276060
1 26.5
©.3994-193T>C ATM Chr11:108158134
c.-73G>A CHEK2 Chr22:29137870
C.743G>A TP53 Chr17:7577538
¢.376-283T>C TP53 Chr17:7578837
c.5215+66G>A BRCA1 Chr17:41215825
©.3994-193T>C ATM Chr11:108158134
12 28.5
©.8010+186C>T ATM Chr11:108204881
¢.376-283T>C TP53 Chr17:7578837
c.5215+66G>A BRCA1 Chr17:41215825
¢.1192G>C ATM Chr11:108119786
©.3994-193T>C ATM Chr11:108158134
13 22.6
©.8010+186C>T ATM Chr11:108204881
c.1342C>T CDH1 Chr16:68849439
¢.376-283T>C TP53 Chr17:7578837
©.5215+66G>A BRCA1 Chr17:41215825
14 226
¢.376-283T>C TP53 Chr17:7578837
©.5215+66G>A BRCAT1 Chr17:41215825
15 26.5 ¢.560-1G>C TP53 Chr17:7578290
¢.376-283T>C TP53 Chr17:7578837
©.3994-193T>C ATM Chr11:108158134
16 28.5 ©.8010+186C>T ATM Chr11:108204881
¢.376-283T>C TP53 Chr17:7578837
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TP53

ATM BRCAT1

Distribution of mutation frequencies in the genes ATM, TP53 and BRCAT in patients with beast cancer

recombination during repair of double-strand DNA breaks.
Mutations occurring in these genes often disrupt their normal
function and are a major causative factor of hereditary BC,
increasing the risk of cancer in an individual. About a quarter
of all hereditary BC cases are associated with mutations in
BRCA1/2 [17].

Mutations in BRCA17 account for 80 % of all BRCAT and
BRCA2 mutations in Russians with BC. One of the most
common mutant variants identified in Russian patients is
5382insC (rs80357906) that causes a reading frame shift and
the loss of function of the encoded protein. The majority of
the polymorphisms identified in our study were mutations in
BRCAT and BRCA2, the most common being ¢.5215+66G>A
(rs3092994) in BRCA1, detected in 9 of 16 patients (52.9 %).

Our findings on ATM, TP53 and BRCAT mutations are on
the whole consistent with the literature, which reports TP53
variants to be the most common mutations in BC [17]. Our
results of the diversity of BRCA1/2 variants are also comparable
with the literature data. Importantly, mutations in these genes
are associated with poor prognosis and development of invasive
ductal breast cancer. The existences of these mutations are
considered at assessment of volume of surgical intervention
[17]. In our study, of 12 patients with BC who had mutations
in BRCA1 and BRCA2, 8 were diagnosed with invasive ductal
carcinoma. Of those 8, six had the mutation ¢.5215+66G>A
in BRCAT.

We have analyzed next generation sequencing data using
the original bioinformatic approach and discovered many
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ANALYSIS OF THE APOPTOTIC EFFECT OF ULTRAHIGH GAMMA DOSE
RATES ON HUMAN PERIPHERAL BLOOD LYMPHOCYTES /N VITRO

Grabovsky EV', Oleynik GM', Krastelev EG?, Smirnov VP22, Khmelevsky EV*, Bozhenko VK®= Shishkin AM®, lvanov AV®,
Kulinich TM®
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Relative biological effectiveness of ionizing radiation is determined by a number of factors, including a dose rate. Radiotherapy
equipment employs low dose rates of up to a few Gy per minute. But very little is known about the biological effect of high
and ultrahigh (= 108 Gy/min) dose rate radiation. Our study aimed to investigate the apoptotic effect of ultrahigh gamma dose
rates on human peripheral blood lymphocytes. Blood samples were collected from seemingly healthy donors. Lymphocytes
were isolated by density gradient separation. Lymphocyte suspensions were irradiated with low-rate doses on the Rokus-
AM gamma-ray machine for clinical use (Russia) and with 108 Gy/s doses on the experimental pulse generators Angara-5-1
and Mir-M (Russia). Apoptosis was measured by flow cytometry using annexin V and propidium iodide double staining. We
established that in comparison with low dose rates, ultrahigh gamma dose rates (with doses ranging from 1 to 6 Gy) induced
significantly more pronounced apoptosis in peripheral blood lymphocytes (p < 0.05) with fewer necrotic cells. Total radiation-
induced cell death did not differ significantly between the therapeutic gamma machine and the experimental pulse generators.
Further research is needed to assess biological and medical significance of our findings.

Keywords: ultrahigh dose rate gamma radiation, ultrahigh intensity X-rays, dose rate, cell death, apoptosis, necrosis,
lymphocytes
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AHANN3 NHOYKUUN ANOMTO3A JIMM®OLNTOB NEPUGEPUHECKON
KPOBW HYEJIOBEKA CBEPXUHTEHCUBHbIM TAMMA-U3NTYHEHUEM IN VITRO

E. B. Mpa6osckuin', I. M. OnenHnk!, E. I. Kpactenes?, B. M. CmupHoB??, E. B. Xmenesckuit®, B. K. BoxxeHko® =,
A. M. Wnwknr®, A. B. Mearos®, T. M. KynnHny®
T TROVLIKWIA UHCTUTYT MHHOBAUMOHHbIX U TepMosiaepHbIx ncenegosarni (TPHIATIY,
'K «<Pocatom», Tpouuk, Mocksa
2 06bednHEHHbI HCTUTYT BbICOKMX TemnepaTyp PAH, Mocksa

8 Hay4Ho nccneaoBaTensCKUn MHCTUTYT TEXHUHECKOW (USUKIA 1 aBTOMAaTU3aLMN,
'K «PocaTtom», Mockea

4MOCKOBCKMIA Hay4YHO-MCCNefoBaTeNbCKUIA OHKONOMMYECKI MHCTUTYT UMeHn . A, TepueHa — dunman HaumoHabHOro MegmumMHCKOro MCCNeaoBaTeNbCKoro LIeHT-
pa pagvonorun, Mockea

5 POCCUINCKIIA HayYHbIA LIEHTP peHTreHopaamonorim, Mocksa

OTHocuTenbHasa bronornyeckas ahEKTUBHOCTb MOHN3VPYHOLLIETO U3MyHeHWst ONpeaenseTcsa psaoM napameTpoB, OOHUM 13
KOTOPbIX SIBASETCS MOLLHOCTb A03bl. B TepaneBTn4ecKX Ny4eBbIX YCTaHOBKAX MCMONb3YeTCst 06/yHeHMEe C MOLLHOCTHIO A03bI
[0 HECKONBKNX [P/MUH. SdEKT BbICOKMX 1 0COBEHHO CBEPXBLICOKMX (108 Mp/MWH 1 BbILLIE) MOLLHOCTEN A03bl MPaKTUYECKN
He 13yyeH. Llenbto Hawero nccnegoBanns SBASNIOCH ONPeAeneHne BINSHUSA ramMMa-nany4eHnst, MMEoLLEro CBEPXBBICOKYHO
MOLLHOCTb [03bl, Ha MHOYKLMIO anonToda B numMdoumTax nepudeprHeckon KpoBm Yenoseka. JiumdoumTsl nonyHani ns
KPOBW YCIOBHO 3[00PO0BbIX 4OOPOBOSLLIEB BblAENEHNEM NX Ha rpadveHTe NnoTHOCTU. O6pasLibl CycneH3uv IMMEOLMTOB Mpu
HN3KOM MOLLIHOCTW A03bl 061y4ann Ha ycTaHoBke «Pokyc-AM» (Poccus), mpr MOLLHOCTM A03bl okono 108 Mp/c — Ha akcne-
PUMEHTasIbHbIX YCTaHoBKax «AHrapa-5-1» n «Mup-M» (Poccus). YpoBeHb anontosa perncTprpoBasii METOAOM MPOTOHHOM
LMTOMNYOPUMETPUM C ABOMHON OKPACKOW aHHEKCVHOM V 1 MoaMAOM Nponuans. YCTaHOBWM, YTO raMmma-nanyyeHne co
CBEPXBbLICOKOM MOLLHOCTBIO [03bl B AnanasoHe 003 1-6 [p nHayumpyeT anonTto3 B nnMmdoumTax nepudeprHeckon Kposm
[OCTOBEPHO BbILLIE, YEM raMMa-n3nyyYeHne C HU3KOM MOLLHOCTBIO A03bI (P < 0,05), 04HOBPEMEHHO B MeHbLLEN CTENEHN NHOY-
LMpYs HEKPO3. Mpy 3TOM 00LLMIA YPOBEHb PaanaLmoHHONM rben MMMAOLMTOB 418 TepaneTVBHECKON 1 SKCNEPUMEHTANBHbIX
YCTaHOBOK [JOCTOBEPHO He pasdnuyancd. JanbHeniune nccnefoBaHns No3BosT YTOHHUTb OMON0OMMHECKYIO 1 MEOVLIMHCKYIO
3HAYMMOCTb MOSYYEHHbIX PE3YNETAaToB.
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Success of radiation therapy in patients with malignant tumors is
determined by a number of biologic effects it induces, including
cell death. lonizing radiation causes molecular damage to cell
organelles and compartments and has a particularly detrimental
effect on the DNA structure. DNA damage either results in
cell death or is repaired and cells subsequently recover their
function. However, if mechanisms of DNA repair are affected by
radiation, there is a risk of mutations and cancer formation [1].

