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Prognostic value of serum immunoglobulin free light chains in
multiple myeloma in real clinical practice

Skvortsova N.V.;, Pospelova T.1.}, Khalzov K.V.}, Kovynev I.B.}, Nechunaeva I.N.?

‘Novosibirsk State Medical University
2City Clinical Hospital No. 2, City Hematology Center (Novosibirsk)

AHHOTAIIUA

IIpoBesieHa OIlEHKA JAMATHOCTHYECKOTO0 ¥ IIPOTHOCTUYECKOTO 3HAUEHHS HCCIIEIOBAHUS CHIBOPOTOUHBIX CBOOOI-
HBIX JIETKUX Iierei uMMyHor100yauHoB K U A (CJILI-x u CJII]-A) u ux cooTHourenus (k/A CJIL]) y maiueHTOB ¢ MHOXKe-
cTBeHHOH Muesiomoit (MM). O6ciiezoBaHO 206 GOBHBIX C BIIEPBBIE AAUarHocTupoBanHOH MM, HabmogaBmuxces B ['ema-
TOJIOTHYECKOM IIeHTpe T. HoBocuOupCKa B mepuos ¢ 2012 1o 2017 r. MeauaHa Bo3pacra 06cieyeMbIX cOCTaBuIa 67 JieT
(32—82 rosa). B KOHTPOJIBHYIO TPYIIILY BKIOYEHO 56 YCIOBHO 3/TOPOBBIX JIII: 34 KEHITUHBI (60.7 %), 22 (39.3 %) My:K4uH-
HBI, MeJINaHa BO3pacTa B 3Tou rpymie — 62 roza (40—68 jet). Konnenrpartuto CJIL-k u CJIL[-A (Mr/y1) B CBIBOPOTKE KPO-
BU OIIPEJIEJISIITA UMMYHOTYPOUIMMETPHIECKUM METOJ[OM.

VYerauoBieHo, uTo v 607bHBIX MM ypoBeHb cekpernuu cbiBOpoTouHbIX CJII-k uau CJILI-A 6bI CTATUCTHYECKHU
3HAYKMO BBIIIIE 10 CPABHEHHIO C TPYIIIION KOHTPOJIS U pa3indalcs B 3aBucuMocTu ot Tuna MM (p < 0.005). Jluaruo-
CTUUECKas YyBCTBUTEJILHOCTE KonmdecTBeHHOTO onrpeziesenus CJIL u ux coorHomenus npu MM cocraBuina 98.54 %,
10 CPaBHEHHIO C 94.17 % NpH CTAHAAPTHOM HWMMYHOXHMHYECKOM HCCJIEOBAHWN. 3HAUEHHUs] COOTHOIIEHUS K/A
CJII] < 0.04 wiu > 65, a Takke ypoBeHb CJILI-k u CJILI-A BbIIlle Me{UaHbI, TIOJIyYeHHOH B 11esioM 1o rpytie (CJI1-k > 702.0
u CJILI-A > 493.2 MT/J1), KOPPETUPYIOT C U3BECTHBIMU (haKTOpaMHU HEOIAaTOMIPHUSTHOTO TPOruo3a npu MM (¢ BBICOKUM
ypoBHeM B2-Mukporiaobyiauna (>3.5 Mr/i) (r = 0.461, p < 0.001), IJIa3MOKJIETOYHOU HHGUIbTPAIUEH KOCTHOTO MO3-
ra > 24 % (r = 0.420, p < 0.001), IOYEYHOHU HEJOCTATOUHOCTHIO (KPEATHHUH > 177 MKMOJIb/J) (' = 0.380, p < 0.002)),
a Takske ¢ BbicokuM ypoBHeM JI/IT (>450 ex./n) (r = 0.520, p < 0.001) U ACCOMUUPYIOTCS ¢ HEGIATOTPUITHBIM HUCXO-
oM. Meauana obmeit BeixxuBaemoctu (OB) B rpymme marnueHToB ¢ k/A CJIL] < 0.04 uiau > 65 cocTaBUIa 49 MeC 10
cpaBHEHHUIO ¢ 76 Mec B rpyie ¢ k/A CJII] 0.04—65 (p < 0.001), 5-neTusist OB — 42 1 75 % cooTBeTCTBEHHO (P < 0.001).

Takum o6pazom, omnpezenerne cbiBOpoTouHbIx CJIL] B chIBOPOTKE KPOBU 060bHBIX MM TOBBINIAET JUATHOCTHYE-
CKHE BO3MOXKHOCTU U MOMKET OBITh MCIIOJIb30BAHO JJI OIEHKHU IIPOTHO32 UX BBIKHBAEMOCTH. 3HAYEHUE COOTHOIIEHUS
K/A CJIIT <0.04 win >65 MO3BOJIAET Pa3/ie/IUuTh nanueHToB ¢ MM Ha TPYIIBI PUCKA C JOCTOBEPHO PAa3/IMYAOIIUMUCS HUC-
XOZ[aMH U MOKET IPUMEHSTHCS /IS BBISBJIEHHUsI OOJIBHBIX C BBICOKUM PUCKOM, HYK/TAIOIIKUXCS B 60JIee arpecCUBHOM Tepa-
MU U JIETATbHOM MOHUTOPHUHTE OTBETA HA HEe.

Karouesnvle cao8a: MHOKECTBEHHAST Mmuesioma, CBOGOI[HI)IC JIETKHUE Iernun I/IMMyHOI‘JIO6yJII/IHOB, JAWArHoCTHuka, 1mpo-
THO3, O6Il[aH BBI2KUBA€MOCTbD.

ABSTRACT
The diagnostic and prognostic value of the study of serum immunoglobulin free light chains kappa and lambda
(FLC-x and FLC-A) and their ratio (FLC k/A) in patients with multiple myeloma (MM) was evaluated. The study involved
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206 patients with newly diagnosed MM which were observed in Novosibirsk Hematology Center from 2012 to 2017. The
median age of the subjects was 67 years (32—82 years). The control group included 56 conditionally healthy individuals:
34 women (60.7%), 22 (39.3%) men, and the median age in this group was 62 years (40—68 years). The concentration of
FLC-k and FLC-A (mg/]) in blood serum was determined by immunoturbidimetric method.

It was found that in patients with MM, the secretion level of serum FLC-x or FLC-A was statistically significantly
higher in comparison with the control group and differed depending on the type of MM (p < 0.005). The diagnostic
sensitivity of the quantitative determination of FLCs and their ratio in MM was 98.54%, compared with 94.17% in a
standard immunochemical study. The values of the FLC x / A ratio < 0.04 or > 60, as well as the level of FLC-x and
FLC-A are higher than the median obtained for the whole group (FLC-x > 702.0 and FLC-A > 493.2 mg/1); correlate
with the known unfavorable prognosis factors for MM — with a high f2-microglobulin level (>3.5 mg/1) (r = 0.461,
p < 0.001), plasma cell infiltration of bone marrow > 24% (r = 0.420, p < 0.001), and renal failure (creatinine > 173
umol/1) (r = 0.380, p < 0.002), and also with a high level of LDH (>450 units/1) (r = 0.520, p < 0.001) — and are associ-
ate with an adverse outcome. The median overall survival (OS ) in the group of patients with FLC x / A < 0.04 or > 65
was 35 months compared with 60 months in the group with FLC k / A 0.04-65 (p < 0.001), 5-year OS — 42 and 75%
respectively (p < 0.001).

Thus, the determination of serum FLCs in the blood serum of patients with MM increases diagnostic capabilities and
can be used to assess the survival prognosis. The value of the FLC k / A ratio < 0.04 or > 65 allows us to divide patients
with MM into risk groups with significantly different outcomes and can be used to identify patients with high risk who

need more aggressive therapy and more detailed monitoring of the response to it.

Keywords: multiple myeloma, immunoglobulin free light chains, diagnosis, prognosis, survival.

BBEJAEHHNE

Kax wu3BecTHO, MHOXECTBeHHas MUeIoMa
(MM) — 5TO HensaeynMas 3JI0KaUeCTBEHHAasl OITy-
XOJIb U3 IIJIA3MaTHYECKUX KJIETOK, KOTOPOU CTpasa-
IOT IPENMYIIECTBEHHO MOKUJIbIe Jioau [1]. IIporuos
nanueHToB ¢ MM 3HaYWUTEIBHO OTJINYAETCA B 3aBU-
CUMOCTH OT OMOJIOTHH OITyXOJIEBOTO cybcTpaTa, MHU-
KDPOOKpY:KeHUs KocTHoro mo3ra (KM), a takske ¢ak-
TOPOB, CBA3aHHBIX C OPraHU3MOM O00JIbHOTO. B cBsI-
3M C 5TUM OUYEHb BAKHBIM aCIIEKTOM SIBJISETCS pac-
IIpesiesieHye ManueHToB ¢ MM Ha IpynIbl pucka, mo-
3BOJISIIONINE ONTHMU3UPOBATh U BhIOpATh Haunbosiee
MIOAXOZAIINE PEKUMbBI TEPATINH C [IEJIbI0 MIHUMU3a-
LMY OCJIOKHEHUH CO CTOPOHBI BHYTPEHHUX OPIaHOB U
ycTpaHeHUsI HOOOUHBIX 3 (eKTOoB leueHust [1—2].

OCHOBHBIE HCIIOJIB3YEMBIE B HACTOSIIEE Bpe-
Ms mporHoctudeckue cructeMsbl (ISS, rISS, Durie —
Salmon) 6s1TH pa3paboTaHbI elle BO BpeMeHa IpH-
MEHEHUsI TPQJAUIMOHHOW XUMHUOTEPANUU (AJIKUIU-
PYIOIINMMU JIEKAPCTBEHHBIMU areHTaMu), B CBA3H C
YeM UX IPOTHOCTUYECKAsI 3HAUMMOCTD Ha COBPEMEH-
HOM 3Talle HYKJAEeTCs B IEPECMOTPE, & TIOUCK HOBBIX
HAa/Ie’KHBIX U JIETKO OIIpefiesisseMbIX ITPOrHOCTHYe-
CKUX MapKepOB, OTPAKAIOUIUX OHOJIOTHIO OIIYXOJIH,
SIBJISIETCST YPE3BbIYAMHO aKTyaJIbHbIM [3—6]. B wmc-
CJIeJIOBAHUAX MTOCJIETHUX JIET TOSABJISAETCH BCe OOIb-
1IIe JTAHHBIX O /INaTHOCTHYECKOU U ITPOTHOCTHUYECKON
PO CBOOOHBIX CHIBOPOTOYHBIX JIETKUX IIETeH UM-
myHor1o6yiuHOB (CJILT) mpu TaKUX MapanpoTenHe-
MHYECKUX COCTOSHUSIX, KAK MOHOKJIOHAJIbHAS TaM-
MarnaTtus HeyTouHeHHoro reHesa (MGUS), Tiermas
MHeJIOMa U COJIUTapHas IIasMonuToma [7—9]. B pa-
boTax psia aBTOPOB JIOKa3aHA JUATHOCTHYECKAas U

INTRODUCTION

As you know, multiple myeloma (MM) is an
incurable malignant tumor of plasma cells which
affects mainly elderly people [1]. The prognosis of
patients with MM significantly differs depending
on the biology of the tumor substrate, bone marrow
(BM) microenvironment, as well as factors related
to the patient’s body. In this regard, a very impor-
tant aspect is the distribution of patients with MM
into risk groups, allowing to optimize and select the
most appropriate treatment regimens in order to
minimize complications from internal organs and
eliminate side effects of treatment [1—2].

The main prognostic systems currently used
(ISS, rISS, Durie-Salmon) were developed as far
back as the use of traditional chemotherapy (alkyl-
ating drug agents), and therefore their prognostic
significance at the present stage needs to be recon-
sidered, and the search for new reliable and easily
determined prognostic markers reflecting the tu-
mor biology is extremely relevant [3—6]. In recent
years, more and more data have appeared on the
diagnostic and prognostic role of serum immuno-
globulin free light chains (FLC) in paraproteinemic
conditions, such as monoclonal gammopathy of un-
defined origin (MGUS), smoldering myeloma, and
solitary plasmacytoma [7—9]. A number of authors
have proved the diagnostic and prognostic role of
FLC in patients with symptomatic multiple myelo-
ma, which served as the basis for the International
Myeloma Working Group (IMWG) to include the
assessment of serum free light chains in the criteria

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-4-19

Cxeopuyosa H.B. u dp. / Journal of Siberian Medical Sciences 2 (2020) 4—19

nporHocruyeckasd posab CJIII y mamueHTOB ¢ CUM-
MITOMaTHYECKOU MHOKECTBEHHOH MUEJIOMOH, YTO
MTOCJTYKMJI0O OCHOBAHUEM JIJisi BKJIIOUEHHs OLEHKH
CBOOOTHBIX CHIBOPOTOUHBIX JIETKUX Iiered Mexmy-
HApOJTHOHM pabouell TPYIION MO U3YUYEHUI0 MUEJIO-
Mbl (IMWG) B KpuTepuu CTPOrOro MOJHOTO OTBETA
Ha Tepanuio (SCR) [10—16]. OiHaKO HA CErOTHAITHUN
JIEHb OCTAIOTCA HEKOTOpPhIE Pa3HOIVIACHS OTHOCHU-
TEJIbHO BAKHOCTH OIleHKU cbiBOpoTOUHBIX CJIII, uTO
00yCJIOBJINBAET aKTYaJIbHOCTD U3YUEHH I UX ITPOTHO-
CTUYECKOU pOJIM MPU MHOXKECTBEHHONH MHeEJIOME B
peasIbHON KJIMHUYECKOH ITpPaKTUKe [17—21].

IOEJIb UCCJIEJOBAHN A

OIeHUTh AUATHOCTHYECKOE U TPOTHOCTHYECKOE
3HAYeHUe HCCJIeIOBAHNSA CBOOOMHBIX JIETKUX LEIIeH
uMMyHor106yirHOB K U A (CJILI-x u CJILI-A) u ux co-
otHomeHus K/A CJIL] B CBIBOPOTKE KPOBU OOJIBLHBIX C
BIIEPBBIE JUATHOCTHPOBAHHOW MHOXKECTBEHHOU MU-
€JIOMOH B peasibHOU KJIMHUYECKOH IMPaKTHUKE.

MATEPUWAJIBI 1 METO/AbI

HccemoBaHue ChIBOPOTOYHBIX CBOOOTHBIX JIET-
KUX IIeledl UMMYHOIJIOOYJIMHOB IIPOBEZIEHO y 206
MMaI[eHTOB C BIIEPBbIE JUATHOCTUPOBAHHOM MHO-
JKECTBEHHOU MHEJIOMOU, TOCITUTAIU3UPOBAHHBIX B
remarosoruueckoe otaenenne 'bY3 HCO «lopon-
cKasi KJImHu4eckas bospHUIA N2 2» (HoBocHOUpPCK)
B IIEpUOJ C 2012 10 2017 TI. (OCHOBHAs IpyImna). Xa-
PaKTEPUCTUKH OOJBHBIX U TTOKA3aTEJH, CYIIeCTBEH-
HBIE [JIA JAHHOTO HCCJIEIOBAHUA, IPEACTaBICHbI
B Tabs. 1. Memuana Bo3pacTa GOJIBHBIX COCTaBHUJIA
67 set (oT 32 no 82 jer). Cpeau MaUEHTOB MPe0d-
Jlafiajii JIMIA TMOKUJIOTO M CTapuecKoro BO3pacTa
(60—74 roma — 104 (50.5 %) yes., crapiie 75 JeT —
43 marnuenTa (20.87 %)), 60JIbHBIE CPEHETO BO3pac-
Ta coctaBuiu 23.78 % (49 ueJ1.) uccyieyeMon moIy-
JISIIMH, U TOJIBKO 10 (4.85 %) manueHToB ObLIM MO-
JI0Ke 44 JeT. JKeHIUH ObLIO B 2 pa3a 00JIbIIe, YeM
mykunH (132 (64.08 %) 1 74 (35.92 %) marueHTa co-
OTBETCTBEHHO), COOTHoIIeHne 1.78 : 1 (cM. Tabi1. 1).
CortacHo knaccudukanuu Durie — Salmon, y 60716-
[IMHCTBA AIIUEeHTOB ObLy1a Auarnoctuposana IIIA u
I1IB craguu MM (y 87 (42.23 %) u 54 (26.21 %) 60y1b-
HBIX COOTBETCTBEHHO), IIA cTamusa — y 60 (29.13 %)
u IA cragust — TobKO v 5 (2.43 %) 60abHBIX. Cpe-
I UMMYHOJIOTHYECKUX BApHAHTOB HarboJjiee 4acTo
JIMaTHOCTHpOBaiach muesaoMa IgG — y 134 (65.05 %)
4yeJl., a Takxke BapuanT MM benc — [[:xoHca ¢ u30-
JIMPDOBAHHON CEKpeluel JIETKUX Ieneld HMMYHO-
mI00yInHOB — ¥y 32 (15.53 %) MaIiieHTOB COOTBET-
ctBeHHO. C MEHBIIIEH YacTOTOH PErucTpUpPOBAIICS
MMMYHOJIOTUYECKUH BapuaHT IgA — y 28 (13.59 %)
MaIeHTOB, a TaK)Ke BapUAHT HECEKPETHPYIOIIeH
MM — y 12 (5.82 %) GOJBHBIX COOTBETCTBEHHO

of a stringent complete response to therapy (sCR)
[10—16]. However, today there are some disagree-
ments regarding the importance of evaluating se-
rum FLC, which makes it relevant to study their
prognostic role at multiple myeloma in real clinical
practice [17—21].

AIM OF THE RESEARCH

To evaluate the diagnostic and prognostic sig-
nificance of the study of immunoglobulin free light
chains x and A (FLC-x and FLC-A) and their ratio
FLC x / Ain the blood serum of patients with newly
diagnosed multiple myeloma in real clinical prac-
tice.

MATERIALS AND METHODS

The study of serum immunoglobulin free
light chains was carried out in 206 patients with
newly diagnosed multiple myeloma taken to the
Hematology Department of City Clinical Hospital
No. 2 (Novosibirsk) from 2012 to 2017 (the main
group). Characteristics of patients and indicators
relevant to this research are presented in Table 1.
The median age of patients was 67 years (from 32
to 82 years). Elderly and senile age (60—74 years
old — 104 (50.5%) patients, over 75 years old —
43 patients (20.87%)) prevailed among patients,
middle-aged patients made up 23.78% (49 individ-
uals) of the study population, and only 10 (4.85%)
patients were younger than 44 years old. There
were 2 times more women than men (132 (64.08%)
and 74 (35.92%) patients respectively), the ratio
was 1.78 : 1 (see Table 1). According to the Durie-
Salmon classification, IITA and IIIB stages of MM
were diagnosed in most patients (87 (42.23%) and
54 (26.21%) patients respectively), ITA stage — in
60 (29.13%) and IA stage — only in 5 (2.43%) pa-
tients. Among immunological variants, the IgG my-
eloma was most often diagnosed — in 134 (65.05%)
patients, as well as the Bence Jones variant of MM
with isolated secretion of immunoglobulin light
chains — in 32 (15.53%) patients respectively. The
IgA immunological variant was recorded with less
frequency — in 28 (13.59%) patients, as well as the
non-secreting MM variant — in 12 (5.82%) patients
respectively (see Table 1). The median follow-up
was 36.2 months (4—72 months).

When analysing the unfavorable prognosis fac-
tors, in 21.36% of the patients included in the study,
signs of kidney dysfunction (creatinine level > 176
umol/L) were determined; in 42.7% of patients
anemia was recorded (Hb < 100 g/1); an increase in
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(cm. Tabu1. 1). MesimaHa cpoka HaOTI0AeHUS 32 O0JIb-
HBIMU cOocTaBuIa 36.2 Mec (4—72 Mec).

IIpu anasmuze (HakTOPOB HEOBIATOMPHUITHOTO
MIPOTHO3ay 21.36 % NaneHTOB, BKJIIOUEHHBIX B HC-
CJIeZIOBaHUE, OIIPE/IEJIAJINCH IPU3HAKH IIOBPEXK/Ie-
HUSA QYHKIUHU NOoYeK (ypOBEHb KPeaTHHUHA > 176
MKMOJIB/T); ¥ 42.7 % PErUCTPUPOBAIACH AHEMUSA
(Hb < 100 r/n); yBesnnyeHne ypoOBHS [(2-MHUKPO-
robyauHa (>3.5 MT/J), CHUMKeHHE aJbOyMHHAa
(<35 1/m), runepkaynbpiuemus (Ca > 2.7 MMoJb/n), a

B2-microglobulin (>3.5 mg/1), a decrease in albu-
min (<35 g/1), hypercalcemia (Ca > 2.7 mmol/l), as
well as an increase in LDH level were observed in
40.29, 30.10, 25.73 and 30.10% of patients with MM
respectively; in 33.3% of the examined patients, the
soft tissue plasmacytoma was detected. The me-
dian of plasma cells in the bone marrow was 24%
(from 10 to 94), plasma cell infiltration > 24% was
observed in 33.01% of patients (see Table 1).

Taﬁﬂnua 1. XapaKTepI/ICTI/IKa 0O0JIbHBIX MM, BKJIIOUEHHBIX B UCCJIEZJOBAHUE CBIBOPOTOYHBIX CB060/1HBIX JIETKUX ueneﬁ

UMMYHOTJIO0YTHHOB (1 = 206)

Table 1. Characteristics of MM patients included in the study of serum immunoglobulin free light chains (n = 206)

AGc. yncI0 60JIBHBIX

ITokazaresib / Parameter Absolute number of %
patients
Bes rpynma / Whole group 206 100
Bospacr, rozs / Age, years:
MoJ10710i (32-44) / young (32-44) 10 4.85
cpennuit (45-59) / middle (45-59) 49 23.78
noxuson (60—-74) / elderly (60—74) 104 50.5
crapueckuii (crapiie 75) / senile (over 75) 43 20.87
Mmeduana — 67 net (32—82) / median — 67 years old (32—82)
ITos / Gender:
skeHIUHEBI / female 132 64.08
My>K4HHBI / male 74 35-92
NmmyHosorunyeckuii BapuautT MM (10 [aHHBIM KaIUJLJISIPHOTO 3JIeKTpodopesa
u uMmMmyHobukcanuu) / Immunological variant of MM (according to capillary
electrophoresis and immunofixation):
IgG 134 65.05
IgA 28 13.59
CJIII xanma mpu MM Benc — [Isxonca / FLC kappa in Bence Jones MM 23 11.17
CJIII namb6aa mpu MM Benc — Ixxonca / FLC lambda in Bence Jones MM 9 4.37
Her cexpenuu / No secretion 12 5.82
Crazus o Durie — Salmon / Stage according to Durie-Salmon:
IA 5 2.43
ITA 60 20.13
IIIA 87 42.23
I11B 54 26.21
Cranus o ISS / Stage according to ISS:
I 68 33
11 66 32
111 72 35
Kpeatunus > 176 MKMOJib/71 (>2 mr/mi1) | Creatinine > 176 pumol /1 (>2 mg/dl) 44 21.36
Temoryiobus < 100 /1 | Hemoglobin < 100 g/1 88 427
Kaspruii > 0.7 Mmmoutb/i | Calcium > 0.7 mmol/1 53 25.73
B2-mukportobynuH > 3.5 mr/i | B2-microglobulin > 3.5 mg /1 83 40.29
AnsbymuH < 35 1/71 | Albumin< 35g /1 62 30.1
JIAT > 450 en./n | LDH > 450 units/1 62 30.1
MsarkotkanHas miazmonuTtoma / Soft tissue plasmacytoma 68 33.01
Ilnasmatuyeckue KiaeTku (Mmeguana) / Plasma cells (the median) 24 (10—94) —
IInazmaruueckue KaeTku > 24 % / Plasma cells > 24% 68 33.01

IIpumeuvanue. JIIT' — nakraTAeruaporeHasa.
Note. LDH — lactate dehydrogenase.
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Tak:ke yBesindyeHue yposHA JI/II' otmeuasnuce y 40.29,
30.1, 25.73 1 30.1 % 00J1bHBIX MM COOTBETCTBEHHO;
Vv 33.01 % 00cCJIeIOBaHHBIX OIPEIESIOCh HATUUKE
MATKOTKAHHOH IIA3MOIIUTOMEBL. MeauaHa Iia3ma-
THYECKUX KJIETOK B KOCTHOM MO3Te COCTaBUJIA 24 %
(071010 94),y 33.01 % anKieHTOB HAbJTI0/1aJ1aCh I1J1a3-
MOKJIETOYHasi MHGUIBTpanusa > 24 % (cm. Tab. 1).

B KOHTPOJIBHYIO I'PYIINY BKJIIOUYEHO 56 YCJIOBHO
37I0POBBIX JIUII: 34 JKEHIUHBI (60.7 %) 1 22 (39.3 %)
My»KunHBI. Menmana Bosdpacta — 62 roma (40—
68 s1eT).

Bce marpieHThl OCHOBHOI TPYIIITBI TOJTYYUJTH OT
4 710 10 CTAaHJAPTHBIX KypCOB XuUMuoTepamnuu I jau-
HUU Ha ocHOBe 6opre3zomuba (PAD, VCD, VMP, VD).

Konnentparnuio CJI-k u CJIII-A (Mr/im) B CbI-
BOPOTKE KPOBH OIpPEAE/SIM HMMYHOTYpPOUIU-
METPUYECKMM METOIIOM Ha aBTOMATHUYECKOM OHO-
xuMuueckoM aHasmzarope Hitachi 911 ¢ momo-
ipi0 Habopa peaktuBoB Freelite Human Lambda u
Freelite Human Kappa (Binding Site, Besuko6pu-
Tauus). HopMasbHBIM AWAMA30H JAJIS U3MEpPEeHUs
CJILI-k cocraBua 3.3—19.4 mr/ma, ajst CJIL-A — 5.71—
26.3 mr/1. [Tocsie onpenesieHus: KOHIEHTPAIIUH OIle-
HUBAJIN KJIOHAJBHOCTD [0 OTHOIIIEHHUIO KOHIIEHTpa-
MU Kamma- u JsaMba-1eneli (HopMaIbHBIHA Jguana-
30H 0.26—1.65). Pe3ybTaThl, BEIXO/ISAIINE 32 TEXHU-
YecKue Tpeiesibl MeTo/1a, ObLIN TOJyYeHBbI yTeEM
MHOTOKPATHBIX II0CJIe/IOBATEIbHBIX Pa3BeIeHUN B
COOTBETCTBUHM C MIPOrpaMMaMU JJisi KaK[0TO THIIA
nernei. KOHIEHTpaIuio 1 TUI HapanpoTenHa B ChI-
BOPOTKE KPOBU M MOYE HCCJIEZIOBAIN COIVIACHO CTaH-
JIapTU30BAHHBIM IIPOTOKOJIAM C ITOMOIIIBIO ariiapar-
HOU JINHEWKY, BKJIIOUAIOIIEH METO/ KaluJIIPHOTO
aieKTpodopesa ¢ UMMYHOMUKCALIHeH Ha anaparax
Minicap u Hydrasys (Sebia, ®paniusi), pasperieH-
HBIX IJI51 KJIMHUYECKOI'O UCII0JIb30BAHUS.

Jlyiss masibHEHIero aHain3a BbDKHBAEMOCTH,
B 3aBUCUMOCTH OT YPOBHs cooTHoiienus k/A\ CJILI,
MaIrueHThl OBIJIU paclpesie/ieHbl Ha JIBE TPYIIIBI B
COOTBETCTBUU C [TOPOTOBBIMU 3HAYEHUSIMHU COOTHO-
menus k/A CJI, 3a KOTOpble ObLIN IPUHATHI BEPX-
HUH ¥ HIDKHUHM KBapTUIU cooTHoreHus k/A CJIL]
B Ipy1Iie OOJIBHBIX MHOKECTBEHHON MHEIOMOH.

Cmamucmuueckuil anaaus. Co0p JaHHBIX ObLT
OKOHYEeH 31 /ekabpsi 2017 r. PacmpeneneHue 3Ha-
YeHUU KOHIIEHTPAIMU JIETKUX Ileled 00OuX TH-
OB ObLJIO HE HOpMaJIbHBIM. Pe3ysibTaThl OIpesesie-
HUSI KOHIIEHTPAI[UH CBOOOHBIX JIETKUX IeNeH JaHbl
B BHJIE MEJIMAH C KBapTWIAMHU (B CKOOKax) ¢ ykKa-
3aHMEM MHHHUMAJIPHBIX M MaKCHMaJbHBIX 3HaUe-
Hul. Paziuuns nokasareseil B HCCJIEIYEMBIX TPYII-
[ax OLIEHWBAJIM IIPU IOMOIIK HelapaMeTPUUeCKO-
ro kpurepusa ManHa — YuTtHuU. Paziuuusa cuuraau
3HAUUMBIMU IIPU P < 0.05. JIJIsl cpaBHEHHUS KaTero-

The control group included 56 condition-
ally healthy individuals: 34 women (60.7%) and
22 (39.3%) men. The median age was 62 years (40—
68 years).

All patients of the main group received from
4 to 10 standard cycles of first-line chemotherapy
based on bortezomib (PAD, VCD, VMP, VD).

The concentration of FLC-x and FLC-A (mg/1)
in blood serum was determined by the immuno-
turbidimetric method on an automated Hitachi
911 chemistry analyzer using the Freelite Human
Lambda Free and Freelite Human Kappa Free kits
(Binding Site, UK). The normal range for measur-
ing FLC-x was 3.3—-19.4 mg/l, for FLC-A — 5.71—
26.3 mg/l. After determining the concentration,
clonality was evaluated by the concentration ratio
of the kappa and lambda chains (the normal range
0.26-1.65). Results that went beyond the technical
limits of the method were obtained by repeated se-
rial dilutions in accordance with the programs for
each type of chain. The concentration and type of
paraprotein in blood serum and urine were evalu-
ated according to standardized protocols using
capillary electrophoresis with immunofixation on
MINICAP and HYDRASYS instruments (Sebia,
France), approved for clinical use.

For further analysis of survival, depending on
the x / A FLC ratio level, patients were divided into
two groups in accordance with cut-off values of the
k / AFLC ratio, for which the upper and lower quar-
tiles of the x/A FLC ratio in the group of patients
with multiple myeloma were taken.

Statistical analysis. Data collection was com-
pleted on December 31, 2017. The distribution of
the concentration values of light chain of both types
was not normal. The results of FLC concentration
measument are given in the form of medians with
quartiles (in brackets) indicating the minimum and
maximum values. Differences in performance be-
tween the study groups were evaluated using the
nonparametric Mann-Whitney test. Differences
were considered significant at p < 0.05. To com-
pare categorical variables, the Pearson’s criterion
(x>-test) was used. To analyze the correlation be-
tween serum FLC and clinical parameters, the
Spearman’s rank correlation coefficient was cal-
culated. The upper and lower quartiles of the k/A
FLC ratio in the group of patients with multiple my-
eloma were taken as cut-off parameters in the anal-
ysis of the prognostic utility of the k/A FLC ratio.
Quartiles were understood as the attribute values
in the ranked distribution series, chosen in such a
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PHUAJIBHBIX ITIEPEMEHHBIX HUCIIOJIb30BAJICS KPUTEPUHI
IMupcona ans y2. [lyia aHaau3a KOPPeAlNU MeXK-
2y ceiBopoTouHBIMH CJII] ¥ KJIIMHWUYeCKUMU Iapa-
METPaMH PACCUUTHIBAJICA KO3(DDUIIMEHT KOppeas-
nuu CnupMmeHa. B kauecTBe MOPOroOBBIX 3HAYEHUH
IIPYU aHaJIK3€e IPOrHOCTUYECKOTI'0 3HAUYEeHU COOTHO-
menus k/A CJILI ObLIM MPUHATH BEPXHUH U HIK-
HUH KBapTwju cooTtHomrenus k/A CJII B rpymme
OOJIbHBIX MHOKECTBEHHOU MueaoMoii. ITos kBapTH-
JIAMH TTOHUMAJINCh 3HAUEHUs MIPU3HAKA B PaHIKHU-
POBaHHOM psAYy pacIpe/iesieHusl, BbIOpaHHbBIE Ta-
KUM 00pa3oM, UTo 25 % eIUHHUI] COBOKYITHOCTHU Oy-
AyT MEHbIIE 10 BeTuuuHe Q ; 25 % OyayT 3aKioue-
HBI MeXAY Q u Q; 25 % — Mexay Q, u > OCTaJIb-
HbIe 25 % MPEBOCXOAAT Q..

OO0y BeiKEBaeMOCTh (OB) v BBI?KHBAaEMOCTD
6e3 IporpecCupoOBaHUS PACCUYUTHIBAIHN IO METOMY
Kaplan — Meier. O6111y10 BEI?)KMBa€MOCTb OIIPEZEIsI-
JIA KaK IMMPOMEKYTOK BPEMEHH OT JIaThl BKJIIOUEHU S
B IIPOTOKOJI OOJIBHBIX 10 CMEPTHU OT JII0O0I MPUYH-
HbI (TTos1HOE HAOJIIOEHNE) NI 0 JaThl IIOCIIeJHEN
SABKU OOJIBHOTO (IIEH3YpHPOBAaHHOE HAOJIIOIEHUE).
JloCTOBEPHOCTh pPa3JIUYUHA BBIXKUBAEMOCTH B HC-
cJIelyeMBIX T'DYIIax PacCYUTHIBAJIACh C IOMOIIBIO
sorpanroBoro kputepus (log rank test), paznuuns
CUYUTAJIUCH JOCTOBEPHBIMU IIPH P < 0.05. [[y1s oneH-
KM accoIHaruy MeXay U3ydaeMbIMU (haKTOpamMu
Y PUCKOM Pa3BUTHUSA COOBITHS PACCUYUTHIBATIOCH OT-
Hotrenue mancos (OI) ¢ 95% moBEPUTETHHBIM HH-
TepBasiom (/IM). CtaTucTUYECKU 3HAUUMBbIe (ak-
TOPBI OBLIN JIOTIOJTHUTEJIFHO ITPOBEPEHBI B MHOTO-
MEPHOU JIOTUCTHYECKOU perpeccuu. s mporxo-
3UPOBAHUS PUCKA HACTYILJIEHUS COOBITUS U OIEHKH
BJIMSTHUSI HE3aBUCHMBIX ITPEJUKTOPOB HA 3TOT PUCK
MIPUMEHSJIaCh MOJIEJIh TIPOIIOPIIUOHATIBHBIX PUCKOB
perpeccuu Kokca c onpenenenuem 95% JIU. Paziu-
YU MEXKy CPaBHHBAEMbBIMU ITapaMeTPaMU CUHTA-
JI CTAaTHUCTUYECKH 3HAUYMMBIMU P p < 0.05. Cta-
THUCTUYECKass 00paboTKa JJaHHBIX MMPOBEEHA C HC-
M0JIb30BAaHUEM ITAKETa CTATUCTHYECKUX ITPOrPAMM
STATISTICA (Bepcust 13.0) u SPSS (Bepcus 23.0).

IIpu ompegnenenun coxep:xanus CJIL] 6b110
BBIsIBJIEHO, uTo KoHIeHTpamuu CJI-k u CJILI-A
B CHIBOPOTKE KPOBU IPAKTHYECKH 37I0POBBIX JIIO-
Jefl (rpynmna KOHTPOJIs) OBLIM COIIOCTAaBUMBI C pe-
(epeHCHBIMH 3HAYEHUAMH, PEKOMEH/IOBAHHBIMHU
mpousBoauTeaeM HabopoB peakTuBoB (CJIII-k: 12.6
(3.3—19.4) mr/m; CJIL-A: 11.5 (5.7—26.3) Mr/1; COOT-
normenne CJILT k/A: 1.33 (0.25-1.65)) (Tab1. 2).

ITpu ananuze CJI-k u CJIII-A u UX COOTHOIIIE-
HUS B CBIBOPOTKE KpoBH 601pHBIX MM marosoruue-
ckoe cooTHortienue k/A CJIL] (mp1 HOpMaJIbHOM YPOB-

way that 25% of the units of the totality will be less
than Q1; 25% will be concluded between Q1 and Q2;
25% — between Q2 and Q3; the remaining 25% will
surpass Q3.

Overall survival (OS) and progression-free
survival were calculated using the Kaplan-Meier
method. Overall survival was determined as the
time interval from the date of inclusion in the pro-
tocol of patients to death from any cause (complete
observation) or to the date of the last follow-up of
the patient (censored observation). Progression-
free survival (PFS) was defined as the time from es-
tablishing diagnosis to the date of progression, re-
lapse, or death, with graphical plotting of survival
curves. The significance of differences in survival
in the study groups was calculated using the log-
rank test, the differences were considered valid at
P < 0.05. To evaluate the association between the
studied factors and the risk of the event, the odds
ratio (OR) was calculated with a 95% confidence
interval (CI). Statistically significant factors were
further verified in multiple logistic regression. To
predict the risk of an event and assess the impact of
independent predictors on this risk, the Cox regres-
sion risk model was used with 95% CI. Differences
between the compared parameters were consid-
ered valid at p < 0.05. Statistical data processing
was performed using the statistical software pack-
age STATISTICA (version 13.0) and SPSS (version
23.0).

When measuring the concentration of FLC, we
found that the serum FLC-k and FLC-A levels in ap-
parently healthy individuals (control group) were
comparable with the reference parameters recom-
mended by the manufacturer of assay kits (FLC-k:
12.6 (3.3—19.4) mg/1 ; FLC-A: 11.5 (5.7—-26.3) mg/l;
k/A FLC ratio: 1.33 (0.25-1.65)) (Table 2).

In the analysis of serum FLC-x and FLC-A and
their ratio in patients with MM, the pathological
k/A FLC ratio (normal level being 0.25-1.65) was
observed in 98.54% of patients (203 of 206) while
production of Bence Jones monoclonal protein or
full-sized immunoglobulin (IgG and IgA), detected
by standard immunochemical assays, was deter-
mined in 94.17% of patients (194 of 206 ), which
indicates a higher sensitivity of serum FLC assay.