There are a few types of cell death that can be induced by
ionizing radiation [2, 3]. Of particular interest here is apoptosis,
the programmed cell death that spares the surrounding healthy
tissue, does not trigger inflammation and can be enhanced by
radiation [4]. Certain cell types are resistant to radiation-induced
apoptosis; others can modify their radiosensitivity depending
on the stage of the cell cycle or microenvironment [5]. A lot
of research is ongoing in the field aiming to find methods of
control over apoptosis occurring in some cell types in response
to radiation or chemotherapy in patients with malignant
tumors [6, 7].

It has been proved that although many anticancer drugs
promote apoptosis in tumors, they are not selective, which
means they also attack healthy tissue [8]. Radiation therapy
also has its downsides, including formation of necrotic lesions
in the tumor and damage to the surrounding healthy cells.
There is evidence that ionizing radiation stimulates apoptosis of
lymphocytes, thymocytes and different precursor cells. Mature
differentiated cells rarely become apoptotic in response to
radiation but some authors report radiation-induced apoptosis
in human breast cells, intestinal crypts and tonsils. In the
experiment [9] apoptosis has been induced in mouse eggs and
hepatocellular carcinomas [9].

High-current pulse electron accelerators capable of
generating  high-intensity ~ bremsstrahlung radiation are
employed by research studies aimed at developing new
radiation technologies. It has been experimentally proved that
these machines do have their drawbacks limiting their use in
clinical practice, including unstable characteristics from pulse
to pulse. At the same time, narrower electron beams are
believed to be more sparing to healthy tissue, while high dose
rates are expected to cause more profound damage to target
areas [10]. Gamma machines used in clinical routine generate
a therapeutic dose rate of 1.5-2 Gy/min allowing absorption of
100 quanta per second by a 10 um cell at 100 keV energies.
Intervals between bursts are as short as 1 to 10 ms, but cell
repair mechanisms work faster. Increased radiation intensity
can be achieved on high-current accelerators generating 1 to
100 GW relativistic electron beams, reducing intervals between
bursts by up to 6 or 7 orders of magnitude and (hypothetically)
modifying cellular response to irradiation. So far, experimental
data on the impact of high dose rates on biologic objects
remain controversial [11-15].

The aim of this study was to identify biologic effects
induced by high dose rates generated by Angara-5-1 and
Mir-M machines on human peripheral blood lymphocytes and
to compare them to the effects induced by low dose rates
generated by Rokus-AM gamma machine.

METHODS

The study included 3 stages:

1) preparation of mononuclear cell suspension;

2) irradiation of the obtained samples with gamma
rays generated by Rokus AM machine and high-intensity
bremsstrahlung radiation produced by Angara-5-1 and Mir-M;

3) determine the proportion of apoptotic cells in the
irradiated samples using flow cytometry.

Preparing a suspension of human blood mononuclear cells

We used suspensions of healthy lymphocytes isolated from the
blood of seemingly healthy donors. Blood samples (2.6 ml each)
were collected into test tubes containing EDTA anticoagulant,
diluted with phosphate buffered saline (PBS) in the ratio of
1 to 2, and then layered over the ficoll (p = 1.077; PanEco,
Russia). The samples were centrifuged for 40 min at 400 g. The
mononuclear layer containing 70 % to 90 % lymphocytes was
collected from the interface, washed in PBS twice for 5 min at
200 g and transferred to RPMI 1640 medium with 10 % fetal
bovine serum.

The obtained suspension of mononuclear cells was
aliquoted in 12 portions (per sample): 2 controls were not
irradiated; the remaining 10 were exposed to 5 different
radiation doses in twos. The irradiated samples were incubated
in the CO_-incubator at 37 °C and 5 % CO,. One sample from
each pair was incubated for 24 h, another — for 48 h. Such
time intervals were necessary to objectively estimate the level
of radiation-induced apoptosis. All procedures from blood
collection to incubation were performed at room temperature
and took 3.5 to 4 hin total.

Irradiation of samples using Angara-5-1

Anagara-5-1 generates high-intensity bremsstrahlung radiation
by means of 8 independent high-power sources [8]. They are
activated simultaneously (the rms deviation is only 10 ns).
The maximum output voltage at matched load is 1.5 MV. The
voltage pulse is a half-sine in shape and has a duration of 40—
60 ns at half of amplitude. The anode is 50 pm thick tantalum
foil (Fig. 1).

Spectral analysis of bremsstrahlung radiation demonstrated
that the majority of emitted quanta had energies ranging from
200 to 600 keV. The analysis was carried out on profiles of
signals of AD3 diamond X-ray dosimeters (engineered at
Dukhov Research Institute of Automatics, Russia) with various
filters.

Dose measurements were taken using DPG-03
thermoluminescent dosimeters (TLDs) by Doza LLC, Russia,
containing 3 polycrystalline magnesium borate detectors,
and the KDT-02 TLD processing set (Electron Corporation,
Ukraine). We experimentally evaluated dose dependence on
the distance between the object and the diodes and estimated
dose distribution depending on the position of the irradiated
sample. According to our calculations, the generated dose
was attenuated for every 1 cm of the sample’s thickness by
10 % in the vertical direction and by 9 % — in the horizontal
direction, relative to the center of the anterior surface of the
object. We determined the desirable positions of the samples
on the flange. The samples were placed in a duralumin cylinder
with 7 mm thick bottom and walls. The bottom of the cylinder
was positioned 57 mm away from the tantalum foil.

To adjust the doses, the samples were placed at different
distances from the radiation source. The maximum dose varied
from burst to burst, therefore, TLDs were installed in close
proximity to the samples. Dose rates is also varied along with
the dose, because pulse duration remained unchanged. For the
maximum dose of 10 Gy its rate exceeds 100 MGy/s; for the
minimum dose (less than 1 Gy) its rate was about 10 MGy/s.

Mononuclear cell suspensions were placed in plastic
containers installed perpendicular to the electron beam
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(Fig. 2, D). The liquid layer in the tubes was 4 mm thick. After
irradiation the samples were transferred to culture dishes and
loaded into the CO,-incubator (see the details above).

Irradiation of samples using Mir-M

Mir-M is an experimental high-current nanosecond electron
accelerator. Its peak output energy reaches 800 kV; half
amplitude duration is 40 to 60 ns. The anode is made of
50-100 um thick tantalum foil. Behind the foil an additional
carbon composite Graflex filter is installed (0.5-1 mm thick)
for capturing electrons that have passed through the foil. The
flange of the exit window is made of 1 mm-thick aluminum. The
studied dose rates were the same as for the experiment with
Angara-5-1.

Two methods of dose measurements were used in the
experiments.

Quick dose measurements were carried out using TLD
dosimeters DTG-4 (Doza LLC) in the form of a monocrystalline
tablet made of lithium fluoride activated with magnesium and
titanium. The irradiated TLDs were read out using Doza-TLD
measuring complex (Doza LLC) and DVG software of the same
manufacturer. The margin of measurement error for the TLD/
Doza-TLD complex was + 30 %, with a confidence interval
of 0.95. Therefore, for better accuracy the dosimeters were
calibrated by irradiation using Rokus-AM machine (radiation
source: cobalt 60, dose received: 7 Gy). Each irradiated TLD
was read out and its individual characteristics were taken into
account in the measurements.

For more accurate dosimetry we used Gafchromic EBT
2 films (Ashland, USA). The films were processed using
DoselLab 6.5 (Moebius Medical Systems, USA). Because
dose distribution along the beam axis was heterogeneous
in the Mir-M experiment and the dose was attenuated 1.5-2
times for every 1 cm of the sample’s thickness depending on
the cathode, we tried to minimize the linear dimensions of the
sample.

The samples were 0.6 ml stirred suspensions of
mononuclear cells securely sealed in 2 mm deep wells of 16
mm in diameter. The suspension filled the well completely; thus
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the leukocytes were evenly distributed in the sample during
irradiation.

The package for irradiation included: a 5 mm separator
consisting of two 1 mm thick plastic sheets spaced at 3 mm
intervals; a layer of 2 mm thick polyurethane foam with the
sealed sample; 1 mm thick supporting plastic plate. Packages
were installed along the same axis so that sample containers
were precisely behind each other. The distance between the
samples was 8 mm. The distance from the flange to the front-
face of the first sample was about 1 cm. Dosimeters were
placed behind the separator, adjacent to the anterior surface of
the sealed sample (Fig. 1, A, C).

Irradiation of samples using Rokus-AM gamma machine

Rokus-AM is a 60Co-based therapeutic gamma machine. We
used it to compare the effectiveness of low-intensity beams and
high-intensity gamma radiation. The machine was operated at
a dose rate of 0.9 Gy/min (15 mGy/s), which is 10°-10'° times
lower than that of nanosecond accelerators.

Cell suspensions were the same as in previous experiments;
therefore, we did not have to account for individual
characteristics of each sample.

Irradiation was performed using the same well as in the
Mir-M experiment. The sample could be positioned horizontally,
which allowed us to use an open 2 mm tall plastic container
with thin walls, which fit in the well perfectly (Fig. 1, B). Since
we had to ensure electron equilibrium, the sample was covered
with a 5 mm thick plastic sheet and a 15 mm thick acrylic
(plexiglass) sheet was put under the sample.

Irradiation parameters were as follows: distance from the
source to the surface — 75 cm, field size — 10 x 10 cm.
Irradiation was performed with a time shift of 1-1.5 h relative to
the time of the irradiation on the high-intensity gamma sources.

Studying apoptosis in the samples
Following the incubation, we measured apoptosis in the

samples of cell suspensions by flow cytometry. We applied
two techniques: staining of unfixed samples using the
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Fig. 1. Schematic of generation and delivery of the electromagnetic pulse by Angara-5-1 generator to the load in the vacuum chamber. PFL — double water pulse-
forming line; TL — water transmission line; VWI — vacuum-water interface; VTL — magnetically insulated vacuum transmission line; VC — vacuum chamber with

electromagnetic flux concentrator
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Fig 2. Position of the samples for irradiation by Mir-M (A, B), Angara-5-1 (C) and Rokus-AM (D)

Annexin-V-FITC Kit (Beckman Coulter, USA) that contains
annexin V and propidium iodide, and staining of fixed samples
with propidium iodide.

For annexin V staining the irradiated and incubated samples
were washed in PBS. A hundred pl of cell suspension containing
106 cells were stained using the Annexin-V-FITC kit according
to the manufacturer’s protocol. This staining technique helps
to quantify the cells that have entered apoptosis (annexin V
positive particles) and the cells that have died or are dying of
necrosis (propidium iodide positive particles). It is also used
to differentiate between the early apoptotic cells (annexin
V positive) and the late apoptotic cells (annexin V positive,
propidium iodide positive).

Apoptosis can also be detected by staining of fixed samples
with propidium iodide: it appears as a subdiploid peak on the
single-parameter histogram, which represents the amount of
apoptotic bodies in the sample. The irradiated and incubated
samples (incubation time was either 24 or 48 h) were left in
70 % ice cold ethanol for 72 h for fixation. Then the cells were
washed twice in 1 ml PBS and resuspended in 100 pl PBS. To
prevent propidium iodide from binding to RNA the suspension
was incubated with 20 ul RNase (R4875, Sigma-Aldrich, USA)
at 37 °C for 30 min. The incubated suspension was stained
with 20 pl propidium iodide for 40 min at room temperature in
the area protected from the light. Before flow cytometry was
performed, the sample was replenished with 1 ml PBS. The
final cell concentration was at least 10° cells.

Flow cytometry was performed on Cytomics FC 500
(Beckman Coulter). We measured the ratio of the subdiploid
peak to the total number of cells.

RESULTS

We have established that apoptosis in the lymphocytes exposed
to gamma rays generated by Rokus-AM linearly depends on
the radiation dose (in the studied dose range). The longer the
irradiated samples were incubated, the more apoptotic cells
were there. The level of apoptosis increased by 8.0 + 2.2 %
(relative to the deemed O % in the non-irradiated samples) in
the cells exposed to 5 Gy doses and subsequently incubated
for 24 hours. But the samples incubated for 48 h showed a
10.0 + 2.6 % increase in spontaneous apoptotic activity and a
27.0 + 3.8 % increase in the proportion of apoptotic cells when
exposed to the same 5 Gy radiation doses (p = 0.004) (Fig. 3).

The samples exposed to the beams generated by
Angara-5-1 exhibited linear dependence of apoptotic activity
on the dose; however, the line slope in this case was steeper
in comparison with the line constructed for the Rokus-AM
experiment (Fig. 3). Doses of 3 Gy generated by Rokus-AM
induced apoptosis in 23.0 + 3.1 % of cells in the samples
incubated for 48 h, while high-intensity radiation (in doses
comparable with 3 Gy) induced apoptosis in 31.0 + 3.8 % of
cells (p = 0.050) in the same sample. This means that high
intensity bremsstrahlung radiation has a stronger proapoptotic
effect than therapeutic doses of gamma rays.

Because differences between the two radiation types in
terms of apoptosis induction in peripheral blood lymphocytes
turned out to be significant, we went on to experiment with
Mir-M (specially engineered for medical and biological research)
in an attempt to better understand the apoptotic effect of high
intensity radiation. We used markers of early and late apoptosis
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and isolated a fraction of previously ignored necrotic cells (those
cells appeared intact on the histogram).

Fig. 4. shows the changing levels of apoptosis (early
apoptosis is shown in Fig. 4, A, late — in Fig. 4, B), necrosis
(Fig. 4, C) and total cell death (Fig. 4, D) in the irradiated
samples depending on the radiation dose and machine ability.
We have compared the effect of “therapeutic” gamma radiation
generated by Rokus- AM and high-intensity beams produced
by Mir-M (only for the lymphocytes incubated for 48 h).

We have demonstrated that total cell death is the same for
both machines, but the samples irradiated with 5 Gy doses
generated by Rokus-AM tend to have higher apoptotic activity
(Fig. 4, D). However, the analysis of cell death types reveals that
the number of apoptotic cells (annexin V positive) is significantly
higher (p < 0.05) in the samples irradiated with > 4 Gy doses
generated by Mir-M. The level of necrosis does not exceed
12.0 + 2.2 % (6 Gy) for Mir-M and is 44.0 + 8.1 % for Rokus-
AM (6 Gy), at p = 0.0029.

DISCUSSION

Because Angara-5-1 and Mir-M are unique facilities (there are
no other similar stations in the world), it is difficult to compare
the results of our study with the findings of other researchers.
A few authors studied the biologic effect of ultrahigh intensity
photon beams [6, 7, 16], but they did not differentiate between
various types of cell death induced by gamma rays and only
estimated total cell death or compared anticancer effect of
radiation in animals.

We have compared the apoptotic effect of high intensity
bremsstrahlung radiation generated by Angara-5-1 and Mir-M
and gamma rays produced by Rokus-AM on the peripheral
blood lymphocytes of healthy donors and discovered that the
former are more proapoptotic. Apoptosis increases linearly in
the dose range below 6 Gy and shows dependence on post-

ORIGINAL RESEARCH | ONCOLOGY

irradiation incubation time (24 or 48 h). However, some authors
report no differences in apoptosis levels stimulated by varying
dose rates [16]. For example, Kotenko et al. have demonstrated
that although higher dose rates cause more double-strand DNA
breaks and affect mechanisms of DNA repair, the proportion of
apoptotic cells remains stable. Similar results are reported by
[17]. However, the authors studied therapeutic dose ranges,
but never answered a question why disrupted mechanisms
of DNA repair in combination with double-strand breaks do
not enhance apoptosis. Probably the difference between
those studies and our experiment lies in the specifics of the
selected biologic models. We irradiated mononuclear cells
isolated from peripheral blood, whereas in the studies [16,
17] human fibroblasts were used. Besides, Angara-5-1 and
Mir-M generate extremely high dose rates of 100 MGy/s, which
may have affected the outcome of our experiment. Perhaps,
such dose rates “turn off” reserve DNA repair mechanisms
that are still functional at 400 mGy/min (0.017-6.7 mGy/s)
[17]. Maybe, double-strand breaks caused by such high dose
rates have a specific spatial configuration that blocks repair
mechanisms (the breaks are too “deep”). It should be noted
that radiosensitivity of cells depends on the stage of the cell
cycle and is the lowest for non-dividing cells, such as peripheral
blood mononuclear cells (lymphocytes). Non-diving tumor cells
constitute the largest population of radioresistant cells. In this
light, our findings could be of some interest to the developers
of radiation treatments based on the use of gamma rays with
ultrahigh dose rates.

We have also discovered that necrosis induced by high
intensity radiation is significantly less intense that necrosis
induced by therapeutic gamma rays. In the dose range below 6
Gy, necrosis increases proportionally to the dose. The analysis
of total cell death in peripheral blood lymphocytes shows that
2 different dose rates applied during one-time exposure to
< 6 Gy causes more or less the same number of cells to die,
regardless of the type of particle accelerator. This is consistent
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Fig. 3. Levels of apoptosis in the suspensions of peripheral blood lymphocytes irradiated by Rokus-AM and Angara-5-1 with doses from 0 to 5 Gy
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Fig. 4. Comparison of the effects induced by electron beams generated by high-current nanosecond electron accelerator Mir-M and gamma rays produced by Rokus-
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with the findings of other researchers. For example, in the work
by Bruchne et al. [9] the depressing effects of therapeutic
gamma rays and high intensity laser beams on KHT mouse
fiborosarcoma were comparable.