Further analysis of the prognostic significance
of SLC included only MM patients with detectable
free light chain secretion (n = 203). Among the ex-
amined, the MM patients with involved FLC-k pre-
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He (0.25-1.65)) HabIOAAIOCh y 98.54 % MAIUEHTOB
(v 203 uen. u3 206), B TO BpeMs Kak MPOIYKIIHUS MO-
HOKJIOHAJIBHOTO Oesika Berc — JI»KoHca WU TIOJTHO-
pasmeproro ummyHornobynuHa (IgG u IgA), BbIAB-
JifeMas MpU CTaHJIADTHOM UMMYHOXUMHUYECKOM HC-
CJIeIOBAHUH, ONIPEAESIACh y 94.17 % 60IbHBIX (Y 194
YeJI. U3 206), YTO CBUJIETEJIBCTBYET O O0JIee BHICOKOH
YyBCTBUTEJIPHOCTH aHAJIN3a CbIBOpOTOUHBIX CJILI.

B paspHEeNIINN aHAIN3 IPOrHOCTUYECKOH 3Ha-
yumoctu CJIL] ObLIM BKJIIOUEHBI TOJIBKO OOJIbHBIE
MM c eTeKTHPYeMOU cekpernueid cBOOOMHBIX JIer-
Kux 1emneid (n = 203). Cpeau o6cyIeTOBAHHBIX ITpe-
obsamau 6obHBIE MM ¢ BoBiaeueHHbIMHU CJIL[-k —
143 607bHBIX (70.44 %), B TO BpeMs KaK BOBJIEYEH-
uble CJILI-A 3aperucTpupoBaHbl TOJIBKO y 60 maIu-
eHTOB (29.56 %). Takum 06pa3oM, Karma-Iemb ceKpe-
THpyeTcA B 2.38 pasa valle, 4To COrJIacyeTcs ¢ JINTe-
paTypHBIMH JAHHBIMHU O IPEUMYIIIECTBEHHOU ceKpe-
nuu CJII-k nazMaTuyeckMMHU KIeTKaMUy B HOpMe U
IIPU Pa3BUTUH MMAPATPOTENHEMUUECKUX COCTOSHUMN
U CBSI3aHO C 0COOEHHOCTSIMH MIEPECTPOEK T'€HOB UM-
MYHOIVIOOYJIMHOB B TUMQOUTHBIX KJIETKAX [21, 22].

Menuana ypoBHA cbhiBOpoToyHOH — CJIL[-k
(n = 143) y nanuenToB ¢ MM cocTtaBusia 702 Mr/J
(muamazon 59.6—5480 mr/n), a CJILI-A (n = 60) —
493.2 Mr/n (AuamnasoH 45.2—775.4 mr/i). Meauana
cootHomrenus k/A\ CJIII cocraBuia 55.7 (AuamasoH
0.04—244.8) (cM. Tab1. 2).

CrnenyeT OTMETUTD, YTO YPOBEHD CEKPEIIUH BO-
BieueHHbix CJIIl pasiuuasicss B 3aBUCUMOCTH OT
Tunma MM u ObLJI CTAaTHCTUYECKH 3HAYHMO BEHIIIE,

vailed — 143 (70.44%) while the involved FLC-A was
registered only in 63 patients (29.56%). Thus, the
kappa chain is secreted 2.2 times more often which
is consistent with published data on the predomi-
nant secretion of FLC-k by plasma cells normally
and during the development of paraproteinemic
states and is associated with the peculiarities of
immunoglobulin gene rearrangements in lymphoid
cells [21, 22].

The median level of serum FLC-x (n = 143) in
patients with MM was 702 mg/]1 (range 59.6—5480
mg/1) while FLC-A (n = 60) — 493.2 mg/l (range
45.2—775.4 mg/1). The median of the x/A FLC ratio
was 55.7 (range 0.04—244.8) (see Table 2).

It should be noted that the level of involved
FLCs secretion was different depending on the type
of MM and statistically significantly higher than
in the control group (p < 0.001). The highest me-
dian value of the involved FLC-kx was recorded in
the group of patients with Bence Jones myeloma —
3171.3 mg/l (1320—8450), 8 times less than in the
group of patients with IgA myeloma — 396.3 mg/1
(76.5—2580), and for IgG myeloma the secretion
of FLC-k was the lowest and amounted to only
356.2 mg/1 (38.5—1570) (see Table 2).

A similar tendency was observed in patients
with secretion of involved FLC-A. The highest me-
dian of FLC-A was observed in patients with Bence
Jones myeloma — 3861.2 mg/l (986.4—4450), in
IgA myeloma the level of FLC-A secretion was

Ta6smuna 2. Cexperus BOBIeYeHHBIX K- U A- CJIL] pu pasjIndHbIX TUIIAX MHOKECTBEHHOU MHUEJIOMBI
Table 2. Secretion of involved k and A FLC in various types of multiple myeloma

Bce 6osbHBIE

Bosnbpasble IgG

BonbHble IgA  BosibHBIE MUEJIOMOM’

M KontpompHad  ppy MHEJIOMOH MUEJIOMOM Benc — Jl:xoHCa
MaplI:ep gpynnei All patients ~ Patients with ~ Patients with ~ Patients with Bence p

arker ( or_ltrg) ETOUP  with MM IgG myeloma IgA myeloma  Jones myeloma

n=5 (n = 203) (n=134) (n = 28) (n =41

CJII-x (Mr/m) 12.6 702 356.2 396.3 3171.3 D, ,<0.001
](:—“LC-K (r)ng/l) (6.8-19.2) (59.6-5480) (38.5-1570) (76.5—2580) (1320-8450) p, < 0.001
n =143
(70.44 %) 3.3-19.4 5.9—-19 380 5.9-8442 29.16—13 420  47.01—19 380
CJILI-A (Mr/m)  11.5 493.2 216.5 477.1 3861.2 p, ,<0.001
FLC—K ()mg/l) (6.6-18.3) (45.2-775.4) (45.2-882.1)  (58.2-1748) (986.4—4450) p,<0.001
n =60
(29.56 %) 5.71—26.3 6.89-12180 6.89—2040 22.4-11 370 27.01-12 180
CooTHolleHre 1.33 55.7 25.71 38.42 58.6 p, ,< 0.001
k/A (n = 203) (0.85-1.62) (0.04—244.8) (0.15-156.19) (0.12—110.5) (0.23-204.5) p3’ < 0.007
K/A ratio
(n=203) 0.26-1.65 0.002-426.5 0.05-100.2 0.02-85.5 0.02—244.8

II pumeyaHnud. 1. C.H]_[ — CBO6OJ1HI)I€ JIETKHE LIEeIIH I/IMMyHOI‘J'IO6y.T[I/IHOB. 2. PesyanaTm JAaHbI B BU/JI€ ME€IUaHbI C KBapTUJIAMU
(B CKOﬁKaX); KYPCHUBOM HHUKE€ — MUHHUMAaJIbHOE U MaKCUMaJIbHOE€ 3HAYEHU A MapKepa; p — pa3/InduAa JOCTOBEPHBI MEX /Yy BCEMU I'PYII-

ImaMu.

Notes: 1. FLC — immunoglobulin free light chains. 2. The results are given as a median with quartiles (in brackets); in italics
below — the minimum and maximum values of the marker; p — differences are significant between all groups.
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YeM B IpymIe KOHTPosd (p < 0.001). Haubosee BbI-
COKOe 3HaueHne MeauaHbl BoBaedeHHbIXx CJILI-x
OBLJIO 3apETUCTPUPOBAHO B T'PYIINE OOJBHBIX MHE-
somoi berne — [IxxoHca — 3171.3 mr/i (1320—8450),
B 8 pa3 MeHbIIle OHA ObLJIAa B TpyIIe GOIBHBIX ¢ IgA
MuesIoMou — 396.3 M1/ (76.5—2580), a Ipu MUEJIO-
me IgG cexpenus CJIII-k Oply1a HAUMEHBIENR U CO-
CTaBHUJIa TOJIBKO 356.2 M1/ (38.5—1570) (cM. TabII. 2).

Y m[manumeHTOB C CeKpelmueld BOBJIEUEHHBIX
CJILI-A HabJsrogasach cxoskas TeHAeHunusa. Makcu-
maJsibHOU MenuaHa CJIII-A ObLTa oTMeuUeHa y maru-
eHTOB ¢ Mueaomon bernc — JIxxkonca — 3861.2 mr/n
(986.4—4450), pu IgA MuesoMe ypOBEHb CeKpe-
nuu CJIII-A cocraBu 477.1 mr/a (58.2—1748), a mpu
IgG muesnome — 216.5 Mr/n (45.2—882.1) cooTBeT-
CTBEHHO (cM. Ta0JI. 2).

JIJist aHATM3a MPOTHOCTUYECKOT'0 3HAYEHU ST CO-
otHomieHus k/A CJIL] B kauecTBe IOPOTOBBIX 3HAYUE-
HUH OBIM TIPUHSATHl BEPXHUU W HIKHUH KBapTHU-
i cootHoterust k/A CJILL B rpymie 60/IbHBIX MHO-
JKECTBEHHOM MHEJIOMOMU, IIPH 5TOM IIPOTHOCTUYECKHU
HeOJIaTONIPUATHBIMY CYUTAIIN 3HAYEHU I COOTHOIIIEe-
uus k/A CJIL < 0.04 unu > 65. B cOOTBETCTBUU C
BBI/IEJIEHHBIMU ITOPOTOBBIMU 3HAUYEHUSIMU OOJIbHBIE
MM O6bL1H paznesieHbl Ha JIBe MPOTHOCTUYECKUE
rpymnmsl: ¢ cootHorenueM k/A CJIL < 0.04 niu > 65
(n = 56) — He6JIATONIPUATHBIN IPOTHO3 U C COOTHO-
menueM k/A CJIL 0.04—65 (n = 147) — 61aronpust-
HBIH ITPOTHO3.

B nmaspHe#IIEM, AJ1S1 TIOJITBEPIK/IEHUSI ITPOTHO-
CTHUYECKOTo 3HaueHus1 cootHornenus k/A CJILI, mpo-
BOZIMJIOCH M3YUEHHE B3aMMOCBS3ZHU JAHHOTO ITOKa-
3areJis ¢ u3BeCTHhIMU Tpu MM dakTopamu Heb1a-
TONPUATHOTO MPOTHO3a. Pe3yIbTaThl OIEHKHU MIPeT-
cTaBJieHbl B Ta0s. 3. Paznuuuil B pacrpeneeHun
[0 TI0JIy W BO3PAacTy y GOJBHBIX aHAJIM3UPYEMBIX
TPYII OTMEUYEHO He ObLI0. B rpymme ¢ mporHocTu-
yecKy HeGJIaronpusiTHBIM cooTHOIeHneM k/A CJII]
< 0.04 uiu > 65 0Ka3ayIoCh JOCTOBEPHO OOJIbIIIE Ta-
IIUEHTOB C BHICOKMM YPOBHEM [2-MUKPOIJIOOyINHA
(>3.5 mr/m) (p < 0.001), IJIa3MOKJIETOYHON HHMUITH-
tparueit KM > 24 % (p < 0.001), I1IB craaueii 3a60-
snepanus (mo Durie — Salmon) (p < 0.001), cTaguen
III o ISS (p < 0.025), ¢ TUIOM TapanpoTerHa IgA
(p < 0.004), muenomoii berc — JIxxoHca (p < 0.007),
MMOYEYHOH HENIOCTAaTOYHOCTHIO (KpeaTMHUH > 176
MKMOJIb/) (p < 0.023) u BbICOKUM ypoBHem JIJIT
(>450 exn./m) (p < 0.006) (cM. Tab1. 3.)

KoppensanuoHHBIA aHAIU3 MEXKAY COOTHOIIE-
uueM k/A CJIL] B 11eJ10M 1O TPyIIE ¢ U3BECTHHIMHU
HeOJIaTONpUATHBIMU  (aKTOpaMU IPOTHO3a TP
MM 1nokasajsl yMEpEHHYIO IOJIOKUTEJIbHYIO KOp-
PESIMOHHYI0 B3aMMOCBSI3b COOTHOIIEHHS K/A
CJIL] ¢ B2-mukporiobyauaoM (r = 0.461, p < 0.001),
ypOBHEM KpeaTwHHHA (r = 0.380, p < 0.002), po-

477.1 mg/l (58.2-1748), and in IgG myeloma —
216.5 mg/1 (45.2—882.1) respectively (see Table 2).

To analyze the prognostic significance of the
k/A\ FLC ratio, the upper and lower quartiles of the
k/A FLC ratio in the group of patients with multiple
myeloma were taken as cut-off values, while the x/A
FLC ratio < 0.04 or > 65 was considered prognosti-
cally unfavorable. In accordance with the assigned
threshold values, patients with MM were divided
into two prognostic groups: with the x/A FLC ra-
tio < 0.04 or > 65 (n = 56) — unfavorable prognosis,
and with the x/A FLC ratio 0.04—-65 (n = 147) — fa-
vorable prognosis.

To confirm the prognostic value of the x/A FLC
ratio, the correlation of this parameter with un-
favorable prognostic factors known for MM was
studied subsequently. The evaluation results are
presented in Table 3. No differences in distribu-
tion by gender and age were noted in patients of
the analyzed groups. In the group with the unfa-
vorable prognostic k/A FLC ratio < 0.04 or > 65,
there were significantly more patients with high f2-
microglobulin level (>3.5 mg/1) (p < 0.001), plas-
ma cell infiltration of BM > 24% (p < 0.001), IIIB
stage of the disease (according to Durie-Salmon)
(p < 0.001), stage III according to ISS (p < 0.025),
IgA type paraprotein (p < 0.004), Bence Jones
myeloma (p < 0.007), renal failure (creatinine >
> 176 umol/1) (p < 0.023) and high LDH level (>450
units/1) (p < 0.006) (see Table 3).

Correlation analysis between the k/A FLC ra-
tio for the whole group with known for MM un-
favorable prognostic factors showed moderate
positive correlation between the x/A FLC ratio and
B2-microglobulin level (r = 0.461, p < 0.001), cre-
atinine level (r = 0.380, p < 0.002), the percentage
of plasma cells in BM (r = 0.420, p < 0.001), LDH
level (r = 0.520, p < 0.001) and negative correla-
tion with hemoglobin level (r = —0.410, p < 0.001)
(Table 4).

An analysis of the correlation between serum
FLC-x and FLC-A levels and the evaluated clinical
parameters, regardless of the light chain isotype,
also showed a positive correlation with the level
of f2-microglobulin (r = 0.42, p < 0.001 for FLC-x
and r = 0.40, p < 0.001 for FLC-A), creatinine
(r = 0.332, p < 0.001 for FLC-x and r = 0.310,
p < 0.001 for FLC-A), the percentage of plasma cells
in BM (r = 0.410, p < 0.001 for FLC-k and r = 0.370,
p < 0.015 for FLC-A\) and LDH level (r = 0.481,
p <0.006 for FLC-k and r = 0.440, p < 0.007 for
FLC-A) (see Table 4).
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LIEHTOM IIJIa3MaTH4YeCcKuX KJjeTok B KM (r = 0.420, Thus, the correlation between FLC-x, FLC-A
P < 0.001), ypoBaeMm JI/IT (r = 0.520, p < 0.001) U OT- and the k/A FLC ratio with known markers reflect-
PHLIATEIbHYI0 B3aUMOCBA3b C YDOBHEM I'e€MOIJI00H- ing proliferative activity, tumor volume and aggres-
Ha (r = —0.410, p < 0.001) (Tab1. 4). siveness of the disease indicates the prognostic sig-

Tao6uauna 3. Kinauko-aeMorpaduyueckas XapakTepUCTUKa 00ceyeMoii TpyIibl 60/1bHBIX ¢ MM B 3aBUCHMOCTHU OT 3HA-
venus cootHorenus k/A CJIL, abe. (%)

Table 3. Clinical and demographic characteristics of the examined group of patients with MM, depending on the value of
the x/A FLC ratio, abs. (%)

Bes rpymma K/ CJILT, | /A CJILT | FLC
TTokazaresb / Parameter Whole group FLC = 0.04— <0.04umu > 65 p
(n=203) 65 (n = 147) (n =56)
Bospacr, rozpl / Age, years:
MOJI0710¥ (29—44) / young (29-44) 10 (4.93) 6 (4.08) 4(7.14) —
cpenuuii (45-59) / middle (45-59) 46 (22.66) 34 (23.13) 12 (21.43) <0.09
moskusoi (60—74) / elderly (60-74) 104 (51.23) 74 (50.34) 30 (53.57) <0.08
crapueckuii (crapiue 75) / senile (over 75) 43 (21.18) 33 (22.45) 10 (17.86) <0.07
Mmeduana / median 67 (29-82) 66 (36—76) 64 (29—-82) <0.09
ITost / Gender:
skeHnuHb! / female 131 (64.53) 101 (68.71) 30 (53.57) <0.08
My>K4YuHBI / male 72 (35.47) 46 (31.29) 26 (46.43) <0.06
NMmyHonornvecknit Bapuaut MM / Immuno-
logical variant of MM:
1gG 134 (66.0) 113 (78.87) 21(37.5) <0.08
IgA 28 (13.8) 13 (8.84) 15 (26.79) <0.004
CJIIT kamma mpu MM Benc — J[»xoHca 30 (14.78) 17 (11.6) 13 (23.21) <0.06
FLC kappa at Bence Jones MM
CJILL nam6ia npu MM Benc — J[3koHca 11 (5.42) 4 (2.72) 7(12.5) <0.005
FLC lambda at Bence Jones MM
Cranus o Durie — Salmon / Stage according to
Durie — Salmon:
1A 2 (0.99) 2 (1.36) 0 <0.06
ITA 60 (29.55) 44 (29.93) 16 (28,57) <0.7
IIIA 87 (42.86) 66 (44.9) 21(37.5) <0.09
IIIB 54 (26.6) 35 (23.81) 19 (33.93) <0.001
Cranus o ISS / Stage according to ISS:
I 65 (32.02) 44 (29.93) 21(37.5) <0.08
1I 66 (32.51) 55 (37.41) 11 (19.64) <0.05
11 72 (35.47) 48 (32.66) 24 (42.86) <0.025
KpearuHuH > 176 MKMOJIb/JI (>2 MT/71J1) 44 (21.67) 25 (17) 19 (33.93) <0.001
Creatinine > 176 umol/1 (>2 mg/dl)
I'eMOrIO6HH < 100 T/71 88(43.35) 61 (41.49) 27 (48.21) <0.06
Hemoglobin < 100 g/1
Kaspnuii > 2.7 MMOJIb/JI 53 (26.1) 36 (24.49) 17 (30.36) <0.09
Calcium > 2.7 mmol/I
B2-MuKpPOrIO6YINH > 3.5 MI/T 83 (40.89) 54 (36.73) 29 (51.79) <0.001
B2-microglobulin > 3.5 mg/1
AnpbymuH < 35 1/ | Albumin < 35 g/1 62 (30.54) 44 (29.93) 18 (32.14) <0.8
JIAT > 450 en./n | LDH > 450 units/1 62 (30.1) 41 (27.89) 21 (37.5) <0.006
MsArkoTkaHHas MjIa3MOIUTOMa 68 (33.49) 52 (35.37) 16 (28.57) <0.09
Soft tissue plasmacytoma
ITna3maTruyecKre KJIeTKH (MearnaHa) 24 (10-94) 18 (10—46) 28 (20—94)
Plasma cells (the median)
IIna3mMaTuyecKue KJIeTKH > 24 % 68 (33.49) 45 (30.61) 23 (41.07) <0.001

Plasma cells > 24 %

[IpuMevyaHUuE. p— YPOBEHDb CTATHCTUYECKOM 3HAYMMOCTHU MPU cpaBHeHUH Tpy1i ¢ K/A CJII 0.04—65 u k/A CJILL < 0.04
uiam > 65.
Notes. p —thelevel of statistical significance when comparing groups with FLC k/A 0.04—65 and FLC k/A < 0.04 or > 65.
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OTnesnpHBIN aHANIN3 KOPPEJIAIUOHHON B3am-
MOCBSA3U MEX/JY YpoBHeM CbhIBOPOTOUYHBIX CJIII-k
u CJILI-A 1 OIleHHMBAaeMbIMU KJIMHUYECKUMU IOKa-
3aTeIsIMH, HE3aBUCUMO OT M30THIIA JIETKOU IIEIH,
TaK»Ke II0Ka3ajl TOJIOKUTEJIPHYIO KOPPEJIAI[UOH-
HYIO B3AMOCBSI3b C YPOBHEM [32-MUKPOTIO0yIMHA
(r=0.42,p < 0.001 g CJII-k u r = 0.40, p < 0.001
miss CJI-)), ypoBHeM KpeaTuHuHa (1 = 0.332,
p < 0.001 aasa CJII-x u r = 0.310, p < 0.001 A4
CJILI-)\), TpOIIEHTOM ILIa3MaTUYECKUX KJIETOK B
KM (r = 0.410, p < 0.001 ajns CJIL-x u r = 0.370,
p < 0.015 ans CJI- A) u yposuem JIAT (r = 0.481,
p < 0.006 ajs CJI-x u r = 0.440, p < 0.007 1as
CJILI-A) (em. Tabt. 4).

Takum ob6pasom, B3anmocBsads CJIII-k, CJIIT-A
u cootHomeHus: k/A CJIL] ¢ u3BeCTHBIMU Mapke-
paMu, OTPaKAIOIIUMHU MPOJIU(PEPATUBHYIO aKTHB-
HOCTB, 00'bEM OITyX0JIEBOH MAacCChl M arPECCUBHOCTH
TeueHUs 3a00IeBaHU S, YKa3bIBAET HA IPOTHOCTHYE-
CKO€e 3HaYeHUe JIAHHBIX MToKa3aTesied npu MM, uro
MTOITBEPIK/IAETCS Pe3yIbTaTaMU JPYTHX HCCJIEI0-
BareJiei [10, 14]. Tak, cormacHo gauHbIM J.L. Garcia
de Veas Silva et al., BbICOKHI ypOBEHb COOTHOIIIE-
uus k/A CJIL (>47) KoppeupoBas ¢ HAJTUIUEM T10-
YEeYHOU HEJIOCTATOUYHOCTH (KpeaTHHUH > 2 MI/IJI,
P = 0.023), BBICOKUM YPOBHEM [32-MHUKPOIJIOOyIMHA
(>3.5 mr/m, p < 0.001) u M-rpaauenta (>3 /a7,
p = 0.007), MJIa3MOKJETOYHON WHQOUIbTpAIUeH
KM > 20 % (p < 0.001) ¥ HAIHYUEM JINTUIECKUX I10-
paskeHui koctei (p = 0.006), a Takxke cragment 111
o ISS (p < 0.001) [23].

C 1eJIbI0 TOATBEPIKEHUs ITPOTHOCTHYECKOH
3HAUMMOCTH H3y4YaeMbIX MapKepoB (COOTHOIIEHUS

nificance of these parameters in MM, which is con-
firmed by the results of other researchers [10, 14].
So, according to J.L. Garcia de Veas Silva et al., the
high k/A FLC ratio (>47) correlated with renal fail-
ure presence (creatinine > 2 mg/dl, p = 0.023), high
levels of B2-microglobulin (>3.5 mg/l, p < 0.001)
and M-gradient (>3 g/dl, p = 0.007), plasma cell in-
filtration of BM > 20% (p < 0.001) and lytic bone
lesions (p = 0.006), as well as stage IIT according to
ISS (p < 0.001) [23].

In order to confirm the prognostic significance
of the studied markers (k/A FLC ratio, serum FLC-x
and FLC-A level), as well as of other parameters
that correlate with tumor volume and the aggres-
sive course of the disease, an analysis of their effect
on the survival of MM patients with Cox univariate
and multivariate regression method was conducted.
Components with p < 0.05 in the univariate analy-
sis were subsequently included in the multivariate
analysis. The characteristics of the evaluated prog-
nostic factors are presented in Table 5.

The results of the study showed that in univari-
ate analysis, factors such as the level of FLC-k and
FLC-A were higher than the median obtained in
the whole group (FLC-k > 702 and FLC-A > 493.2
mg/1), the /A FLC ratio < 0.04 or > 65, a high-risk
group according to the MCI index (2—3 points),
creatinine > 176 pmol/l, hemoglobin < 100 g/l,
B2-microglobulin > 3.5 mg/l, LDH level > 450
units/1, albumin < 35 g/1 and stages II and III ac-
cording to ISS (Table 5).

Ta6auna 4. KoppeaanuoHHbIi aHATIN3 MeX/Iy KIMHUIECKUMU mapamMerpaMmu MM u ypoBHsAMY cooTHOIeHus K/A CJIL,

BosieueHubiMu CJIL] kammna u asamba

Table 4. Correlation analysis between the clinical parameters of MM and the levels of the k/A FLC ratio, involved FLC

kappa and lambda

Cootnomenue CJILT

ypOBeHI) BOBJICYEHHBIX ypOBeHb BOBJICYEHHBIX

k/Ay nanuentoB ¢ MM CJILI-x y manuerToB ¢ CJIII-A y maIijueHTOR ¢

(Bea rpymma, n=203) MM (n = 143) MM (n = 60)
TTokazaresn / Parameter k/A FLC ratio in MM Involved FLC-k levelin  Involved FLC-Alevel in

patients (whole group, = MM patients MM patients

n=203) (n=143) (n=60)

r p r p r p
Kpearunus / Creatinine 0.380 <0.002 0.332 <0.001 0.310 <0.001
Temoryiobun / Hemoglobin —0.410 <0.001 -0.314 0.002 -0.116 0.292
Kanpnuii / Calcium 0.120 0.540 0.042 0.688 —-0.036 0.744
2-muxpornobysnuH / f2-microglobulin  0.461 <0.001 0.420 <0.001 0.40 <0.001
AnpbymuH / Albumin -0.223 0.082 —0.082 0.430 -0.073 0.508
JIIT / LDH 0.520 <0.001 0.481 0.006 0.440 0.007
[Inasmoxerounast uHGuiabsTpanus KM 0.420 <0.001 0.410 <0.001 0.370 <0.015

Plasma cell infiltration of BM

llpuMevaHue. r— KodbOUIUEHT KOPPEIISAIHIH.
Note. r— correlation coefficient.
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k/A\ CJIL, ypoBHs cbiBopoTourbix CJIL-k u CJIII-A),
a Tak)Ke APYTUX IOKa3aTesied, KOPPEeJIUPYIOIHUX ¢
00EMOM OIYXOJIEBOM MAacChl U arpeCCHUBHBIM Xa-
paxTepoM TeueHuUs 3a60I€BAHMSI, IPOBOIUJICS aHA-
JIU3 WX BJIMSHUSA HA BBIKUBAEMOCTH 060JIbHBIX MM
METO/IOM OJHO(MAKTOPHOTO U MHOTO(aKTOPHOTO
perpeccuonHoro ananu3a Kokca. KOMIIOHEHTHI C
P < 0.05 B 01HO(AKTOPHOM aHaJIu3€e ObLIIU B TIOCTIe-
JIVIOIEM BKJIIOYEHBI B MHOTO(AKTOPHBIA aHAJIUS3.
XapaKTepuCcTHKA OIEHUBAEMBIX MTPOTHOCTUUECKUX
(¢akTopoB mpezcTaByieHa B Ta0II. 5.

PesysibTaThl HCC/I€ZIOBAHUS TTOKA3aJIH, UTO B O
HOGAKTOPHOM aHAJIM3€e CYIIEeCTBEHHOE BIIMSHIE Ha
00Ty 0 BBIXKUBAEMOCTD 00JIbHBIX MM oKaszasiu Takue
daxTopsl, kak ypoBeHb CJIL-k u CJIL[-A BBIIlIE MeAU-
aHbI, TOJIYYeHHOH B 11eJ10M 110 Tpytie (CJI-k = 702 u
CJILI-A = 493.2 mr/n), cootromrenue k/A CJIL < 0.04
win > 65, TPyIIIa BRICOKOTO PHUCKA COIJIACHO WH/JIEK-
ca MCI (2—3 6asia), ypoBeHb KpeaTWHHHa > 176
MKMOJIb/JI, TEMOTJIOONH < 100 T/, 32-MUKPOIIO0YTHH

When performing Cox’s multivariate regression
analysis, an adverse statistically significant effect
was preserved for the k/A FLC ratio < 0.04 or > 65
(OR — 3.85, 95% CI 2.12—6.48, p < 0.001), high-
risk group according to the MCI index (2—3 points)
(OR — 3.37, 95% CI 1.85-7.42, p = 0.003), stages 11
and III according to ISS (OR — 1.89, 95% CI 1.64—
3.78, p = 0.003 and OR — 3.21, 95% CI 1.66— 3.77,
P < 0.001), f2-microglobulin > 3.5 mg/l (OR — 3.01,
95% CI 1.92—4.85, p < 0.001), the LDH level > 450
units/l1 (OR — 1.92, 95% CI 1.55— 2.76, p = 0.004),
which confirms the independent prognostic signifi-
cance of these parameters for MM (see Table 5).

When analyzing survival, depending on the
level of the k/A FLC ratio, it was found that the x/A
FLC ratio < 0.04 or > 65 is associated with a higher
risk of mortality. The median follow-up period was
36.2 months (4—72 months). During the observa-
tion period, 52 deaths from MM were recorded:

Tab6uouna 5. AHaIU3 IPEUKTOPOB 001Iel BhiKHBaeMocTr 601pHbIXx MM MeTomom perpeccuu Kokea (n = 206)
Table 5. Analysis of overall survival predictors in patients with MM using Cox regression (n = 206)

OnHOMaKTOPHBIN aHATIN3
Unvariate analysis

IIpenukTops! / Predictors

MHoro}aKTOpHBIN aHAIHN3
Multivariate analysis

OIll /OR 95% I /CI p

Ol /OR 95%JU/CI p

Cranus o ISS / Stage according to ISS:

1I 2.03 1.86—4.31 0.001 1.89 1.64—3.78 0.003
111 3.97 2.21-5.19 <0.001 3.21 1.66—3.77 <0.001
KosmmuecTBO m1a3MaTUYECKUX KJIETOK B 1.48 1.290—2.02 0.24 — — —
KM =>24%
Number of plasma cells in BM > 24 %
CJILI-x > 702 mr/n1 | FLC-x > 702 mg/1 2.42 1.79-3.42 0.030 — - —
CJILI-A = 493.2 mr/n | FLC-A = 493.2mg/l  2.35 1.25-3.14 0.032 — — —
k/A CJIL] < 0.04 uiu > 65 4.22 2.55—7.64 <0.001 3.85 2.12-6.48 <0.001
FLC x/A < 0.04 or > 65
AnsbymuH < 35 r/71 | Albumin < 35 g/1 1.95 1.45-2.69 0.002 — — —
T'emoriobuH < 100 T/71 1.87 1.28-3.22 0.004 — — —
Hemoglobin < 100 g/1
KpeatuHuH > 176 MKMOJIb/ (>2 MT/1)T)  1.92 1.33—-3.21 0.003 — — —
Creatinine > 176 umol/1 (>2 mg/dl)
JIAT > 450 en./n | LDH > 450 units/1 2.02 1.67—2.88 0.003 1.92 1.55—2.76 0.004
Ca > 2.7 mmoutp/n | Ca > 2.7 mmol/] 1.55 1.21-3.05 0.09 — — —
B2-MuKpors06yIMH > 3.5 MT/JT 3.44 2.24-5.35 <0.001 3.01 1.92—4.85 <0.001
B2-microglobulin > 3.5 mg/1
MsAarkoTkaHHad NJ1a3MOIUTOMA 0.806 0.97-1.15 0.549 — — —
Soft tissue plasmacytoma
Bospacr crapiie 65 et 0.934 0.72—-1.25 0.453 — — —
Age over 65
My:xckoii ot / Male kind 0.92 0.61-1.93 0.520 — — —
I'pynna BbICOKOT0 pUCKa 110 UHAEKCY 3.77 1.72—8.38 0.001 3.37 1.85-7.42 0.003

komop6uaHoctr MCI 2—3 6asna
High-risk group according to the MCI
comorbidity index (2—3 points)
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> 3.5 Mr/J1, ypoBeHb JI/II' > 450 en./n, anbOyMuH < 35
r/n u craguu 1o ISS IT u I1I (cm. Tabit. 5).

IIpu mpoBefeHUH MHOTO(AKTOPHOTO IIOIa-
TOBOTO perpeccHoHHOro ananmza Kokca Hebsaro-
MIPUATHOE CTATUCTHYECKH 3HAYNMOE BJIUAHUE CO-
XPaHUJIOCh A1 cooTHommenus k/A CJIL < 0.04 wiu
> 65 (OII — 3.85, 95% TN 2.12—6.48, p < 0.001),
TPyIIBbl BBICOKOTO pUCKa corsacHO uHAekca MCI
(2—3 6Gamma) (OOl — 3.37, 95% AU 1.85-7.42,
p = 0.003), craaui no ISS IT u III (OII — 1.89, 95%
AN 1.64-3.78, p = 0.003 u OIIl — 3.21,95% /{1 1.66—
3.77, p < 0.001), f2-MUKpOIIOOy/IMHA > 3.5 ML/
(OlI — 3.01, 95% AU 1.92—4.85, p < 0.001), ypOB-
s JIAT > 450 ex./n (O — 1.92, 95% AU 1.55—2.76,
P = 0.004), UTO IOATBEP:K/AET CAMOCTOSTEIbHOE
MIPOTHOCTHUYECKOE 3HAUEeHHe JAHHBIX MMOKa3aTeseH
pu MM (cm. Tabir. 5).

IIpu aHasm3e BBIKMBAEMOCTH B 3aBUCHUMOCTHU
oT ypoBHs cooTHoreHus k/A CJIL] BBIsBJIEHO, UTO
3Hauenune coorHourenus k/A CJIL < 0.04 niau > 65
accoruupyercss ¢ 0ojiee BHICOKUM PHCKOM CMEPT-
HOocTU. MeinaHa cpoka HabOJIIoleHu s 3a OOJIbHBIMH
coctaBuia 36.2 mec (4—72 mec). B Teuenue nepmo-
Jla HabJo/ieHusI ObLIO 3apETUCTPUPOBAHO 52 CMEP-
T 0T MM: 39 — B rpyIne naigueHToB ¢ COOTHOIIe-
uueM k/A CJII < 0.04 uiu > 65 1 13 ¢ COOTHOIIIEHH-
eM k/A CJILI, paBHBIM 0.04—65.

MennaHa o01Ield BPIXKUBAEMOCTHU B TPYIIIIE T1a-
nueHToB ¢ k/A CJIL] 0.04—65 cocraBuia 76 Mec 1Mo
CPaBHEHHIO C 49 Mec B rpyIie narueHTos ¢ k/A CJIL]
< 0.04 W > 65 (p < 0.001). [TatuneTHsAa obIIasa
BBIXKMBAEMOCTb COCTAaBUJIA 75 U 42 % B TpyIIax ¢
k/A CJIIT 0.04—65 u k/A CJIII < 0.04 wiu > 65 cOOT-
BETCTBEHHO (P < 0.001) (PUCYHOK).

PesysibTaThl MPOBEJEHHOTO HAMH HCCJIEIOBA-
HHS YKa3bIBAIOT HA TO, YTO 3HAYEHHE COOTHOIIIEHU S
K/A CJIL] MOKHO HMCIIOJIb30BATh JAJIsI OIEHKHU OOIIeH
BBIXKMBAEMOCTH OOJIBHBIX MHOKE€CTBEHHOM MUEJIO-
MOH, mipu 3TOM cooTHolrenue k/A CJIL < 0.04 win
> 65 ABJISETCA HEOJIATOMPUATHBIM (PAaKTOPOM IIPO-
THO3a, UTO COIVIACYETCS C JIAHHBIMHU JPYTHUX aBTO-
poB [11, 14, 23]. Tak, B3aUMOCBsI3b YPOBHS COOTHO-
menusd /A CJIL B ne6rore MM c ucxozmom 3aboseBa-
HUs BIIEpBbIe ObLJIa TIOKa3aHa B uccseoBanuu M.C.
Kyrtsonis et al., mo pesyapTraTaM KOTOPOTO 5-JT€THASA
OB nHeszaBucumo ot craauu ISS cocraBmita 82 u 30 %
JULS TAIUEHTOB ¢ cooTHorenneM K/A CJIL] meHblie
WJIn 00JIBIIE MeAUaHHOI0 3HaUeHuA [10]. AHaorny-
HbIE Pe3yJIBTaThl OBLJIM MOJIYYEHBI B UCCIIEOBAHUH
KJIMHUKYA Melio, T/ie aHOMaJIbHOE COOTHOIIEHME K/A
CJIII Ha sTane nepBUIHOMN AuarHOCTUKH MM Takke
0Ka3aJIOCh HE3aBHUCUMBIM (haKTOPOM IPOrHO3a [11,
24]. B JanHOM HCC/IeAOBAaHUM MALIMEHTHI C COOTHO-
menuem k/A CJII < 0.03 win > 32 XapaKTepu30Ba-
JTUCH XYAIIUM IIPOTHO30M W MEHbIIIEH BBIXKMBAEMO-

39 — in the group of patients with the k/A FLC ra-
tio < 0.04 or > 65 and 13 with the k/A FLC ratio of
0.04—65.

The median overall survival in the group of pa-
tients with FLC k/A 0.04—65 was 60 months com-
pared to 35 months in the group of patients with
FLC x/A < 0.04 or > 65 (p < 0.001). Five-year over-
all survival was 75 and 42% in groups with FLC k/A
0.04-65 and FLC /A < 0.04 or > 65 respectively
(p < 0.001) (Figure).

The results of our research indicate that the x/A
FLC ratio can be used to assess the overall survival
of patients with multiple myeloma, while the /A
FLC ratio < 0.04 or > 65 is an unfavorable prognos-
tic factor, which is consistent with data from other
authors [11, 14, 23]. Thus, the relationship between
the level of the x/A FLC ratio in the MM onset with
the outcome of the disease was first shown in the
M.C. Kyrtsonis et al. according to which the 5-year
OS, regardless of the ISS stage, was 82 and 30%
for patients with a of k/A FLC ratio less or more
than the median value [10]. Similar results were
obtained in a Mayo Clinic research, where the ab-
normal k/A FLC ratio at the stage of primary diag-
nosis of MM also turned out to be an independent
prognosis factor [11, 24]. In this research, patients
with an x/A FLC ratio < 0.03 or > 32 had a worse
prognosis and lower survival compared to patients
with a x / A FLC ratio within normal limits (Me OS
was 30 and 48 months respectively). The obtained
results suggest that the k/A FLC ratio can eventu-
ally be included in the ISS system to improve the
risk stratification of patients with MM.