CONCLUSIONS

In the dose range below 6 Gy, total cell death induced by
high intensity gamma rays is comparable with that caused
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THE CHOICE OF ANESTHETIC TYPE AND CONDITIONS FOR
2,3,5-TRIPHENYLTETRAZOLIUM CHLORIDE STAINING OF BRAIN SLICES
IS IMPORTANT IN THE ASSESSMENT OF ISCHEMIC INJURY IN RATS

IN THE EARLY STAGES OF PATHOLOGY
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Studies of ischemic brain injury are an important area of modern biomedical research. So far, a lot of ischemic stroke models
have been proposed, along with different imaging and staining modalities aimed to visualize the damaged tissue. In this work
we use a rat model to investigate how the experimental setup affects the interpretation of experimental data obtained in the
acute phase of ischemic stroke (5 hours after the occlusion of the middle cerebral artery). We show the association between the
choice of the type of anesthesia and the severity of ischemic injury: in our experiments brain damage was the most pronounced
in the animals anesthetized with a combination of chloral hydrate and Rometar; the least damage was observed for isoflurane.
Staining was performed using the popular dye 2,3,5-triphenyltetrazolium chloride (TTC). We demonstrate that parameters of
brain slices incubation in TTC also need to be accounted for when interpreting the results obtained during the acute phase of
stroke, the optimum incubation time being 30 min and temperature 37 °C.
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BMUAHUE TUMA AHECTE3UN N YCNTOBUA NPOKPALLIMBAHNA TKAHEN
MO3IrA KPACUTEJIEM 2,3,5-TPUPEHUNTETPA3OJIMEM XJTOPUCTbIM
(TTX) HA OLIEHKY NLLEMWNYECKOI'O NOBPEXAEHNA MOS3IA KPbIC
HA PAHHUX CTAOUAX MNMATOM'EHESA

. C. bunan'?, N. B. KenbmarcoH', B. B. Benoycos'2 ™

' NabopaTopust MONEKYNAPHBLIX TEXHOMOIIA,
VIHCTUTYT B1oopraHnyeckor xummm nveHn akagemrkos M. M. LLemskimHa u HO. A. OBumHHVKOBa PAH, Mocksa

20Then Helpo-KoOMMbIOTEPHBIX HTepdecoB, H TpaHCsLMOHHOM MeanLMHBI,
Poccuinckmin HaumoHanbHbIN MCCNeRoBaTeNbCKN MEQULMHCKIA YH1BEPCUTET nMeHn H. W. Mporosa, Mockea

V13y4eHre NweMn4eckoro NOBPeXAeHNst FONIOBHOMO MO3ra SBMSIETCA BaXKHbIM HamnpaseHNeM COBPEMEHHbIX MeaMKO-61o-
JIOMMHECKMX NCCNeoBanHnin. K HacTosLLEMY MOMEHTY paspaboTaHO MHOXKECTBO MOAENEN ULLEMUNHYECKOIO VHCYLTA, a Takke
NpPeanoXeHbl pasnnyHbie Cnocobbl BU3yannsaunmn NoBPeXAeHHbIX TKaHen Mo3sra. B gaHHom paboTte Mbl nccnefoBanm, Kak
pasnn4yHble YCAOBUS MPOBEAEHNS SKCMEPUMEHTA, MOOENMPYIOLLIErO NLLEMUHECKNIA NHCYBT Y KPbIC, BAVSIOT Ha MHTeprnpeTa-
L0 pe3ynTaToB B OCTPOM dhase 3aboneBaHus (5 4 ¢ MOMEHTa OKKMIO3UM CpedHer MO3roBoV apTepum Kpbic). Mbl mokasanu,
YTO Ha paHHeN CTaaum PasBUTUSA NaTONOMN CyLLEECTBEHHOE BVISHE OKa3bIBaET BbIOOP VCMOMb3yEMON aHECTEINM XKMBOTHbIX.
B Hanbonbluel cTeneHy NoBpexxaeHne Moara Obiio BbIPaXKeHO MpuY UCMOMb30BaHWN A19 aHECTE3UM CMecH xnopanruapar/
PomeTap, B HaMeHbLLUEeN — Mpw UCMONb30BaHWN 13odnypaHa. [Ons Budyanm3aummn noBPexXaeHNs Mo3ra XXMBOTHbBIX Mbl UC-
nonb30oBa Hambosee NonynspHbI KpacuTens 2,3,5-TpudeHnnteTpasonuin xnopucTbln (TTX). Mbl yCTaHOBUAN, YTO TeMre-
paTypa 1 BpeMs MHKybaLmm Cpe3oB Modra B pacTBope T TX Takke 3HAYUTENBHO BAVSIOT Ha MHTEPNPETALMIO PE3YBTAaTOB MNP
OLIEHKE MLLEMMHECKOrO MOBPEXAEHNSA B OCTPOW (hade natonornv. OnTrMansHbIMK YCIOBUSIMI OKpaLUMBaHNS CPE30B MO3ra
B pacTtBope TTX aenstotcs 30-MyHyTHas HKybaums cpeaos npu 37 °C.

KntoueBble cnoBa: VHCY/BT, NLLEMUYECKOE MOBPEXASHME, CPe3bl MO3ra, 2,3,5-TPUMEHNTETPa30NMI XIIOPUCTLIN, OKpaLLn-
BaHWNe, aHeCTesusl, KPbICb!
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Ischemic stroke is one of the most serious neurological
conditions and the second leading cause of death and
disabilities worldwide after cardiovascular diseases [1-4]. So
far, no effective treatment strategies have been proposed for
this disease, and its pathogenesis remains understudied.

Of all currently existing models of ischemic stroke [5-12],
monofilament occlusion of the middle cerebral artery stands
out as the most common. First described by Koizumi et al. [13],
it has been improved and adapted for use in different laboratory
animals, such as rats [14] and mice [15].

Along with the variety of ischemic stroke models, there are
different techniques allowing visualization of stroke-induced
tissue damage. Infarcted zones of brain sections can be
made visible using histological stains, such as traditional
hematoxylin and eosin [16, 17], or Nissl staining and its
modifications [18, 19]. Impregnation of nervous tissue with silver
is reported to be helpful in detecting neuronal degeneration
in the early stages of stroke [20, 21]. The same is true for Fluoro-
Jade stains [22-24], but the exact mechanism of their action
is still unknown. One of the simplest techniques to visualize
ischemic lesions in brain slices is 2,3,5-triphenyltetrazolium
chloride (TTC) staining [25]. Enzymes with dehydrogenase
activity found in living cells reduce TTC to formazan, which
stains healthy tissue deep red, whereas damaged tissue
lacking healthy mitochondrial —activity resists staining.
Immunohistochemistry also has something to offer and can
be employed to observe apoptotic cells in the lesion [26, 27].
Non-invasive techniques for stroke diagnosis include magnetic
resonance imaging [28], positron emission tomography [29]
and single-photon emission computed tomography [30]. The
list of approaches to ischemic injury visualization is not limited
to these modalities; detailed information is available in themed
reviews [31].

Because approaches to studying stroke pathogenesis and
developing treatment strategies are so different, the Stroke
Therapy Academic Industry Roundtable (STAIR) has prepared
a series of guidelines on ischemic stroke modeling [32-35],
describing, in particular, a number of factors affecting its results
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and their interpretation, such as the selected model itself, the
animal’s breed, the type of an anesthetic, the visualization
technique, etc.

Even protocols for standard interventions may vary greatly.
For example, TTC staining, which is now the most common
technique used to visualize ischemic areas in brain slices,
was originally performed on rats’ brain sections 24 hours
after induced occlusion (the brain sections were incubated for
30 min at 37 °C) [25]. However, some authors were able to
visualize infarcted tissue using TTC staining just a few hours
after occlusion [21, 36—-43]. Incubation time of brain slices in
the TTC solution may vary from 5 min [44] to standard 30 min
[25]. Some protocols warn that TTC is unstable when heated,
therefore, staining should be performed at room temperature
[45]. TTC is mainly used for staining brain slices, but sometimes
animals are perfused with TTC transcardially [38, 46].

In this work we show that effective visualization of damaged
tissue obtained from rats with acute ischemia depends largely
on temperature and duration of incubation of brain slices in the
TTC solution. These two factors can skew interpretation of the
results. We also demonstrate that the type of an anesthetic
affects the scope of ischemic injury in the early stage of stroke
(5 hours after the occlusion), while in the later stages (24 hours
after the occlusion) its role is insignificant.

METHODS

Experiments involving animals were carried out in compliance
with the Directive 2010/63/EU of the European Parliament and
the European Council, dated September 22, 2010. The study
protocol was approved by the Animal Care and Use Committee
of the Institute of Bioorganic Chemistry, RAS.

The study was carried out in male Wistar rats (weight
ranging from 280 g to 330 g) purchased from Pushchino
breeding facility. The rats were kept in the animal house of the
Institute of Bioorganic Chemistry in plastic cages, 3 animals per
cage. The animals had free access to water and food.

Additional incubation for

30 min 15 min at 37 °C

30 min

Fig. 1. Effects of different temperatures and duration of incubation of rat brain slices in 1 % TTC solution on visualization of ischemic injury 5 hours after the occlusion.
The pictures show brain slices obtained from a Wistar rat with the occluded middle cerebral artery. One slice was stained at room temperature, another — at 37 °C.

Samples were photographed at set time intervals. Anesthetic used: Zoletil/Rometar
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Occlusion of the middle cerebral artery was induced
according to the protocol [14]. We used three types of
anesthetics:

1. isoflurane (marketed as Aerrane by Baxter, USA): a 5 %
concentration for general anesthesia induction and a 1.5 %
concentration for anesthesia maintenance.

2. tiletamine  hydrochloride/zolazepam  hydrochloride
(Zoletil by Virbac Sante Animale, France; 40 mag/kg) +
xylazine hydrochloride (Rometar by Bioveta, Czech Republic;
10 mg/kg), injected intraperitoneally;

3. chloral hydrate (Dia-M, Russia, 400 mg/kg).

The animals were analgesized with 5 mg/kg ketoprofen
(Ketonal by Sandoz, Switzerland) administered subcutaneously;
local analgesia was induced by administering 2 % Novocain.

In our study we used commercial middle cerebral artery
sutures by Doccol (USA; catalog number 403756PK10Re)
0.185 mm in diameter.

The rats were decapitated after set time intervals, their
brains removed and cut into 2 mm thick frontal sections, which
were then placed in 1 % TTC solution (Sigma-Aldrich, USA).
Staining was done at different temperatures (20 °C and 37 °C).

RESULTS

In an attempt to investigate how different TTC staining
conditions affect visualization of ischemic lesions, we modeled
middle cerebral artery occlusion in rats [14]. The occlusion was

Chloral hydrate + Rometar

Zoletil + Rometar

permanent, i. e. the vessel remained blocked throughout the
experiment. The animals were anesthetized with a mixture of
Zoletil and Rometar injected intraperitoneally. Five hours after
the occlusion the brains were removed and cut into 2 mm thick
frontal sections. Then, some slices were incubated in 1 % TTC
solution at room temperature, while other were placed into TTC
preheated to 37 °C. Photos of brain sections were taken at
equal time intervals to assess how different temperatures and
duration of incubation in the TTC solution affected visualization
of ischemic tissue. Lesions became visible after 10 min of
incubation at both temperatures: unlike the intact areas, they
were weakly stained (Fig. 1). Further incubation in TTC at
37 °C produced a more intense color; after 20 min of incubation
the color contrast between the healthy and ischemic tissues
became less pronounced, as the damaged tissue developed an
intermediate pink color. However, at room temperature the color
contrast between the damaged and healthy tissues increased.
Longer incubation at 37 °C produced a well-developed color
throughout ischemic areas (Fig. 1). It is very important to control
TTC staining conditions when only a short time has elapsed
after occlusion induction, because damaged tissue may still
contain living cells affecting color development. Twenty-four
hours after the occlusion, the injury was clearly visible, and the
color contrast between the lesion and the healthy tissue did
not lose its intensity even after 2 hours of incubation at 37 °C.
Our next step was to find out how a choice of an anesthetic
influences the scope of ischemic brain injury. Damaged tissue
was visualized using TTC staining. In this series of experiments

Isoflurane

Fig. 2. Effects of different anesthetics on the scope of ischemic injury in rats with the permanently occluded middle cerebral artery (5 hours after the occlusion). Brain
slices were incubated under identical conditions in 1 % TTC solution for 30 min at 37 °C

Isoflurane, 24 hours

L S

Zoletil + Rometar, 24 hours

Fig. 3. Brain slices of rats anesthetized with different drugs 24 hours after the induced permanent occlusion of the middle cerebral artery. The slices were incubated

under identical conditions in 1 % TTC solution for 30 min at 37 °C
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we also modeled permanent middle cerebral artery occlusion
in Wistar rats. The animals were anesthetized using three
types of anesthetics: isoflurane (Aerrane), a mixture of Zoletil
and Rometar injected intraperitoneally and a mixture of chloral
hydrate and Rometar also injected intraperitoneally. Five
hours after the occlusion the brains were removed, sectioned,
and incubated in 1 % TTC solution at 37 °C for 30 min. The
lesion size was the smallest in the animals who had received
isoflurane (this was reliably demonstrated in 6 animals), and the
color contrast between the damaged and healthy TTC-stained
tissues was minimal. The most severe damage was observed
in the animals who had received a mixture of chloral hydrate
and Rometar (this was reliably demonstrated in 5 animals). The
Rometar/Zoletil mix produced interesting results. Of 7 animals,
only 2 developed massive stroke; in 5 other animals the lesions
did not develop a contrasting color during staining (Fig. 2). To
sum up, the choice of an anesthetic is an important factor that
must be accounted for when studying acute ischemia. The
underlying cause of the contributions made by anesthetics
is not clear, though. The neuroprotective effect of isoflurane
has been reported by a number of authors [47-49], but its
mechanism remains unexplained. Interestingly, 24 hours after
the occlusion of the middle cerebral artery in rats, the size of
the lesion did not depend on the type of an anesthetic (Fig. 3).

DISCUSSION

We have analyzed how different factors affect the results of
TTC staining of brain sections obtained from rats with induced
permanent ischemia. Our study demonstrates that visualization
of damaged tissue in the early phases of stroke (5 hours after
the occlusion) is particularly sensitive to TTC staining conditions
(incubation temperature and duration) and the type of an
anesthetic. Therefore, we do not recommend TTC staining for
assessing the size of the lesion in the early stages of ischemic
stroke, regardless of the opinion expressed in a number of
academic works.

Besides, TTC staining does not provide unambiguous
evidence about the viability of cells in the ischemic tissue
during the acute stage. TTC is an indicator of mitochondrial
dehydrogenase activity. A number of studies confirm that
mitochondrial dysfunction is one of the major consequences
of ischemia [50, 51]. However, an intermediate color developed
by tissue during staining raises a question of interpretation.
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In this work we explore the temporal dynamics of cytokines in Dark Agouti rats with experimentally induced autoimmune
encephalomyelitis (EAE). The main group consisted of 11 animals who were injected with 100 pl (per leg) of spinal cord
homogenate obtained from random-bred rats and combined with incomplete Freund’s adjuvant to the hind footpads. The
control group included 7 animals who received 100 pl of normal saline mixed with incomplete Freund’s adjuvant. Blood
samples (500 pl) were collected daily, starting from day 1 through day 7. We ran a Bio-Plex-based multiplex cytokine assay on
the samples using the Bio-Plex Pro Rat Cytokine 24-plex Assay kit. EAE in rats was shown to simulate progression of multiple
sclerosis in humans in terms of temporal dynamics of lymphoproliferative and hematopoietic factors IL-1b, IL-2, IL-4, IL-5,
IL-6, and IL-7. The studied model satisfactory imitates the dynamics of factors stimulating migration of lymphocytes, monocytes
and other immune cells, including IL-17, RANTES (CCL-5) and MCP-1 (CCL-2) but excluding GRO/KC (CXCL1), which shows
a different dynamics. The model also resembles patterns of human multiple sclerosis in terms of factors affecting cytotoxic and
apoptotic reactions, including IFNy, IL-6 and IL-17, but excluding TNFa.
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BPEMEHHAA OUHAMUKA UNTOKNHOB B KPOBU MNMPU
QKCMNEPUMEHTAJIBHOM AYTONMMMYHHOM 3SHLUE®PAJTOMUEJIUTE Y KPbIC
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V13y4eHa amHaMmnka CoOpepXXaHns LIMTOKMHOB Y KpbIC nHnm Dark Agouti ¢ HAYLIMPOBaHHBIM 3KCMEPUMEHTaIbHBIM ayTOVM-
MYHHbIM 3HLIeanomMmennTomM (SA3). B akcnepumMeHTanbHyrO rpynny BKIOHAIM 11 XKMBOTHbBIX, KOTOPbIM B MOAYLLIEYKN 3a0HNX
Jan nHbeuypoBasv roMoreHaT CriiHHOro Moara 6€CFIOpO,D,HbIX KpbIC, CMELLaHHbI C HEMOSHbIM a0 bOBAHTOM <Dpe|7|H,£|,a. B
KOHTPOJSIbHYHO FRYNMY BKITKOHNIV 7 XKMBOTHBIX, KOTOPbIM B MOAYLUEYKM 3aaHnx nan seogunm no 100 MK rsronornieckoro
pacTBoOpa, CMELLaHHOIO C HEMOMHbIM aabloBaHTOM PpenHaa. Y »KMBOTHBIX exXedHEBHO ¢ 1 Mo 7 cyTkm otompanu no 500 MK
KPOBW. Bbif BbINOMHEH MYABTUMIEKCHBIA LMTOKMHOBbLIA TECT C MOMOLLBID Habopa peareHToB Bio-Plex Pro Rat Cytokine
24-plex Assay Ha nnatcopme Bio-Plex. NokadaHo, YTO B KOHTEKCTE LIMTOKMHOBOMO Mpodnis Mogenb SA3 y KpbIC OTpaxkaeT
TEYEHME PACCEAHHOIO CKIIEPO3a Y YeNoBeKa B HaCTV OUHAMUKIA COLEPXKaHNS CUCTEMHBIX IMMADONPOIMdePaTUBHBIX 1 FEMO-
noaTn4eckmx haxkTopos: IL-1b, IL-2, IL-4, IL-5, IL-6 n IL-7. B 4acTn guHamnkin (hakTopoB Takcuca IMMQOLMTOB, MOHOLTOB
W OPYrX KIETOK MMMYHHOW CUCTEMbI U3y4eHHas MOLENb YOOBETBOPUTENBHO UMUTUPYET AMHAMUKY COpepkaHud IL-17,
RANTES (CCL-5) n MCP-1 (CCL-2), Ho otinyaeTtcst no anHammnke GRO/KC (CXCL1). B oTHOWweHWM hakTopOoB, BAUSIOLLIMX
Ha LUMTOTOKCHYeCKMe 1 anonToTn4ecKkne peakumn, cxogcTtBo Mogenmn ¢ 3aboneBaHnemM 4YenoBeka Obi10 BbISBIEHO MO TakM
Ko4eBbiM akTopaM, kak IFNy, IL-6 n IL-17, Ho He no TNFa.
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Multiple sclerosis (MP) is a sever neurodegenerative autoimmune
disorder. Due to its high prevalence and the severity of
symptoms causing partial or complete loss of mobility, multiple
sclerosis remains a pressing problem, prompting a search for
new therapies. Most patients with MS completely loose the
mobility 25 years after the onset of the disease. More than a
half of MS patients become dependent on crutches 15 years
after appearance of the first symptoms. To date, there is no
effective causal treatment for MS.