According to the results of our research, the
cut-off levels of the k/A FLC ratio for stratifying
patients into groups of favorable and unfavorable
outcome were higher than in the C.L. Snozek et al.
[11] (the x/A FLC ratio < 0.03 or > 32), Y. Xu et al.
[14] (the x/A FLC ratio < 0.04 or > 25) and J.L. Gar-
cia de Veas Silva et al. [23] (the x/A FLC ratio < 47
or > 47), but were close to the values obtained by
P. Sthaneshwar et al. [13] (the k/A FLC ratio > 50.5
and < 0.04) [10, 11, 13, 23]. Meanwhile, all the ana-
lyzed cut-off levels showed good results in terms of
predicting overall and progressive survival, which
confirms not only the diagnostic, but also the prog-
nostic significance of measuring FLC in MM pa-
tients.

The study showed that the measuring of FLC
in the blood serum of patients with MM increases
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OG6111ast BBDKHBAEMOCTD TanrenToB ¢ MM B 3aBUCMMOCTH OT 3HaUeHust cooTHoIeHus k/A CJI1]
(rpymmna 1 — Huskui puck (k/A CJI1] 0.04—65), Tpymnna 2 — Bbicokuit puck (k/A CJIL < 0.04 wiu > 65). JloCTOBEPHOCTD
pasnuunii BpKuBaeMocty B log-rank p < 0.001)

Overall survival of patients with MM depending on the FLC k/A ratio
(group 1 — low risk (FLC k/A 0.04—65), group 2 — high risk (FLC k/A < 0.04 or > 65). Significance of differences
in survival in log-rank p <0.001)

CTBIO TI0 CPABHEHUIO C TTAIIIEHTAMU C COOTHOIIIEHHUEM
k/A CJILI B mpenenax Hopmel (Me OB cocraBuia 30
U 48 Mec cOOTBETCTBEHHO). [loylyyeHHbIE Pe3ysIbTa-
THI JAI0T OCHOBAHUE IMPEIIOJIaraTh, YTO COOTHOIIIE-
Hue k/A CJIL] co BpeMeHeM MOKeT ObITh BKJIIOUEHO
B cucremy ISS niia yayuiieHus crpatudukanum pu-
cKa rmamnueHToB ¢ MM.

CorytacHO pes3yJibTaTaM HAIIIEero MCCJIeZOBAHUS,
[IOPOTOBbIe 3HaUeHUs cooTHorneHus k/A CJIIT mis
cTpaTUGUKAIINY TMANEeHTOB HA TPyl 0JIaromnpu-
SITHOTO U HEeBJIATONPUATHOTO IIPOTHO3a OKAa3aJINCh
BBIIIIE, UEM B IIPUBEJIEHHBIX paHee pesysbrarax C.L.
Snozek et al. [11] (cooTHOMIEHME K/A CJII] < 0.03 WIn
> 32), Y. Xu et al. [14] (coorHomenwue k/A CJIII < 0.04
win > 25) u J.L. Garcia de Veas Silva et al. [23] (co-
otHotrenue /A CJIL < 47 uiu > 47), HO ObLIU O6JIH3-
KU K 3HAUeHUsM, rosiyueHHbIM P. Sthaneshwar et al.
[13] (cootHOMIEHME K/A CJIL] > 50.5 U < 0.04) [10, 11,
13, 23]. Mexx/1y TeM Bce aHAJIM3UPYeMble TIOPOTOBbIE
3HAUYEHUs [T0KA3aJIU XOPOIINE PE3YJIBTAThI C TOUKHU
3peHus IPOrHo3a obIel u GecrporpecCUBHOM BbI-
JKMBAEMOCTH, UTO SIBJISIETCS TIO/TBEPXK/IEHUEM He
TOJIBKO JTMATHOCTHUYECKOW, HO U IPOTHOCTHYECKOH
sHaunmoctH onpezaenenusa CJII y 60apHbp1x MM.

3AK/IIOYEHUE

IIpoBeneHHOE HCCIeNOBAaHHE II0KA3ajlo, YTO
ompenesiearie CJII] B ChIBOPOTKE KPOBU OOJIBHBIX

diagnostic capabilities and can be used to assess
the survival prognosis. Our results complement
previous researches and confirm that determina-
tion of FLC and the x/A FLC ratio plays an impor-
tant role in the survival of patients with MM. The
k/A FLC ratio < 0.04 or > 65 allows us to divide pa-
tients with MM into risk groups with significantly
different outcomes and can be used to identify
patients with high risk who need more aggressive
therapy and more detailed monitoring of the re-
sponse to it.

MM noBbIIIaeT JUATHOCTHUYECKHE BO3MOKHOCTU U
MOKeT OBITh HCIIOJIb30BAHO JIJISI OLEHKH IIPOTHO-
3a BbI)KUBaeMocTU. llosrydeHHBbIE HAMU pe3yJibTa-
TBI JOTOJHAIOT NIPEeAbIAYIINEe UCCIIeIOBAHUA U HO/I-
TBEP:KAAIOT, 4YTO omnpezienenue CJIL u coorHoIIe-
uus k/A CJIL] urpaet BaKHYIO pOJib B BRIKMBAHUU
marreHToB ¢ MM. 3Hauenue cooTHoIeHus k/A CJIL]
< 0.04 Uau > 65 MO3BOJISAET PA3/EIUTh MAIIUEHTOB C
MM Ha rpynnsl pucka ¢ I0CTOBEPHO pa3Inyaroiu-
MUCSI UCXOJAMM U MOKET OBITh HCIIOJIb30BAHO JIJIsI
BBISIBJIEHH I OOJIBHBIX C BBICOKUM PUCKOM, HYK/Ia10-
muxcst B 60Jiee arpecCUBHOM Tepalni U JeTaJTbHOM
MOHUTOPUHTE OTBETA Ha Hee.

16

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-4-19

Skvortsova N.V. et al. / Journal of Siberian Medical Sciences 2 (2020) 4—-19

Kondaukt nHTEpEeCcOB. ABTOPHI 3a5BJIAIOT 00

OTCYTCTBUU KOH(I)JII/IKTa HUHTEPECOB.

CIIMCOK JIUTEPATYPbI

1.

10.

11.

12.

13.

14.

Kyle R.A., Rajkumar S.V. Criteria for diagnosis, stag-
ing, risk stratification and response assessment of
multiple myeloma // Leukemia. 2014 Apr. Vol. 28 (4).
P. 98o0.

Plummer C., Driessen C., Szabo Z., Mateos M.V. Man-
agement of cardiovascular risk in patients with multiple
myeloma // Blood Cancer J. 2019. Vol. 9 (3): 26 (2019).
Greipp P.R., Miguel J.S., Dune B.G.M. et al. Internation-
al staging system for multiple myeloma // J. Clin. Oncol.
2005. Vol. 23 (15). P. 3412—3420.

Maltezas D., Dimopoulos M.A., Katodritou I. et al. Re-
evaluation of prognostic markers including staging, se-
rum free light chains or their ratio and serum lactate
dehydrogenase in multiple myeloma patients receiving
novel agents // Hematol. Oncol. 2013. Vol. 31 (2). P. 96—
102.

Iriuchishima H., Saitoh T., Handa H. et al. A new stag-
ing system to predict prognosis of patients with mul-
tiple myeloma in an era of novel therapeutic agents //
Eur. J. Haematol. 2015 Feb. Vol. 94 (2). P. 145-151.
Palumbo A., Avet-Loiseau H., Oliva S. et al. Re-
vised International Staging System for multiple my-
eloma: a report from International Myeloma Work-
ing Group // J. Clin. Oncol. 2015 Sep 10. Vol. 33 (26).
P. 2863—-2869.

Rajkumar S.V., Kyle R.A., Therneau T.M. et al. Serum
free light chain ratio is an independent risk factor for
progression in monoclonal gammopathy of undeter-
mined significance // Blood. 2005 Aug 1. Vol. 106 (3).
P. 812—-817.

Dispenzieri A., Kyle R.A., Katzmann J.A. et al. Immu-
noglobulin free light chain ratio is an independent risk
factor for progression of smoldering (asymptomatic)
multiple myeloma // Blood. 2008 Jan 15. Vol. 111 (2).
P. 785—789.

Dingli D., Kyle R.A., Rajkumar S.V. et al. Immunoglob-
ulin free light chains and solitary plasmacytoma of
bone // Blood. 2006 Sep 15. Vol. 108 (6). P. 1979—1983.
Kyrtsonis M.C., Vassilakopoulos T.P., Kafasi N. et al.
Prognostic value of serum free light chain ratio at di-
agnosis in multiple myeloma // Br. J. Haematol. 2007
May. Vol. 137 (3). P. 240—243.

Snozek C.L.H., Katzmann J.A., Kyle R.A. et al. Prog-
nostic value of the serum free light chain ratio in newly
diagnosed myeloma: proposed incorporation into the
international staging system // Leukemia. 2008 Oct.
Vol. 22 (10). P. 1933-1937.

van Rhee F., Bolejack V., Hollmig K. et al. High serum-
free light chain levels and their rapid reduction in re-
sponse to therapy define an aggressive multiple myelo-
ma subtype with poor prognosis // Blood. 2007 Aug 1.
Vol. 110 (3). P. 827-832.

Sthaneshwar P., Nadarajan V., Maniam J.A.S., Nordin
N., Gin Gin G. Serum free light chains: diagnostic and
prognostic value in multiple myeloma // Clin. Chem.
Lab. Med. 2009 Jan. Vol. 47 (9). P. 1101-1107.

Xu Y., Sui W,, Deng S. et al. Further stratification of
patients with multiple myeloma by International Stag-
ing System in combination with ratio of serum free

Conflict of interest. The authors declare no

conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

Kyle R.A., Rajkumar S.\V. (2014, Apr). Criteria for
diagnosis, staging, risk stratification and response
assessment of multiple myeloma. Leukemia, 28 (4),
980.

Plummer C., Driessen C., Szabo Z., Mateos M.V. (2019).
Management of cardiovascular risk in patients with
multiple myeloma. Blood Cancer J., 9 (3), 26.

Greipp P.R., Miguel J.S., Dune B.G.M. et al. (2005).
International staging system for multiple myeloma.
J. Clin. Oncol., 23 (15), 3412—3420.

Maltezas D., Dimopoulos M.A., Katodritou I. et al.
(2013). Re-evaluation of prognostic markers includ-
ing staging, serum free light chains or their ratio and
serum lactate dehydrogenase in multiple myeloma
patients receiving novel agents. Hematol. Oncol., 31
(2), 96—-102.

Iriuchishima H., Saitoh T., Handa H. et al. (2015,
Feb). A new staging system to predict prognosis of pa-
tients with multiple myeloma in an era of novel thera-
peutic agents. Eur. J. Haematol., 94 (2), 145—151.
Palumbo A., Avet-Loiseau H., Oliva S. et al. (2015,
Sep 10). Revised International Staging System for
multiple myeloma: a report from International My-
eloma Working Group. J. Clin. Oncol., 33 (26), 2863—
28609.

Rajkumar S.V., Kyle R.A., Therneau T.M. et al. (2005,
Aug 1). Serum free light chain ratio is an independent
risk factor for progression in monoclonal gammopa-
thy of undetermined significanc. Blood, 106 (3), 812—
817.

Dispenzieri A., Kyle R.A., Katzmann J.A. et al. (2008,
Jan 15). Immunoglobulin free light chain ratio is an
independent risk factor for progression of smolder-
ing (asymptomatic) multiple myeloma. Blood, 111 (2),
785-789.

Dingli D., Kyle R.A., Rajkumar S.V. et al. (2006, Sep
15). Immunoglobulin free light chains and solitary
plasmacytoma of bone. Blood, 108 (6), 1979—1983.
Kyrtsonis M.C., Vassilakopoulos T.P., Kafasi N. et
al. (2007, May). Prognostic value of serum free light
chain ratio at diagnosis in multiple myeloma. Br. J.
Haematol., 137 (3), 240—243.

Snozek C.L.H., Katzmann J.A., Kyle R.A. et al. (2008,
Oct). Prognostic value of the serum free light chain
ratio in newly diagnosed myeloma: proposed incor-
poration into the international staging system. Leu-
kemia, 22 (10), 1933-1937.

Van Rhee F., Bolejack V., Hollmig K. et al. (2007,
Aug 1). High serum-free light chain levels and their
rapid reduction in response to therapy define an ag-
gressive multiple myeloma subtype with poor progno-
sis. Blood, 110 (3), 827-832.

Sthaneshwar P., Nadarajan V., Maniam J.A.S., Nordin
N., Gin Gin G. (2009, Jan). Serum free light chains:
diagnostic and prognostic value in multiple myeloma.
Clin. Chem. Lab. Med., 47 (9), 1101-1107.

XuY., Sui W., Deng S. et al. (2013, Jan). Further stra-
tification of patients with multiple myeloma by Inter-
national Staging System in combination with ratio

Journal homepage: http://jsms.ngmu.ru

17



doi: 10.31549/2542-1174-2020-2-4-19

Cxeopuyosa H.B. u dp. / Journal of Siberian Medical Sciences 2 (2020) 4—19

light chains // Leuk. Lymphoma. 2013 Jan. Vol. 54 (1).
P.123-132.

15. Rajkumar S.V., Harousseau J.-L., Durie B. et al. Con-
sensus recommendations for the uniform reporting
of clinical trials: report of the International Myeloma
Workshop Consensus Panel 1 // Blood. 2011 May 5.
Vol. 117 (18). P. 4691—4695.

16. Durie B.G.M., Harousseau J.-L., Miguel J.S. et al. In-
ternational uniform response criteria for multiple my-
eloma // Leukemia. 2006 Sep. Vol. 20 (9). P. 1467-1473.

17. Iwama K.-I1., Chihara D., Tsuda K. et al. Normalization
of free light chain kappa/lambda ratio is a robust prog-
nostic indicator of favorable outcome in patients with
multiple myeloma // Eur. J. Haematol. 2013 Feb. Vol. 9o
(2). P. 134—141.

18. Kapoor P., Kumar S.K., Dispenzieri A. et al. Importance
of achieving stringent complete response after autolo-
gous stem-cell transplantation in multiple myeloma //
J. Clin. Oncol. 2013 Dec 20. Vol. 31 (36). P. 4529—4535.

19. Radocha J., Pour L., Pika T. et al. Multicentered patient-
based evidence of the role of free light chain ratio nor-
malization in multiple myeloma disease relapse // Eur.
J. Haematol. 2016 Feb. Vol. 96 (2). P. 119—127.

20. Paiva B., Martinez-Lopez J., Vidriales M.-B. et al. Com-
parison of immunofixation, serum free light chain, and
immunophenotyping for response evaluation and prog-
nostication in multiple myeloma // J. Clin. Oncol. 2011
Apr 20. Vol. 29 (12). P. 1627-1633.

21. Willrich M.A., Katzmann J.A. Laboratory testing re-
quirements for diagnosis and follow-up of multiple my-
eloma and related plasma cell dyscrasias // Clin. Chem.
Lab. Med. 2016. Vol. 54 (6). P. 907—919.

22, Dispenzieri A., Kyle R., Merlini G. et al. Myeloma Work-
ing Group. International Myeloma Working Group
guidelines for serum-free light chain analysis in mul-
tiple myeloma and related disorders // Leukemia. 2009.
Vol. 23 (2). P. 215—224.

23. Garcia de Veas Silva J.L., Bermudo Guitarte C., Menen-
dez Valladares P. et al. Prognostic value of serum free
light chains measurements in multiple myeloma pa-
tients // PLoS ONE. 2016 Nov 20. Vol. 11 (11): €0166841.

24.Katzmann J.A., Kyle R.A., Benson J. et al. Screening
panels for detection of monoclonal gammopathies //
Clin. Chem. 2009 Aug. Vol. 55 (8). P. 1517—-1522.

CBEAEHUA Ob ABTOPAX

CxkBopnoBa Haranua BajepbeBHa — KaHZ. Me.
HayK, JOUeHT KadeZpbl Tepanmuu, IeMaToJIOTUU U
tpaHcdysuonoruun PI'BOY BO «HoBocubupckuii ro-
CyZIlapCTBEHHBIN MeIUIMHCKUH YHUBEpCUTET» MUH-
3npasa Poccun.

ITocniesioBa TarbsaHa MIBaHOBHA — [-p MeJ. HayK,
npodeccop, 3aBeAyImun Kadepoi Tepannuy, reMa-
TOJIOTUU U TPaHCHY3UOJIOTUH, IPOPEKTOP 10 HAy4-
Hoi pabore ®T'BOY BO «HoBocubupckuii rocymap-
CTBEHHBIH MEeIUIUHCKUN yHUBEpCcUTEeT» MUH3IpaBa
Poccun; ro1aBHBIA TeMaTOJIOT MUHUCTEPCTBA 37[paBO-
oxpaHeHusi HoBocubupckou o6sactu u Cubupckoro
denepasnpHOTO OKpYyTA.

Xauabp3zoB KoncranTun BacuiabeBuu — KaHZ. Meg.
HayK, JIOLeHT Kadeapsl Tepamuy, reMaTOJIOTUH U
tpaHcdysuosorun PI'BOY BO «HoBocubupckuii ro-
CyZlapCTBEHHBIN MeJUIIMHCKUHN yHUBepcuTeT» MuH-
3npasa Poccumn.

of serum free light chains. Leuk. Lymphoma, 54 (1),
123-132.

15. Rajkumar S.V., Harousseau J.-L., Durie B. et al. (2011,
May 5). Consensus recommendations for the uniform
reporting of clinical trials: report of the International
Myeloma Workshop Consensus Panel 1. Blood, 117
(18), 4691-4695.

16. Durie B.G.M., Harousseau J.-L., Miguel J.S. et al.
(2006, Sep). International uniform response criteria
for multiple myeloma. Leukemia, 20 (9), 1467-1473.

17. Iwama K.-I., Chihara D., Tsuda K. et al. (2013, Feb).
Normalization of free light chain kappa/lambda ratio
is a robust prognostic indicator of favorable outcome
in patients with multiple myeloma. Eur. J. Haematol.,
90 (2), 134-141.

18. Kapoor P., Kumar S.K., Dispenzieri A. et al. (2013,
Dec 20). Importance of achieving stringent complete
response after autologous stem-cell transplantation in
multiple myeloma. J. Clin. Oncol., 31 (36), 4529—4535.

19. Radocha J., Pour L., Pika T. et al. (2016, Feb). Mul-
ticentered patient-based evidence of the role of free
light chain ratio normalization in multiple myeloma
disease relapse. Eur. J. Haematol., 96 (2), 119—127.

20. Paiva B., Martinez-Lopez J., Vidriales M.-B. et al.
(2011, Apr 20). Comparison of immunofixation, se-
rum free light chain, and immunophenotyping for
response evaluation and prognostication in multiple
myeloma. J. Clin. Oncol., 29 (12), 1627-1633.

21. Willrich M.A., Katzmann J.A. (2016). Laboratory
testing requirements for diagnosis and follow-up of
multiple myeloma and related plasma cell dyscrasias.
Clin. Chem. Lab. Med., 54 (6), 907—919.

22, Dispenzieri A., Kyle R., Merlini G. et al. (2009).
Myeloma Working Group. International Myeloma
Working Group guidelines for serum-free light chain
analysis in multiple myeloma and related disorders.
Leukemia, 23 (2), 215—224.

23. Garcia de Veas Silva J.L., Bermudo Guitarte C., Menen-
dez Valladares P. et al. (2016, Nov 20). Prognostic value
of serum free light chains measurements in multiple
myeloma patients. PLoS ONE, 11 (11): €0166841.

24.Katzmann J.A., Kyle R.A., Benson J. et al. (2009,
Aug). Screening panels for detection of monoclonal
gammopathies. Clin. Chem., 55 (8), 1517-1522.

ABOUT THE AUTHORS

Skvortsova Nataliya Valeryevna — Cand. Sci. (Med.),
Associate Professor, Department of Therapy, Hema-
tology and Transfusiology, Novosibirsk State Medical
University.

Pospelova Tatyana Ivanovna — Dr. Sci. (Med.), Pro-
fessor, Head, Department of Therapy, Hematology and
Transfusiology, Vice Rector for Research, Novosibirsk
State Medical University; Chief Hematologist, Minis-
try of Health of the Novosibirsk Region and the Sibe-
rian Federal District.

Khalzov Konstantin Vasilyevich — Cand. Sci. (Med.),
Associate Professor, Department of Therapy, Hema-
tology and Transfusiology, Novosibirsk State Medical
University.

Kovynev Igor Borisovich — Dr. Sci. (Med.), Professor,
Department of Therapy, Hematology and Transfusiol-
ogy, Novosibirsk State Medical University.

18

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-4-19

Skvortsova N.V. et al. / Journal of Siberian Medical Sciences 2 (2020) 4—-19

KoBbineB Urops BopucoBu4 — 7-p MeJ. HayK, IIPo-
deccop xadenps! Tepanuu, reMaToJOTHU U TPaHC-
dysuomornn ®I'BOY BO «HoBocubGupCKUil rocymap-
CTBEHHBIH MEUITUHCKUH yHUBEPCUTET» MUH3ApaBa
Poccuu.

HeuynaeBa Hpuna HukoJsiaeBHa — KaH/I. MeJl. HAayK,
3aBeyIoui otaesenueM remarosoruu 'BY3 HCO
«Topozckas kinHUYeckas 6oapHuIa NO 2» (HoBoCH-
OUPCK).

Oo6pasenm murtuposaunua: Ckeoprosa H.B., ITo-
cresoBa T.U., Xans30B K.B, KoeineB 1.b., Heuynaesa
W.H. IlporHocTuueckoe 3Ha4YeHUE CbIBOPOTOYHBIX CBO-
GOMHBIX JIETKUX IleTell UMMYHOTJIOOYJIMHOB IIPU MHOKe-
CTBEHHOU MHeJIOMe B PeasIbHOH KJIWHUYECKOH ITPaKTHU-
ke // Journal of Siberian Medical Sciences. 2020. NO 2.
C. 4—-19.

Nechunaeva Irina Nikolayevna — Cand. Sci. (Med.),
Head, Department of Hematology, City Clinical Hospi-
tal No. 2 (Novosibirsk).

Citation example: Skvortsova N.V., Pospelova
T.I., Khalzov K.V., Kovynev I.B., Nechunaeva I.N. (2020).
Prognostic value of serum immunoglobulin free light
chains in multiple myeloma in real clinical practice. Jour-
nal of Siberian Medical Sciences, 2, 4-19.

19



YK 615.453.6:615.11

O He00X0AUMOCTHU BBeAeHUA (hapManeBTUKO-TEXHOJIOTUUYECKOTO
ncnbITaHuA «OJHOPOTHOCTHh MAaCChI pa3/ie;IeHHBIX TA0JIETOK» B
I'ocymapcreennyro ®apmakonero Poccuu

Eroposa C.H.}, ITaBnoBa A.11.,, Xaduzosa I.®.}, Xasaros A.P.2, BopobreBa H.B.!

Hucmumym gapmayuu @I'bOY BO «Kasancxull 2ocydapcmeeHHblil MeOQUYUHCKULL YHUsepcumem»

2I'VIT «Meduyurckas mexxuxa u ggapmayus Tamapemana» (Kasamv)

On the need for introducing the pharmaceutical-technological
test “Uniformity of mass of subdivided tablets” in the State
Pharmacopeia of Russia
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AHHOTAIIUA

Les1b viccieIOBAHUSI COCTOSIJIA B pa3paboTKe MOAXOI0B K OIlEHKE OJTHOPOHOCTH MAcCChl I0JIeH PU JeJIEHUH Ta-
6seTok. PaccMoTpena mpobsiema paszesienus TabJeTOK Ha YacTH /i obecniedeHnsT HeoOXo Mo 10361, [IpoBeneH
ompoc 18 MeIUIMHCKHUX CECTEP TeAUATPUUECKOTO CTAI[MOHAPA O IIPAKTHUKE JieJIeHUus TabJIeTOK, B X0/ie KOTOPOTO BbI-
SIBJIEHO, UTO 78 % PECIIOH/IEHTOB pa3/esAoT TabJeTKH Ha 2 yacTu U 6osiee (710 5 yacreii). [IpoBe/iIeHbI UCIIBITAHUS
MacChl YacTel pasjieJIeHHBIX Ta0JIETOK HAa COOTBETCTBHE TpeboBaHUAM 00Iel ¢denepasbHON CTaThU 1.4.2.0009.15
«OHOPOHOCTH MACCHI JI03UPOBAHHBIX JIEKAPCTBEHHBIX (POPM», IpeHa3HAYEHHOH /IS HEpas3/ieJIeHHbIX TabJIETOK, U
EBporneiickoii ®apmaxkorien (ctathsa 0478: TabseTku; pa3aes: [eseHue TabieToK). YcTaHOBJIEHA HEOOXOIUMOCTD pe-
JIaMEHTAI[MU METOZIOB KOHTPOJIS 3a pasesieHueM Tabetok. [Ipensioxkeno BBectu B ['ocymapcTBeHHy 0 PapMaKomero
Poccuu hapManeBTHKO-TEXHOJIOTMYECKOE UcIbITaHue « OZ[HOPOIHOCTh MACChl pa3zieJIEHHbIX Ta0JIETOK», FTAPMOHU3HU-
poBaHHOe ¢ MeTouKou EBporeiickoit ®apmakoreu (ctatbst 0478: TabmeTku; passen: [lesienue TabIeTOK).

Kaoueswvte caosa: @apMaKoneH, pasgesnenue TaGJIETOK, q)apMaI.leBTI/IKO-TeXHOJ’IOI‘H‘leCKHe HUCIIBITAaHUA.

ABSTRACT

The purpose of the study was to develop approaches to assessing the uniformity of mass fractions in subdividing
tablets. The problem of dividing tablets into parts to provide the necessary dose is considered. A survey of 18 pediatric
hospital nurses concerning practice of subdividing tablets was conducted during which we found that 78% of respon-
dents divided tablets into 2 parts or more (up to 5). The fractions of subdivided tablets were tested for compliance
with the requirements of the federal General Monograph 1.4.2.0009.15 “Mass uniformity of dosage forms” intended
for non-divided tablets and the European Pharmacopoeia (article 0478 “Tablets”; section “Subdivision of tablets”).
The need for regulation of methods for controlling the subdivision of tablets is established. It is proposed to intro-
duce into the State Pharmacopoeia of Russia a pharmaceutical-technological test “Uniformity of mass of subdivided
tablets” harmonized with the European Pharmacopoeia methodology (article 0478 “Tablets”; section “Subdivision of
tablets™).
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BBEJAEHUE

JlosupoBaHue JieKapcTBeHHBIX cpencte (JIC)
MIOCPEJICTBOM JIeJIEHHsI HA YaCTH TabJIeTHPOBAHHBIX
JIEKapCTBEHHBIX (GHOPM SABJIAETCA OOBIYHON IpaK-
TUKOU IIPU IPUMEHEHNH JIEKAPCTBEHHBIX ITpernapa-
ToB (JIII) marmeHTaMu Kak B aMOyJIaTOPHBIX, TAK U B
cTaruoOHapHBIX yeaoBusAx [1]. Ilenu nenenus tabie-
TOK Ha 4acTu — obJerdyeHue mporyarbiBanus JIIT
(HampuMep, AeTbMH WJIU FepUaTpPUYECKUMU TMally-
eHTaMu), a TaK:Ke obeciieyeHne HeoOX0AUMOI JO3H-
poBku JIC — npu orcyrcrBun JIII ¢ Tpebyemoii no-
3UPOBKOU WJIH B IEJISIX CHUKEHU ST QUHAHCOBBIX 3a-
TpaT [2—4]. Ocoboe 3HaUYeHUE JlejieHHE TabJIETOK
UMeeT B MeIMATPUUECKON MPAKTHKE, YTO 00YCIIOB-
JIEHO OTCYTCTBHEM CIIEIIUAJIbHBIX JETCKUX JIeKap-
CTBEHHBIX (HOPM U J103upoBOK MHOTHX JIC [5, 6].

Jliist ynoGcTBa Aenenus tabierox Ha yactu OCT
64-072-89 «CpejicTBa JiekapcTBeHHbIe. TabseTku.
Tunpl ¥ pasMepbl» IpeaycMaTpUBaeT HaHECEHUe
pucKu Ha TabJIeTKH JuaMeTpoM OoJiee 9 MM — ISt
JIeJIEHU S Ha 2 YaCTH; MOTYT ObITh HAHECEHBI TTePIIeH-
JIUKYJISIDHO 2 PHUCKH, IIO3BOJIAIOIINE PA3JIOMUTD Ta-
6y1eTKy Ha 4 9acTH. ATO 0bJIeryaer MporjaaTbIBaHue
KPYHIHBIX TabJIETOK, HO HAHECEHUE PUCKU HUKAK He
cea3piBaeTcss OCToMm co cBOMCTBAMU TOJTyYEHHBIX
IIPU JIeJIEHUU JI0JIEN: AO3UPOBKOUN hapmaleBTuue-
CKHUX CyOCTaHITUH MJIM MACCOH YacTel pasziesIeHHON
TabJIETKH.

OrmacHOCTAMU JJIS1 TIAllUeHTa MIPH PasieIeHun
TabJIETOK SIBJISIOTCSA: HapyIllleHWe TOYHOCTH JI03U-
poBaHusA (papMalneBTHYECKUX CyOCTaHIMNA, XUMU-
YecKas IECTPYKIIUS JIEKAPCTBEHHBIX BEIIECTB U MHU-
kpobHoe 3arpszHenue JIII mpu paziaMbIBaHUHM U
XpaHeHUH JacTed («OCKOJIKOB»). HemormycTumo Jie-
JieHre Ta0JIeTOK, IMOKPBITBIX KHUIIEYHOPACTBOPHU-
MOI 00OJIOUKOM, BCJIE/ICTBHE HU3MEHEHUS JIOKAJIU-
3aI[¥ BBICBOOOXKIEHUS U BOBMOXKHOU JIECTPYKITUH
dapmareBTUUECKUX CyOCTaHIIMN B KHCJIOH Cpezie
JKEJTYJIKA, a Takyke TabJIETOK MPOJIOHTHPOBAHHOTO
JIEUCTBUST — BCJIEACTBHE U3MEHEHUS MPO(UIIA BbI-
CcBOOOK/IEHUST W BCACHIBAHUs JIEKAPCTBEHHBIX Be-
mecTB [3, 7]. KauecTBeHHOE pazzeseHue TabJIETOK
Ha yacTtu (obecrieunBaroIee OHOPOAHOCTD JIO3UPO-
BaHWs U HEU3MEHHOCTDH ITapaMeTPOB BBICBOOOKE-
Hus JIC) BO3MOKHO TOJIBKO B TOM CJIy4Yae, €CJIH 3TO
MIPeyCMOTPEHO ITpH (hapMaIreBTUIECKON pa3paboT-
K€ B OTHOIIEHUH (HOPMBI, pa3MEPOB U MPOUHOCTH
TabJIETKH, TVIYOUHBI PUCKH U IPYTUX TEXHOJIOTHYE-
CKUX MmapaMeTpoB. KauecTBo pasjiesieHHBIX TabJe-
TOK JIOJI?KHO 00ecleunBaThCsl periaMeHTUPOBaH-
HBIMU (hapMaIleBTUKO-TEXHOJIOTHYECKUMH U aHa-
JUTUYECKUMU UCIIBITAHUAMH [8].

Pasznesienne TabJIETOK BPYUHYIO MOKET ObITD 3a-
TPYHUTEJTHHBIM, OCOOEHHO JIJIs TAI[UeHTOB C Hapy-

INTRODUCTION

Dosage of pharmaceutical products (PP) by
subdividing tablets into parts is a common prac-
tice when using medicinal preparations (MP) by
patients in both outpatient and inpatient settings
[1]. The purpose of subdividing tablets into parts is
to facilitate the swallowing of MP (for example, by
children or geriatric patients), as well as providing
the necessary dosage of PP — in the absence of MP
with the required dosage or in order to reduce fi-
nancial costs [2—4]. The subdivision of tablets is of
particular importance in pediatric practice, due to
the lack of special children’s dosage forms and dos-
ages of many PP [5, 6].

For the convenience of subdividing tablets
into parts Branch Standard 64-072-89 “Medicinal
Products. Tablets. Types and sizes” provides for the
break line on tablets with a diameter of more than
9 mm — for subdividing into 2 parts; 2 more break
lines can be applied perpendicular to the previous
one allowing the tablet to be broken into 4 parts.
This facilitates the swallowing of large tablets, but
the Branch Standard does not in any way associate
the application of break lines with the properties of
fractions obtained by subdividing: neither dosage
of pharmaceutical substances, nor mass of subdi-
vided tablet parts.

Dangers for a patient when subdividing tab-
lets are: violation of the medication dose accuracy,
chemical destruction of drugs and their micro-
bial contamination during breaking and storage of
parts (fractions). The subdivision of enteric-coated
tablets is unacceptable due to changes in the local-
ization of release and possible destruction of phar-
maceutical substances in the acidic environment
of the stomach, as well as sustained-release tablets
due to changes in the release and absorption profile
of drugs [3, 7]. High-quality subdivision of tablets
into parts (ensuring dosage uniformity and con-
stant parameters of PP release) is possible only if
it is provided by pharmaceutical development with
regard to shape, size and hardness of a tablet, depth
of break lines and other technological parameters.
The quality of the subdivided tablets should be en-
sured by regulated pharmaceutical, technological
and analytical tests [8].

Manual subdivision of tablets can be difficult,
especially for patients with impaired hand func-
tion — the elderly or suffering from rheumatic and
other diseases [9]. In connection with the wide-
spread practice of subdividing tablets into parts,
various cutting-type devices have been developed

Journal homepage: http://jsms.ngmu.ru
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MEeHHON (YyHKIHEH PYK — IOMKWJIBIX WJIU CTpaja-
IOIINX PEBMAaTUUYECKUMU U JPYTUMH 3a00JIeBaHUS-
Mu [9]. B CBf3M C HMIMPOKUM PACIPOCTPAHEHHEM
[IPAaKTUKH JieJIeHU s TA0JIETOK Ha YacTH pa3paboTaHbl
pas3JIuYHbIe YCTPOMCTBA PEXKYIIETO THIIA (JIETUTEH,
TabJIETOPE3KH U T. 11.) [10]. OHAKO CIIeAyeT YUUTHI-
BaTh, YTO IIPH HCIOJIB30BAHUU OJHOTO YCTPOMCTBA
IS IeJIEeHUsl Pa3JINYHbIX HANMEHOBAaHHUH TabJIeTOK
BO3MOKHO NlepekpecTHoe 3arpsasHenue JIII, mpuso-
ZiAIee K HeIpecKa3yeMbIM IIOCJIE/ICTBUAM Kak B
acIeKTe TepaneBTUYEeCKOro IeUCTBUA, TaK U B OTHO-
IIeHUH XUMuuYeckoro szaunmoaencrsusa JIC.

HecmoTps: Ha TPOMBIIIIEHHBIN BBIITYCK TabJie-
TOK C PHUCKOH niA fJeneHus, B l'ocyrapcTBeHHOM
®apmakornee XIV usmganug OTCyTCTBYIOT IIOKa3aTe-
JIM Ka4yecTBa JIJIS OLIEHKU YacTed paszieJIeHHbIX Ta-
6JIETOK, UTO JIeJIaeT HellpeicKka3yeMbIMU 3 (HeKTHB-
HOCTH U 6€30IaCHOCTD UX IPUMeEHEHU .

IIEJIb UCCJIEJJOBAHUS

PazpaboTka noAX0/0B K OLlEHKE OJJHOPOJHOCTHU
MacChI JI0JIed TPH JieJIeHUU TabJIeTOK.

JIJIsT AOCTHIKEHWs YKa3aHHOU Ieid ObLIN TI0-
CTaBJIEHBI CJIEAYIOLIUE 3a/[a9H:

— W3YYUTHh PACHPOCTPAHEHHOCTh IPAKTUKHU
paszesieHus TabJIETOK HA YACTH B MEAUATPUUECKOM
CTaI[MOHAPE;

— UBYUYHUTH COOTBETCTBUE MACCHI TIOJIOBUHHBIX
JloJiel TabJIETOK IIPU pas3jieJIeHUH 110 PUCKE Ha 2 Ya-
ctu TpeboBaHUAM 001el hapMaKONeHHOU CTaThu
(0®C).1.4.2.0009.15 «OTHOPOTHOCTh MAaCChl JO3H-
POBaHHBIX JIEKAPCTBEHHBIX (POPM»;

— U3YYUTH JIaHHble HAYYHOW JINTEPaTyphbl U
HOPMAaTHUBHO-TEXHUYECKOU JIOKyMEHTAIINH IO OI[€H-
Ke KauecTBa pas/ieJIeHHbIX TabJIETOK;

— paspaboTarh MpEAJIOKEHHUA 0 KOHTPOJIIO
OJTHOPOZIHOCTH MAaCChI YacTel TabJIeTOK, pas/iesieH-
HBIX I10 PHCKE.

MATEPHAJIBI 1 METO/bI

O6beKTaMU UCCJIEZIOBAHUS SBUJINCH: HAYUHBIE
myosukanuy, HopMatuBHas aokymeHtarnus (OCT
64-072-89 «CpezcrBa jekapcrBeHHbIe. TabJeTKu.
Tunsl u pasmepsl», l'ocynapcrBenHasa ®apmakores
Poccuu u EBpornetickas ®apmakorest), THCTpyKITUHu
10 MeUIMHCKOMY npuMeHenwuto JIII, mpescTaBiieH-
Hble B ['OCy/ITapCTBEHHOM peecTpe JIeKapCTBEHHBIX
cpenctB Poccru, aHKETHI IOCTOBBIX MEUIIMTHCKUX
cecrep, JIIL.