Usually the disease strikes at young age: 70 % to 80 % of
patients suffer the first symptoms of MS between 20 and 40
years of age [1]. MS is diagnosed by neurological examinations,
magnetic resonance imaging of the central nervous system,
and by biopsy or autopsy [2]. MS has numerous clinical
manifestations indicating damage to the spinal cord, the
brain, cranial nerves, the cerebellum, and cognitive function.
Current diagnostics are insufficient for accurate estimation
of MS severity. MRI, electroencephalography and lumbar
puncture can still be inconclusive, in spite of providing valuable
information about patient’s condition. In patients with MS, many
symptoms can be caused by infection, vascular pathology, or
autoimmune comorbidities [3].

There are four types of MS: relapsing-remitting (RRMS,
alternating periods of relapses and remissions) occurring in
80 % to 85 % of patients; primary progressive (PPMS) occurring
in 10 % to 15 % of patients; progressive-relapsing (PRMS) —
in 5 % of patients; and secondary-progressive (SPMS) [4, 5].
About half of patients with RRMS develop symptoms of SPMS
10 years after the onset of the disease. Over 90 % of patients
with RPMS eventually demonstrate SPMS symptoms [6].

The hallmark of MS is destruction of the myelin sheaths of
neurons in the central nervous system caused by clustering
T- and B-cells. Another typical feature of this disease is
accumulation of oligoclonal antibodies in the cerebrospinal
fluid. It is not clear, though, how and where the clonal
expansion of lymphocytes specific for myelin basic protein is
initially triggered. We do not know yet whether it happens in the
CNS, where the myelin sheath is directly involved, or outside of
it, with autoreactive species migrating to the CNS from other
places [7].

Development of effective MS treatments is impossible
without animal models accurately replicating the course of
the disease in humans, such as experimental autoimmune
encephalomyelitis (EAE) of rats and mice. EAE is induced by
injecting myelin or basic myelin protein (MBP) suspensions in
incomplete Freund’s adjuvant into the hind footpads of rodents
[8]. One month after immunization the mice develop hind limb
paralysis which lasts for 4-6 months [9]. In Dark Agouti (DA)
rats, EAE progresses more rapidly (paralysis sets in on days
10-11 and lasts until day 14). The key difference of EAE in
animals from MS in humans is full recovery of rodents, which is
absolutely unattainable for humans at this point.

An interesting study [10] reports cytokine profiles of 19
patients with MS, including 16 patients with RRMS, 1 individual
with PPMS, and 2 — with SPMS. The patients were distributed
into groups based on disease duration from the moment
of diagnosis: 4.2 + 0.8 months in group 1 and 76.6 + 14.3
months in group 2. The study showed that in earlier stages of
MS (in comparison with later stages and the absence of the
disease), interferon gamma (IFNy) and the anti-inflammatory
lymphokine IL-10 dominate in the cytokine profiles. In the late
stage, the levels of IL-1RA, IL-8, IL-12(p70), CCL-3, CCL-7,
CCL-11, CXCL-10, FGF, and IFNy go down. Later stages are
also characterized by elevated levels of IL-1a, IL-1b, IL-2RA,
IL-3, IL-4, IL-7, IL-12(p40), IL-18, CCL-5 (RANTES), CCL-27,

HGF, MIF, M-CSF and TRAIL. Interestingly, MS patients were
shown to have elevated blood levels of IL-17, known to play
a key role in triggering development of psoriatic skin lesions
[11]. In addition, patients with RRMS exhibited elevated IL-22
levels. Dynamics of cytokine profiles in the cerebrospinal fluid
drove the researchers [10] to the conclusion about the crucial
role of the accumulating IFNy and MIF (a key factor of joint
capsule degeneration in osteoarthritis) and a few other factors
stimulating migration of lymphocytes: CCL-5 (RANTES),
CCL-2 and CCL-27, induced by IFNy and MIF. The study
also revealed accumulation of proapoptotic TNF-a and TRAIL-
ligand in the cerebrospinal fluid (but not blood) of MS-stricken
patients.

These data suggest a few patterns typical for MS, including
increased long-term systemic activity of hematopoietic growth
factors, in particular those targeting granulocytes, sustained
Thi-response, and overrepresentation of lymphocyte/
monocyte migration factors in the absence of pronounced
proinflammatory response (factors stimulating production and
taxis of neutrophils). The study [10] could provide an insight
into how cytokine levels observed in the cerebrospinal fluid and
blood change in patients with MS, but due to the limitations
of the applied statistical methods, significance of the identified
patterns is questionable.

Considering the above said, our study aimed to

1) investigate the short-term dynamics of cytokines in rats
with rapidly progressing induced EAE;

2) compare the data on cytokine levels in patients with MS
and in rats with induced EAE in order to assess the feasibility of
the EAE rat model for testing anti-MS candidate drugs.

METHODS
Induction of EAE in rats

Experiments involving laboratory animals were carried out in
compliance with the “Regulations for the use of Experimental
Animals” (Addendum to Order 755 of the Ministry of Health of
the USSR dated August 12, 1977) and the principles of the
Declaration of Helsinki (2013).

Homogenates of the spinal cord of random-bred rats were
prepared as described in [12]. Further in vivo experiments were
carried out in Dark Agouti rats weighing 220-250 g. The main
group included 11 animals. On day O the animals were injected
with the spinal cord homogenate mixed with incomplete
Freund’s adjuvant in the ratio of 1 : 1 into the hind footpads.
The total volume of the injected mixture was 100 pl per paw.
The controls (n = 7) received 100 pl of normal saline mixed with
incomplete Freund’s adjuvant in the ratio of 1 : 1. From day 1
through day 7, except for day 6, blood samples were collected
from the tail vein (500 pl of blood daily) and immediately used
for serum preparation. Briefly, blood was placed into Vacuette
Z serum sepclot activator vacuum test tubes and centrifuged
for 15-20 min at 2,500 rpm and +4 °C. The obtained serum
(@bout 100 pl) was transferred to microcentrifuge tubes and
frozen at —20 °C. The animals were weighted daily, and the
severity of the disease was assessed using the following scale:
0 points — no symptoms, 1 point — decreased tail tone,
2 points — impaired righting reflex, 3 points — partial paralysis,
4 points — complete paralysis, 5 points— moribund or dead.
In borderline cases, a lower index value was opted. Clear signs
of EAE appeared in the controls starting from day 8 to day 14 of
the experiment. On days 11-14 the disease reached its peak,
which lasted for 2-3 days.
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Multiplex cytokine assay

Serum samples were analyzed on the Bio-Plex platform (Bio-
Rad, USA) using the Bio-Plex Pro Rat Cytokine 24-plex Assay
(Bio-Rad). This assay employs magnetic beads coated with
monoclonal antibodies to rat cytokines. It was performed
according to the manufacturer’s recommendations and the
protocol published in [13]. Serum was divided into 50 i
aliquots for the analysis. Mean fluorescence intensity of each
sample was measured on Luminex 200 analyzer (Luminex
Corporation, USA). Data were processed using MasterPlex
CT and MasterPlex QT analysis software (Hitachi Solutions
America, USA). For each analyte a calibration curve was
constructed using 7 concentrations expressed as pg per 1 ml
serum.

Statistical analysis

Two quartiles and median values of cytokine levels in
each group were calculated daily for each cytokine. Then,
significance of differences between the groups was tested
using the nonparametric Mann-Whitney test and Statistica 8.0
for Windows. At p-value > 0.05 the differences were considered
insignificant; we also used 3 significance thresholds: p < 0.05,
p <0.01, and p < 0.001.

RESULTS

The data on the short-term dynamics of cytokine levels in
human and animal blood are still scarce. Multiplex assays
are expensive, and daily blood tests in MS patients and
lab animals can be technically challenging or raise ethical
concerns. Data obtained from the controls in the course of our
experiment demonstrate that although incomplete Freund’s
adjuvant injected into the footpads does not induce EAE, it still
causes considerable fluctuations of cytokine levels in animals’
blood, rendering less reliable the assessment of the impact
of the spinal cord homogenate on the course of the disease.
Therefore, special statistical methods are needed to analyze
the dynamics of cytokine profiles.

All animals included in the main group developed paralysis
of the hind legs. The rising phase of the disease was observed
on days 11-13, while the decline — on days 12-17. By day
18 all animals had recovered from the paralysis. Blood was
collected on days 1 through 7 in the absence of visible signs
of EAE.

Tables 1 and 2 show that on day 1 of the experiment the
levels of 13 of total 24 analytes (IL-1a, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-12(p70), IL-17, IL-18, G-CSF, IFN-y, RANTES (CCL-5),
and MCP-1 (CCL-2) ) were significantly higher (by up to 220 %
for IL-4) in the main group than in the controls in terms of the
second and third significance thresholds (Fig. 1). On day 2 no
significant differences were observed for all studied cytokines.
On day 3 differences were observed for IL-1b and VEGF
(= 0.05), but on day 4 again no differences were found. On
day 5 the main group demonstrated a considerable decrease
in the levels of IL-1a, IL-1b, IL-13, and erythropoietin (Fig. 2).
On day 7 the differences between the groups were observed
for 14 of 24 studied cytokines. Those were practically the same
cytokines that showed differences on day 1, although statistical
significance was confirmed for IL-10 and erythropoietin GM-
CSF only and was not confirmed for IL-12(p70) and G-CSF
(Fig. 3) Of note, the levels of 13 of 14 cytokines in the main
group were higher than in the controls. The only exception was
GM-CSF that dropped from 8.17 pg/ml to 2.00 pg/ml.
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DISCUSSION

A cytokine burst on day 1 of the experiment followed by a drop
on day 2 should be interpreted as a manifestation of acute
clonal nonspecific response to excess myelin outside the CNS.
The response to the myelin manifested as simultaneous release
of several lymphoproliferative factors is likely to be stimulated
by hyperproduction of IL-1b originating from macrophages,
dendritic cells and skin fibroblasts.

Increased cytokine synthesis on days 5 and 7 is, most
probably, the result of the step-by-step accumulation of various
clonal-specific lymphocytes, including those with autologous
reactivity to myelin. Such longitude of the reaction is typical for
the systemic clonal expansion of T-cells and eventually leads to
visible physiological symptoms.

The most significant differences between the main and
the control groups on day 7 were observed for the levels of
IL-18 (2,475.85/4,182.05 pg/ml), RANTES (756.78/1,310.78
pg/ml), MCP 1 (CCL 2) (1,909.68/3,300.50 pg/ml) and IL-2
(743.52/1,091.57 pg/ml). Considering that IL-2 has been
proved to induce production of other growth and hematopoietic
factors [14], an assumption can be made that IL-2 triggers
synthesis of such nonspecific immune factors as VEGF and
erythropoietin, as well as IL-13, whose synthesis lagged in
phase with respect to IL-2. Considering persistently high levels
of IL-2 typical for patients with MS [10], this lymphokine seems
to play a key role in the mass proliferation of lymphocytes
Table 1. Significance of differences between the main and the control groups of
animals calculated by using the Mann-Whitney test with Yates's correction for
continuity. Hypothesis tested: the absence of significant differences between the
samples. The result is presented as Fisher’s p with three significance thresholds:
p > 0.05 — the difference is insignificant; 0.01 < p < 0.05 — the first significance

threshold; 0.001 < p < 0.01 — the second significance threshold; p < 0.001 —
the third significance threshold

Days of the experiment
1 2 3 4 5 7
IL-1a 3 - - -
IL-1b - - 1 - 2 -
IL-2 2
IL-4 3
IL-5 2 - - - -
3
2

Cytokine

IL-6
IL-7
IL-10 - - - _ _
IL-12 2 - - - - -
IL-13 - - - - 2 _
IL-17 3 - - - _ 2
IL-18 3 - - - - 2
Erythropoietin EPO - - - - 1 2
G-CSF 3 - - - - -
GM-CSF - - - - - 3
GRO/KC - - - - - -

IFN-y 2 - - - - 1
M-CSF - - - - - -
MIP-3a - - - - - -
RANTES 2 - - - - 2
TNFa - - - - - -
VEGF - - 1 - - -

Leptin - - - - - -
MCP-1 2 - - - - 2
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Table 2. Statistical analysis of changing cytokine levels in the main group of rats with induced autoimmune encephalomyelitis and the controls

Day of the experiment
Cytokine Day 1 Day 2 Day 3 Day 4 Day 5 Day 7
Parameter Controls QIJ\:ISIJ:) Controls S;\f:llll; Controls g’\f::; Controls g'\f:S:) Controls g’\f::;) Controls ;\:I::;)
Mean 195 387 182 206 268 181 193 144 319 138 203 359
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 87 92 65 61 148 122 113 76 279 75 84 134
It-1a Q25 132 304 133 170 160 68 98 83 182 90 139 218
Median 188 347 175 204 218 200 195 155 184 121 184 411
Q75 288 487 226 264 396 237 274 210 396 187 269 462
Mean 433 401 412 274 1033 493 469 265 819 250 319 571
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 386 382 244 184 427 362 432 157 861 164 180 288
1o Q25 251 236 211 148 701 134 119 101 279 151 180 300
Median 315 270 399 222 967 441 412 310 607 214 204 536
Q75 411 367 550 370 1477 782 553 409 730 307 504 821
Mean 356 607 366 436 367 500 472 414 579 373 744 1092
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 103 138 127 207 209 303 292 180 286 215 245 348
2 Q25 278 579 285 319 186 311 213 260 396 205 543 776
Median 374 597 345 331 332 432 308 362 557 284 657 1145
Q75 443 626 463 629 523 608 762 647 668 509 914 1368
Mean 11 36 9 19 9 24 14 18 19 16 41 90
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 6 16 4 19 8 23 12 16 13 15 27 40
- Q25 6 27 5 5 4 4 4 5 9 4 17 57
Median 11 30 8 8 6 17 8 12 15 14 33 76
Q75 17 38 12 37 10 32 29 34 33 23 64 128
Mean 77 128 59 69 56 88 69 74 91 68 136 193
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 25 27 33 51 47 59 62 45 43 49 46 34
- Q25 55 110 26 22 23 26 22 20 43 22 106 174
Median 78 123 63 54 30 83 23 67 88 83 130 193
Q75 97 147 78 121 113 133 144 106 118 106 176 212
Mean 232 503 351 273 468 1595 515 540 600 316 668 1145
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 79 204 226 255 404 3960 572 743 284 269 292 496
-6 Q25 172 379 169 63 170 96 76 85 414 46 456 640
Median 224 444 340 182 349 428 190 240 584 261 521 1240
Q75 287 463 540 470 758 635 1132 559 713 556 877 1624
Mean 103 254 68 123 70 178 111 114 125 106 228 612
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 50 96 62 128 83 169 129 115 77 98 146 236
- Q25 58 181 14 16 12 13 11 16 50 10 119 428
Median 102 226 63 72 23 144 20 64 109 108 161 724
Q75 145 350 90 246 159 281 239 224 209 165 391 787
Mean 149 240 105 180 121 215 163 157 208 132 403 634
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 70 80 53 131 93 200 129 99 70 106 160 226
10 Q25 91 208 61 57 56 63 56 58 144 44 254 420
Median 142 220 101 183 67 149 88 116 214 116 413 557
Q75 217 280 129 284 237 277 294 272 287 208 550 821
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[MponomkeHve Tabn. 2