IIpoBoxwau ompoc (B ¢hopMe aHKETUPOBAHUSI)
IIOCTOBBIX MEAUIIUHCKUX CECTEpP, HEIOCPEICTBEH-
HO obOecrieunBaromux rnpuem JII1 nepuarpuyecKuMu
marnueHTaMu, Ha 06ase J[eTCKOW pecrmyOIUKaHCKOH
KJIMHUYECKOU OOJIbHUIIBI MUWHHCTEPCTBA 3/IpaBO-

(dividers, tablet cutters etc.) [10]. However, it should
be borne in mind that when using one device for
subdividing various types of tablets, cross-contam-
ination of MP is possible leading to unpredictable
consequences both in terms of therapeutic effect
and in relation to chemical interaction of PP.

Despite the industrial production of tablets
with a break line for subdivision, the XIV edition
of the State Pharmacopoeia of the Russian Federa-
tion does not have quality indicators for evaluating
parts of subdivided tablets, which makes the effi-
cacy and safety of their use unpredictable.

AIM OF THE RESEARCH

Development of approaches to mass uniformity
assessment in the subdivision of tablets.

To achieve this goal, the following tasks were
set:

— to study the prevalence of practice of subdi-
viding tablets into parts in a pediatric hospital;

— to study the compliance of the half fractions’
mass of tablets splitted along break lines with the
requirements of the State Pharmacopoeia General
Monograph (GMP) 1.4.4.2.0009.15 “Uniformity of
mass of dosage forms”;

— to study the data of scientific literature and
regulatory and technical documentation for assess-
ing the quality of subdivided tablets;

— to develop proposals for controlling the mass
uniformity of parts of tablets subdivided by break
line.

MATERIALS AND METHODS

The objects of the study were: scientific publica-
tions, normative documentation (Branch Standard
64-072-89 “Medicinal products. Tablets. Types and
sizes”, the State Pharmacopoeia of Russia and the
European Pharmacopoeia), Instructions for medical
use of MP presented in the State Register of Russian
Medicines, questionnaires of desk nurses, MP.

We conducted a survey (in the form of a ques-
tionnaire) of desk nurses who directly provided pe-
diatric patients with MP at the Children’s Republican
Clinical Hospital (CRCH). A total of 18 desk nurses of
CRCH somatic departments (allergology, cardiology,
nephrology, children’s, admission and diagnostics,
pulmonology, endocrinology) were interviewed (100%
for the period of the study in these departments).

To assess the mass uniformity of parts after
breaking tablets, in this research we used 4 names
of tablets with a break line and 1 name of tablets
without it (Table 1).
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oxpanenus Pecny6iuku Tarapcran ([IPKB). Bcero
OBLIIO OIIPOIIIEHO 18 TTOCTOBBIX METUITUHCKHIX CECTED
comatuueckux otaesennii JIPKB (asieprosioruue-
CKOT'0, Kap/IH0JIOTUYECKOT0, He(DPOJIOTUUECKOTO, TIe-
JIHATPUUECKOTO, TPUEMHO-TUATHOCTUUECKOTO, ITYJTb-
MOHOJIOTHYECKOT0, SHIOKPUHOJIOTHYECKOTO0) (100 %
Ha [IEPUOJT UCCJIEIOBAHUS B JAHHBIX OTIEJIEHUAX).

JIJ151 OIEHKH OJTHOPOJTHOCTU MacChl YacTel mpu
pazjioMe TabJIETOK B MCCJIEIOBAHUY HCIIOJIb30BAHbI
4 HaWMMEHOBAaHUS Ta0JETOK, UMEIIIUX PUCKY s
JleJIEHU S, ¥ 1 HAUMEHOBaHHe TabIeTOK — 0e3 pUCKU
(tabu. 1).

OnpezeneHre ImoKasaTesell KadecTBa YacTed
pasaesieHHbIX Ta0JETOK ITPOBOJMJIM IO METOU-
ke O®C 1.4.2.0009.15 «OgHOPOAHOCTH MAaCCHI JI0-
3UPOBAHHBIX JIEKAPCTBEHHBIX (HOPM», IIpeTHA3HA-
YeHHOMU JIJ1s1 HepaszieJIeHHbIX TabJIeTOK, 1 EBporeri-
ckoit ®apmaxkomen VI usmanus (ctatbsa (CT.) 0478:
Tabnerku; paszes (pa3z.): Jlenenue tabiietok). s
B3BEIIMBAHUA HCIIOJIH30BAJIN 3JIEKTPOHHBIE aHAa-
autndeckue Bechkl Shinko Denshi HT-220CE (fmo-
HUS).

Corsmacio O®C.1.4.2.0009.15 «OHOPOJHOCTH
Macchl JIOBUPOBAHHBIX JIEKAPCTBEHHBIX (HOPM»,
20 TabJIETOK B3BEIIMBAJIM C TOYHOCTHIO 0 0.001 T,
ONpeZIeJIsSJIN CPEJTHIOI Maccy TabJIETKH U Paccuu-
TBHIBAJIN CpeJiHee 3HaueHue i 1/2 TabseTku. Ta-
OJIETKU pas3zesisiJid MOIoJIaM: €CJIU B HHCTPYKITUH
He OBLJIO OTOBOPOK O criocobe jieieHus TabJIeTKH,
TO € IIOMOIIbIO MEIUITMHCKOIO CKaJIbIIejis TabIeTKa
II0 pUCKe Aenuiiach Ha 2 yactu. Tabietku beracepk
pasfiesisiyii COIJIACHO MHCTPYKIUKM — TabJieTKa Io-
Melllasiach Ha TBEP/IYIO MOBEPXHOCTh PUCKOH BBEPX,
U JieJIeHUEe ITPOWCXOJUJIO0 HAJI[aBJIMBAHUEM Ha Hee
GospiiuM masbieM. OT Kaka0H TabJIeTKU MPOu3-
BOJIBHBIM 00pa3oM OTOHpayd OAHY U3 TOJIOBUHOK,

Ta6smmna 1. TabyieTKu, UCII0Ib30BaHHbIE IS Pas/ie/IeHus
Table 1. Tablets used for subdivision

The quality parameters for parts of subdi-
vided tablets were determined according to the
procedure of the GMP 1.4.2.0009.15 “Uniformity
of mass of dosage forms”, intended for non-subdi-
vided tablets and the European Pharmacopoeia,
VI edition (article (art.) 0478 “Tablets”; section
(sect.): “Subdivision of tablets”). For weighing we
used electronic analytical balance Shinko Denshi
HT-220CE (Japan).

According to GMP.1.4.2.0009.15 “Uniformity of
mass of dosage forms”, 20 tablets were weighed with-
in the accuracy of 0.001 g, the average weight of the
tablet was determined and the average value for 1/2
tablet was calculated. The tablets were subdivided in
halves: if instructions did not specify the method of
dividing the tablet, then with the help of a medical
scalpel, the tablet was subdivided into 2 parts along
its break line. Betaserk tablets were subdivided ac-
cording to the instructions — the tablet was placed on
a hard surface with the break line up and the subdivi-
sion occurred by pressing on it with the thumb. One
of the halves was randomly selected from each tablet
which was weighed and the deviation from the aver-
age weight of 1/2 tablet (%) was calculated.

The dosage form was considered to pass the
test if not more than 2 individual masses deviated
from the average mass by an amount exceeding the
permissible deviation indicated in Table 2. At the
same time, no individual mass should deviate from
the average mass by an amount 2 times the value
indicated in the Table.

According to the requirements of the European
Pharmacopoeia (art. 0478 “Tablets”; sect. “Subdivi-
sion of tablets”), we used 30 tablets, broke them in
halves by the above methods and selected randomly

NO /i
No. in order

HaumeHoBaHue u no3uposka JII1
Name and dosage of MP

IIpousBoxguTenb
Manufacturer

Tabaemxu c puckott / Tablets with break line

1 OxcanuiinHa HaTpUeBasi cojib, TabsmeTku 0.25 T AO «Tarxumbapmupenapatsr» (Poccusi)

Oxacillin sodium salt, tablets 0.25 g

2 ITapaneramost, Ta6JIeTKH 0.2 T
Paracetamol, tablets 0.2 g

3 AckopyTuH, TabJIETKHU 0.05 + 0.05 T
Ascorutin, tablets 0.05 + 0.05 g

4 Betacepk, TabyeTKu 0.016 T
Betaserk, tablets 0.016 g

JSC “Tatchempharmpreparaty” (Russia)

OAO «®Papmcraugapt-Tomckxumpapm» (Poccus)
JSC “Pharmstandard-Tomskhimfarm” (Russia)

OAO «Mapb6uodapm»
JSC “Marbiopharm” (Russia)

Maiinan JIsboparopus CAC (®pannus)
Mylan Laboratories SAS (France)

Tabaemxu 6e3 pucku / Tablets without break line

5 Jumenpost, TabeTKu 0.05 T
Diphenhydramine, tablets 0.05 g

OAO «Tanbxumdapm» (Poccust)
JSC “Dalkhimpharm” (Russia)

Journal homepage: http://jsms.ngmu.ru
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KOTOpbIE B3BEIIUBAIN U PACCUUTHIBAIU OTKJIOHE-
HUe OT CpeJiHel Macchl 1/2 Tabsetku (%).

JlekapcTBeHHYI0 (POpPMY CUUTAJIN BbBIJIEPIKAB-
ey WCIBbITAaHUE, €CIIU He OoJiee 2 WHIUBUIYaJTh-
HBIX MacC OTKJIOHSUIMCh OT CPeIHeH Macchl Ha Be-
JIUYHHY, TPEBBIIIAIIYIO JOMYCTUMOE OTKJIOHEHHUE,
yKasaHHoe B Ta0J1. 2. IIpy 5TOM HU OlHA UHIUBU/IY-
aJIbHasI Macca He JIOJKHA OTKJIOHATHCS OT CpeTHel
Macchl Ha BEJIMUMHY, B 2 pasa MPEBHIMIAIOIIYI0 3Ha-
yeHUe, yKa3aHHOE B TaOJIHIIE.

CortacHo TpeboBanusiMm EBpormetickoit ®apma-
koren (cT. 0478: Tabserku; pas.: [lenenve tabie-
TOK), HICITIOJIB30BaJIN 30 TaOJIETOK, pa3jiaMbIBaId UX
[IOTI0JIaM BBIIIEyKa3aHHBIMU CIOCO0AMU U OT KaiK-
JI0M TabJIETKU MTPOU3BOJIBHO OTOMPAJIN 1 YACTh JIJIS
HCCIeIoOBaHUs. B3BelnBaan KaK/ayo U3 30 I0JI0-
BUHOK WHIUBU/IYaJIbHO U PACCUYUTHIBAIN CPETHIOI0
maccy. CunTasim, 4To paszeseHHas TabieTka Bbiep-
JKUBaeT HCIbITaHHE, ecii He Oojiee 1 eqUHUYHON
MacChl «IIOJIOBUHKHW» BBIXOJIUT 32 IIPEIEJIbl OT 85 10
115 % oT 00111er0 3HAUeHU s cpeiHel Macchl. Tabstet-
KU He COOTBETCTBYIOT TECTY, ecu 6osiee 1 equHIY-
HOM MacChl «IIOJIOBUHKH» HAXOIUTCS BHE YKa3aHHO-
r'o MHTEpBaJIa WK 1 MHIUBUIyaIbHASI Macca «I0JI0-
BUHKM» BBIXOIUT 34 MPEEbI 75—125 % OT cpeaHei
MacChlL.

PE3YJ/IBTATBI 1 OBCYXK/IEHUNE

ITo pe3ynpraTamM aHKETUPOBAHUS IIOCTOBBIX Me-
JIUITUHCKUX CEeCTEpP coMaThyeckout ciy:k6er J[PKB
YCTAHOBJIEHO, YTO OOJIbIlIas YacTh PECIOHIEHTOB
(89 %) siBIsI€TCSA ONBITHBIMU CIIELIAIMCTAMU: HMe-
€T cTask paboThl 10—15 JIET U 1-10 UK 2-10 KBaTUupU-
KaIlMOHHYIO KaTeropui. PecrionienTaM ObLT 3a71aH
Borpoc: «[Ipuxoaurcs iu Bam pasziensats TabieTKu
Ha YacTU?», Ha KOTOPBIN 78 % PECHOH/EHTOB OTBe-
TUJIN YTBEPAUTEIHLHO, OTMETUB B AaHKETE BCE MPE/I-
JIO’KEHHBIE BADUAHTHI OTBeTa (OT 2 /710 5 U OoJiee ya-
cTell). DTO MOATBEPIK/IaeT HaTu4Yre IpobieMbl 0be-
CIIEUeHUsT TOYHOCTH JIO3UPOBAHUS IIPU Ppasfesie-
HUU TabJIETOK, ITOCKOJIBKY OJTHOPO/THOCTD MAaCChI IO~
JIy4eHHBIX IPU pasjioMe uacTedl TabJIeTKU He pe-
rJIaMEHTUPOBaHAa HOPMATHUBHOM JIOKyMeHTAIlueHn U,
CJIeJIOBaTEeJIbHO, pas/ieJIeHue TaOJIETKH HE MOYKET ra-
paHTHUPOBATH MOJTyUeHue HeoOxo Mol 10361 JIC.

1 part of each tablet for the test. We weighed each
of 30 halves individually and calculated the aver-
age mass. It was considered that the subdivided
tablet stands the test if not more than 1 unit mass
of the half goes beyond 85 to 115% of the total aver-
age mass. Tablets do not meet the test if more than
1 unit mass of the half is outside the specified in-
terval or 1 individual mass of the half goes beyond
75—125% of the average mass.

RESULTS AND DISCUSSION

According to the results of the survey of desk
nurses of the CRCH somatic service, it was found
that the majority of respondents (89%) are experi-
enced specialists: they have 10—15 years of work ex-
perience and the qualification category 1 or 2. The
respondents were asked the question: “Do you have
to subdivide tablets into parts?”, to which 78% of
the respondents answered in the affirmative, mark-
ing in the questionnaire all the proposed answer op-
tions (into 2 to 5 or more parts). This confirms that
there is a problem in ensuring the accuracy of dos-
age during subdivision of tablets, since the unifor-
mity of the mass of the tablet parts obtained during
splitting is not regulated by the product specifica-
tion file and, therefore, subdivision of tablets can-
not guarantee getting the required dose of PP.

The importance of control over the subdivision
of tablets is indicated by the Food and Drug Admin-
istration (FDA), USA, noting that if the tablet is ap-
proved by the FDA for subdivision, this is specified
on the package [11]. Otherwise, it is not guaranteed
that two halves of the subdivided tablet will exhibit
the same effect in the body.

In experimental studies, when subdividing
the tablets at break line, it was found that break-
ing by hand leads to crumbling of tablets, so the
tablets were subdivided using a scalpel. The excep-
tion was Betaserk tablets 0.016 g which were eas-
ily and evenly subdivided according to break line
by method specified in the Instruction for Medical
Use — pressing by the thumb. Diphenhydramine
tablets which have no break lines crumbled both
with manual division and with a scalpel.

Ta6uura 2. J[onycTuMble OTKJIOHEHUS OT CpeIHEH Macchl I03UPOBAHHBIX JIEKaAPCTBEHHBIX popM — TabsieTok 6e3 060J10-

uek (O®C.1.4.2.0009.15)

Table 2. Permissible deviations from the average mass of dosage forms — uncoated tablets (GMP.1.4.2.0009.15)

Cpennss Macca, MT / Average mass, mg

JomycTtuMoe oTKJIoHeHUe, % / Permissible deviation, %

80 u menee / 80 and less
Boutee 80, HO MeHee 250 / More than 80 but less than 250

250 u 6ostee / 250 and more

10.0
75
5.0
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Ha Ba)KHOCTH KOHTDOJISI 3a pas/ieJIeHUEeM Ta-
0JIeTOK yKa3blBaeT YIpaBJIEHHE [0 CAHUTAPHOMY
Ha/[30py 34 KaueCTBOM IHIIEBBIX MPOYKTOB U Me-
nukameHToB (FDA, CIIIA), oTMeuasi, YTO ecau Ta-
6s1eTka omobpena FDA ais paszesieHus,, To 3TO yKa-
3bIBAaeTCs Ha yrakoBke [11]. B mpotuBHOM ciydae He
rapaHTHUPYeTCS, UTO JIB€ IOJIOBUHBI Pas/ieIeHHOU
TabJeTKH Oy/IyT IPOSBJIATH OAUHAKOBOE JIEHCTBIE
B OpraHu3Me.

B sKcrnepuMeHTaJIbHBIX HCCJEIOBAHUAX ITPHU
JIeJIEHUH 110 PUCKe TabJIeTOK YCTaHOBJIEHO, UYTO Pas-
JlaMbIBaHUE BPYUHYIO MPHUBOJAUT K KPOIIEHUIO Ta-
0JIeTOK, IIO3TOMY TaOJIETKH Pa3/eJIsIf ¢ IIOMOIIBIO
ckaJsibnesist. VIcKIoueHe cocTaBIsIu TabmeTku be-
Tacepk 0.016 T, KOTOPBIE JIETKO M POBHO IO PHCKE
pasnessuch CiocoO0M, YKa3aHHBIM B MHCTPYKITHH
[0 MEJUIIMHCKOMY IIPUMEHEHUI0 — Ha/IaBJIMBaHU-
eM OoJIbIIUM masiblieM. TabseTku Jlumenpos, He
HUMEIOIIE PUCKH, KPOIIUIUCH KAK IIPU PYUHOM Jie-
JIEHUH, TaK U [IPY Pa3/IeJIEHUH CKaJIbIIEIIEM.

ITockoJyTbKy B OT€UeCTBEHHOH HOPMAaTHUBHOH /10-
KyMEHTAIUU He MPEeTYCMOTPEHBI KPUTEPUH U HOP-
MBI KaueCTBa YacTel pasjie/ieHHbIX TabJIETOK, OIeH-
Ky OJ[HOPOJTHOCTU JOJied TabJeTKu WpU Pasyio-
Me mpoBoamau corigacHo OPC.1.4.2.0009.15 «Ox-
HOPOJITHOCTh MAacChl JIO3UPOBAHHBIX JIEKAPCTBEH-
HBIX GOPM» 1)1 Hepas/ieJIeHHbIX TabyieTok. B EBpo-
nerickorl ®apmakoree MpeiCTaBJIEH TECT JIJIsl OIeH-
K{ OJTHOPOTHOCTH MAaccChl pa3/ieJIeHHBIX YacTel Ta-
6netku (cT. 0478: TabnmeTku; pasa.: JleneHue Tabsie-
TOK). ETo ncrosib30Banue periaMeHTHPOBAHO B CIIy-
yae, KOrja JieJieHre TabaeToK HeoOX0UMO JIJisl TPHU-
eMa onpenenenHou 10361 JIC. EBponetickas ®apma-
KOIIesI yCTAHABJIUBAET TPEOOBAHUSI K TOUHOCTH Pa3-
ZesieHus1 TabJIeTOK, eC/Ii BOBMOKHOCTD paszieieHu st
yKa3aHa Ha STUKETKe MPOoAyKTa [12, 13].

PesysibraThl B3BeIIMBaHUS TA0OJIETOK U HCCIIE-
JIOBaHUs BaprabeIbHOCTH MacChl 1/2 yacTel pasjie-
JIEHHBIX TabJIETOK IIPE/ICTABJIEHBI B TAOJI. 3.

Pe3ysibTaThl  OIIEHKH  OJTHOPOJTHOCTH  Mac-
Cbl 1/2 uacTel pas/ieJIEHHBIX TaOJIETOK COIVIACHO
09C.1.4.2.0009.15 «OFHOPOAHOCTh MAacChl JO3U-
POBaHHBIX JIEKAPCTBEHHBIX (HOPM», IPEJICTABJIEH-
HbIe B Ta0JI. 3, CBU/IETEJIBCTBYIOT O TOM, YTO YaCTH
pasfieJleHHBIX TI0 pucke ucciaenoBaHubix JIIT: Ok-
caruJIJIMHA HAaTpHeBas CoJib, TabyieTku 0.25 T, [la-
paneramoJi, TabysleTK1 0.2 T, ACKOpyTHH, TabJieT-
KU 0.05 + 0.05 T, a Takxke JIII, He UMEeIIEero pucKu
(Iumenpost, TabJeTKH 0.05 T) — HE COOTBETCTBY-
10T (hapMaKOIIEHBIM TPEOOBAHUAM 110 OTHOPOTHO-
CTU MaccChl. B 0T/iMuMe OT BBIIIIENPUBEEHHBIX HAU-
MeHOBaHUH, TabseTku beTtacepk 0.016 r mpu gee-
HHUU TI0 PHUCKE MMO3BOJISIOT MOJYYHUTh YaCTH, OTKJIO-
HEHHS B Macce KOTOPBIX COOTBETCTBYIOT TPeOOBaHU-

Since the domestic product specification file
does not provide criteria and quality standards for
the parts of subdivided tablets, the uniformity of
tablet fractions during splitting was assessed ac-
cording to GMP.1.4.2.0009.15 “Uniformity of mass
of dosage forms” for non-subdivided tablets. The
European Pharmacopoeia presents a test to assess
the mass uniformity of subdivided parts of a tablet
(art. 0478 “Tablets”; sect. “Subdivision of tablets”).
Its use is regulated in the case when subdivision
of tablets is necessary for administration of a cer-
tain dose of PP. The European Pharmacopoeia es-
tablishes requirements for the accuracy of tablets’
subdivision if the possibility of it is indicated on the
product label [12, 13].

The results of weighing tablets and studying
the weight variability of 1/2 parts of subdivided tab-
lets are presented in Table 3.

The results of the assessment of mass unifor-
mity of 1/2 parts of subdivided tablets according
to GMP.1.4.2.0009.15 “Uniformity of mass of dos-
age forms” presented in Table 3 indicate that parts
of the investigated MP divided by break lines:
Oxacillin sodium salt, tablets 0.25 g, Paracetamol,
tablets 0.2 g, Ascorutin, tablets 0.05 + 0.05 g, as
well as break line-free MP (Diphenhydramine,
tablets 0.05 g) — do not meet pharmacopoeial re-
quirements for mass uniformity. In contrast to the
items mentioned above, Betaserk tablets 0.016 g
when subdivided by break line, allow to obtain
parts with deviations in mass corresponding to
the requirements of GMP 1.4.2.000.000.15 “Uni-
formity of mass of dosage forms.”

Evaluation of the subdivided tablets parts for
compliance with the requirements of the European
Pharmacopoeia showed that Oxacillin sodium salt
tablets 0.25 g and Betaserk tablets 0.016 g during
subdivision meet the requirements of art. 0478 of
the European Pharmacopoeia. It should be noted
that the possibility of subdividing Betaserk tablets,
developed in accordance with the requirements of
the European Pharmacopoeia for taking 0.008 g of
MP, is indicated by the manufacturer in the Instruc-
tions for Medical Use and is provided with ease and
accuracy of breaking. For Betaserk tablets 0.024 g
the possibility of splitting at break line is indicated
by the manufacturer in the Instructions for Medical
Use only to facilitate swallowing of the drug.

Paracetamol 0.2 g, Ascorutin and Diphenhydr-
amine 0.5 g tablets do not pass the test for unifor-
mity of parts during subdivision. It is advisable to
subdivide them only to facilitate swallowing.

Journal homepage: http://jsms.ngmu.ru
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M ODC.1.4.2.0009.15 «OHOPOAHOCTH MACCHI JI03U-
POBaHHBIX JIEKAPCTBEHHBIX (HOPM».

OreHKa pas/ieJIeHHbIX YacTel TabJIeTOK Ha Co-
oTBeTCcTBUE TpeboBaHuAM EBpormetickoir ®apmako-
Ieu mmoKasasa, uto Tabsetku OKcanuinHa HaTPU-
eBasi CoJIb 0.25 T' 1 beracepk 0.016 T MpH JieJIeHUHN
COOTBETCTBYIOT TpeOOBaHUAM CT. 0478 EBpomeii-
ckoit ®apmakorieu. Ciie/lyeT OTMETUTH, UTO BO3ZMOK-
HOCTb JieJieHu s TabyieTok betacepk, pazpaboTaHHBIX
¢ yuetoMm TpeboBanui EBpomnerickoii ®apmakornen,
Jutst mprieMa 0.008 1 JIC ykazaHa mpou3BOAUTEIIEM
B MHCTPYKIIUY TI0 MEAUITUHCKOMY MTPUMEHEHUI0 U
obecIeunBaeTCst JIErKOCThIO M TOYHOCTHIO Pa3IaMbl-
BaHus. /Iy TabreTok beracepk 0.024 T TIpOU3BOIHU-
TesieM B MTHCTPYKITUY IO METUITMHCKOMY IIpUMEHE-
HUIO YKa3aHa BO3MOKHOCTH Pa3jiaMbIBAaHUSA TI0 PHU-
CKe TOJIBKO /151 00JierueHus nmporiarbiBanus JIIT.

Tabnerxku Ilapameramon 0.2 T, ACKOPYTHH H
JlumMepost 0.5 T' HE BBIJEP:KUBAIOT UCIIBITAHHE Ha
OJTHOPOZIHOCTH JIOJIEH MpPU paszie/leHuu TabJIETOK.
X 1ies1ecoobpas3Ho pas/iesisiTh TOJIbKO JJIs1 00JIerde-
HUs IPOTJIAThIBAHUS.

ComocraBysasi tpeboBanus OPC.1.4.2.0009.15
«OmHOPOAHOCTH MAaCChl IO3UPOBAHHBIX JIEKAPCTBEH-
HbIX popm» u EBporerickort ®apmakorien (CT. 0478:
Tabnetku; pasz.: JleneHue TabJIeTOK), CIeyeT OT-
METHUTb, YTO METOJUKA CT. 0478 He CBA3BIBAET JIOMY-
CTHMOE OTKJIOHEHUE YacTel Mpu pasjioMe CO CPeJl-
Hell Maccod HepasJie/ieHHOUW TabJIETKU U JIOMyCKa-
et 6oJtee MTUPOKUN TUATIa30H OTKJIOHEHUH eUHNY-
HOTO 3HAYEHMS MACChI JIOJIM OT CPEJHErO 3HAYECHUS
(mo 25 %), Torpa kak B O®C.1.4.2.0009.15 TAKOH U~
aras30H COCTABJISET OT 10 JI0 20 % B 3aBUCUMOCTH OT
cpefHE MAacChl €TMHUIIBI JIEKAPCTBEHHOU (DOPMBL.
Onnako metonuka EBporetickoii ®apmakoren, cie-
HUAJIBHO pa3paboTaHHAS AJIsI OIEHKU OJHOPOHO-
CTH MacChl YacTed pasjieJIEHHBIX TaOJIETOK, persa-
MEHTHUPYeT UCHBbITaHUE (JesieHre Ha 4YacTu) 60JIb-
IIIero KoJnuecTBa TabseTok (30), MO CpaBHEHUIO C
0®C.1.4.2.0009.15, IpeIycMaTpPUBAIOIIEN OIIpesie-
JIEHVe MacChl 20 €IUHUI] JIEKAPCTBEHHOH (POPMBI.

TakuMm obpasoMm, (apmalreBTH4YecKasi paspa-
6otka JIII B TabieTupoBaHHBIX QOpMaX C yIETOM
TpeboBanuii EBponetickorr ®apmakomneu IO OJHO-
POAHOCTH MAacChl 4YacTel pasjieJIeHHbIX TabJIeTOK,
mo160p HOPMBI IIPecC-MHCTPYMEHTA, COCTaBa BCIIO-
MOTATEeJIbHBIX BEIECTB U TEXHOJIOTUU TIOJyUeHUs
TabJIETOK C PUCKOH TTO3BOJISIOT AEJIUTH TabJIETKY Ha
JIOCTaTOYHO paBHBIE YaCTH, 0OecIeunBasi IIPU STOM
HeOOXOIMMYI0 TOUHOCTH o3upoBanus JIC.

Pe3ysibTaThl NPOBEJIEHHOTO HCCJIEOBAHUS TI0-
Ka3bIBAIOT HEOOXOAWMOCTDH PErjiaMeHTAI[Ud MEeTO-

Comparing the requirements of GMP.1.4.2.
0009.15 “Uniformity of mass of dosage forms” and
the European Pharmacopoeia (art. 0478 “Tablets”;
sect. “Subdivision of tablets”), it should be noted
that the methodology of Article 0478 does not as-
sociate the permissible deviation of the parts dur-
ing the breaking with the average mass of non-
subdivided tablet and allows a wider range of de-
viations of a single value of the fraction mass from
the average value (up to 25%), whereas in GMP
1.4.2.0009.15 this range is from 10 to 20% depend-
ing on the average weight of a dosage unit. However,
the methodology of the European Pharmacopoeia,
specifically developed for assessing the uniformity
of the mass of parts of subdivided tablets, regulates
the test (subdivision into parts) of a larger number
of tablets (30) compared with GMP 1.4.2.0009.15
which involves determining the mass of 20 units of
the dosage form.

Thus, the pharmaceutical development of MP
in tablet forms, taking into account the require-
ments of the European Pharmacopoeia on mass
uniformity of the subdivided tablets’ parts, the se-
lection of the tablet tooling form, the composition
of excipients and the tablets production technology
with break line allow the tablet to be subdivided
into fairly equal parts meanwhile ensuring the nec-
essary accuracy of PP dosage.

The results of the study show the need for
regulation of methods controlling the subdivision
of tablets. This is of particular importance for MP
used in pediatric practice. In the product specifica-
tion file on the PP registration procedure, it is nec-
essary to provide in the Instructions for Medical
Use of the MP an indication on the purpose of break
line application: for ease of oral intake or for ensur-
ing the necessary dose of the drug. In the process
of pharmaceutical development of tablets requiring
subdivision for adjustment drug dosage, a selection
of excipients, a tablet tooling and tabletting condi-
tions are needed to ensure that the tablet parts be
equal when splitted. It is advisable to include into
the State Pharmacopoeia of Russia the pharmaceu-
tical and technological test “Uniformity of mass of
subdivided tablets”, harmonized with the method-
ology of the European Pharmacopoeia (art. 0478
“Tablets”; sect. “Subdivision of tablets”).

Conflict of interest. The authors declare no
conflict of interest.

26

Journal homepage: http://jsms.ngmu.ru



10.31549/2542-1174-2020-2-20-29

i:

do

Egorova S.N. et al. / Journal of Siberian Medical Sciences 2 (2020) 20—29

souerdwo) souerduio) 8 9100 S19[qe] YIoselag
LOA4.LOLIg.LO0)) 0 0 LOAALOLIILO0)) 0 0 I 910°0 mMLaIgel “1dooelaq
douerdwoouoN douerdwoouoN 3 G0°0 syo[qe} ‘ourueIpAyusaydiq
LoAdIILIgLO0D O 14 8 LOAL.LOLOELO0D O S 6 1 G0°0 mararrgel ‘rodrowuy
8 G0°0 + S0°0 S19[qe] ‘UNNIOISY
doueIdWOdUON souerdwoouoN 150°0 + S0°0
LoA410194.L00d 9 0 4 LOA4.L0L99.L00d 9 S 6 MLLAIQRL ‘HULAdOMOY
douerdwoouoN douerdwoouoN 3 T°0 s19[qe) ‘[oureledRIRg
LoAIILI9LO0D O € 9 LOAA.LOLOELO0D O 9 o1 1g'0 LA QRL ‘IromeLanede] |
R AL0)
S19[qe} “1[es WNIPOos UI[[I9BX(
douerdwo) doueI[dWOOUON 1G3°0 MILALQRL
LIAE.10199.100)) 0 1 LIAE.LOLIgL00d ] I S ‘arod BegoudieH BHULLUIIBNIO

9N[eA J[qBMO[[E T 9[qe], Ul pajedrpul

9] SUIpa9IXd UOTIBIASD J[qIssTurIod

souwinl g 9 SUIpa9IXd

OUHOhBHE c 'rQeLd

QOWHLIAIIOY SOHHBERMA ‘OMHOHOIMLO

oifmoremiggadIt QOWM.LIALION

9% GT1-GL 9% G11-98 eeedc g o1Amoremiggaadn

sseuwt
J[on.Ie 93eI9AR 91[]) WO.IJ UOLIBIASD J[on.Ie

ST} JO sjuauaIImbax 9Y1 pu04Aadq 03 JeY[} S9sseW  SIY} JO SjuswRImbal ;unowre 9y} £q SSew 93 RIDAR 9] WOJJ

9y} yum douerdwo) [BNPIAIPUL JO JOqUINU Y], 9} YHIMm douerdwio)  SUIIBIAIP SOSSBW [ENPIAIPUI JO JOQUINU ST,

HA91RL) I900BIN HOHIYOdO 10 BMHOHOIMLLO H9IRL) :AHUhULQd

yole WENHBd009dL  I9Irorodl Be XMIMEOXIIE 00BN HOLE WEHHRI0Qd.L BH I900BIN HOHT/9dD L0 BOXUIIOIEHOIM.LO

QUEILIL9L00) XIIHILRAYUGUTHU O9LIOhUILOY QUA.LILIILO0)) 0BIN XITHIL BAYUIUTHU OFLIOOR UL O}

(.S19[qE} JO UOISIATPNS,,

*109S § SI9[qRL,,, 84¥0 "11e) eroodooeurreyq ueadoiny

(10La1rQeL 9MHALAYY "eed

UNMIAIQR], 18470 'L0) Bonoxewded sedousnodday

ST'6000°C V' TdIND / ST6000° TV TDDO

dIA Jo 9Sesop pue suweN

jaurn
eg0due0r 1 OMHREOHOWHEBH

S19[qe} papIAIpqns Jo syred 2/ JO SSeu Jo AjuLIojiun oy, *€ S[qeL
MOI9IQRL XITHHAIRYeRd HALIBR 7/ I900BI 4LOOHT0dOHY( *€ enuIoR],

27

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-20-29

Ezoposa C.H. u dp. / Journal of Siberian Medical Sciences 2 (2020) 20—29

JTOB KOHTPOJIS 3a pas/iesieHreM TabJeToK. ITO nMe-
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[eANaTPUYECKOH IPaKTHKe. B HOpMaTHUBHOH JOKY-
MEeHTAIIUH T0 Tporeype perucrpamnuu JIC Heo6xo0-
MO TIPEAYCMOTPETh yKa3aHue B MHCTPYKIUU IO
MeUIUHCKOMY IpuMeHeHuo JIII o mesiu HaHece-
HUS PUCKHU: JJIs1 yI0OCTBa MpreMa Wiu s obecre-
yeHUs HeoOxoxaumou 1o3el JIII. B mporecce dapma-
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30BaTeJIbHOU JleATeNIbHOCTH WHcTuTyTa dapMmanuu
®I'bOY BO «KazaHCKHU TOCY/JapCTBEHHBIH MeIu-
IUHCKUHA YHUBEPCUTET».

IIaBioBa Asexcanapa ropesHa — opauHatop UH-
cruryrta papmanuu ®I'BOY BO «KazaHCckuil rocy-
JlapCTBEHHBIN MEUIIMHCKUH YHUBEPCUTET».
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Pa3zpaboTka METOUK U30IUPOBAHUS JIEKAPCTBEHHBIX BEIIECTB U3
KPOBHU B pamMkax peajausdanuu Ilpukaza M3 P® NC 933H

Mopos II.B.}, Ctpesosa O.10.2, Kykaun B.H.?

I'BY3 CO «ToavsammuHcKuil Hapkoao2uveckull oucnaHcep»

2@I'bOY BO «Canxm-ITemepbypackuil 20cydapcmeeHHblil XuMuko-papmayesmureckull yHugepcumem»

Development of methods for isolating medicinal substances from
blood in framework of implementation of the RF Ministry of
Health Order No. 933n

Morov PV, Strelova O.Yu.2, Kuklin V.N.2

"Togliatti Narcological Dispensary

2St. Petersburg State Chemical Pharmaceutical University

AHHOTAIIUA

esnp uccimenoBanus — pas3paboTKa METOJMKU CKPUHHHTA 00Pas3I0OB KPOBH, IPEKE BCETO MPOOOIIOATOTOBKU,
JULS BBIAABJIEHUA HAPDKOTHYECKUX CPEJICTB, ICUXOTPOITHBIX U JIEKAPCTBEHHBIX BEI[ECTB B KPOBH METO/IOM Ira30BOM XPO-
matorpaduu ¢ Macc-ceseKTUBHBIM JieTekTupoBanueM (I'X-MC) s neseit peanusanuu Ipukaza M3 P® NO 933H oT
18.12.2015. Pa3zpaboTaHbl 1 BaJUAUPOBAHBI METOJUKHU MPOOOIOATOTOBKY 0OpPA3IOB KPOBU K CKPUHUHTOBBIM HCCJIE-
JIOBAaHUAM Ha HaJM4yue HApKOTUYECKUX CPEeJICTB, ICUXOTPOIHBIX U JIeKapCTBEeHHBIX BellecTB MeTozioM ['X-MC B cooT-
BeTCTBUU ¢ TpeboBanusiMu [Ipukaza M3 PO NC 933H. BeIABIIEHO, UTO COZIEpIKaHUE TAHOJIA 10 10 %o B KPOBU HE BJIHUSI-
€T Ha CTeNeHb SKCTPAKIINU TOKCUKAHTOB U BO3MOXKHOCTb UHTEPIIPeTAINU Pe3yabTaToB. O1neHeHa 3P PeKTUBHOCTD IKC-
TPaKIMHU MO/JIEJIbHBIX BEIECTB U3 00pa310B KPOBHU B 3aBUCHMOCTH OT METO/Ia N30JIMPOBaHUsl. YCTAHOBJIEHO, UTO METO-
JTIOM KUZIKOCTh-KUKOCTHOM SKCTPAKI[UU JIyUIlle U30JUPYIOTCSA COeNHEHHUsI ¢ BBICOKUM logP, a MeTozom TBepaodas-
HOH 3KCTPAKIIUHN — C HUSKUM.

Karoueavle caosa: Bamuganus aHATUTHIECKUX METOJUK, XUJKOCTb-)KUAKOCTHAA 3KCTPAKITUA, TBepz[0(1>a3Ha51 JKC-
TPpaKI U, HADKOTUYECKHE CPEACTBA, IICUXOTPOITHbIE U JIEKADCTBEHHBbIE BEIIECTBA, KPDOBb.

ABSTRACT

The aim of the study was to develop a method for screening blood samples, primarily sample preparation, for the de-
tection of narcotic drugs, psychotropic and medicinal substances in the blood by gas chromatography with mass selective
detection (GC-MS) for the implementation of the Ministry of Health of the Russian Federation (MH RF) Order No. 933n
dated December 18, 2015. The blood sample preparation procedures for screening testing for narcotic drugs, psychotropic
and medicinal substances by GC-MS method were developed and validated in accordance with the requirements of the
Order No. 933n of the RF Ministry of Health. It was revealed that an ethanol content of up to 10%o in the blood does not
affect the extraction degree of toxicants and the possibility to interpret the results. The efficacy of the model substances
extraction from blood samples was evaluated depending on the isolation method. It was found that the liquid-liquid extrac-
tion method is better for isolating compounds with high logP, and the solid-phase extraction method is better for isolating
compounds with low logP.

Keywords: validation of analytical methods, liquid-liquid extraction, solid-phase extraction, narcotic drugs, psychotro-
pic and medicinal substances, blood.
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B coorBerctBuu c¢ Ilpukazom M3 PP or
18.12.2015 N2 9331 «O mopsi/ike TIPOBEAEHUST Me-
JUIIVHCKOTO OCBHUZETEILCTBOBAHUS HA COCTOSHUE
ONbsAHEHUs (aJIKOTOJIBHOTO, HAPKOTUYECKOTO HJIN
HMHOTO TOKCUYECKOT0)» XUMUKO-TOKCHKOJIOTUUECKUE
HccJIeJIOBAaHUSA pas/iejieHbl Ha /IBa dTama, IpejiBa-
PUTENIBHBIA W TOATBepkAatomui. IlogTBep:kia-
oMy B [Ipukase N2 933H CUMTAIOTCS JBa Me-
TOZa aHaju3a: rasoBas xpomarorpadus c Macc-
creKTpoMeTpuel u BbICOKOA(PdEKTUBHAS KUTKOCT-
Hasa xpomarorpadus ¢ mMacc-crekrpomerpuen. Of-
HaKO HeIOCTaTOYHOe GUHAHCHPOBAHUE U, KaK CJIe]l-
CTBUE, CJIAObIi YPOBEHb OCHAIEHHOCTH XUMHKO-
TOKCHUKOJIOTHYECKUX J1abopaTOpuil B pEeruoHaX sB-
JISIeTCS CEPhE3HBIM IIPEIISITCTBUEM /IJIs PEATU3AIUN
TpeboBaHul nanHoro [Ipukasa.

B coorBercTBUHM ¢ nmaHHBIM IIpmkasom ama-
THOCTHUKY COCTOSIHUSI HApPKOTUYECKOTO OIbSHEHUS
IIpeJIII0JIaraeTcsl IPOBOAUTH B TOM YHCJIE U 1O 00-
pasnam KpoBH [1, 2]. OcoOOEHHOCTHIO KPOBH KaK 00b-
€KTa HCCJIEJIOBAHUM ABJISAIOTCA CUJIbHBIE «MaTPHY-
Hble 3hdeKThI», 00yCTOBJIEHHbIE BBICOKUM COJIEP-
>)KaHUeM OeJIKOB, JINIUOB M (DOPMEHHBIX DJIEMEH-
TOB, B3BEIIEHHBIX B 11a3Mme [3]. Kpome Toro, kKoH-
[IEHTPaIlii TOKCUYECKUX BEIIECTB B KPOBH, KakK
IIpaBUJIO, HUKE, YEM B MOYeE.

PazpaboTka METOIMKH CKPHUHUHTA 00pasIoB
KPOBH, ITPEXK/IE BCETO MPOOOTIOTOTOBKH, IJI51 BBISB-
JIEHUSI HapKOTHUYECKUX CPEJCTB, IMCUXOTPOIHBIX U
JIEKAPCTBEHHBIX BEIIECTB B KPOBHU METO/IOM ra30BOM
xpoMaTorpapuu ¢ Macc-CeJEKTUBHBIM JIETEKTUPO-
BanueM (I'X-MC) nuis neset peanusanuu [Iprkasa
M3 P® N° 933H ot 18.12.2015.

3a/1a4u uccielOBaHuA:

1. BeiOpaTh MOJieJIbHBIE BEIECTBA M IIPOBECTH
BaJIMIAIUI0 METOAUK KOJTUUECTBEHHOTO OIIpeiese-
HuA 111 HuX metogoM I'X-MC.

2. OueHuTh 3OGEKTUBHOCTDh MIMPOKO IPHUMe-
HSIEMBIX METOJIMK IPOOOIIOATOTOBKU >KUJIKOCTh-
JKUJIKOCTHOU M TBepZI0(a3HOU SKCTPAKIUEH HA MO-
JIeJIbHBIX BellleCTBaX.

3. YcoBepIlleHCTBOBAaTh METOJUKH KUTKOCTb-
JKUJIKOCTHOU ¥ TBEP/IO(Da3HOUN SKCTPAKIIUH C IIETBIO
CHIKEHH S «MaTPUUHOTO 3¢ deKTa» U MPOBECTH Ba-
JIUZAIHI0 Pa3paboTaHHBIX METOIUK.

4. AnpobupoBaTh paspaboTaHHBIE METO/H-
KM Ha DKCIEPTHOM Marepuajie JJIsi IOCIeAYI0-
IEr0 BHEJPEHHs B IMPAKTUKY pPabOThl XUMHUKO-
TOKCHKOJIOTHUECKHUX JTaO0paTOPUH.

In accordance with the Order of the Minis-
try of Health of the Russian Federation (MH RF)
dated December 18, 2015 No. 933n “On the proce-
dure for conducting a medical examination on the
state of intoxication (alcoholic, narcotic or other
toxic)”, the toxicological studies are divided into
two stages, preliminary and confirmatory. Two
methods of analysis are considered confirmatory in
the Order No. 933n: gas chromatography with mass
spectrometry and high performance liquid chro-
matography with mass spectrometry. However, in-
adequate funding and, as a result, the low level of
equipment of chemical and toxicological laborato-
ries in the regions is a serious obstacle to the imple-
mentation of this Order requirements.

In accordance with this Order, the diagnosis
of drug intoxication is supposed to be carried out
including blood samples [1, 2]. Blood as an object
of research is peculiar for its strong “matrix ef-
fects” due to the high content of proteins, lipids
and formed elements suspended in plasma [3]. In
addition, the concentrations of toxic substances in
blood are usually lower than in urine.

Development of a method for screening blood
samples, primarily sample preparation, for the de-
tection of narcotic drugs, psychotropic and medici-
nal substances in the blood by gas chromatography
with mass selective detection (GC-MS) for the im-
plementation of the MH RF Order No. 933n dated
December 18, 2015.

Research objectives:

1. To select model substances and validate
quantitative determination methods for them using
GC-MS.

2. To evaluate the efficacy of widely used me-
thods of sample preparation by liquid-liquid and
solid-phase extraction on model substances.

3. To improve the methods of liquid-liquid and
solid-phase extraction in order to reduce the “ma-
trix effect” and to validate the developed proce-
dures.

4. To test the developed methods on expert ma-
terial for subsequent reduction to practice of chem-
ical-toxicological laboratories.

The following equipment was used to solve the
tasks: the Agilent 7820A gas chromatograph with
an Agilent 5977 mass selective detector, the HP-
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MATEPHUAJIBI 1 METO/IbI

JIJ1s1 pellleHUs MOCTaBJIEHHBIX 33/1a4 OBLJIO HC-
[I0JTb30BAHO CJIeAyIoliee 0OOpY/IOBAaHUE: Ta30BBII
xpomarorpad Agilent 7820A ¢ macc-cesleKTUBHBIM
nmetekTopoM Agilent 5977, KOJIOHKa KamUJLIAP-
Hasgs HP-5ms (30 M x 0.25 MM X 0.25 MKM), yIIpaB-
JeHue ¢ momoIbio nporpammbl MassHunter GC
MS, 06paboTka MOJIyUYEeHHBIX JAHHBIX B IIPOTPaM-
me MassHunter Qualitative Analysis, AMDIS; 1eH-
tpudyra I[JIMH-P-10-01-9JIEKOH. MWccnenoa-
HUe BBITIOJIHSJIN, UCIOJIb3ys B KauecTBe MOZEsb-
HBIX JIeKapcTBeHHbIX BerecTB (MJIB) cybcTaHIuio
kodenHa-HaTpus OeHzoara (papmakorelHas cTa-
s (PC) 173, locymaperBennas ®apmakornest, U3/-e
10 (I'® X)); cyOcTaHIuIO IamaBepuHa THAPOXJIOPH-
na (@C 42-0267-07, I'® XIII); cybcTaHIMIO XUHU-
Ha cynbdara (OC 149, I'® X); cyGCTaHITUIO aHATBIH-
Ha (®C. 2.1.0003.15, I'® XIII). Takke ObLIN UCIIOJIb-
30BaHbI MATPOHBI JUJIA TBEPAOGDAZHON 3KCTPAKIIUH
(T®3) Macherey-Nagel Chromabond HR-X ¢ Henoz-
BIDKHOHM (a30ff Ha OCHOBE AWBUHUJIIIOJIHUCTUPOJIA
u narpossl s T®D Macherey-Nagel Chromabond
Drug II ¢ HenoziBukHOU (pa3oli, numerolel yeTBep-
THUYHbIE AMMOHUEBBIE [IEHTPHL.

ITapameTpsl xpomarorpagda: CKOpPOCTb IOTO-
Ka Ta3a-HocUTess 1.2 MJI/MUH (IIOCTOSHHBIA IIO-
TOK), TeMIIepaTypa KaHasa BBoja 270 °C, compsike-
Hus xpoMmaTtorpada u getekropa 310 °C. HauanpHas
TeMIleparypa TepMocTaTa xpomarorpada 70 °C, BbI-
Jlep?KKa 1 MUH, yBeJIMUeHUe TeMIlepaTypsl Ha 30 °C
B 1 MHUH B Te4eHHEe 3 MHH 710 150 °C, 6€3 BBIJIEPKKH
yBeJIMYeHHUe TeMIlepaTyphl Ha 10 °C/MUH, BpeMsI BbI-
JIEP’KKU 7 MUH.

ITapameTpsl AeTeKkTOpa: TeMIlepaTypa HCTOY-
HUKa Macc-crekTpoMeTrpa 230 °C, KBaApyIOJIbHO-
ro ¢unprpa Mace (KOM) 150 °C. Bpems 3agep:xku
pactBopuTtesns 3.80 MUH, HauaabHAasA Macca 40 m/z,
KOHeYHas Macca 650 m/z, Tun cbopa JaHHBIX Scan,
CKOPOCTh CKaHUPOBAaHUSA N = 2, pa3Mep Iara m/z
0.1. O6paboOTKy XpOMAaTOrPaMM C [EJIBI0 HEHTUDH-
Kalll KOMIIOHEHTOB ITPOO ITPOBOAMIIU C UCIIOJIB30-
Bauuem mporpamm ChemsStation G1701DA u AMDIS.

PE3YJIBTATBI U OBCY:KJAEHUE

Jnsa onpenenenusa 3¢G¢GeKTUBHOCTH HaubO-
Jlee pacIpoCTPaHEHHBIX METOMUK MPOOOMIOATOTOB-
KU U UX BaJIUIAIIUA HAaMH ObLJIN BHIOPAHBI CEIYI0-
e MOJIeJIbHBbIE JIEKADCTBEHHBIE BEIECTBA: KOde-
UH, aHAJIbTUH, XUHUH U NanaBepuH. /Jlanasie MJIB
OTBEUAIOT CIAEAYIIIUM TPeOOBAaHUSAM: pas3IUUHbIE
KHCJIOTHO-OCHOBHBIE CBOMCTBA, JIUIIO(PUIBHOCTH
(logP), cTerenu cBsA3bIBaHUSA ¢ OEJIKAMH U BO3MOK-
Hasi HEOOXOMMMOCTh WX HCCJIEIOBAHUS B paMKax
XUMHKO-TOKCUKOJIOTUYECKUX aHau30B. OCHOBa-

5ms capillary column (30 m x 0.25 mm x 0.25 pum),
control using the MassHunter GC MS program, and
processing the data obtained in the program Mass-
Hunter Qualitative Analysis, AMDIS; the centrifuge
CLMN-R-10-01-ELEKON. The study was carried
out using the substance of caffeine-sodium benzo-
ate (Pharmacopoeia article (PA) 173, State Pharma-
copoeia, ed. 10 (SP X)); the substance of papaverine
hydrochloride (PA 42-0267-07, SF XIII); the qui-
nine sulfate (PA 149, SP X); the substance of anal-
gin (PA 2.1.0003.15, SP XIII) as model medicinal
substances (MMS). Macherey-Nagel Chromabond
HR-X solid phase extraction (SPE) cartridges with
stationary phase based on divinyl polystyrene and
Macherey-Nagel Chromabond Drug II cartridges
for SPE with stationary phase having quaternary
amine centers were also used.

Chromatograph parameters: the carrier gas
flow rate 1.2 ml/min (constant flow), the inlet chan-
nel temperature 270°C, the chromatograph and
detector integration temperature 310°C. The ini-
tial temperature of the chromatograph thermostat
70°C, hold-up time 1 min, ramping the temperature
by 30°C in 1 min within 3 min to 150°C, without
holding up, ramping the temperature by 10°C / min,
hold-up time 7 min.

Detector parameters: the temperature of the
mass spectrometer source 230°C, quadrupole
mass filter (QMS) 150°C. Solvent retention time
3.80 min, the initial mass 40 m / z, the final mass
650 m/z, the type of data gathering is Scan, scan-
ning speed n = 2, step size of m/z 0.1. Chromato-
grams were processed to identify sample compo-
nents using the ChemStation G1701DA and AMDIS
programs.

RESULTS AND DISCUSSION

To determine the efficacy of the most common
methods of sample preparation and their valida-
tion, we selected the following model medicinal
substances (MMS): caffeine, analgin, quinine
and papaverine. These MMS meet the following
requirements: various acid-base properties, li-
pophilicity (logP), degrees of binding to proteins
and the possible need for their study in the frame-
work of chemical toxicological analyses. The alka-
loids bases were isolated from the corresponding
salts.

MMS used for the study were checked for com-
pliance with the requirements of the Pharmacopoe-
ia articles. Since further work was performed on
the GC-MS device, additional MMS were analyzed
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Puc. 1. Pe3ynpraThl KauectBeHHOT0 aHann3a MJIB metomom I'X-MC
Fig. 1. Results of qualitative analysis of MMS by GC-MS method

HHUS QJIKAJIOWJIOB BBLJIEJSJINCh U3 COOTBETCTBYIO-
IUX COJIEH.

Hcmonb30BaHHbBIE VIS TIPOBEIEHUST HCCIIEI0-
BaHHsA cyOcTaHiuu MJIB ObLIM MpOBEPEHBI HA CO-
oTBeTCcTBHE TpebOBaHUAM (papMaKOMEHHBIX CTa-
Tel. Tak Kak B JlajibHEHIIEM paboTa BBITIOTHSIIACH
Ha nipubope I'X-MC, nononunrtensao MJIB noxsep-
raJIuch aHAJIU3y JAaHHBIM MeTO/IOM (puc. 1, TabJI. 1).
[TosrydueHHBIE XPOMATOI'PAMMBI B MacC-CIIEKTPHI CO-
BHa/1aIu ¢ 6a30¥ JaHHBIX TprbOopa.

Onenka 5GQdEKTUBHOCTH METOJIUK IIPOBOJIU-
Jach IMyTeM MOJEeJUPOBaHUA KoMILiekca MJIB —
OeJIKM KPOBH METOIOM J106aBOK. MojiesIbHbIE KOM-
IUIEKCHI TIOJIYYAJIH CJIEYIOMIUM 00pa3oM: K 4 MJI
KPOBU IPUOABJISIIA 50 UJIH 250 MKJI pacTBopa MJIB
B dpochaTHOM Oydepe nim 3TaHO0IE, KPOBb IIEpeMe-
[IUBAJIN U TOJIyYasid KOMILJIEKC C COZIEPKAHUEM 20
WM 100 MKT BelllecTBa B mpobe. TepMocTaTupoBaiu
ipu 37 °C B TeueHre 30 MUH [4].

Hamu 6bLIH UCIIOJIH30BAHBI CJIEYIOIIHE METO-
JUKH:

1. ITocsie KUCIIOTHOTO THAPOIU3A (K 2 MJI KPO-
BU JT0OABJISAIN 0.5 MJI XJIOPUCTOBOMOPOIHOU KHC-
JIOTHI KOHIIEHTPUPOBAHHOW M HArpeBaJi Ha KHUIIS-
el BOJsTHON OaHe 45 MUH) ITPOBOJIHITH JKUJTKOCTh-

by this method (Fig. 1, Table 1). The resulting chro-
matograms and mass spectra matched the device’s
database.

The efficacy of the methods was evaluated by
modeling the MMS — blood protein complex using
the additive method. Model complexes were ob-
tained as follows: 50 or 250 ul of MMS solution in
a phosphate buffer or ethanol were added to 4 ml of
blood, the blood was mixed and a complex contain-
ing 20 or 100 pg of the substance in the sample was
obtained. Thermostatted at 37°C for 30 min [4].

We used the following methods:

1. After acid hydrolysis (2 ml blood added to
0.5 ml of concentrated hydrochloric acid and heat-
ed on boiling water bath for 45 min) was performed
liquid-liquid extraction (LLE) by a mixture of ethyl
acetate : diethyl ether (1 : 1) (3 ml, at pH = 10); after
centrifugation, the organic phase was evaporated,
the dry residue was dissolved in 100 pl of ethyl ac-
etate, then derivatized with 50 pl of methylsilyltri-
fluoroacetamide (MSTFA) for 20 min at 80°C and
examined by GC-MS.

2. After acid hydrolysis according to the me-
thod described above, the sample was centrifuged

TaGuuma 1. [TapamMeTpbl KAYeCTBEHHOTO aHAIM3a OCHOBAaHUM MOJIEJIbHBIX BelecTB Metogiom I'X-MC
Table 1. Parameters of qualitative analysis of MMS bases by GC-MS method

Bpewms ynep:kuBaHUA, MUH

BerecTBo / Substance Hold-up time, min

XapakTepucTuiyeckre HOHbI*
Characteristic ions*

Kodenn / Caffeine 11.833
Amnasnprus / Analgin 15.889
XuHnH-TMS** 18.858
TMS-quinine**

ITanaBepuH / Papaverine 20.956

194 (999), 109 (721), 55 (439), 67 (438), 82 (328)
123 (999), 215 (314), 56 (127), 42 (97), 122 (76)
136 (999), 73(202), 137 (105), 81 (55), 77 (41)

338 (999), 324 (906), 339 (761), 308 (246),154 (209)

*B ckoOKaX yKa3aHbl OTHOCUTE/IbHbIE HHTEHCUBHOCTH HOHOB.
In parentheses are the relative abundance of the ions.

**113 cynbdaTa XUHUHA BBIJIEISAIOCH OCHOBAHUE, KOTOPOE JIEPUBATHU3UPOBAJIOCH /10 TPUMETHJICUINIbHOTO 3dpupa (TMS).
A base was isolated from quinine sulfate which was derivatized to trimethylsilyl ether (TMS).
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JKUJIKOCTHYI0 dKcTpakmuo (PKXKD) cmechio aTuia-
IeTaT : AUITUIOBBIN 3dup (1 : 1) (3 mut, mpu pH = 10);
mocjie NEeHTPU(pyrupoBaHUs OpraHUYecKyo ¢asy
BBIITAPUBAJIU, CYXOH OCTATOK PACTBOPSJIN B 100 MKJI
STHJIANETATA, JIEPUBATU3UPOBAIN 50 MKJ METHII-
cununrpudroparneramuga (MSTFA) B TeueHue 20
muH mpu 80 °C u uccienosanu metogom I'X-MC.

2. [Tocyie KUCJIOTHOTO TUIPOJIN3A TI0O METO/IUKE,
OTMCAHHOH BBIIIIE, 0Opasel eHTPU(PYTUPOBaIA CO
CKOPOCTBIO 3000 00./MUH B TeUeHHE 5 MUH U IIPO-
BOJWJIN TBeP/IODA3HYI0 SKCTPAKIUIO HA JIByX Ia-
TPOHAaX IO CJIeJIYIONed MeTO/UKe: IePBbIF NaTPOH
Chromabond Drug II mpoMbIBajIu mocie0BaTETHHO
BOZIOM ouHnIIleHHOH (1 MJI) U rekca"oMm (1 MJI), TIOCIe
Yero MpoITyCcKaJIu CyIIepHATAHT Yepes3 MaTPOH U CHO-
Ba IIPOMBIBAJIN BOJIOW OUHINEHHOH (1 MJT). B mpobup-
Ke K IIPOIIIe el yepe3 IaTpoH mpobe IpubaBIsiin
4 MJ1 amMuagHoro 6ydepHoro pactsopa (pH = 10).
C natpona Chromabond Drug IT aHaTUTBI CMBIBATIH
IOCJIE/TOBATEILHO FeKCAHOM (2 MJI), CITUPTOM 3THJIO-
BBIM 95% (2 mu1). [Tostyuasu ssroar L.

3. Bropoii marpon Chromabond HR-X cha-
Yyajia MPOMBIBAJIM IIOCJEA0BATEIBHO BOJOW OYH-
ImeHHON (1 MJI) M CMechbl0 dTHJIANeTaT : JIMDTUJIO-
BBIY 2¢up (1 : 1), IPOILYCKAIN Yepe3 MATPOH IIPO-
Oy ¥ 1ocJjie MPOMBIBAJI BOION OUYHUIIEHHOH (1 MJI) U
7% pacTBOpoM crupTa 3Tuaooro (1 mur). C marpo-
Ha Chromabond HR-X aHa/JIUTBI CMBIBAJIA CMECHIO
STHUJIALIETAT : AUSTUIOBBIN adup (1 : 1) (4 mu). Ilo-
say4qanu saoat 11. TlosydyeHHBIE 2J110aTHI yIIapyBa-
JIM IocyXa B TOKe Bo3zyxa. Cyxou octaTok asaroara [
pacTBOpAJIA B 100 MKJI CMECH T'€KCaH : STHJIAIETAT
(7 : 1), asroaTta IT — B 100 MKJI 3TUJIAlIETATa, JePUBa-
TU3upoBasu 50 Mk MSTFA B TeueHne 20 MUH [IPU
80 °C, m1ocJie yero uccaes0BaIu.

Ha xpomaTorpamMmmax TMOJIYU€HHBIX W3BJI€UE-
HUU OTMeYa/Il WHUBUAya bHble TUKU MJIB (ko-
¢denn — 11.83 mMuH, aHaNBIUH — 15.88 MuH, Xu-
HUH — 18.85 MuH (T10cIe JepuBaTU3aIUH JI0 TPHMe-
THJICUJIUJIBHOTO 3¢GUpa), IaaBepuH — 20.95 MUH)
U Macc-CHeKTPhI, COOTBETCTBYMOIIKE OUOIHOTEKE
mpubopa.

KosmmuectBennoe onpegenenue MJIB mposo-
JIUJIK TI0 TPaJyHPOBOYHOMY TpaduKy, MOCTPOEH-
HOMY II0 pacTBOpaM pabouuX CTaHAAPTHHIX 00pas-
OB aHAJIU3UPYEMBIX BeIecTB. METOIMKU KOJIUYe-
CTBEHHOTO0 onpejesnenus metoaoMm ['X-MC Banuu-
poBausI [4].

HccereoBanre KpOBH Ha COJIEPKAHHE TOKCH-
YeCKHUX BeIeCTB 00J1a/1aeT KaK CBOUMH IIPEUMyIIe-
CTBaMM, TaK ¥ HegocTaTkaMu. Tak, K JOCTOMHCTBAM
MOKHO OTHECTH BO3MOXXHOCTH OITpesiesieHus (pak-
THYECKOT'0 X HAJIMYUS B OPraHU3MeE U KOHI[EHTPa-
MU B JTI0OOH MOMEHT BpEMEHH, a K HEJTOCTaTKAM —

at a speed of 3000 rpm for 5 min and solid-phase
extraction was performed on two cartridges ac-
cording to the following method: the first Chrom-
abond Drug II cartridge was washed sequentially
with purified water (1 ml) and hexane (1 ml), after
which the supernatant was passed through the
cartridge and again washed with purified water
(1ml). In atesttube, 4 ml of ammonia buffer solution
(pH =10)wasadded tothe sample passed through the
cartridge. From the chromabond Drug II cartridge,
analytes were washed off sequentially by hexane
(2 ml) and 95% ethyl alcohol (2 ml). Eluate I was
obtained.

3. The second Chromabond HR-X cartridge
was first washed sequentially by purified water
(1 ml) and a mixture of ethyl acetate: diethyl ether
(1 : 1), a sample was passed through the cartridge
and then was washed by purified water (1 ml) and a
7% solution of ethyl alcohol (1 ml). From the Chro-
mabond HR-X cartridge, analytes were washed off
by a mixture of ethyl acetate : diethyl ether (1 : 1)
(4 ml). Eluate IT was obtained. The resulting eluates
were evaporated dry in a air current. The dry resi-
due of eluate I was dissolved in 100 pl of a mixture
of hexane : ethyl acetate (7 : 1), eluate II — in 100 pl
of ethyl acetate, and with 50 pul of MSTFA was de-
rivatized for 20 min at 80°C, after which it was ex-
amined.

Individual peaks of MMS (caffeine — 11.83
min, analgin — 15.88 min, quinine — 18.85 min
(after derivatization to trimethylsilyl ether), papa-
verine — 20.95 min) and mass spectra correspond-
ing to the device data library were observed on the
chromatograms of the obtained extracts.

Quantitative determination of MMS was car-
ried out according to a calibration graph plotted
on solutions of working standard samples of the
analyzed substances. GC-MS quantification proce-
dures were validated [4].

Blood testing for toxic substances has both ad-
vantages and disadvantages. So, the advantages in-
clude the ability to determine their actual presence
in the body and concentration at any time, and the
disadvantages — the complexity of sample prepara-
tion, the strong influence of the matrix, the com-
plexity of the destruction of the protein — toxicant
complex and the isolation of lipophilic substances
from plasma.

Toxicological studies are traditionally divided
into 4 stages: isolation, purification, isolation of
substances from purified matrices, qualitative and
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CJIOJKHOCTHh ITPOOOIOJITOTOBKH, CHJIBHOE BJIUSTHHIE
MaTPUIIBI, CJIOXKHOCTD pa3pylleHus KoMILIeKkca Oe-
JIOK — TOKCUKAHT U BbIJIeJIEHU JINTIO(PUIIBHBIX Be-
IIECTB U3 [JIA3MBI.

TokcukosoruyecKue UCCaeOBaHUA TPaUIN-
OHHO TIO/IPA3/EAI0TCA Ha 4 dTana: U30JIMPOBAHUE,
OUYHCTKA, BbIZIEJIEHUE BEIIECTB U3 OYUIIEHHBIX Ma-
TPHII, Ka4eCTBEHHBIH U KOJIMUYECTBEHHBIH aHAIN3.
HauGosnee BakeH MMEHHO TEPBBIM 3TANl TOKCHKO-
JIOTUYECKOT'0 HCCJIeZIOBAHUA — HU30JIMPOBaHUE TOK-
CHUKaHTa. DTO CBA3AHO C TEM, YTO UMEHHO Ha 3TOM
3Tale BO3MOKHBI MaKCHUMaJIbHbIE IIOTEPU LIeJIEBBIX
aHAJIUTOB, YTO HEOOXOIUMO CBECTH K MUHUMYMY.

[ mosyueHUs MOJEIbHBIX 00pasloB Kpo-
BU HCIOJIB30BAJIUCH JIBE METOAUKU: METOJUKA IIO-
JIy4EeHUS MOJEIBbHOTO KOMILIEKCa OeJIOK — TOKCH-
KaHT, mpeajiokeHHass Yérepom [5], mpu dpusmoso-
ruyeckux 3HaueHusx pH cpezs! (7.35, pocdaTHbIi
Oydep), 1 MOJIesTb ¢ paCTBOPaMU BEIECTB B ATAHO-
sie. Pe3ysnpTaThl KOJIMYECTBEHHOTO OIpefiesleHUs
MJIB B u3BjeUYEHUAX U3 000MX MOJEJIBHBIX KOM-
IIJIEKCOB METO/IOM JKUJIKOCTh-3KUKOCTHOH U TBEP-
Jloda3HOM SKCTPAKIIUY IIPEJICTABJIEHBI B Ta0I. 2, 3.
KucnoTHBIH ruiposin3 GUOJIOTHYECKUX JKUTKOCTEH
IIPOBOJIUTCS C IEJIBI0 Pa3PYLIEHUs BOJOPACTBOPH-
MBIX MeTabOJIUTOB, KOHBIOTATOB C IJIIOKYPOHOBOH
KHCJIOTON U MOBBIIIEHUS CTEIIEHU SKCTPAKIIUU Iie-
JIEBOTO TOKCHKAHTA.

V3 naHHBIX, IPE/ICTABIEHHBIX B TabJ. 2 U 3,
BU/THO, UTO CTEIIeHb SKCTPAKIIUHU U3 CIUPTOBOI'O MO-
JIeJIBHOTO KOMILJIEKCA 1 KOMILJIEKCA, TIOJIyYeHHOTO Ha
docdarrom 6ydepHOM pacTBOpe, COOCTaBUMA, Pas-
JIMYUSI OTMEYAIOTCS B IIpeZiesiaxX OMHMOKH METOTUKH.

Ha xpomarorpammax, kpome nukos MJIB, npu-
CYTCTBYIOT IHUKHU BBICIIMX KUPHBIX KucioT (BXKK):
MHUPUCTHHOBOH, CTeapUHOBOH, JINHOJIEBOU U TaJIb-

quantitative analysis. The most important is the
first stage of toxicological research — isolation of
the toxicant. This is due to the fact that it is at this
stage that the maximum losses of target analytes
are possible, which must be minimized.

In order to obtain model blood samples, two
methods were used: the method for obtaining a
model protein — toxicant complex proposed by
Csogor [5] at physiological pH values of the medium
(7.35, phosphate buffer), and the model with solu-
tions of substances in ethanol. The results of quan-
titative determination of MMS in extracts from
both model complexes by liquid-liquid and solid-
phase extraction are presented in Table 2, 3. Acid
hydrolysis of biological fluids is performed in order
to destroy water-soluble metabolites, glucuronide
conjugates and increase the degree of the target
toxicant extraction.

From the data presented in Table 2 and 3, it can
be seen that the degree of extraction from the alco-
hol model complex and the complex obtained on a
phosphate buffer solution is comparable, the differ-
ences are noted within the error of the method.

On the chromatograms, in addition to the
peaks of MMS, there are peaks of higher fatty
acids (HFA): myristic, stearic, linoleic and palmit-
ic acids. HFA peaks can have a negative impact on
the interpretation of the study results: a signifi-
cant amount of HFA creates a high-intensity ion
background, which makes it difficult to identify
substances, and due to a significant difference in
the areas of peaks, substances can be mistakenly
attributed to the background, which leads to the
impossibility of qualitative and quantitative anal-
ysis of them. In our case, the effect of HFA was

Tao6auna 2. KosinuecTBEHHOE co/ieprKanre ocHoBaHu MJIB B aKcTpakTax mocje u3oanpoBanus metoqom KD us 06-

PasIoB KPOBH, MKT/MJI

Table 2. Quantitative content of MMS bases in extracts after isolation by LLE method from blood samples, pg/ml

Mopens B hocdhatHoM OydbepHOM pacTBope Moziesb B 3TaHOJIE

MJIB / MMS Model in phosphate buffer solution Model in ethanol

20 MKr/Ma | pg/ml 100 Mir/mut | ug/ml 20 mkr/mut | ug/ml 100 mMxr/mo | ug/ml
Kodeun / Caffeine 8.46 + 0.3 5.69 £ 0.2 8.12 + 0.27 5.12 + 0.18

(3.58; 8.95) (3-48; 7.32) (3.52; 8.80) (3.57; 8.79)
Awnasnprus / Analgin 7.27 + 0.23 5.76 £ 0.24 7.51 + 0.3 3.06 + 0.085

(3.23; 7.91) (4.14; 9.2) (4.05; 10.11) (2.77; 6.86)
XunuH / Quinine 62.90 + 1.19 46.24 + 1.45 50.60 + 0.84 26.75 + 0.81

(1.89; 4.64) (3.13; 8.28) (1.66; 4.07) (3.03; 7.44)
[ManaBepun / Papaverine  59.28 + 1.27 52.68 + 1.44 60.94 + 1.18 26.57 + 0.66

(2.14; 5.24) (2.74; 7.25) (1.94; 4.75) (2.50; 6.13)

II puMevyaHnue. B tab. 2, 3 IaHHbIE IIPEJICTABJIEHBI KaK CPE/IHEE + OTKJIOHEHUE OT CPEJHEr0; B CKOOKaX: OTKJIOHEHHE OT CpeaHero

3Ha4YeHUsd, %; K0dbPUIIUEeHT Bapuanuu, %.

Note. InTable 2, 3 data are presented as the average + deviation from the average; in parentheses: deviation from the average value,

%; coefficient of variation, %.
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Ta6smna 3. KonnuecTBeHHOE cozieprkaHue ocHOBaHUH MJIB B 3KCTpakTax Mmocjie u30aupoBaHus MetoioM TOI us 06-

PasIioB KPOBU, MKT/MJI

Table 3. Quantitative content of MMS bases in extracts after isolation by SPE method from blood samples, pug/ml

Mogenb B hochaTrHOM OydhepHOM pacTBOpe
Model in phosphate buffer solution

MJIB / MMS

Mogenb B 3TaHOJIE
Model in ethanol

20 MKT/MJ | pug/ml

100 MKT/MJI | pg/ml

Kodenn / Caffeine

Amnasprus / Analgin

8.46 + 0.3 (3.58; 8.95)
7.27 + 0.23 (3.23; 7.91)
XunuH / Quinine

IMamasepuH / Papaverine

62.90 + 1.19 (1.89; 4.64)
59.28 + 1.27 (2.14; 5.24)

28.47 + 1.26 (4.44; 8.89)
3.32 + 0.051 (1.54; 3.01)
2.25 + 0.35 (15.68; 31.11)
7.73 + 0.37 (4.82; 9.57)

muTuHOBOU KucoT. ITuku BJKK moryt okasats He-
raTUBHOE BJIMSHHE HAa WHTEPIIPETAIUIO PE3YJIb-
TaTOB WCCJIE/IOBAaHUS: 3HAYUTELHOE KOJUYECTBO
BKK co3zzmaer noHHBIN (OH BHICOKOM MHTEHCHBHO-
CTH, YTO 3aTPYyAHSET HUAECHTU(PUKAIIAIO BEIIECTB, a
TaK’Ke BCJIE/ICTBUE 3HAUUTEJLHON Pa3HUIIBI B ILJIO-
IIA/IAX THKOB BEIeCTBA MOTYT OBITH OITUOOYHO OT-
HeceHbI K (POHY, YTO MPHUBOJIHUT K HEBO3MOXKHOCTH
KaueCTBEHHOTO M KOJIMUECTBEHHOTO WX aHaJIu3a.
B namem ciydae BiusHue BXKK ObL10 MUHUMAIB-
HO, TaK KaK pa3HUIla B KOHLleHTpanuax Mexay BXAKK
W MOJIEJIbHBIMU BeIleCTBAMU HE TaK 3HAYUTEJhb-
Ha W B JIAHHBIX YCJOBHAX He 00pasylOTCA «IMHKHU-
Hae3HUKU» (pHc. 2).

Copepskanue 5TaHOJIA 10 10 %o IPAKTUYECKU HE
BJIUSIET HA CTENIEHD YKCTPAKIIUN TOKCUKAHTOB, a CO-
JleprKaHUe 3TaHOJIA CBBIIIE 10 %o 3HAYUTEIIHHO CHU-
’)kaeT 3(HEKTUBHOCTh U30JIMPOBAHUA. YCTaHOBJIE-
HUE JAaHHOTO (haKTa SBJIAETCS BAKHBIM IPU IIPO-
BEJIEHUH WCCJIEJOBAHUS B CJIyUasX aJIKOT'OJIHLHOTO
W MeJIUKAaMEHTO3HOI'0 OTpaBJieHusA. J[aHHbIE yCJI0-
BUsl ONTHUMAJbHBI JIJII W30JIMPOBAHUS OCHOBHBIX
BEIECTB JIMTTODUIIBHOU TTPUPOJBI. B cBsA3M ¢ 60Ih-
UM COZIep;KaHUEM JIMIIHO0B B mpobe mocsie YKIKD
B OCHOBHOM 5KCTPAKTE MPUCYTCTBYIOT B 3HAUUTEIb-
HOM KOJIMYECTBE JIUMIO(PUIIBHBIE BEIECTBA KUCIIOT-
HOT'O XapakTepa, YTO 3aTPyAHSET KOHTPOJb IIpa-
BHUJIBHOCTH TPOBEEHUSI MPOOOIOATOTOBKH U IIO-

minimal since the difference in concentrations
between HFA and model substances is not so sig-
nificant and “rider peaks” are not formed under
these conditions (Fig. 2).

The ethanol content of up to 10%o0 practically
does not affect the degree of toxicant extraction, and
the ethanol content of more than 10%. significantly
reduces the efficacy of isolation. The establishment
this fact is important when conducting research in
cases of alcohol and drug intoxication. This condi-
tions are optimal for isolating the main substances
of lipophilic nature. Due to the high content of li-
pids in the sample after LLE, a significant amount
of acidic lipophilic substances are present in the
main extract, which makes it difficult to control the
correctness of sample preparation and subsequent
identification of analytes, so it became necessary to
develop a technique that would reduce the content
of higher fatty acids in the sample as much as pos-
sible.