Mean 46 125 35 56 43 81 58 54 68 47 155 288
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 29 62 35 61 56 102 68 61 50 59 08 143
12 Q25 16 88 5 6 5 6 6 6 15 4 81 173
Median 49 99 32 23 10 53 12 29 59 26 125 277
Q75 74 133 46 123 98 118 135 70 104 81 212 425
Mean 31 32 15 16 20 22 22 13 19 13 33 61
N 6 10 12 6 11 7 11 7 11 7 11
SD 28 31 15 8 20 26 11 6 8 21 37
18 Q25 18 16 6 13 9 7 6 15 19 29
Median 21 20 14 9 20 13 13 9 18 11 23 44
Q75 28 37 22 20 23 28 26 15 22 17 58 95
Mean 24 55 17 25 19 36 26 27 36 25 67 119
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 12 20 15 28 24 36 32 23 22 24 38 43
- Q25 12 43 3 3 3 3 4 16 3 38 84
Median 24 49 16 15 4 34 5 21 35 28 62 108
Q75 37 56 24 44 50 52 52 42 58 45 102 168
Mean 1110 | 2360 909 1480 976 2004 1351 1829 1628 | 1562 | 2476 | 4182
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 340 822 345 828 600 1513 895 1390 455 1557 774 1495
18 Q25 846 1671 623 707 591 582 615 779 1494 426 1663 | 3219
Median 1009 | 2167 877 1444 609 1677 1064 1157 1616 | 1152 | 2334 | 3808
Q75 1462 2766 | 1094 2243 1701 3435 | 2055 2367 1831 2632 | 3217 | 4100
Mean 202 263 186 242 197 310 238 246 281 175 342 745
N 6 10 8 12 6 11 7 11 7 11 7 11
Erythropoietin SD 68 60 77 141 62 240 71 95 86 91 117 345
EPO Q25 154 235 127 110 158 127 173 153 209 107 249 504
Median 175 258 179 219 202 272 209 223 247 166 360 585
Q75 235 287 225 346 241 352 300 346 373 197 415 1060
Mean 6 4 3 6 4 4 5 4 9 15
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 1 3 1 3 2 6 3 2 1 2 6 9
G-CSF
Q25 3 4 2 2 2 2 2 2 3 2 4 8
Median 3 6 3 3 2 4 2 3 4 3 6 12
Q75 4 7 3 6 5 8 6 5 6 5 14 24
Mean 5 7 5 5 6 9 8 5 6 4 8 2
N 6 10 8 12 6 11 7 11 7 11 7 11
S SD 3 3 3 3 4 10 6 2 4 2 2 1
Q25 2 6 3 2 3 4 4 3 2 2 7 1
Median 5 7 6 5 6 9 9 5 5 5 8 2
Q75 6 10 8 8 9 10 10 7 11 5 10 3
Mean 161 237 156 165 217 153 201 90 153 116 163 178
N 6 10 8 12 6 11 7 11 7 11 7 11
SROKG SD 93 104 79 65 134 97 115 31 128 43 62 57
Q25 72 124 101 135 75 64 84 62 82 74 103 153
Median 142 267 140 157 239 133 198 96 90 119 155 170
Q75 270 331 191 189 341 272 299 116 324 145 184 222
Mean 36 79 30 42 32 63 61 45 53 40 107 215
N 6 10 8 12 6 1 7 11 7 11 7 11
SD 14 46 13 40 23 77 62 41 19 35 45 122
PNy Q25 27 52 20 14 17 14 17 15 36 12 65 87
Median 30 64 27 20 20 43 24 28 52 27 08 206
Q75 46 74 41 60 56 64 95 66 76 69 148 290
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MponomkeHvie Tabn. 2

Mean 132 174 92 89 o1 121 100 79 93 104 113 164
N 6 10 8 12 6 11 7 11 7 11 7 11
SD 42 44 46 38 70 83 116 49 54 60 55 74
M-CSF
Q25 99 143 64 55 32 53 32 33 39 41 52 110
Median 124 159 80 88 71 106 40 69 69 105 141 149
Q75 175 205 122 111 174 183 164 121 147 164 165 234
Mean 70 88 55 49 45 88 69 64 76 45 88 128
N 6 10 8 12 6 1 7 11 7 11 7 1
SD 19 38 44 40 44 95 80 59 45 40 36 44
MIP-3a
Q25 52 47 19 13 12 21 14 13 25 11 65 107
Median 76 94 41 31 21 53 19 51 91 34 83 139
Q75 86 122 85 83 99 134 161 83 122 90 102 171
Mean 685 1070 342 470 295 696 364 505 574 456 757 1311
N 6 10 8 12 6 1 7 11 7 11 7 1
SD 230 247 277 422 306 541 4083 381 208 389 147 388
RANTES
Q25 545 966 80 73 108 60 37 51 437 39 726 814
Median 665 1052 334 387 139 679 57 545 634 660 758 1495
Q75 805 1129 558 855 481 1212 821 T 687 735 846 1580
Mean 58 39 25 30 29 33 30 28 33 27 54 82
N 6 10 8 12 6 1 7 11 7 11 7 1
SD 26 10 15 18 18 19 20 14 11 19 26 42
TP Q25 42 29 17 16 16 16 17 16 21 14 32 51
Median 57 39 19 21 19 27 23 25 36 24 57 72
Q75 72 49 26 47 46 44 49 34 39 29 82 106
Mean 130 87 88 55 128 73 107 46 133 65 92 110
N 6 10 8 12 6 1 7 11 7 11 7 1
SD 110 90 57 79 73 80 78 24 149 49 44 50
VEGF Q25 41 52 42 20 53 37 54 32 33 29 57 57
Median 119 60 88 35 129 44 78 36 97 46 84 100
Q75 132 74 128 44 178 84 185 58 136 89 146 139
Mean 158 217 59 131 121 264 129 90 231 213 239 460
N 6 10 8 12 6 11 7 11 7 11 7 1
) SD 161 240 7 184 163 255 202 167 219 199 237 358
Leptin Q25 10 1 20 11 11 16 3 4 12 17 0 20
Median 150 137 24 27 21 312 21 20 246 286 324 620
Q75 301 437 83 273 304 482 375 30 447 419 404 745
Mean 1979 2662 2277 2317 2428 3097 2071 2468 2117 2254 1910 3300
N 6 10 8 12 6 11 7 11 7 11 7 1
SD 413 365 949 754 576 1120 830 1141 830 623 557 879
MR Q25 1592 2353 1606 1729 2130 2126 1501 1575 1651 1889 1340 2986
Median 2102 2606 2155 2063 2428 3108 1849 2192 2012 2448 1946 3411
Q75 2317 2864 2909 3047 2904 3762 2369 3021 2189 2750 2405 3846

outside the CNS. Increasing levels of lymphoproliferative and
hematopoietic IL-4, IL-5, IL-6, II-7, and IL-13 in the backdrop
of decreased GM-CSF can be described as a cascade induced
with IL-2 participation.

Unlike MS of humans, EAE in rats is not accompanied by
production of proapoptotic TNF-a, regardless of the increased
synthesis of its classic inducers IL-12, IL-18 and IFNy [14].
Therefore, elevated levels of TNF-a in patients with MS are
rather a result and not the cause of myelin destruction. At the
same time, TNF-a can contribute significantly to the damage of
astrocytes and neurons in the late stages of MS.

According to the pattern described in [10], simultaneous
increase and decrease of IFNy and RANTES (CCL-5),

respectively, in rats with EAE simulate similar processes
occurring in humans with MS. The early stages of EAE in rats
are not accompanied by an increase in GRO/KC (CXCL1)
responsible for lymphocyte infiltration in the CNS, which
renders the rat model different from MS in humans [10].

Both rats with EAE and humans with MS have
hyperproduction of IL-17 which can contribute to the
accumulation of specific lymphocytes in the CNS and activate
their toxic function.

In spite of IL-1b hyperproduction, MS in humans shows no
signs of neutrophil involvement in the pathology, which is also
true for the factors regulating neutrophil taxis and activation.
This pattern turned to be no different in the studied rat model.
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Fig. 1. Changes in cytokine levels in the blood serum of rats with induced EAE in comparison with the controls 1 day after the injection. Cytokine levels in the controls

were taken as 100 %. Significant differences are marked with arrows
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Fig. 2. Changes in cytokine levels in the blood serum of rats with induced EAE in comparison with the controls 5 days after the injection. Cytokine levels in the controls

were taken as 100 %. Significant differences are marked with arrows

The levels of M-CSF stimulating proliferation of neutrophil
precursors did not change throughout the experiment. The
same pattern was observed for MIP-3a (CCL20) that protects
mucosa from bacterial infection and for leptin that raises body
temperature in infected individuals.

Hyperproduction of IL-4 and IL-10 in rats with EAE in the
background of elevated IL-5, IL-13, and GM-CSF should be
considered a factor stimulating proliferation of B-cells. In
theory, this set of cytokines can trigger synthesis of oligoclonal
antibodies, but this effect has not yet been described in the
literature.

Our experiment proves that proliferation of myelin-specific
lymphocytes can be triggered outside the CNS. However, the
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course of EAE in rats and the course of MP in humans differ
considerably. We cannot rule out that the first event occurring at
the onset of the disease is infiltration of the CNS by lymphocytes
that do not undergo clonal expansion but do undergo further
selection in the presence of excess myelin. Abnormal behavior
of lymphocytes observed in the rat model can be a result of
their primary clonal-nonspecific hyperproliferation triggered by
systemic or local excess of lymphoproliferative factors or/and
lymphotaxis factors originating in CNS. Another possibility is
induction of abnormally rapid degradation of myelin in CNS
leading to a massive release of degradation products into the
systemic circulation. In this case the rat model seems to be
quite adequate to the early stages of MS in humans.
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Fig. 3. Changes in cytokine levels in the blood serum of rats with induced EAE in comparison with the controls 7 days after the injection. Cytokine levels in the controls

were taken as 100 %. Significant differences are marked with arrows

CONSLUSIONS

Data on the dynamics of cytokine production in rats with EAE
obtained with the multiplex cytokine assay suggest that the
rat model adequately imitates the course of MS in humans
with respect to the levels of systemic lymphoproliferative and
hematopoietic factors IL-1b, IL-2, IL-4, IL-5, IL-6 and IL-7. With
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