After performing SPE, the chromatograms to-
gether with the peaks of the MMS bases contain
peaks of myristic, stearic, and palmitic acids. Li-
noleic acid was not detected on all chromatograms,
so the sample can be completely purified from it.
During SPE, hydrophilic substances are extracted
to a greater extent, which is due to the purification
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Fig. 2. Chromatogram of a model substances mixture after sample preparation by LLE method
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crenyomend uIeHTUUKAUN aHATUTOB, IIOTOMY
MTOABUJIACH HEOOXO/IUMOCTH pa3paboTKU METO/IUKH,
KOTOpasi MO3BOJIMIIA OB MAKCUMAJIbHO CHU3UTD CO-
nep:xanue BXKK B mpobe.

ITocne npoBenenus T®D Ha XxpoMmaTorpaMMax
COBMECTHO € HNUKaMu ocHOBaHUU MJIB mpucyt-
CTBYIOT UKW MHUPUCTHUHOBOH, CTEAPUHOBOM, ITaJTh-
MHUTHHOBOH KucJoT. JInHOIeBass KUcaoTa 06HAPY-
JKUBaJIach He HA BCEX XpPOMATOTpaMMax, CJIe0Ba-
TEJIPHO, Tp006a MOKET OBITH OUHINEHA OT HEe I0JI-
HocThI0. B x071e TP usBiekatoTcs B OoJIbIIel cTe-
IIeHU TUApPO(]UIbHBIE BENIECTBA, YTO CBSI3aHO B
TOM YHCJIE C OYUCTKOU MPOOBI OT BHICIIUX KU PHBIX
KHCJIOT U YACTUYHBIM PACTBOPEHHEM B HUX JIUIIO-
(UIBHBIX BEIECTB, UTO OOYCJIOBJIMBAET UX IOTE-
pu (puc. 3).

PazpaboTaHHbIe METOAUKY OBLJIN BaJIU/IUPOBA-
HBI 110 CJIEYIOIINM XapaKTEPUCTHKAM:

1. CXOAWMOCTB: OTHOCUTEJIPHOE CTaH/ApT-
Hoe oTkJIoHeHHe (RSD) He mpeBsImIano 10 %, Kpo-
Me aHaJbIMHA NPU u3oaupoBaHuu metogoMm KK
(cmupToBasi T0O6ABKA) U XMHUHA ITPH U30JIMPOBAHUU
metoznoM T®I (ciupToBast 06aBKa).

2. BayrpuiabopaTopHasi BOCIIPOMU3BOIUMOCTD:
RSD wue nipessimao 17 %.

AnpobupoBaHue MeTOANK HA BKCIIEPTHOM Ma-
Tepuajie MPOUWCXOAUJIO B COOTBETCTBUM C I[Ipuka-
3oM M3 P® N2 933H ot 18.12.2015 u [Ipukazom
M3 u CP P® ot 27.01.2006 N2 40 «O6 opranusa-
[IMU IPOBEJIEHU T XUMUKO-TOKCUKOJIOTUYECKUX HC-
CJIEJIOBAHUY IIPU AaHAJTUTUUECKOH JIMAaTHOCTHKE Ha-
JINYUS B OPTaHU3Me YeJIOBeKa aJIKOToJisl, HAPKOTHU-
YeCKUX CPEJICTB, IMCUXOTPOIHBIX U JIPYTUX TOKCHU-
YECKHUX BEIECTB», KOTOPhIE PErIAMEHTHPYIOT IIPO-
LeZlyphl NPOBeZIEHUS TOKCHKOJIOTMYECKUX HCCIIe-
JIOBAaHUU KUBBIX Jull. VccenoBaHue SKCIIEPTHO-
ro MaTepmuasia, o0pas3oB KPOBU OCBUJIETEJIBCTBY-
€MBIX JIUI[ IPOBOJUJIN II0 ONMHCAHHOU BBIIIE Me-
tonuke KK u TDI (puc. 4, 5). O6HApyKeH LIu-
POKHUI CIIEKTP HAPKOTUYECKUX CPEJCTB, IICHUXO-

of the sample from HFA and partial dissolution of
lipophilic substances in them, which causes their
loss (Fig. 3).

The developed methods were validated for the
following characteristics:

1. Precision: the relative standard deviation
(RSD) did not exceed 10%, except for analgin when
isolated by LLE (alcohol additive) and quinine when
isolated by SPE method (alcohol additive).

2. Intralaboratory reproducibility: RSD did not
exceed 17%.

Testing of the methods on expert material was
carried out in accordance with the MH RF Order
No. 933n, dated December 18, 2015 and the Order
of 27.01.2006 No. 40 “On organization of chemical
and toxicological studies in the analytical diagnosis
of the presence of alcohol, narcotic drugs, psycho-
tropic and other toxic substances in human body”
which regulate the procedures for conducting toxi-
cological examination of living persons. The study
of expert material and blood samples of the exam-
ined persons was carried out using the LLE and
SPE methods described above (Fig. 4, 5). A wide
range of narcotic drugs, psychotropic and medici-
nal substances has been detected including OH-a-
pyrrolidinvalerophenone (1-phenyl-2-(pyrrolidin-
1-yl)pentan-1-ol) and a-pyrrolidinvalerophenone,
desomorphine, nevirapine, tramadol, cannabinol
and a number of others (Fig. 6) [6].

The conducted research allows us to draw the
following conclusions:

1. Procedures for sample preparation of blood
specimens for screening tests for the presence of
narcotic drugs, psychotropic and medicinal sub-
stances by GC-MS were developed and validated
in accordance with the requirements of the MH RF
Order No. 933n dated December 18, 2015.
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Fig. 3. Chromatogram of a model substances mixture after sample preparation by SPE method
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TPOIIHBIX U JIEKAPCTBEHHBIX BEIIECTB, BKJIIOYAIO-
mutt  OH-a-nmpponununaBaiepoderon (1-peHus-
2-(MUPPOTUANH-1-UJI)IIEHTAH-1-0J1) U O-TIUPPOJIH-
JUHBaIepOQEeHOH, Ae30MOpdUH, HeBUpAllUH, Tpa-
MaJ10J1, KaHHAOUHOJ U Pz Apyrux (puc. 6) [6].

KPOBb / BLOOD

LenTpudyrupoBanue 5 MUH Ipu 3000 00./MUH
Centrifugation for 5 min at 3000 rpm

[I1azma 2 M
Plasma 2 ml

Tupposnus 40 mus ipu 80 °C
Hydrolysis for 40 min at 80°C

T'upponusar
Hydrolysate

HentpudyrupoBanue 5 MUH pu 3000 06./MUH
Centrifugation for 5 min at 3000 rpm

Opranuyeckas ¢dasa

Organic phase

A4
YrapuBasHue BO34yXOM
Air evaporation

Cyxo# ocTaTok
Evaporated residue

Y

HepuBaruzanus 20 muH ripu 80 °C
MSTFA 500 Mk
Derivatization for 20 min at 80°C
MSTFA 50 ul

\
HccnenoBanue
Examination

2. It was found that the ethanol blood content
up to 10%o does not affect the degree of toxicant ex-
traction and the possibility to interpret the results.
The efficacy of model substances extraction from
blood samples was evaluated depending on the iso-

OTXO/bI
Waste

®opMeHHbIE DJIEMEHTHI
Formed element

NaCI 36% 2 mu1 / NaCI 36% 2 ml
Y HCI (k) 0.5 m / HCI (k) 0.5 ml

Actparent 3 mi / Extractant 3 ml
AMMoHUITHBIH 6ydep 4 M1 / Ammonium buffer 4 ml

Bognas dasa OTXO0/BI
Aqueous phase Waste

ATtuianerar 100 MKJI
Ethyl acetate 100 ul

Puc. 4. Cxema npo60omo/iroroBKu 006pasnoB KpoBu MmeTozoM KK
(MSTFA — meTmicumunTpudTopaeTaMus)
Fig. 4. Scheme of sample preparation of blood specimens by LLE method
(MSTFA — methylsilyltrifluoroacetamide)

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-30-41

Morov P.V. et al. / Journal of Siberian Medical Sciences 2 (2020) 30—41

KPOBb / BLOOD

entpudyrupoBaHue 5 MUH IIpu 3000 00./MUH
Centrifugation for 5 min at 3000 rpm

OTxX0/bI
Waste

dopmMeHHBIE 3JIeMEeHThI
Formed element

IInazma 2 M
Plasma 2 ml

NaCI 36% 2 mu / NaCI 36% 2 ml

Y HCI (k) 0.5 ms1 / HCI (k) 0.5 ml
T'unponus 40 mud nipu 80 °C

Hydrolysis for 40 min at 80°C

v

T'upponuszat
Hydrolysate

LenTpudyruposanue 5 MUH IpU 3000 00./MUH BopHuas dasa OT1x0/1BI
Centrifugation for 5 min at 3000 rpm Aqueous phase Waste

T'ekcan 2 M1
Hexane 2 ml
ATaHOJ 95% 2 MJI
Ethanol 95% 2 ml

AMMOHUIHBIN Oydep 4 M
Ammonium buffer 4 ml

y
YnapuBanue OTx0/BI Bomuas dasa T®3 Chromabond HR-X
Evaporation Waste Aqueous phase SPE Chromabond HR-X

Y

IIpo6a cynepHaTaHT
Sample supernatant

T®3 Chromabond Drug II
SPE Chromabond Drug I1

CynepHaTaHT OCHOBHOH
Main supernatant

DIr0aT KUCJIBIA
Acidulous eluate

Y

Cyxoi#i ocTaTok

Evaporated residue DJII0aT OCHOBHOH

T'ekcaH 100 MKJI Main eluate

Hexane 100 pl

Y

JepuBaTuzanus 20 MuH pu 80 °C Y
MSTFA 500 MKk Ynapusanue
Derivatization for 20 min at 80°C Evaporation
MSTFA 50 pl dtumnaneraT 100 MK

Ethyl acetate 100 ul

Cyxo# ocTaTok
Evaporated residue

\
HccenenoBanue
Examination

Puc. 5. Cxema npo6omoAroToBky o6pasios kpoBu MmetroioM TOE
(MSTFA — metuncumuITpudTOpaneTaMmuy)
Fig. 5. Scheme of sample preparation of blood specimens by SPE method
(MSTFA — methylsilyltrifluoroacetamide)
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IIpoBeneHHOE HCCIEOBaHUE IIO3BOJIAET CHe-
JIaTh CJIeiyIOIHe BBIBOJbI:

1. PazpaboTaHbl U BaJMAUPOBAHBI METOAUKHU
Ipo6ONOATOTOBKY 00pa3loB KPOBU K CKPUHUHTO-
BBIM HCCJIEJIOBAHUAM Ha HaIduMe HAapKOTUYeCKUX
CpeJICTB, ICUXOTPOITHBIX U JIEKAPCTBEHHBIX BEIIECTB
metoznoMm I'X-MC B cooTBeTcTBUH C TPeOOBAHUIMU
[Tpukaza M3 P® N2 933H oT 18.12.2015.

2. YCTaHOBJIEHO, YTO COZlepKaHUe 3TAHOJA /0
10 %o B KPOBU He BJIMf€T HA CTENEHb SKCTPAKLIUU
TOKCUKAHTOB ¥ Ha BO3MOXKHOCTb HMHTEpIIpeTalluu
pesyabraToB. OneHeHa 3(PPEKTUBHOCTh 3KCTPAK-
MU MOJIEJIPHBIX BEIECTB U3 00pa3IOB KPOBU B 3a-
BHCHMOCTH OT MeTOJla U30JIMPOBaHUsA. BhIABJIEHO,
uTo meTozoM KK sydlile ©30JIMpPYIOTCA COeINHE-
Hus ¢ BeICOKUM logP, a meTogom TDD — ¢ HUBKHUM.

3. Haubosee mosiHOe u3BJIeUeHUE TOKCHUKAH-
Ta IOCTUTAETCS IIPU pa3pyIIeHUH KOMILIeKca 6eJIoK
KPOBU — TOKCUKAHT, JJIl Yero MPUMEeHAIOTCA pas-

1. O mopsjKe MPOBeeHUS MEIUIINHCKOTO OCBH/IETEIb-
CTBOBAHUSA HA COCTOSIHHE OIbSHEHHs (AJIKOTOJIBHO-
r0, HAPKOTHYECKOTO UJIM UHOTO TOKCHYecKoro): ITpu-
ka3 Munszapasa Poccun ot 18.12.2015 N 933H. URL:
http://www.consultant.ru/document/cons_doc_
LAW_195274/. lata obpaieHus: 25.02.2020.

2. Karaes C.C., [IBopckas O.H., Kpoxun W.II. Ontumu-
3amus MPOLEAYPhl TBEPAODAZHOU SKCTPAKIIUU JIJIsI
CKPDUHUHTA JIEKAPDCTBEHHBIX U HAPKOTUYECKUX Be-
IIECTB B KPOBH METO/IOM Ta30BOHM xpomaTorpadpuu
C Macc-CIIEKTPOMETPUYUECKUM JIETEKTHUPOBAaHUEM //
Cyn.-megn. skcrieptusa. 2017. N2 1. C. 29—-35.

lation method. It was revealed that compounds with
a high logP were better isolated by LLE method and
compounds with a low logP — by SPE method.

3. The most complete extraction of the toxi-
cant is achieved when the blood protein — toxicant
complex is destroyed, for which different methods
are used, but the best results were obtained using
enzymatic hydrolysis techniques [7].
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KoHdIuKT HHTEepEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HUHTEPECOB.

1. About the procedure for conducting a medical ex-
amination for intoxication (alcoholic, narcotic or
other toxic): Order of the Russia Ministry of Health
No. 933n dated December 18, 2015. Retrieved on
February 25, 2020 from http://www.consultant.ru/
document/cons_doc_ LAW_195274/. In Russ.

2. Kataev S.S., Dvorskaya O.N., Krokhin LP. (2017).
Optimization of the solid-phase extraction proce-
dure for the screening on the medical and narcotic
substances in the blood by gas chromatography with
mass-spectrometric detection. Forensic Medical Ex-
pertise, 1, 20—35. In Russ.

40

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-2-30-41

Morov P.V. et al. / Journal of Siberian Medical Sciences 2 (2020) 30—41

3. ®usuosorus yejaoBeka: B 3 T. / IeP. € aHIJL; O] PEJ.
P. IlImupra, I Tesca. 3-e uzza. M.: Mup, 2005.

4. Banmupanusa aHamutudeckux Merojguk: O®C.1.1.
0012.15 // TocynapcrBennas ®apmakones XIII. URL:
http://pharmacopoeia.ru/ofs-1-10012-15-validat-
siya-analiticheskih-metodik/.  lata  oGparenus:
25.02.2020.

5. Yérép C.U. TpancnoptHas QyHKIUA CBIBOPOTOYHOTO
anpbyMuHa: Iep. ¢ pyM. byxapecrt, 1975. 185 c.

6. IMosxpusakosa O.H., Mopos I1.B., Muxaiinos C.B., Tosy-
6eBa H.B. CtaTucTrKa BBISBJIEHUS] HADKOTUYECKUX U
IICUXOTPOIHBIX BelllecTB B roposax TonparTtuy, Kury-
JieBck, Cpi3panb Camapckoit obJiactu 3a 2016 T. U 1ep-
BBIH KBapTas 2017 T. // IIpo6yieMbl 3710yTIOTpeOIeHUS
JIEKapCTBEHHBIMU IIpeliapaTaMy U HOBBIMH IICHXOAK-
TUBHBIMH BelecTBaMu: Marepuassl III Beepoc. Ha-
V4.-IIPAKT. KOHQ. ¢ MeKAYHAp. ydacTueM (24—26 mast
2017 roza). Ilepmb, 2017. 108 c.

7. Uysuna H.A. V3051mpoBaHue JIeKAPCTBEHHBIX CPE/ICTB
13 IUIa3MBl KPOBU C IPUMEHEHHEeM IIPOTEOJIUTHYE-
ckux ¢depmenTon: Jluc. ... kaHA. ¢gapMaleBT. HayK.
CIIb., 2013. 165 c.

CBEJEHUNA Ob ABTOPAX

Mopos IlaBesn BiagumMupoBUU — XUMHK-3KCIEPT
KJIMHUKO-IMarHocTudeckoi saboparopun 'bBY3 CO
«TONBATTUHCKUH HAPKOJIOTUYECKUH IUCIIAHCED .

CrpeJsioBa Oubra IOppeBHa — KaHJ. XUM. HayK, J10-
LIEHT, 3aBeAyONIUi Kadeapoi dapmaneBTUUYECKON
xumun ®I'BOY BO «CaukT-IleTepbyprekuii rocyaap-
CTBEHHBIH XUMUKO-(papMaIeBTHYeCKUl yHUBEPCH-
TeT».

Kyxsaun Baaguvmup HukosmaeBud — 1-p ¢papMmarneBT.
Hayk, mpodeccop kadespbl QapMaieBTUYeCKOU XHu-
muun OI'BOY BO «Cankr-IletepOyprckuii rocyzap-
CTBEHHBI XUMHUKO-(dapMareBTHIeCKUd YHUBEPCH-
TET».

O6pasenm murtupoBauua: Mopos IL.B., Crpeso-
Ba O.I0., Kyxsiun B.H. Pa3zpaboTka MeTOIUK U30JIUPOBA-
HUSA JIEKAPCTBEHHBIX BEIIECTB U3 KPOBU B pAMKaX peau-
sanuu Ilpukasza M3 P® Ne 933u // Journal of Siberian
Medical Sciences. 2020. N2 2. C. 30—41.

3. Schmidt R.F., Thews G. (eds.) (2005). Human Physi-
ology: In 3 volumes. (Trans.) Moscow: Mir.

4. Validation of analytical methods: General Pharmaco-
poeia Article 1.1.0012.15. State Pharmacopoeia XIII.
Retrieved on February 25, 2020 from http://pharma-
copoeia.ru/ofs-1-10012-15-validatsiya-analiticheskih-
metodik/. In Russ.

5. Csogor S.I. (1975). The Transport Function of Serum
Albumin (Trans. from Romanian). Bucharest, 185 p.

6. Pozdnyakova O.N., Morov PV., Mikhailov S.V., Go-
lubeva N.V. (2017). Statistics on the detection of nar-
cotic and psychotropic substances in the cities of
Toglyatti, Zhigulevsk, Syzran of Samara Region for
2016 and the first quarter of 2017. Problems of drugs
and new psychoactive substances abuse: Materials of
ITT All-Russia Scientific-Practical Conf. with the in-
ternational participation. Perm, 108 p. In Russ.

7. Chuvina N.A. (2013). Isolation of drugs from blood
plasma with the use of proteolytic enzymes. Cand.
Sci. (Pharmaceut.). Thesis, Saint Petersburg, 165 p. In
Russ.

ABOUT THE AUTHORS

Morov Pavel Vladimirovich — Consulting Chemist,
Clinical Diagnostic Laboratory, Togliatti Narcological
Dispensary.

Strelova Olga Yuryevna — Cand. Sci. (Chem.), Asso-
ciate Professor, Head, Department of Pharmaceutical
Chemistry, St. Petersburg Chemical Pharmaceutical
University.

Kuklin Vladimir Nikolaevich — Dr. Sci. (Pharma-
ceut.), Professor, Department of Pharmaceutical
Chemistry, St. Petersburg Chemical Pharmaceutical
University.

Citation example: Morov PV, Strelova O.Yu.,
Kuklin V.N. (2020). Development of methods for isolating
medicinal substances from blood in framework of imple-
mentation of the RF Ministry of Health Order No. 933n.
Journal of Siberian Medical Sciences, 2, 30—41.

41



YK 612.014.46-092.9

BianaHue renmapyuHa ¥ 3TAaHOJIa HA OPUEHTUPOBOYHO-
HCC/Ie0BaTe/IbCKOE I0BEJeHuEe KPBIC B TecTe «OTKpBITOE I1oJIe»

XomyToB A.E.}, JIuzynosa A.C.2

1@I'AOY BO «Hayuonaavhbwlil uccaedosamensvckuil Husxcezopodckuil 2ocydapemeeHHblil yHusepcumem
um. H.H. JIobauescko2o»

2@I'6OY BO «PsizaHckuil 2ocydapcmeeHHblil meduyuHekuil yHusepcumem um. axkad. H.I1. Ilasnoea» Munzdpasa Poccuu

Effect of heparin and ethanol on orientation exploratory behavior
of rats in the Open field test
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AHHOTAIIUA

Lesnp vccieoBaHuUS — OLIEHKA BJIMAHUS FellapyHa M STAHOJIA Ha OPUEHTHUPOBOYHO-UCCIIEIOBATEIHCKOE TIOBEE-
HUeE KPBIC B TecTe «OTKPHITOE MOJIE». DKCIEPUMEHTAIBHBIM JKUBOTHBIM (KPBIChI-CAMIIBI MACCOH 200 + 10 T) BHYTPpUOPIO-
IIMHHO BBOJUJIU BHICOKOMOJIEKYJIIDHBIN T'ellapUH U CIIUPT STUJIOBBIN U 3aTeM IIOMeIaJl B yCTAaHOBKY JJis TeCTUPOBa-
HUS TIOBEJIEHYECKUX PEAKI[UH. YCTAHOBJIEHO, UTO 3TAHOJ (5 I/KT) IPHU BHYTPUOPIOIIMHHOM BBE/IEHUN CHUKAET TIOKa3a-
TeJI OPHEHTUPOBOYHO-HCCIIEZIOBATEIHCKOTO [TOBE/IEHN S, KOTOPBIE He BOCCTAHABJIMBAIOTCS Uepe3 24 4. [emapuH npu co-
YeTAaHHOU NHBEKIINY C 9TAHOJIOM PA3HOHAIIPABJIEHHO BJIMSET HA BEPTUKAIBHYIO 1 TOPU30HTAIBHYIO AKTUBHOCTD KPBIC,
OJTHAKO Uepe3 24 yaca OT MOMEHTA BBeZleHUs HabJI0/jaeTcss BOCCTAHOBJIEHNE IIOBe/IEHUeCKX peakiuii. [Ipemosaraer-
Cs1, UTO TEIIAPUH BCTYIAET BO B3AMMOJEHCTBHE C 3TAHOJIOM ¢ 00pa30BaHUEM KOMILJIEKCA U YACTHYHOU OJIOKAI0N TOKCH-
YeCKOro JIeUCTBHUS DTaHOJIA.

Karoueawvte c106a: 3TaHOJI, TEAPUH, OTKPHITOE TI0JIe (TECT), JOKOMOIIHS, BEPTUKAIbHBIE CTONKH.

ABSTRACT

The aim of the study is to assess the effect of heparin and ethanol on the orientation and exploratory behavior (loco-
motion) of rats in the Open field test. Experimental animals (male rats weighing 200 + 10 g) were intraperitoneally injected
with high molecular heparin and ethyl alcohol and then placed in a behavioral response testing set. It was found that
ethanol (5 g/kg) in intraperitoneal administration reduces the parameters of orientation exploratory behavior which does
not recover after 24 hours. Heparin in combined injection with ethanol affects the vertical and horizontal activity of rats in
different directions, but a recovery of behavioral responses is observed after 24 hours from the moment of administration.
Heparin is believed to interact with ethanol to form a complex and partially block the ethanol toxic effect.

Keywords: ethanol, heparin, Open field test, locomotion, upright postures.

BBEJAEHUE

BBezieHre ajsikOrosisi B 3aBUCUMOCTH OT €ro
Jl03bl BBI3BIBAET CTPECCOBbIE, HeclenudruecKkue pe-
aknuy opraHmsma. Ha HeHpoOXMMHYECKOM YPOB-
He 3TaHOJ U30MpaTeIbHO BO3AEHCTBYeT HA (PYHK-

INTRODUCTION

The administration of alcohol depending on
its dose causes stressful, non-specific body reac-
tions. At neurochemical level, ethanol selectively
affects the function of catecholaminergic, choliner-
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[UIO KaTeXOJIAMUHEPTUUECKUX, XOJTNHEPTUUECKUX,
TAMK-epruueckux U NeNTHAEPrUYeCKUX HEUPOH-
HBIX CUCTeM [1]. DTaHOJI MOXKET 3aTPAaruBaTh 3TH CU-
CTEMBI HENOCPEACTBEHHO W/WJIM BJIUATH HA B3aU-
MOJIENICTBUS MEXKY HUMU, UTO U OOYCJIOBIIUBAET T€
I uHble 3 GEKThI ATaHosa [2—4].

BelsiBeHmE B3aHMMOCBA3€H MeEXAYy TraMMa-
aMmuHoMmacssHon kucsoton (TAMK) u sTaHOIOM U
unTepec k cucteme TAMK 1ipu aikOrosibHOM UHTOK-
CUKAIIN¥ CBA3AHBI C €€ POJIBI0 KaK MeZIUaTOPa TOPMO-
skenust B ITHC [5]. ITo Bei3biBaeMbIM apdexTam (ce-
JIATUBHBIN, TUITHOTUYECKUN, MHUOPEJIAKCUPYIOIIHI)
3TaHOJI MoAI00€eH TpaHKBUIU3aTopaMm [6]. OH moTeH-
nupyet aericteue 'AMK-aronucroB, GeHzonmnaze-
UHOB, 6apouTypaToB. OYEBUHO, YTO OCTPOE BO3-
JlericTBue asTaHosia ycuiauBaer [AMK-eprudeckyto
TPaHCMUCCHIO, TTOBBINIAET CPOZCTBO OEH30AMa3eIN-
HOBBIX pelenTopos k 3H-nmuazenamy [7].

Uepes 1 4 1ocsie BHYTPUOPIOIIMHHOTO BBEJIEHUS
3TaHOJIA B JI03€ 4.3 I/KT HAOJIIO/IaJIOCh yBeJIMUEHHE
TAMK Ha 34—38 % B TKaHU MO3ra KPbIC. Y MBIIIEN,
3aCHYBIIINX IOCJIE UHBEKIIUY 3TAHOJIA, COEPIKAHUE
TAMK 6bW10 BBIIIIE Ha 35 % 10 CPABHEHHIO C COZIEPKa-
HHUEM B MO3Te IPOCHYBIIUXCs Mbiel. [Tocie ogHO-
KpaTHOT'O BBEJIEHUS 3TAHOJIA (4 I/KT BHY TPUOPIOIIHNH-
HO) coziepkanue TAMK yBesnnumBasioch Ha 10—30 %
B Kope OOJIBIINX HOJIyIIapyuH, oA0yTPOBOM 061acTH
U IIPOZIOJITOBATOM MO3T€ MBIIIEN. Y MBIIIEH ¢ pa3HOH
IIPOIOJI?KUTEJIFHOCTBIO 3TAHOJIOBOTO CHA HAbJTI0/1aeT-
cs paziauune B cofep:xkanuu TAMK B moare [5].

Panee HaMu OBLJIO ITOKA3aHO, YTO IIPEIBAPU-
TeJIbHOE BBeJleHUe TellapuHa UJIN COYeTaHHOe BBe-
JleHHe TenapyuHa U 3TAaHOJIA COIIPOBOXK/IAETCA CHU-
JKEHHEM IIPOJIOJIKUTEJIBPHOCTH CHA, BBI3BAHHOTO
staHosioM. O6paTHas KapTHHa HaOJIIOJ@aeTcs IpU
Oy10Kazie PHIOTEHHOrO TelmapuHa MPOTAMHUH CYJIb-
¢aTom. B aTOM CITyUae MposOIKUTETHHOCTD 3TAHO-
JIOBOT'O CHA yBeJIM4uMBaeTcs B 1.5—2 pasa [8]. OgHa-
KO HCCJIeJIOBAHUSA BIUAHUA TellapiHa U 9TaHOJIA Ha
[IOBE/IEHUYECKUEe PeaKIuU KPbIC B TecTe «OTKPBITOE
mojie» UMeEIOT (pparMeHTapHBIN XapakTep, B CBA3HU
¢ yeM ¥ ObLJIH BHITIOJTHEHBI JTaHHbBIE SKCIIEPUMEHTBL.

IIEJIb UCCJIEJIOBAHUHA

OueHuTh BJIMSIHWE TelapuHa M 3TaHOJA HA
OpHEHTHPOBOYHO-UCCIIEOBATETLCKOE — TIOBE/IEHHE
KpbIC B TecTe «OTKPBITOE TOJIE» B 3aBUCUMOCTHU OT
[IOCJIEZIOBATEIbHOCTH BBE/IEHUN M BpPEMEHH, IPO-
IIe/IIIEero C MOMEHTA BBE/IEHHUA.

MATEPHAJIBI 1 METO/ABbI

Jis uccaenoBaHusA ObLIM MCIIOJIb30BAaHBI 60
II0JIOBO3PEJIBIX OECTIOPOTHBIX KPBIC-CAMIIOB MacCOH
200 % 10 T, COfiepsKaIuXcs Ha 00IIeM parfioHe BH-

gic, GABAergic, and peptidergic neural systems [1].
Ethanol can affect these systems directly and/or
influence interactions between them, which causes
certain effects of ethanol [2—4].

The identification of relationships between
gamma-aminobutyric acid (GABA) and ethanol,
and interest in GABA system in alcoholic intoxica-
tion are related to its role as an inhibitory mediator
in the central nervous system (CNS) [5]. According
to the induced effects such as sedative, hypnotic,
and myorelaxing, ethanol is similar to tranquilizers
[6]. It potentiates the action of GABAergic agonists,
benzodiazepines, barbiturates. It is apparent that
the acute effect of ethanol enhances the GABAergic
transmission, increases the affinity of benzodia-
zepine receptors for 2H-diazepam [7].

In 1 hour after intraperitoneal administration
of ethanol in dose of 4.3 g/kg the 34—38% increase
in GABA was observed in rats’ brain tissue. In mice
fallen asleep after ethanol injection, the GABA con-
tent was 35% higher comparing to the content in the
brain of awakened mice. After single intraperitone-
al injection of ethanol (4 g/kg), the GABA content
increased by 10-30% in the cerebral cortex, hypo-
thalamus and medulla oblongata of mice. There is a
difference in the GABA content in the brain of mice
with different duration of ethanol sleep [5].

We have previously shown that heparin pre-
administration or combined administration of hep-
arin and ethanol is accompanied by a reduction in
the duration of sleep caused by ethanol. The reverse
picture is observed when endogenous heparin is
blocked by protamine sulfate. In this case, the du-
ration of ethanol sleep increases by 1.5—2 times [8].
However, studies of heparin and ethanol effects on
rat behavioral responses in the Open field test are
fragmented, and therefore these experiments were
performed.

AIM OF THE RESEARCH

To evaluate the effect of heparin and ethanol on
rats’ orientation exploratory behavior in the Open
field test depending on the sequence of administra-
tion and the time elapsed since injection.

MATERIALS AND METHODS

60 sexually mature outbred male rats weighing
200 + 10 kept on general vivarium diet were used
for the study. The studies were carried out in ac-
cordance with the rules of work and use of experi-
mental animals (Appendix to the the Ministry of
Health of the USSR Order No. 775 from 12.08.1977),
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Bapus. Vccire/JoBaHUSI OCYIIECTBJISIJIA B COOTBET-
CTBUM C IIPaBUJIAMH IIPOBEJIEHUST PAOOT U HCIIOJIb-
30BaHUS HKCIIEPUMEHTAIbHBIX KUBOTHBIX (IIpuito-
skeHue K [Ipukazy M3 CCCP N2 775 ot 12.08.1977),
«EBponelickoii KOHBEHITUEH O 3alUTe TO3BOHOY-
HBIX 3KUBOTHBIX, HCIOJIB3YEMBIX JIJIST SKCIIEPUMEH-
TOB WJINM B UHBIX HAYYHBIX [EIx» OT 18.03.1986 u
O3 PO «O 3amuTe *XKUBOTHBIX OT KECTOKOTO 00Opa-
MIEHUS» OT 01.01.1997.

B kauecTBe HCCIIElyEMBIX BEIIECTB HUCIIOJIb30-
BaJIUCh CJIEAYIONIHE TIPerapaThl: 1) BHICOKOMOJIEKY-
JIAPHBIA TelmapuH MPOU3BOJICTBA MOCKOBCKOTO 5H-
JIOKPUHHOT'O 3aBOJIa, COAEPKAINK B 1 MJI pacTBopa
5000 ME (1 ME = 0.0077 MI); 2) COUPT 3TUJIOBBII
pektudukat. VccaeayeMble BelllecTBa Pa3BOIAUIH
¢usnoornyeckuM pactBopoM (puU3pacTBOpOM) H
BBOJIMJIM BHYTPUOPIOMIMHHO B 00BEME 1 MJI B OIIpe-
JIEJIEHHOM TI0CJIe/IOBATEIbHOCTH, IPEAYCMOTPEH-
HOH YCJIOBUSIMU OIIBITA. BpeMsi MeK/1y BBE/IEHUSIMH
OBLIIO TTIOCTOSIHHBIM M COCTABJISIIIO 10 MHH.

YcraHoBKa JJIT TECTUPOBAHUS IIOBEJlEHYE-
CKUX peaKIUi KPbIC MPEACTABIAET COOOH IPAMO-
VTOJIBHYI0 KaMepy 100 X 100 CM C IJIaCTMacCCOBBI-
MU CT€HKaMH BBICOTOH 40 cM. IToJ1 M3roToBjIeH U3
0eJIoro TJIACTHKA, HA HEM YEPHOU KPAaCKOW HaHece-
Ha pelleTKa, JeJAIas ero Ha 25 paBHBIX KBajpa-
TOB 20 X 20 cM. OCBeIEHHOCTH IIJIOMIAKH BO Bpe-
MsI OIIBITa 200 JIK.

JKuBOTHOE moMeIaeTcss B IEeHTPaJIbHBIA KBa-
JlpaT, ¥ 3a HUM BejieTcsl HabJto/ieHue. BusyasibHO
MOACUYNUTHIBAETCA KOJIMUYECTBO OT/AEJIbHBIX ITOBEIEH-
YEeCKUX aKTOB, BHIIIOJIHEHHBIX B Te€UEHUE 5 MUH. 3a-
MMUCh OCYINECTBJISIETCS BPYYHYIO € IOCJEAYIOIIEeH
00pabOTKOM HAa KOMIIBIOTEPE, KAXKJIOMY IIOBEJIEHYE-
CKOMY aKTy COOTBETCTBYET COOCTBEHHBIN KOJ: JIO-
KOMOITMsI, BEPTUKAJIbHbIE CTOHKH, OMOCPEIOBAHHO
CBsI3aHHBIE C OPUEHTHPOBOYHO-KCCIIEIOBATETbCKUM
noBezieHreM [9—11].

Cratuctuyeckasi 00paboTKa SKCIIEpUMEHTAb-
HBIX JIAaHHBIX ObLJIa BBIITOJIHEHA C IIOMOIIBIO IIPO-
rpamMbl «Buocrat». [l cpaBHEHUS HECKOJIBKHUX
TPYII HCIOJIb30BaK KpuTepuii CThIOAEHTA s
MHO>KECTBEHHBIX CPaBHEHUH [12].

BHYTpUOPIOIIMHHOE BBEJEHHE DTAHOJIA B /103€
5 T/KT (TecToBasi /103a) COMMPOBOK/IAIOCH CHUKEHH-
€M JIOKOMOTOPHOI aKTHBHOCTH KPBIC B TEUEHHE BCE-
ro BpeMeHH HabuoneHus (1, 6 u 24 1). Makcumastb-
HOE CHHJKEHME TOPU30HTAJIbHOH aKTUBHOCTHU OT-
HOCHTEJIbHO KOHTPOJISI OTMEYAJIOCh YepPe3 24 U IM0-
cJIe BBEJIEH M ATAHOJIa U COCTABJISIO 11.3 + 1.1 aKTa/
5 MMH IPOTHB 30.3 + 4.3 aKTa/5 MMH B IPYIIIE KOH-
TpoJs (BBeneHHe puspacTBopa) (Tabiuia).

“European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and other
Scientific Purposes” from 18.03.1986 and the Fe-
deral Law of the Russian Federation “On the Pro-
tection of Animals against Cruel Treatment” from
01.01.1997.

The following preparations were used as test
substances: 1) high molecular heparin produced by
the Moscow Endocrine Plant containing 5000 IU in
1 ml of the solution (1 IU = 0.0077 mg); 2) rectified
ethyl alcohol. The test substances were diluted in
normal saline solution and administered intraperi-
toneally in the volume of 1 ml in a certain sequence
provided by experimental conditions. The time be-
tween injections was 10 min constantly.

The rats’ behavioral reactions testing set is a
rectangular chamber 100 x 100 cm with plastic
walls of 40 cm high. The floor is made of white plas-
tic with a black painted grid on it. The grid divides
the floor into 25 equal squares 20 x 20 cm. The il-
lumination of the site during experiment is 200 1x.

An animal is placed in the central square and
monitored. The number of individual behavioral
acts performed during 5 minutes is visually count-
ed. The recording is carried out manually with sub-
sequent processing on a computer. Each behavioral
act corresponds to its own code: locomotion, up-
right postures indirectly related to orientation ex-
ploratory behavior [9—11].

Statistical processing of experimental data was
carried out using “Biostat” program, Student t-test
for multiple comparisons was used to compare se-
veral groups [12].

Intraperitoneal administration of ethanol at a
dose of 5 g/kg (test dose) was accompanied by de-
crease in rat locomotor activity throughout the ob-
servation time (1, 6 and 24 hours). The maximum
decrease in horizontal activity as compared to the
control was observed in 24 hours after the injec-
tion of ethanol and was 11.3 + 1.1 act/5 min versus
30.3 + 4.3 act/5 min in the control group (injection
of normal saline) (Table).

Heparin injection at a dose of 500 1U/kg after
the previous ethanol injection (test dose) reverses
the picture of locomotor activity, increasing the
indices of behavioral acts both in relation to the
control and in relation to the data obtained with
ethanol injection. Administration of preparations
according to the scheme “heparin, then ethanol”
differs from the previous series as horizontal activ-
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Uupeknusa remapuHa B 7o03e 500 ME/kr Ha
done geiicTBus sTaHOMa (TECTOBAs 7103a) PEBEPCHU-
pyeT KapTUHY JIOKOMOTOPHON aKTUBHOCTH, yBEJIH-
yrBas MOKA3aTeJN ITOBEJEHUYECKUX aKTOB KaK OT-
HOCHUTEJIbHO KOHTPOJIS, TAK ¥ OTHOCUTEJIHHO JaH-
HBIX, IIOJIyYeHHBIX [IPU MHBEKI[UH TaHoJIa. BBee-
HUE II0 CXeMe «TellaphH, 3aT€M STaHOJ» OTIHYAET-
Cs1 OT TIIPEABIYIIEH CEPUU TEM, UTO Yepe3 1 U MOocie
[IpUMEHEHHUs] TelaprHa W STAaHOJA TOPHU30HTAJIb-
Has aKTUBHOCTH CHUIKAeTCs 0 16.7 + 1.7 aKTa/5 MUH
(B mpeapIAyIel cepuu 52.0 + 4.8 akTa/5 MUH), a K
24 4 BOCCTAHABJIMBAIOTCS BBICOKHE IIOKA3aTEJIH JIO-
KOMOIIMH (CM. TabJIHITy).

Beenenue nakyoupoBanHoi npu 37 °C B Teue-
HHEe 30 MHUH In vitro cMecH renapuHa ¢ 3TaHOJIOM
B COOTHOIIEHUH 1 : 20 BBI3BIBAET CHUKEHUE JIOKO-
MOITUM 4Yepe3 1 yac Iocjie UHBEKIUH, a yepe3 6 u
24 4 — ee yBeJIMUEHHE JI0 46—47 aKTOB/5 MUH (CM.
TabIuIy).

Corsnacuo runorese fI. Bypema u coasr. [10],
[IOMeIeHre KUBOTHOTO B HOBOE OKDPY’KEHUE Be-
JIeT K BO3HUKHOBEHHUIO KCCJIEIOBATEIHCKOTO II0-
BeJleHUs, KOTOPOMY B TO K€ BpeMs MPEHsiTCTBY-
IOT YCJIOBHU S, BBI3BIBAIOIIUE CTPaX. J[BE aHTarOHHU-
CTUYECKHE TEHEHIIUHU XapaKTEePU3YIOTCA PasHOMN
MPOTSI’KEHHOCTHIO0 BO BpeMeHH. 110 3TO MpUYKHE,
HECMOTPS Ha YMEHbIIEHHE CTPaxa, FTOPU30HTAJIb-
Hasl aKTUBHOCTD KUBOTHOTO K KOHILY IIEPBOK ce-
pUU OIBITOB CHHKAeTCsA. B HAIIUX 3KCIIepUMEH-
Tax yepe3 24 U MOCJe BBEJAEHHUs 3TaHOJIA IMOKa3a-
TEJIN JIOKOMOIIUHM PE3KO CHUKAIOTCs, a IIPU CoYe-
TaHHOM JIEHCTBUU 3TAHOJIA C TellapUHOM HaOJII0-
JlaeTcs JOCTOBEPHOE TOBBIIIEHHE TOPU30HTaIbHOM
aKTUBHOCTH, UTO, BUAUMO, CBI3aHO CO CHUXKEHHUEM
TPeBOKHO-GOONYECKOH peaKIuU U IOTEHIMPOBa-

ity is reduced to 16.7 + 1.7 act/5 min in 1 hour af-
ter heparin and ethanol injections (in the previous
series 52.0 + 4.8 act/5 min), and by 24 hours high
indices of locomotion are restored (Table).

Administration of mixture of heparin and et-
hanol in 1 : 20 ratio incubated at 37°C for 30 min
in vitro causes a decrease in locomotion in 1 hour
after injection, and an increase up to 46—47 acts/
5 min in 6 and 24 hours (Table).

According to the hypothesis of J. Buresh et al.
[10], placing an animal in a new environment leads
to the emergence of exploratory behavior which at
the same time is hindered by the conditions caus-
ing fear. The two antagonistic tendencies differ in
length over time. Therefore, despite reduced fear,
the horizontal activity of the animal is reduced by
the end of the first series of experiments. In our ex-
periments, 24 hours after the injection of ethanol,
the locomotion indices are sharply decreased, and
with ethanol and heparin combined action, a sig-
nificant increase in horizontal activity is observed,
which is probably due to a decrease in the anxiety-
phobic response and potentiation of the orientation
exploratory reflex.

One of the indicators of the exploratory be-
havior of rats is the evaluation of the number of
upright postures within 5 minutes, given that the
experimental conditions are similar to those taken
into account in the study of horizontal activity. On
ethanol intraperitoneal administration at a dose of
5 g/kg, the number of upright postures decreased
relative to the control values, and no recovery was
observed in 24 hours after its administration (see
Fig.).

Jloxkomorus Kpbic B Tecte « OTKPBITOE [10JIe» IIPU BBEAEHUHU STAHOJIA U relaprHa (aKToB/5 MUH)
Rats locomotion in Open field test on ethanol and heparin administration (acts/5 min)

YcnoBus 9KCIepuMeHTa

Bpewms nociie BBeieHus, 1 / Time after administration, h

Experimental conditions 1 6 24
duspactsop (koHTposib) / Normal saline (control) 34.6 £ 4.9 30.0 + 3.8 30.3 £ 4.3
Tenapus (500 ME/kr) / Heparin (500 IU/kg) 28.6 + 3.1* 25.0 £ 2.2 24.5+ 3.7
Aranox (5 r/kr) / Ethanol (5 g/kg) 31.3£3.6 227+2.3 11.3 + 1.1%
Aranou (5 1/Kr), 3ateM renapud (500 ME/kr) 52.0 + 4.8%% 47.3 £ 3.9%% 46.0 + 3.8%%
Ethanol (5 g/kg), then heparin (500 IU/kg)

Tenapun (500 ME/kr), 3aTeM 3TaHoJI (5 T/KT) 16.7 + 1.7%% 20.3 £ 1.6* 41.4 + 3.7%%
Heparin (500 IU/kg), then ethanol (5 g/kg)

Temapus + stanon (1 : 20) / Heparin + ethanol (1 : 20) 26.3 + 2.2% 47.5 £ 3.5%% 46.7 + 3.2%%

*Pa3Inuus MeX/1y KOHTPOJIBHOM U SKCIIEPUMEHTATBHBIME IPYIIIIAMHU CTATUCTHUYECKH 3HAYUMEBI (P < 0.05).
Differences between the control and the experimental groups are statistically significant (p < 0.05).
*Paznuausa Mex/y FpyIIaMu «TaHoI» U «DTaHOJ, 3aTeM TenapiH», «[enapyH, 3aTeM 3TaHOJI», «['ellapuH + 3TaHOJI» CTATUCTHYECKU

3HaYUMBI (p < 0.05).

Differences between the following groups “Ethanol” and “Ethanol, then Heparin”, “Heparin, then ethanol”, “Heparin + ethanol” are

statistically significant (p < 0.05).
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HUEeM OPHUEHTHPOBOYHO-UCCIIEI0BATEIbCKOT0 ped-
JleKca.

OnHUM H3 HoKasaresed HCCie0BaTeIbCKOTO
IIOBeJIeHU s KPBIC ABJIAETCA OlleHKA KOJINYecTBa Bep-
THKaJIbHBIX CTOEK B TeYeHHe 5 MHUH, IIpUYeM yCJIO-
BUSA DKCIIEDUMEHTOB AaHAJIOTUYHBI TeM, KOTOpBIE
YUIUTBIBAJIUCH [IPU UCCIIEZIOBAHUY TOPU30HTAIbHOU
aKTUBHOCTH. IIpu BHYTPHODIONIMHHOM BBeJIEHUU
STAHOJIA B JI03€ 5 I/KI KOJUYECTBO BEPTUKAJIBHBIX
CTOEK CHMKaeTCsA OTHOCUTEJIbHO KOHTPOJIBHBIX Be-
JINYMH, IPUYEM BOCCTAHOBJIEHUA Yepe3 24 4 II0cJIe
BBeZIeHUS He HAaOII0/1aJ10Ch (PUCYHOK).

lenapys u 3TaHOJI, B 3aBUCUMOCTH OT II0CJIE/I0-
BaTeJIbHOCTU BBeJIEHUN, pa3HOHANIPABJIEHHO BJIUA-
0T Ha KOJIUYECTBO aKTOB BEPTUKAJIBHON aKTUBHO-
ctu. IIpu wHbeKIUY remapuHa B A03e 500 ME/kr
Ha ¢oHe [eHCcTBUA HTAHOJA KOJIUYECTBO BEPTU-
KaJIbHBIX CTOEK OTHOCUTEJIBbHO KOHTPOJIS CHUXKa-
ercs. IIpy ncmosp30BaHUN pPEBEPCUBHOMN ITOCTIEN0-
BaTeJIbHOCTU BBEJIEHUH, T. €. 3TAHOJ Ha (poHe rema-
pYHa, 3HAUUTEJIbHbIE U3MEeHEeHU I HaOJTIOIAaI0TCS Ue-
pes3 24 4 mnocJie UHbEKIUY, IPUYeM B 3TOT BPeMeH-
HOH IPOMEXYTOK KOJINUECTBO BEPTUKAJIBHBIX CTO-

[un
o
1

KosimuectBo aktoB / The acts number
(o))
1

Heparin and ethanol, depending on the se-
quence of administration, have a multidirectional
effect on the number of vertical activity acts. When
heparin is injected at a dose of 500 IU/kg against
the background of ethanol, the number of upright
postures in reference to the control decreases.
When using a reverse sequence of injections, i.e.
ethanol against the background of heparin, signifi-
cant changes are observed in 24 hours after injec-
tion. Notably during this period the number of up-
right postures reaches 8.0 + 1.2 act/5 min versus
5.3 + 1.2 in the control group and 3.0 + 0.3 act/
5 min in the ethanol group administration. When
heparin and ethanol are combined as a mixture in
1: 20, in 1 and 6 hours the number of upright pos-
tures is significantly lower in reference to both the
control and the ethanol-only groups (see Fig.).

Analyzing the obtained data, it can be conclud-
ed that ethanol alters rats’ behavioral responses,
reducing horizontal and vertical activity, thus par-
tially blocking orientation exploratory reflexes. At
the neurochemical level, ethanol is known to se-

*%

1 2 3

1h

- 64 2449
6h 24h

BepTukasibHble CTOUKHY (aKTOB/5 MUH) KPbIC B TecTe « OTKPBITOE T10JIe» PU BBEJIEHUH 3TAHOJIA U rerapruHa
(1 — UHTaKTHBIE KPBICHI; 2 — duspacTBop (KOHTPOJIb); 3 — remnapuH (500 ME/kr); 4 — aTano (5.0 T/Kr); 5 — 3TaHOJI, 3aTeM TellapyH;
6 — TeIapyH, 3aTeM TAHOJI; 7 — TeNapuH + 5TaHoJ (1 : 20); *pasjIuunsa MesKIy KOHTPOJIbHOU U SKCIIEPUMEHTAIbHBIMY TPYIIIIAMH CTATH-
CTHUECKH 3HAYMMEI (P < 0.05); ¥pasindus Mex/Iy TPyIIaMu 4—7 CTATUCTUYECKU 3HAYUMBI (p < 0.05)
Rats’ upright postures (acts/5 min) in Open field test in ethanol and heparin administration
(1 — intact rats; 2 — normal saline (control); 3 — heparin (500 IU/kg); 4 — ethanol (5.0 g/kg); 5 — ethanol, then heparin; 6 — heparin,
then ethanol; 7 — heparin + ethanol (1 : 20); * differences between the control and the experimental groups are statistically significant
(p < 0.05); *differences between groups 4—7 are statistically significant (p < 0.05)
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€K JIOCTUTaeT 8.0 + 1.2 aKTa/5 MUH IPOTHB 5.3 + 1.2
B KOHTDOJIE U 3.0 + 0.3 aKTa/5 MUH — IIpU BBeJie-
HUU 3TaHoa. [Ipy coOYeTaHHOM BBEJIEHUU Telapu-
Ha C 9TAHOJIOM B BU/IE CMECH B COOTHOIIIEHUH 1 : 20
yepe3 1 ¥ 6 9 KOJINYECTBO BEPTUKAJIBHBIX CTOEK JI0-
CTOBEPHO HIKE KaK OTHOCUTEIHFHO KOHTPOJIA, TAK U
IPYIIBL, B KOTOPOH KUCIOJIB30BAJICS TOJIBKO 3TAHOJ
(CcM. PUCYHOK).

AHanmusupys IOJy4YeHHbIe JAaHHbIE, MOXKHO
3aKJIIOUHUTH, YTO ITAHOJ U3MEHSIET IOBE/IEHUECKE
PeaxIuu KpbIc, CHUKA A FTOPU30HTAIBHYIO U BEPTH-
KaJIbHYI0 aKTUBHOCTD, YACTUYHO OJIOKUPYS, TAKUM
06pa3oM, OpPHUEHTHPOBOYHO-UCCJIE/IOBATEHCKLIE
pedrekcbl. Kak u3BeCTHO, Ha HEHPOXUMUYECKOM
YPOBHE 5TaHOJ H30MpaTesbHO BO3JIEHCTBYeT HaA
(DYHKIHNIO KaTeXOJIAMUHEPTUYECKUX, XOJMHEPIH-
yecknx, TAMK-epruueckux M MENTHEPrUYECKUX
HEUPOHHBIX cHucTeM. PaHee OBLIIO MOKA3aHO, YTO Te-
MapUH CHHUKAET BPEeMsS HAPKOTHYECKOTO CHA, BbI-
3BAHHOTO TaMMa-OKCUMACJISHOH KHUCJIOTOW, SBJIsA-
tomelicsa GyHKIMoHaIbHbIM aHasorom TAMK [13].
OueBH/THO, YTO OCTPOE BOB3/IEHCTBHE ITAHOJA YCH-
suBaeT TAMK-epruyeckyro TpaHCMHUCCHIO [5].

TerapuH pa3HOHAIIPABJIEHHO EUCTBYET Ha pea-
JIN3ALUI0 UCCIIEIOBATEIbCKUX pedIeKCOB BKCIIepH-
MEHTAJIbHBIX JKUBOTHBIX B 3aBUCHMOCTH OT IOCJIe-
JIOBATEJILHOCTHU €r0 BBEJEHUU U BpPEMEHH, IIPOIIe/-
IIIETO ¢ MOMEHTA BBeJleHu 1. Tak, ecyiu Ipu BBeIEHUN
STaHOJIA BOCCTAHOBJIEHUS HCCJIE/[yEMBIX ITOKa3aTe-
Jlell B TeUeHUe 24 YacOB OT MOMEHTA MHBEKI[UH He
Ha0JII0/IAeT s, TO IIPU COYETAHHOM IIPUMEHEHUH ATa-
HOJIA U TellapyHa B Pa3HbIX BapUaNUAX B OOJIBIINH-
CTBE CJIyYaeB PETUCTPHUPYETCS ITOJTHOE BOCCTAHOBIIE-
HUE, a YaCTO U YBeJINUeHNe TOPU30HTAILHON U Bep-
THUKAJIbHOW aKTUBHOCTH OTHOCUTEJIBHO KOHTDPOJIb-
HBIX BenunH. OTHUM U3 BO3MOXKHBIX MEXaHU3MOB
AHTHU/IOTHOTO JIEHCTBUS TellapHUHa SBJISETCS €r0 U3-
BeCTHasi COCOOHOCTHh 0OPa30BHIBATH KOMILJIEKCHBIE
COETMHEHU S ¢ OOIBIINM KOJTMYECTBOM XUMUUECKUX
COeIUHEHUH Pa3JINYHON CTPYKTYPHI.

SAK/IIOUEHMUNE

B pesysbTaTe MpOBEAEHHBIX UCCIIEOBAHUH BbI-
AIBJIEHO, YTO B IIPUCYTCTBUHU r'ellapuHa JIOKOMOTOP-
Has aKTUBHOCTDH KPBIC CHUIKAETCA B 3HAYUTEIHHO
MEHbIIIeN CTEIeH!, YeM IIPH BBEIEHUH TOJIBKO JTa-
Hosla. OpHEHTHUPOBOYHO-UCCJIEIOBATEIbCKOE II0-
BeJleHUE JKUBOTHBIX (BEPTHUKAJIbHBIE CTOHKHU) IPHU
IIpeBapUTeIbHOM BBeJIEHUH rellapyuHa U3MeHAI0T-

CIIMCOK JIUTEPATYPbI

1. Koob G.F., Roberts A.J., Schulteis G. et al. Neurocir-
cuitry targets in ethanol reward and dependence //
Alcohol. Clin. Exp. Res. 1998. Vol. 22 (1). P. 3—9.

lectively affect the function of catecholaminergic,
cholinergic, GABAergic, and peptidergic neural
systems. It has been previously shown that heparin
reduces the time of drug induced sleep caused by
gamma-oxybutyric acid, which is a functional ana-
logue of GABA [13]. It is apparent that the acute ef-
fect of ethanol enhances the GABAergic transmis-
sion [5].

Heparin has a multidirectional effect on the
implementation of the exploratory reflexes of ex-
perimental animals depending on the sequence of
its administration and the time from dosing. So,
when ethanol is administered, no recovery of the
test values is observed within 24 hours from the
moment of injection; then with the combined use of
ethanol and heparin in different variations in ma-
jority of cases the complete recovery, and often an
increase in horizontal and vertical activity in refe-
rence to the control values is registered. One pos-
sible mechanism of antidote action of heparin is its
known ability to form complex compounds with a
large number of chemicals of different structure.

CONCLUSION

As a result of the conducted studies, it was
found that in the presence of heparin, rats’ locomo-
tor activity decreases to a much lesser extent than
when ethanol alone is administered. The orienta-
tion exploratory behavior of animals (upright pos-
tures) in case of preliminary administration of he-
parin is changed in similar way. The authors believe
that this effect is connected with the interaction of
heparin with ethanol, and formation of the complex
compound in which ethanol activity is significantly
reduced.
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CA aHAJIOTUYHBIM CHOCOﬁOM. ABTOpI)I CHUHUTAIOT, UYTO
3TOT 3P (PEKT CBsA3aH C B3aUMOJIEHCTBHEM T'elapruHa
¢ 3TAHOJIOM ¢ 0Opa3oBaHUEM KOMILJIEKCHOTO COEH-
HEHUA, IPX KOTOPOM aKTHUBHOCTD 3TaHOJIAa B 3HAYU-
TeHBHOﬁ CTEeIIEeHH CHUXKaAETCA.

KoHdIuKT HHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(MIINKTA HUHTEPECOB.
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BiansHUE MOCTOAHHOTIO 3JIEKTPUYECKOTI0 TOKA HA CTPYKTYPHYIO
OpPraHU3aIUI0 Y HAOTEIUOIUTOB KPOBEHOCHBIX KANIWLJIAPOB JIeCeH
0O0JIbHBIX XPOHUYECKUM MapTrUHAJbHBIM THHTUBUTOM

Camoiios K.O.

@I'BOY BO «Hosocubupckuil 2ocyoapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu

Effect of direct electric current on the structural organization
of endotheliocytes of gingival blood capillaries in patients with
chronic marginal gingivitis

Samoilov K.O.

Novosibirsk State Medical University

AHHOTAIIUA

XpOHUYECKUH BOCIIAJIUTEILHBIN ITPOIIECC B TKAHSX MAPOAOHTA (THHTUBUT, TAPOJAOHTHUT) SIBJISIETCS OJHOU 13 Hanbo-
Jlee 4acTO BCTPEYAIoIUXCsl IPOo06JIeM B CTOMATOJIOTMYECKOH NpaKTHKe. Pe3ysibTaT jledeHus TaKoro mpolecca BO MHOI'OM
OTIPEJIETIAIOTCS COCTOSTHUEM CHCTEMBI MUKPOIUPKYJIAIINN TKAHEN TapOOHTa. B KOMIIJIEKCHOI Tepanuu 3TUX 3a00JeBa-
HHH 4aCcTO NPUMEHAIOT GU3N0TEPaNleBTUYEeCKIEe METOUKY, OCHOBaHHbBIE Ha 3G deKTax BO3/IefCTBUA OCTOSHHOIO AJIEK-
TPHUYECKOTO TOKA (AaHO/-TaJIbBaHU3AIU A, IEKAPCTBEHHBIN 2J1eKTPOdopes, nernodopes).

B uccienoBaHuH, IOCBSAIIEHHOM U3YYEHUIO BJIUSHUSA IOCTOSHHOTO 3JIEKTPUUYECKOrO TOKA HA CTPYKTYPHYIO Op-
TaHU3AIUIO SHOTETUOIUTOB KPOBEHOCHBIX KAIIUJIJISIPOB ZIeCeH OOJIbHBIX XPOHUUECKUM MaprUHaJIbHBIM THHTUBUTOM
(XMT), yuactBoBanu 39 yes. (rpynma 1 — 10 YeJsl. C MHTAKTHBIM [ApOJIOHTOM; Ipynna 2 — 10 60spHBIX XMTI 110 J1e-
JeHHs; rpynmna 3 — 19 6ogpHEIX XMI' nocjie KOMIIJIEKCHOTO JIeUeHH I, BKIIOYABIIETO B TOM YHCJIE 3-KPATHYIO aHOJI-
rajpBaHU3ANHUIO eceH 10 5 MUH). OGHAPYKeHbI U3MEHEHU A CTPYKTYPbI 9H/IOTEIMONUTOB KPOBEHOCHBIX KAITUJIISIPOB
XPOHUYECKHU BOCIAJIEHHBIX JIeCeH (M3MEHUIUCHh BEJIMUMHA ¥ YUCJIEHHOCTh KJIETOYHBIX OPTraHeJLI) MO/ BO3AEeHCTBHEM
IIOCTOSTHHOT'O 3JIEKTPUYECKOTO TOKA, YTO MOKET OKa3bIBATh CYIIECTBEHHOE BIUIHNE HA TeUeHHe XPOHUYECKOTO BOCIIA-
JINTEJIBHOTO IIpoIiecca B TKAHAX [TapOJIOHTA.

Karoueewvte cao8a: mapoioHT, XDPOHUYECKUH THHTUBUT, SH/IOTEJIUOIUT, KPOBEHOCHBIE KATTUJLJISPHI, aHO/I-TaJIbBAHU-
3a1us.

ABSTRACT

The chronic inflammatory process in periodontal tissues (gingivitis, periodontitis) is one of the most common issues in
dental practice. The results of treatment of such process is determined mainly by the state of the periodontal microcircula-
tion system. In the complex therapy of these diseases, physiotherapeutic techniques based on the effects of direct electric
current (anode-galvanization, drug electrophoresis, depophoresis) are often used.

In the study on the effect of direct electric current on the structural organization of endotheliocytes of blood capillar-
ies of gums in patients with chronic marginal gingivitis (CMG) participated 39 persons (group 1 consisted of 10 persons
with an intact periodontium, group 2 consisted of 10 patients with simple CMG before treatment, and group 3 consisted of
19 patients with CMG after comprehensive treatment, including 3-fold anode-galvanization of gums for 5 min).

Authors have found changes in the structure of endotheliocytes of blood capillaries of chronically inflamed gums (the
size and number of cellular organelles have changed) under the influence of direct electric current, that may have a signifi-
cant effect on the course of chronic inflammatory process in periodontal tissues.

Keywords: periodontium, chronic gingivitis, endotheliocyte, blood capillaries, anode-galvanization.
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BBEAEHWE

dusnorepaneBTUYECKHE METO/bl JIEUEHUS,
OCHOBaHHbIE Ha WCIOJIb30BAHUU ITOCTOSHHOTO
3JIEKTPUYECKOTO TOKa (AHOJ-TaJIbBAHU3AIHS, Jie-
KapCTBEHHBIN siekTpodopes, aernodopes), 7aBHO
U YCIEIIHO MPUMEHSIOTCS B CTOMATOJIOTMYECKOM
mpakTuke [1]. UMeroTcs uceyiefoBaHus, OCBAIIEH-
Hble U3YUEHHUIO0 COYETAHHOT'O BO3JEHCTBUS, JIEKap-
CTBEHHOTO U (PUBHYECKOTO (ITOCTOSHHOTO DJIEKTPHU-
YeCKOT0 TOKA), Ha CTPYKTYPHYIO OPTaHU3AIINIO TKa-
HEUW NaIrieHTOB CO CTOMATOJIOTHYECKOH IaTOJIOTH-
ei [2]. OmHAKO BJIMSHHE HAa YJIBTPACTPYKTYPHYIO
OpraHU3aINHI0 KJIETOK TKAaHeH MMOJIOCTH PTa IOCTO-
STHHOTO 3JIEKTPUUYECKOTO TOKA, JIEJKAIIer0 B OCHOBE
BBIIIIE YIIOMSHYTHIX (PU3UOTEPATIEBTUYECKUX METO-
JINK, U3YY€HO HEJOCTATOUHO.

IOEJDb NCCJIEJOBAHUA

V3yueHue CTPYKTYPHBIX UBMEHEHUH B SHJIOTE-
JIMOIUTAX KPOBEHOCHBIX KAIUJIJISIPOB JleceH 6O0JIb-
HBIX XPOHUYECKUM MapruHaJbHBIM THHTUBUTOM
(XMT) oz, BO37ieHCTBHEM ITOCTOSTHHOTO BJIEKTPHYE-
CKOT'O TOKA.

MATEPHAJIBI 1 METO/bI

B uccrejoBaHUY IPUHAIN yYacTHe 39 desl. 000-
ero mosia B Bo3pacre oT 18 no 30 Jet. Mccaenoa-
HUe IIPOBOJWJIOCH B IIOJIHOM COOTBETCTBUH C MeXK-
JIYHAPOAHBIMU W POCCUUCKUMU 3aKOHOAATEJIbHBI-
MM aKTaMH O IOPUUYECKOM U STUUECKOM IIPUMeHe-
HHUU MEJTUKO-OHMOJIOTHYECKUX UCCIIEZIOBAHUIN Y Y€JI0-
Beka. Bce uccrienyeMple maiueHThl ObLIN pasziesieHbl
Ha 3 IPYIIBL TPYIIIA 1 — 10 YeJl. ¢ UHTAaKTHBIM IIapo-
JIOHTOM, TPYIIIa 2 — 10 MAIEeHTOB C IPOCTBIM XPO-
HUYECKUM MapriHaJIbHBIM THHTHBUTOM JI0 JIEUeHU ],
rpymna 3 — 19 MarueHToB ¢ IPOCTHIM MAPTHHATEHBIM
XPOHUYECKUM TMHTUBUTOM II0CJIE KOMILJIEKCHOTO Jie-
YeHUs], BKJIIOUABIIETO, KpOMe IIPO(eCcCHOHAIBHOTO
CHATHSA 3yOHBIX OTJIOKEHU, 00yUeHe METOAUKE TH-
THEHNYECKOTO YXO7ia 3a MOJIOCTHI0 PTa, KOHTPOJIb 32
YPOBHEM T'HTHEHHI IIOJIOCTU PTa U 3-KPaTHOE IIPOBe-
JleHUe aHOZ-TaJIbBAaHU3AI[UU JIECEH I10 5 MIH.

Y Ka)JI0ro mamueHTa IOJ ANIJINKAIMOHHON
aHecresuent 10% Sol. Lidocaini ¢ moMoOIIBI0 CTOMATO-
JIOTMYECKOT'0 NHCTPYMEHTAapHsI Opajii TKAaHU JIECHBI
13 MeXK3YOHBIX COCOYKOB (DPOHTAJIBHON TPYIIIIBI 3y-
60B 06beMOM 1—-1.5 MM3 B IIPOIIECCE MEXaHUYECKON
OUYHCTKHY 3yDOB OT TBEPABIX 3yOHBIX OTJIOKEHUU. DTa
MaHUIYJIAIUS MPAKTHYeCKH 6e3BpeHa i malu-
€HTa, IIPH HTOM JIeCHA IIOJIHOCTHIO BOCCTAHABJINBA-
€TCsI B TEUEeHHE HECKOIbKUX JTHEH.

O6pa3iibl TKaHel PUKCUpoOBaId B 1% pacTBOpe
0s0, Ha pocdarnom Oydpepe (pH 7.3), aeruaparupo-
BaJIi B CEPUU CIIMPTOB BO3PACTAIOIIEN KOHIIEHTPA-
LMY 1 3aKJII0YAJTU B 91T0H. VI3 5 6JI0KOB TKaHEH /iec-

INTRODUCTION

Physiotherapeutic methods of treatment based
on the use of direct electric current (anode-galva-
nization, drug electrophoresis, depophoresis) have
long and successfully been applied in dental prac-
tice [1]. There are studies concerning the combined
effects, both medicinal and physical (viz direct elec-
tric current), on the structure of tissues in patients
with dental pathology [2]. However, the effect of a
direct electric current on the ultrastructural orga-
nization of the oral tissues cells, which underlies
the above-mentioned physiotherapeutic methods,
has not been studied enough.

AIM OF THE RESEARCH

To study the structural changes in endothelial
cells of the gingival blood capillaries in patients
with chronic marginal gingivitis (CMG) under the
influence of direct electric current.

MATERIALS AND METHODS

The study included 39 persons of both sexes
aged 18 to 30 years. The research was conducted in
full compliance with international and Russian legi-
slative acts on the legal and ethical application of
biomedical research in humans. All patients were
divided into three groups: group 1 consisted of 10
individuals with an intact periodontium, group 2 —
of 10 individuals with simple chronic marginal gin-
givitis before treatment, and group 3 consisted of
19 patients with simple chronic marginal gingivitis
after comprehensive treatment, which included in
addition to professional removal of dental deposits,
training in oral hygienic techniques, the oral hy-
giene monitoring, and 3-fold anode-galvanization
of gums for 5 minutes.

Gingival tissues from the interdental papil-
lae of the frontal group of teeth in the volume of
1—1.5 mm3 were taken from each patient under ap-
plication anesthesia with 10% Lidocaine solution,
using dental instruments, during the mechanical
removal of hard dental deposits. The manipulation
is almost harmless to the patient, while the gum is
completely restored within a few days.

Tissue samples were fixed in a 1% solution of
OsO, in phosphate buffer (pH 7.3), dehydrated in
a series of alcohols of increasing concentration and
embedded in epon. From 5 blocks of gum tissue
taken from each patient, semi-thin sections were
obtained which were stained with toluidine blue at
40°C and used to study the gums’ connective tissue
layer.
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HBI, B3ATOH OT Ka)KJOTO IMAIUEHTa, ITOJIyYaau I10-
JIYTOHKUE Cpe3bl, KOTOPble OKpaIINBaIu TOJIYUH-
HOBBIM CHHUM IIpU TemIiepaType 40 °C 1 UCII0JIb30-
BaJIU JIJIsl UCCJIEZIOBAHUS COEAUHUTEIBHOTKAHHOTO
CJI0S JIeCeH.

Ha ynprpamukporome LKB-8800 mnosyua-
JIN yJIBTPATOHKUE CPe3bl, KOTOpble KOHTPACTUPOBA-
JIM HACBHIIIEHHBIMHU BOJIHBIMH PAacTBOPAMU YPaHUJI-
arieTaTa U I[UTpara CBUHIIA, 3aTeM IOKPBIBAJIHU CJIO-
€M yIJIEPOZIa B BAKYYMHOM HCIIApUTEJIE ¥ U3yJaIU B
371eKTpoHHOM MuKpockoie JEM-100S (ASID) SEGZ.

Ji1a neseit MopdoMeTpUHY IIPU aIlIIapaTHOM yBe-
Jm4yeHuu B 2 800 pas pororpadupoBaiy 3HI0TEIUO-
IIUTHI ZiecHBI (pUCYyHOK). MopdomeTpuio mapamMmeTpoB
SHJIOTEJIUOIUTOB JIeCeH ITPOBOJMJIN C IIOMOIIBIO OT-
KPBITBIX U 3aKPBITHIX TECTOBBIX CHCTEM U3 KBAZPATOB
IIpU KOHEUHBIX YBEJIMYEHUAX 14 000 U 44800.

BeposATHOCTH JOCTOBEPHOCTU Pa3JIUUUH, CpaB-
HUBAaeMbIX cpeauux M + m (M — cpenaHss Beu-
YyrHa, M — oImuOKa pernpe3eHTaTUBHOCTH) OIIpe-
JleJISIJIN, CONOCTABJIASA 3HAUEHUs KPUTEpUsA J0CTO-
BEPHOCTH CO CTAaH/JAPTHBIMU 3HAYEHUSIMH KDHUTE-
pus CrerofieHTa. Pasinyms cYuTasMd JOCTOBEPHBI-
MU IIpHU p < 0.05.

Ultrathin sections were obtained on LKB-
8800 ultramicrotome, sections were contrasted
with saturated aqueous solutions of uranyl ace-
tate and lead citrate, then coated with a layer
of carbon in vacuum evaporator and examined
with JEM 1008 (ASID) SEGZ electron microscope.

For the purposes of morphometry gum endo-
thelial cells were photographed at 2800 x magni-
fication (Fig.). Morphometry of gum endothelio-
cytes’ parameters was performed using open and
closed square test systems at final magnifications
of 14 000 x and 44 800 x.

The probability of significance of differences in
compared average values M + m (M — the average
value, m — the representativeness error) were de-
termined, comparing the parameters of the signifi-
cance criterion with the standard parameters of the
Student’s t-criterion. The differences were consi-
dered significant at p < 0.05.

RESULTS AND DISCUSSION

When studying gum capillaries in patients
with simple chronic marginal gingivitis after comp-

IIpocBeT KPOBEHOCHOTO KAITMJUISIPA JIECHBI OOJIPHOTO XPOHHUECKUM MaprUHAIBHBIM THHIMBUTOM
IOCJIE JIEUEHMsI, BKJIFOUABIIETO AaHO/[-TAJIbBAHU3AIUIO. YBEJIMYEHUE 7500
The lumen of the gum blood capillary in patient with chronic marginal gingivitis after the treatment
including anode-galvanization. Magnification 7500 x
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PesysbraTsl MOPHOMETPUH SHIOTETUATBHBIX KJIETOK KPOBEHOCHBIX KATMILISIPOB JieceH (M + m)
Results of morphometry of endothelial cells of the blood capillaries of gums (M + m)

HccenenoBanHbIe CTPYKTYPBI U I'pynmna 1 (Jiuma co

I'pynna 2 (6ospable  I'pynma 3 (6osxpHBIE XM

MOpGHOMETPHUYECKHE TTapaAMETPBI 370POBBIM TTAPOZOHTOM) XMT /10 JleueH 1) mocJie IPUMEHEHU aHO-
Investigated structures and 1 group (individuals with 2 group (patients raJibBaHU3aI[UH)
morphometric parameters intact periodontium) with CMG before 3 group (patients with CMG
treatment) after anode-galvanization)
Knerku (A) / Cells (A) 36.5 + 5.46 50.9 + 3.7% 39.12 + 2.6%
Anpa (A) / Nuclei (A) 16.5 + 1.9 26.4 + 2.07* 15.81 + 2.1%
SAnpa (Sv) / Nuclei (Sv) 0.22 + 0.016 0.25 + 0.007 0.16 + 0.011%%
IlepBuuHbIe TU30COMBI / Primary
lysosomes:
\%)) 1.0 + 0.17 1.5 + 0.17% 2.1+ 0.4%*
Nv 0.56 + 0.08 0.79 £ 0.1% 1.53 £ 0.09**
Pu6ocomsr / Ribosomes (Nv):
cBoOoHbIE / free 6.67 + 0.8 4.76 + 0.5 20.07 + 2.32%%
npukpenienHele / attached 52.44 £ 5.6 56.51+ 3.6 30.4 + 3.3%%
Mukpodubpusisl (Vv) 30.0 + 2.1 13.0 + 1.0* 35.4 £ 3.1%
Microfibrils (Vv)
I'9P / GER:
Sv 4.9 £ 0.4 4.6 £ 0.2 3.45 + 0.21%*
\%3; 23.0 + 2.3 35.0 + 1.7% 27.0 + 3.5%
Muroxongpuu / Mitochondria:
1% 8.0+ 0.7 9.0 £ 0.6 7.7 £ 1.1
Nv 0.7 £ 0.05 0.73 £ 0.05 0.32 + 0.06%*
Iuronnasma (A) / Cytoplasm (A) 19.6 £ 1.2 24.5 + 4.23 14.5 + 1.24%
AnepHO-IIUTOIIA3MATUYECKOE 0.84 £ 0.11 1.38 £ 0.12* 1.09 + 0.17
orHorirerue / Nuclear-cytoplasmic ratio
Membpana Mutoxouipuii / Mem-
brane of mitochondria (Sv):
Hapy»KHad / outer 0.78 £ 0.04 0.88 + 0.03* 0.44 + 0.03**
BHYTpEHHsIs / inner 1.2 + 0.09 1.5 £ 0.06* 0.8 + 0.08**

IlpumevaHus: A— miomanbHa npoduie cpesa, MKM?; SU — II0BEPXHOCTHAs IJIOTHOCTh, MKM®/MKM; VU — 06'beMHasI IJIOTHOCTb, %;
Nv — uncseHHas IOTHOCTD, MKM®/MKMS3; ['9P — rpaHyIsipHBIN SHAOIIA3MATHYECKUH PETHKYIIYM.

*JlocTOBEpHOE Pa3JIMuKe C BeJIMYMHON COOTBETCTBYIOIIEro TapaMeTpa B 1-i rpyIe.

*J[0CTOBEPHOE Pa3JIMIHeE C BEJIMIUHON COOTBETCTBYIONIETO TAPAMETPA BO 2-1 TPyIIIIE.

Notes: A — area on section profile, um?; Sv — surface density, um°/um; Vv — volume density, %; Nv — numerical density, um°/um3;

GER — granular endoplasmatic reticulum.

*Significant difference with the value of the corresponding parameter in the 1° group.
*Significant difference with the value of the corresponding parameter in the 2™ group.

PE3YJIBTATBI 1 OBCYXKJEHUNE

Ipu vccief0BaHU Y KATUJISIPOB JIECEH MallueH-
TOB, OOJIBHBIX MTPOCTHIM XPOHUUYECKUM MapruHAaIb-
HBIM THHTHBHUTOM IIOCJI€ KOMILJIEKCHOU TepariuH,
BKJIIOUABIIIEH MpUMeEHEHHEe aHO/-TaJbBaHU3AIINH,
0OHAPYKUJIM, YTO ILJIOIIA/Ib CEUEHHUS DHA0TETHO-
IIUTOB y OOJIBHBIX IOCJIE JIEUeHHUs] CHHKajach Ha
23 % IO CPaBHEHHIO C TAKOBOH y OOJIBHBIX /IO Jie-
YeHHsI M JIOCTOBEPHO He OT/IMYajach OT BEJIHYHU-
HBI ATOTO MOKA3aTeJis B TPYIIE HAIlUEHTOB CO 3710~
poBbIMU fecHaMu (Tabsuia). Takike ymeHbIIaaach
BEJIMYHHA MMOBEPXHOCTHOM IMJIOTHOCTH SIIEP BH/IO-
TEJIMOLIUTOB: 3TOT IIOKa3aTejib ObLI Ha 40 % MEHb-
1le, YeM y MalueHToB /10 JieueHusd, ¥ Ha 36 % — ueMm
y JIUI] CO 3/TOPOBBIMU JlecHaMH (cM. Tabmuiry). I1io-

rehensive therapy including anode-galvanization,
we revealed that the cross-sectional area of endo-
thelial cells in patients after treatment decreased by
23% compared to that in patients before treatment
and did not significantly differ from this indicator
in the group of patients with healthy gums (Ta-
ble). The surface density of endotheliocytes’ nuclei
also decreased, this indicator was 40% less than in
patients before treatment, and 36% less than in in-
dividuals with healthy gums (Table). The cytoplasm
area of endothelial cells in patients after treatment
decreased by 26% compared to individuals with
healthy gums and by 41% in patients with chronic
gingivitis before treatment (Table). The magnitude
of the the endothelial cells’ nuclear-cytoplasmic ra-
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Ia/Th IUTOILIA3MbI 9H/I0TETUOIUTOB ¥ O0JIBHBIX 110~
cJie JIeueHusl yMeHbIasach Ha 26 % 10 CpaBHEHUIO
C TEM JKe ITapaMeTPOM Y JIKI] CO 3/I0POBBIMU JIeCHA-
MY ¥ Ha 41 % — y GOJIbHBIX XPOHHYECKUM T'MHTUBHU-
TOM 710 JiedeHus (cM. Tabiuity). BesimuunHa sijiepHo-
[IUTOIJIA3MAaTHUYECKOTO OTHOIIEHWsI B SHI0TEIHO-
nuTax OOJIBHBIX IOCTIE JIEYeHHsI JJOCTOBEPHO HE OT-
JIn4asiach HA OT aHAJIOTUYHOTO TI0Ka3aTesisi y 60J1b-
HBIX JI0 JIEUEHUSI, HU OT II0KA3aTeJis DHI0TE MO~
TOB Y JIWII CO 3/I0POBBIMHU JIECHAMU, XOTSI [IPU TOM
HMeJIach TEHAEHIUA K CHUKEHUIO 9TOT0 IIoKa3are-
Jis1 y OOJIBHBIX TIOCJIE JIeUeHU s (CM. TabJIHILy).

Ha sieKTpoHOrpaMMax MUTOXOH/IPUM DHOTE-
JIMOLMTOB B TPYIIIE MAIUEHTOB [TOCJIe JIEYEH ST BbI-
[UISIZIEJTH Y BEJTAYEHHBIMY B Pa3Mepax U MMeJTH MEHb-
1ee KOJIUYECTBO KPHCT, YeM MUTOXOHJIPUM B KJIET-
Kax JIMI] CO 37I0POBBIMH J€CHAMHU U OOJIBHBIX THH-
TUBUATOM JI0 JiedeHusa. OO0 beMHas IJIOTHOCTh MUTO-
XOH/IPUM B SH/IOTEJIUOIUTAX MAITHEHTOB C XPOHUYE-
CKMM THHTHBUTOM IIOCJIE JIEYEHUS JOCTOBEPHO HE
OTJINYAJIach OT AaHAJIOTMYHBIX [TOKa3aTesed B IpyIl-
max JIMI[ CO 37I0POBBIMHU JieCHAMU U GOJIBHBIX XPO-
HUYECKUM T'MHTUBUTOM IO JieueHus (CM. Tabiiuiry),
a UX YHCJIEHHAs IJIOTHOCTh YMEHBIIMJIACH B 2 pasa
10 CPAaBHEHMUIO C [TOKA3aTeJIeM Y JIUIL CO 3Z0POBBIMU
JleCHAaMH U B 2.3 pasa II0 CPaBHEHWIO C Mal[heHTa-
MU ¢ XPOHUYECKH BOCIIAIEHHBIMU JIECHAMH JT0 JIeUe-
Hus (cM. Tabauiy). [TapaienbHo Ha 43 % PoOU30-
IILJTO CHUYKEH € BEJTHYNHBI IIOBEPXHOCTHOM IJIOTHO-
CTH Hapy>KHOU MeMOpaHbI MUTOXOH/APUM 110 CpaB-
HEHWUIO ¢ IPYIIION JIKI] CO 3/I0POBBIMH JIECHAMHU U Ha
50 % — 110 CpaBHEHHIO C MAIMEHTaMU C XPOHHYECKUM
CUHTUBUTOM JI0 JiIedeHus (CM. TabuIly). AHaJIOruY-
HBIMH OBLJIM H3MEHEHU S BEJIMUYMHBI IIOBEPXHOCTHOMN
IJIOTHOCTH BHYTPEHHEW MeMOpaHbl MUTOXOH/IPHH.
ITOT MOKas3aTesb y OOJIBHBIX IOCJE JIEUEeHUs ObLI
HIKe, YeM Y JIUIL CO 3JI0POBBIMHU JIeCHAMH, Ha 33 %,
a 1o cpaBHeHHIO ¢ 60s1bHBIME XMTI' /10 JIeueHus1 — Ha
53 % (cm. Tabsuiry). B sHIOTEIMOIIUTaX KPOBEHOC-
HBIX KaIlWJIJISIPOB IALMEHTOB II0CJIE TIPOBEIEHHOTO
JIEYEHUST YUCJIEHHAS [JIOTHOCTH MEPBUYHBIX JIU30-
COM BO3pOCJia B 1.7 pa3a 0 CPABHEHUIO C BEJIMYH-
HOM 3TOr0 mapameTpa y JIUII CO 3/I0POBbIMHU JIECHAMU
¥ Ha 93 % 110 CpaBHEHUIO C KJIETKAMU IAIEHTOB /10
sneuenus (cM. Tabsuiy). O6beMHAas IJIOTHOCTD Tep-
BUYHBIX JIN30COM IIPEBBIIIAJIa aHAJOTUYHBIN Iapa-
METp y JIKI] CO 37I0POBBIMH /IECHAMH B 2 pasa U Ha
40 % — 1o cpaBHeHHIO ¢ 60sbHBIME XMTI 10 steue-
Hus (cM. Tabsuiry). YuceHHas JIOTHOCTD TPUKpPe-
IUIEHHBIX PUOOCOM y MAI[MEHTOB IIOCJIE JIEYEHHUS
YMEHBINHUIACH HA 40 % 110 CPABHEHHIO C JIUI[AMH CO
37I0POBBIMH JIECHAMU U Ha 45 % — 110 CpaBHEHUIO C
6osbHBIMU XMTI 110 Jteuenus (M. TabIuIy).

tio in patients after treatment did not significantly
differ either from the same parameter in patients
before treatment or from the parameter of healthy
gum endothelial cells, although there was a ten-
dency to decrease in this indicator in patients after
treatment (Table).

On the electron diffraction patterns the mi-
tochondria of endothelial cells in the group of pa-
tients after treatment looked enlarged and had
fewer cristae than mitochondria in cells of patients
with healthy gums and patients with gingivitis be-
fore treatment. The volume density of mitochon-
dria in the endothelial cells of patients with chronic
gingivitis after treatment did not significantly dif-
fer from those in groups of individuals with healthy
gums and patients with chronic gingivitis before
treatment (Table), and their numerical density de-
creased by 2 times compared to individuals with
healthy gums and by 2.3 times compared with
chronically inflamed gums before treatment (Ta-
ble). In parallel, there occured a 43% decrease in
the surface density of the outer membrane of mito-
chondria compared with the group of individuals
with healthy gums, and a 50% decrease compared
with chronic gingivitis patients before treatment
(Table). The similar changes in the surface den-
sity of the inner mitochondrial membrane were
observed. This parameter in patients after treat-
ment was 33% less than in individuals with healthy
gums and 53% lower than in CMG patients before
treatment (Table). In the endotheliocytes of capil-
laries, the numerical density of primary lysosomes
in patients after treatment increased 1.7 times com-
pared to individuals with healthy gums and by 93%
compared to patients before treatment (Table). The
volume density of primary lysosomes exceeded the
same parameter in individuals with healthy gums
by 2 times and by 40% compared to CMG patients
before treatment (Table). The numerical density
of attached ribosomes in patients after treatment
decreased by 40% compared to individuals with
healthy gums and by 45% compared with CMG pa-
tients before treatment (Table).

The volume density of the granular endoplas-
mic reticulum (GER) of endothelial cells in pa-
tients after treatment decreased by 22% compared
with patients before treatment and reached the
maximum value of the group with healthy gums
(Table). The surface density of GER decreased by
24% compared with the value of this parameter in
patients before treatment and by 29% in patients
with healthy periodontium (Table). The numerical
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Ob6beMHAsA IUIOTHOCTb TPAHYJIAPHOTO 3HJIO-
I1a3MaTiudeckoro petukysiayma (I'9P) sHiorenony-
TOB Y OOJIBHBIX TIOCJIE JIEUEeHUs CHIKAJIACh Ha 22 %
II0 CPAaBHEHUIO ¢ OOJIBHBIMU /IO JIEYEHUS U JOCTUT-
Jla MaKCUMyMa B T'DYIIIe JIUI] CO 37I0POBBIM IIapo-
JoHTOM (cM. Tabsuiry). IToBepXHOCTHASI TJIOTHOCTD
I'9P ymeHbianach Ha 24 % II0 CpaBHEHUIO C BeJIU-
YHMHOM 9TOTrO apamMeTpa y 60JIbHBIX /I0 JIEYeHU U Ha
29 % — IO CPaBHEHMUIO C JIUIIAMH CO 3/I0POBBIMU JIeC-
Hamu (cM. Tabsuiry). YucieHHast IJIOTHOCTh CBOOOT-
HBIX PUOOCOM y NAIMEHTOB IOCJIE JIEYEHUs IPEBbI-
I1aJ1a 3TOT MTOKA3aTeJIb Y JIUIT CO 3/I0POBBIMU JIECHAMU
B 3 pasa, a 1o cpaBHEHUIO ¢ 6oapHBIME XMI 10 J1eue-
HUA — B 4 pasa (cM. Tabsuity). Poct yncieHHOH 1I10T-
HOCTU CBOOOZIHBIX PHOOCOM B DHAOTEJHOITUTAX CO-
IIPOBOXK/AAJICS YBETIMYEHUEM B 2.5 pa3a 10 CDABHEHHIO
¢ TPYIIION OOJBHBIX JI0 JIeYeHUsT 00'heMHON IJIOTHO-
CTU MUKPOGUOPUILI B IIUTOILIA3ME KJIETOK, UTO IIpe-
BBICHJIO COOTBETCTBYIOIIYIO BEJIMINHY B TPYIIIIE JIHI]
CO 37I0POBBIM TIAPOIOHTOM (CM. TabJIUILY).

BazasibHass MeMOpaHa SHIOTEINS KATTUJLISIPOB
JleceH OOJIPHBIX XPOHUYECKUM MapTrHHAIbHBIM T'HH-
TUBUTOM IIOCJIE JIEUEHU S, TaK Ke KaK U Y OOJIbHBIX
JI0 JIeYeHUs], OCTaBajIach UCTOHYEHHOU U Pa3phIX-
JIEHHOH (CM. PUCYHOK).

CorstacHO [2] B TKaHAX IO, BO3JIEHICTBHUEM II0-
CTOSTHHOTO 3JIEKTPUUYECKOTO TOKa HAOJII0/IaeTes psij
U3MeHEeHUH, TPUBOASAIINX K CO3/IaHUI0 HOBBIX YCIJIO-
BUH /11 IPOTEKAHUSA PA3JINYHBIX OMOXUMUIECKUX
peaxuuii. [Tos 2y1eKTPOAaMU B TKAHAX IIPOUCXOIUT
nepemelnenue noHoB Na*, K*, mpuBojsamee Kk usme-
HEHUIO KHCJIOTHO-OCHOBHOTO COCTOSIHHA. YKa3aH-
Hble GUBUKO-XUMHUYECKUEe U3MEHEHU S B TKAHIX JIe-
JKaT B OCHOBE PA3JINYHBIX (PU3UOJIOTUYECKUX PeaK-
[UH, KOHTPOJIMPYEMBIX ITyTEM HEHPOTYMOpPaJJIbHOU
perynsiuu. Kpome TOro, B TKAHIX YBEJIUUHUBAIOTCS
00’beM U CKOPOCTH KPOBOTOKA.

B [3] ormeuaeTcsi, YTO ABJIEHUS WHTEPIOJIs-
MY, BOBHUKAIOIIYE ITPU TPOXOXKAEHUU IIOCTOSHHO-
ro 3JIEKTPUYECKOTO TOKA Uepe3 TKAHU, BJIUAIOT HA
JIMCIIEPCHOCTH KOJIJIOUIOB IIPOTOILJIa3Mbl, IPOHUIIA-
€MOCTh KJIETOYHBIX MEMOpPAH, UTO IPUBOAUT K CHU-
JKEHHIO TUPaTalliy KJIETOK. B CBA3H ¢ 3TUM MOXKHO
IIPE/ITIOJIOKUTD, YTO IIPOLIECC JETUPATAIIUN KIIETOK
YacTUYHO 00yCJIOBIIMBAET HAOIIOaeMoe y allheH-
TOB IIOCJIE JIEUEHU S YMEHbIIIeHHe IIOMAN SH0Te-
JIMOITATOB Ha mpodusie cpesa (cM. TabIUILY).

JlaHHBIE O CHMIJKEHUU YNCJIEHHOU IJIOTHOCTHU
MHUTOXOHZPUU U IOBEPXHOCTHOH IIJIOTHOCTU Ha-
PYKHOH MeMOpaHbI MUTOXOHJPHH IPH OCTaBaB-
melicss TMPaKTUYECKW HEU3MEHHOH HX 00BbeMHOH
IUIOTHOCTH CBHUJETEIBCTBYIOT 00 YMEHBIIEHUH KO-
JINYECTBA MUTOXOH/IPUI B IIUTOIJIA3Me BHIOTEJINO-
[UTOB U YBEJUUYEHUU UX 00'beMa. YMeHbIIIEHUEe Be-

density of free ribosomes in patients after treatment
3 times exceeded this parameter in individuals with
healthy gums and 4 times exceeded that of CMG pa-
tients before treatment (Table). The increase in the
numerical density of free ribosomes in endothelial
cells was accompanied by a 2.5-fold increase in the
volume density of microfibrils in cell cytoplasm
compared to patients before treatment, which ex-
ceeded the corresponding value in the group with
intact periodontium (Table).

The basal membrane of the gingival capillaries
endothelium in patients with chronic marginal gin-
givitis after treatment, as well as in patients before
treatment, remained thinned and loose (Fig.).

According to [2], a number of specific changes
are observed in tissues under the influence of direct
electric current, resulting in new conditions for var-
ious biochemical reactions. Under the electrodes in
tissues, Na*, K* ions move thus leading to a change
in the acid-base state. The above mentioned physi-
cal and chemical changes in tissues underlie vari-
ous physiological reactions controlled by neurohu-
moral regulation. Moreover, the volume and speed
of blood flow in tissues increase.

It is noted that the interpolation phenomena,
that occur when direct electric current passes
through tissues, affect the dispersion of proto-
plasmic colloids and the permeability of cell mem-
branes, which leads to a decrease in cell hydration.
In this regard, it can be assumed that the process
of cell dehydration partially determines the reduc-
tion in the volume of endothelial cells on the sec-
tion profile observed in patients after treatment [3]
(Table).

Data on the decrease in mitochondrial density
and the surface density of the outer membrane of
mitochondria with their volume density remain-
ing practically unchanged, indicate a decline in the
number of mitochondria in the cytoplasm of en-
dothelial cells and an increase in their volume. A
decrease in the surface density of the inner mem-
brane of mitochondria, both in comparison with
the level of healthy persons and that of patients be-
fore treatment, indicates that, despite an increase
in the volume of mitochondria, the number of cris-
tae in them was reduced. Such structural changes
indicate a decrease in ATP synthesis as there is a
direct relationship between the number of synthe-
sized ATP molecules and the surface of the inner
mitochondrial membrane [4]. Consequently, the in-
crease in the volume of mitochondria was obviously
due to their swelling.
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JINYUHBI TIOBEPXHOCTHON IIJIOTHOCTA BHYTPEHHEH
MeMOpaHbl MUTOXOH/IPHUH TI0 CPABHEHUIO C YPOBHEM
3/I0POBBIX JIUI[ ¥ OOJIBHBIX /10 JIEYEHHUsI CBUETEb-
CTBYET O TOM, UTO, HECMOTPSI Ha yBeJIMYeHHe 00'beMa
MUTOXOHPHUH, KOJTUYECTBO KPUCT B HUX OBLIO CHU-
skeHo. Takue CTPYKTypHbIE U3MEHEHU s YKa3bIBAIOT
Ha yMeHblleHUe cuHTe3a AT®, Tak Kak CyIlIeCTByeT
IpsiMasi 3aBUCUMOCTD MEXY YUCJIOM CHHTE3UPYIO-
muxcst MoJyiekysl AT® u TOBEpXHOCTBHIO BHYTPEHHEH
MeMOpaHbl MUTOXOHAPUIH [4]. CiemoBaTesibHO, yBe-
JuyeHre oO0beMa MUTOXOHAPHH, OUEBUIHO, OBLIO
00yCJIOBJIEHO UX HaOyXaHUEM.

V3BeCTHO, UTO MOBBIIIEHNE (QYHKIIMOHATIHBHON
AKTHUBHOCTH MUTOXOHJIDUH MOXKET pean30BaTh-
Csl IyTEM UX JIEJIEHUS, & B IEPUOJT CHUKEHU ST (PYHK-
[[MOHAJIFHOW aKTHUBHOCTU MUTOXOHJIDUM IPOUCXO-
JUT UX causHue U HabyxaHue [5]. YuuTeiBas Bce
3TO, MOKHO MPEATIOJIOKUTD, YTO HAGII0/IaeMOoe Ha-
OyxaHHe MHUTOXOHJIDUH B DHJIOTEJIMOIUTAX KPOBe-
HOCHBIX KAIWJIJISAPOB JleCeH GOJIBHBIX THHTUBUTOM
[OCJIe BO3JIEHCTBHUSL MOCTOSHHOTO DJIEKTPUUYECKOTO
TOKa fABJIAETCA CTPYKTYPHBIM IPU3HAKOM CHIKe-
HHUA UX QYHKIIMOHAIBHON aKTUBHOCTH.

Tak’ke U3BECTHO, YTO MEPBUYHbIE JTU30COMBI B
SHJ/IOTEJINU BBIABJIAIOTCA HE BCETZ|a ¥ OTIMYAIOTCHA
BBIPa’KeHHOU reTepPOreHHOCTHIO [6]. B TO ke Bpems
B KJIETKAaX, HAXOAANIUXCS B COCTOSIHUH (DYHKITHO-
HaJIBHOTO IIOKO$1, KOJINYECTBO IIEPBUYHBIX JTU30COM
yBennueHo [7]. CiemoBaTesibHO, OOHApPY’KEHHBIN
POCT YHCJIEHHON B 00'bEMHOM IJIOTHOCTEN TEPBUU-
HBIX JIU30COM B SHIOTEJINONUTAX HAIUEHTOB II0CJIE
sedeHus: (cM. TabuIly), BEpOSTHO, B TMEPBYIO Oue-
penib O0YCIIOBJIEH CHUKEHHUEM SHJIOIUTAPHOUA U Me-
TabOJINYECKON aKTUBHOCTH KJIETOK.

VBesiMueHNEe YHCJIEHHOH IJIOTHOCTH CBOOO.-
HBIX prbocoM (CM. TabJIHUITY), BOBMOKHO, OOecedn-
BaeT yCUJIEHHE CHHTe3a KJIETOUHBIX opraHesul [8].
B mosp3y 3TOrO CBHAETEIHCTBYET OOHAPYKEHHOE Y
MAIMEHTOB [IOCJIE JIEYEH U YBEIMUEeHNE YUCIIEHHON
IJIOTHOCTH MUKPOGMUOPUILIT B IUTOIJIa3MeE SHJIOTE-
JIUOIUTOB (cM. Tabsuily). B To ke BpeMsi U3BECTHO,
YTO MOJMMOPGU3M 3HIOTETHUOIUTOB OTYACTH 00Y-
CJIOBJIEH HAJIMYKMEM B I[UTOILIIa3Me MUKPOGUOPUILIL,
CIIOCOOHBIX K cokpaineHuto [9]. CienoBaTesibHO,
MO3KHO IIPE/III0JIOKUTH, YTO B OCHOBE HAOJII0/IaeMO-
r'o yMeHbIIIeHU A 00beMa SHI0TETHONUTOB OOJIBHBIX
TUHTUBUTOM TIOCJIE JIEUEHUsI JIEKUT HE TOJIBKO BO3-
MO3KHAsI JIETU/IpaTaI[Usl KJIETOK I0J] IEHCTBUEM TI0-
CTOSAHHOTO 3JIEKTPUYECKOTO TOKa [3], HO, BEpOAT-
HO, ¥ COKpAIIleHUe SH/IOTETUATHHBIX KJIETOK 32 CUET
CHIKEHHSI OOJIBINIETO YHCTIa MHUKPOGUOPUILI, CO-
JIEpIKAIUXCA B MX [IUTOILIa3Me.

Hab6nromaeMoe yMeHbIIIEHUE BEJIMIUH YUCTIEH-
HOH IUIOTHOCTU IIPUKPENJIEHHBIX PHOOCOM, 00B-

It is known that increased activity of mitochon-
dria can be realized by their division, and during a
decline in the activity of mitochondria, they merge
and swell [5]. Given all this, we can assume that the
observed swelling of mitochondria in the endothelio-
cytes of gum blood capillaries in patients with gingivi-
tis after exposure to a direct electric current is a struc-
tural sign of a decrease in their functional activity.

It is also known that primary lysosomes in
the endothelium are not always detected and are
characterized by pronounced heterogeneity [6]. At
the same time, the number of primary lysosomes
in cells in a state of functional rest is increased
[7]. Therefore, the detected increase in the numeri-
cal and volume densities of primary lysosomes in
the endothelial cells of patients after treatment
(Table) is probably primarily due to a reduced en-
docytic and metabolic activity of cells.

The increase in the numerical density of free
ribosomes (Table) is likely to enhance synthesis of
cell organelles [8]. This is also evidenced by the in-
crease in the numerical density of microfibrils in
the cytoplasm of endothelial cells found in patients
after treatment (Table). At the same time, endothe-
lial cell polymorphism is partly due to the presence
of microfibrils in the cytoplasm capable of contract-
ing [9]. Therefore, it can be assumed that the ob-
served decrease in the volume of endothelial cells
in patients with gingivitis after treatment is based
not only on the possible dehydration of cells un-
der the influence of direct electric current [3], but,
probably, on the reduction of endothelial cells due
to the decrease in the greater number of microfi-
brils contained in their cytoplasm.

The observed decrease in the values of numeri-
cal density of attached ribosomes, volume and sur-
face densities of GER in the group of patients after
treatment (Table), considering the fact that synthesis
of substances for export is carried out on GER ribo-
somes [8], allows us to make an assumption that these
changes indicate inhibition of exocrine activity of en-
dotheliocytes in patients with gingivitis after expo-
sure of gum tissues to direct electric current.

Taking into consideration the data according to
which endothelial cells can secrete a vasoconstric-
tor factor [10], as well as the fact that during inflam-
mation under the influence of cytokines, endothelial
cells increase the expression of adhesive molecules
and the secretion of chemokines, through which
neutrophils and monocytes migrate via the vascu-
lar wall [11, 12], we can assume that the suppression
of the exocrine activity of endothelial cells can lead
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€MHOH U MOBEPXHOCTHOH myoTHOCTeN I'OP B rpym-
11e 60JIBHBIX ITOCJIE JIEYEHH A (CM. TaOJIUITY), C yIETOM
TOTO, YTO CUHTE3 BEIIECTB HA «IKCIIOPT» OCYIIECT-
BaseTca Ha pubocomax I'DP [8], mosBoiser cae-
JIaTh TIPEJINOJIOKEHNE, YTO 3TU U3MEHEHUA yKa3bI-
BAIOT HAa yTHETEHUE BHEIIHECEKPETOPHOU JieATeNb-
HOCTHU SH/IOTETHATHHBIX KJIETOK O0JIBHBIX THHTUBH-
TOM IIOCJIe BO3/IECTBUS HA TKAHU JIECHBI TIOCTOSH-
HOTO BJIEKTPUYECKOTO TOKA.

I[IpuHuMasi BO BHUMAaHHE JIaHHbIE, COTJIACHO
KOTOPBIM JHJIOTEJINAIbHbIE KJIETKH CIIOCOOHBI ce-
KpeTHupoBaTh GHaKTOp, CYKUBAIOIIUHI cocyasl [10],
a Tak’ke TO, 4TO B IIPOIlecCe BOCIAJIEHH S I10J] BO3-
JIECTBUEM ITUTOKWHOB SH/IOTEJTUOIUTHI YBEJTUIH-
BAIOT DKCIIPECCUIO aJIT€3UBHBIX MOJIEKYJI U CEKpe-
U0 XEMOKHWHOB, IOCPEJICTBOM KOTOPBIX peajiu-
3yI0TCA IPOLECCHI MUTPAIMH HEUTPODPUIIOB U MO-
HOITUTOB Uepe3 COCYIUCTYIO CTEHKY [11, 12], MOXK-
HO TIPEJIIOJIOKUTH, UTO YTHETEHUE BHEIITHECEKPe-
TOPHOHU aKTUBHOCTH DH/IOTEJTUOIIUTOB MOXKET 00y-
CJIOBJIMBATH BOCCTAHOBJIEHHE IIPOCBETAa KPOBEHOC-
HBIX KallWJIJISPOB JIECEH U CIIOCOOCTBOBATH YMEHbB-
[IEHUI0 MUTPAIlU¥ HEUTPO(PHUIOB W MOHOIIUTOB
yepe3 COCYJIUCTYIO0 CTeHKY. B mosib3y aToro mpej-
MOJIO’KEHUSI TaK)Ke CBUJIETEJILCTBYET HaOJII0/1ae-
MO€ y OOJIBHBIX TPYIIIBI 3 B BHOTEJHUOIUTAX BOC-
CTaHOBJIEHHE JI0 YPOBHS HOPMbI OO'HEMHOH IIJIOT-
HOCTH MHUKPOUOpUAI (cM. TabJIHILY), KOTOPbIE
MPUHUMAIOT aKTUBHOE yYacTHe B IIPOIECCe MH-
rpanuy HeUTPOPUIOB U MOHOITUTOB UpPE3 COCYIH-
CTyI0 CTeHKY [13]. OmHaKO yUUTHIBasI, YTO DHIOTE-
JIMOIIUTHI CEKPETUPYIOT OCTEONPOTETepuH — hak-
TOp, OJIOKUPYIONHN /IeHCTBUE ITUTOKUHOB, aKTHU-
BUBHUPYIONIUX AKTUBHOCTb OCTEOKJIACTOB [14], a
KOJINYECTBO OCTEOIPOTErePUHA, IIPU AaKTUBHO Te-
KyIlleM BOCIIAaJIEHWU B IApOJIOHTE, YMEHbIIAeT-
csa [15, 16], MOKHO MPEJIOJOXKUTD, UTO CHHMKE-
HUE BHEIIHECEKPETOPDHOU AaKTUBHOCTU DHJIOTE-
JIMOIUTOB JieCeH OOJIbHBIX TPYIIIBI 3 MOXKET OKa-
3aTh HETATUBHOE BJIMSHUE HA ITPOIECC BOCCTAHOB-
JIEHUs KOJIMYECTBA OCTEONPOTErepruHa B TKAHAX
MapofioHTa ¥, KaK CJIEeJCTBHEe, — Ha aKTUBHOCTH
OCTEOKJIaCTOB.
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to the restoration of gingival capillaries lumen, and
reduce the migration of neutrophils and monocytes
through the vascular wall. This assumption is also
supported by the restoration of volume density of
microfibrils to the normal level in the endothelial
cells seen in patients from the group 3 (Table) since
microfibrils are actively involved in the migration
of neutrophils and monocytes through the vascular
wall [13]. However, taking into account that endo-
thelial cells secrete osteoprotegerin, a factor that
blocks cytokines stimulating osteoclast activity
[14], and the quantity of osteoprotegerin decreases
in the inflamed gums [15, 16], it can be assumed
that a decrease in the exocrine activity of gingival
endothelial cells in patients of the group 3 may have
a negative effect on the recovery of osteoprotegerin
quantity in periodontal tissues and, as a result, on
the activity of osteoclasts.

CONCLUSION

It can be assumed that despite the clinically
determined gum well-being after treatment, the
revealed morphological signs of reduced metabolic
and “export” secretory activity of blood capillary
endotheliocytes, indicate the ambiguous influ-
ence of a direct electric current, as a result of which
the structure of cells has not been completely re-
stored, and the risk of developing hemodynamic
disorders in the future remained.

3AK/IIOYEHMUE

MOKHO TTPETIOIOKUTD, YTO, HECMOTPS Ha KJIH-
HUYECKU OIIpejiesisieMoe OJIaromnoydne JeceH IIo-
cJIe TIPOBEZIEHHOTO JIEUeHU S, BhISIBJIEHHBIE MOP(OJIO-
TUYECKHE TPU3HAKU CHUKEHUS MeTabOJIMYecKOH U
«JKCIIOPTHOM» CEKPETOPHOH aKTUBHOCTH SHIOTEJIHO-
IIUTOB KPOBEHOCHBIX KATUIJIIPOB CBU/IETEIBCTBYIOT
0 HEOZHO3HAYHOCTH BO3IEHCTBUSA IIOCTOSIHHOIO DJIEK-
TPUYECKOT'0 TOKA, B pe3yJ/IbTaTe KOTOPOTO He IPOKCX0-
JIMJIO TIOJTHOTO BOCCTAHOBJIEHHUSI CTPYKTYPHOM opra-
HUBAIUH KJIETOK, YTO COXPAHSIET PUCK PA3BUTHUS Ha-
PYIIEHUH TEMOANHAMUKY B JJaJIbHENTIIEM.
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Traumatic effects of psychotic state
Zhdanok D.N.!, Ovchinnikov A.A.}, Grevtsova V.V.2
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AHHOTAILIA

IlcuxoTHuyecKoe cocTosiHre 06J1a/1aeT BHICOKMM TPaBMAaTOT€HHBIM ITOTEHIIUAIOM JIJIS1 TUYHOCTH marnueHTa. C 1esIbo
OIIEHKHU TPaBMaTOTeHHBIX 3(PDEKTOB McHuxo3a ObLIO 00CIEIOBAHO 29 MANMEHTOB, IIEPEHECIITNX TICUX03bl SH/IOTEHHOTO 1
5K30T€HHOTO IIPOUCXOK/IEHHS; UCIIOJIb30BAJICS KJIMHUKO-TICUXOIIATOJIOTHYECKUN U KITUHUKO-TICHXOJIOTUYECKUH HUHCTPY-
MeHTapui. BIsABJIIEHBI BHICOKHE PUCKH (DPOPMHUPOBAHUSA MICUX03-aCCOIIMUPOBAHHOTO ITOCTTPABMATHYECKOTO CTPECCOBOTO
paccTpoiicTBa B IepBbIE MATh JIET 3a00/IeBaHUsI, a TAKKe OOJIBIIIOE 3HAUEHHE CEMaHTHUYECKOTO (haKTOpa U IUCCOIUATHB-
HBIX MEXaHU3MOB B Pa3BUTHUH TPABMATHUIECKUX 3(PPeKTOB.

Knaroueswte crosa: IICUXO03, IOCTTPAaBMaTH4YECKOE CTPECCOBOE paCCTpOfICTBO, CeMaHTHUKa, JUCCOrUan .

ABSTRACT

Psychotic state has a high traumatic potential for patient’s personality. In order to assess the traumatic effects of
psychosis, 29 patients who suffered endogenous and exogenous psychoses were examined; clinical psychopathological
and clinical psychological instruments were used. High risks of the formation of psychosis-associated post-traumatic
stress disorder in the first five years of the disease, as well as the great importance of semantic factor and dissociation

mechanisms in the development of the traumatic effects were revealed.

Keywords: psychosis, post-traumatic stress disorder, semantics, dissociation.

BBEJAEHWUE

B kJaccmuecknx mpeACTaBIEHUSAX O IOCT-
TPaBMaTHYECKOM CTPECCOBOM PAaCCTPOMCTBE TeHe-
3UC CTpecca paccMaTPUBAETCH MPEUMYINECTBEHHO
Kak (OpMaJIbHO BHENIHee 110 OTHOIIEHHIO K JINY-
HOCTH COOBITHE WJIH CEepHsi COOBITHH, YTO CBs3a-
HO C JIMHEHHBIMU U IICUXOJIOTMYECKH MOHATHBIMU
MIPUYUHHO-CJIEICTBEHHBIMA ~ B3aWMOOTHOIIIEHU -
MU MEXKJIy IICUXUYECKOH TPAaBMOW M peakKIHed Ha
Hee [1]. Mex/ly TeM CUMIITOMBI [ICX03a, Pa3BUBAIO-
Ierocsi ayTOXTOHHO (9H/IOT€HHO), TAK3Ke MOTYT pac-
CMaTPUBAThCS B KayecTBe 3HAUMUMOIO JJISl JIUYHO-
CTH CTPECCOBOTO COOBITHA JTUOO CEPUH COOBITHH, HO

INTRODUCTION

In the classical concepts of post-traumatic
stress disorder, the stress genesis is considered
mainly as a formally external event or a series of
events in relation to a personality, connected to
lineal and psychologically understandable cause-
effect relationships between psychic trauma and
a reaction to it [1]. In the meantime, symptoms of
a psychosis, characterized by autochthonous (en-
dogenous) development, can also be considered as
a personally significant stress event or a series of
events, but with less obvious causal chain “psychic
trauma — reaction to trauma” [2]. This particular
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¢ MeHee OYEBUTHON Kay3aJIbHOH IEMTOYKON «IICUXH-
yeckas TpaBMa — peaknusA Ha TpaBMy» [2]. [lanHas
CUTyaIus sIBJISIETCS SHJIOICUXUYECKOH TpPaBMOH,
IIPOTUBOIIOCTABJISIEMOA TPaBMe 3K30IICUXUYECKOHN
(knaccuueckoii). CJIOKHOCTH B BBISIBJIEHUH H OIU-
CAaHUU YHIONCUXUIECKOTO TPABMATHYECKOTO COObBI-
THSA U €r0 IOCJIEZICTBUU CBS3AHBI C Pa3JIUYHBIMU
(axkTopamMu — ckpsIBatOIIUN ¢acaz TPoyKTUBHOH
Y HETAaTUBHOH IICUXOIATOJIOTUYECKON CUMIITOMATH-
KU, fedpopMaIuis JUIHOCTHON CTPYKTYPHI IpoIec-
CyaJIbHBIM 3a00JieBaHUEM, BIHsAHHE (hapMaKoTepa-
[IIH, YTO B COBOKYITHOCTHU IIPUBOAUT K ATUIIUH IIPO-
SIBJIEHUH TIOCTTPaBMHBI [3].

Hawubosiee 6;1U3KOU U, BEpOATHO, BOMpAIOIIEN
B cebs ICUX03-aCCOIMUPOBAHHOE IOCTTPaBMAaTHU-
yeckoe crpeccoBoe paccrpoiictBo (IITCP) mpen-
CTaBJIsfeTCs AUATHOCTUYECKas KaTeropus IOCTIIH-
30(ppEHNUECKON JIETIPECCUU, Pa3BUBAIOIIENCS TI0
PEaKTHUBHO-JIMYHOCTHBIM MEXaHHU3MaM, TPaJuIU-
OHHO paccMaTpuBaeMasi B CTPYKType BTOPHYHOH
HETaTUBHOH cuMITOMaTUKH [4]. [oBOps 0 peakTus-
HOH Jiempeccuy, Jaie BCero moApa3yMeBaloT peak-
nuio yrpartsl [5]. TpagunonHas KINHIUYeCKas IICU-
XUATPUs TMpeZJIaraeT JAOCTATOYHO HOBEPXHOCTHOE,
MeXaHHUYecKoe OIMKCAHUE JJAHHBIX HApYIIEHUH, He-
PEAKO 3aHUMASICh IOUCKOM «KOHCTUTYITHOHABHBIX
OCHOBY», «IIOUBBI» [6]. Takke XapaKTEpPHO HUCKJII0OUe-
HUe ManueHTOB ¢ MU30(ppeHneld U3 NCCIeJOBAaHUI
PeaKTUBHBIX JlelIpeccuii, YTo, Ha HAII B3IVIAJ, J0-
CTaTOYHO HCKYCCTBEHHO IMPOTUBOIOCTABJISET «JH-
JIOTEHHOE» U «IICUXOT'€HHOE», «OOJIBIIYIO» M «Ma-
JIyto» mcuxuarpuio [7]. Bosiee nesiocTHOE MOHUMA-
HUe Tpoliecca yTpaThl 0OHAPY:KMBAETCS B PaMKaX
[ICUXOIMTHAMIYECKOTO ITOIX0/A, HAUMHAS C KJIACCU-
yeckoi paboTsl S. Freud «Ileuass 1 MeJTaHXOIUSI», B
KOTOPOH HOAYEPKUBAETCS UMEHHO 00eTHEeHUE CBO-
ero «fI» B CBSI3M ¢ yTpaTOl 3HAYMMOTO 00'hEKTA, KO-
TOPBIY, B CHJLY 3HAYUMOCTH, ObLJT HHTPOEITUPOBAH U
CTaJI y>Ke BaXKHOH YaCThIO ICUXUYECKOH PeaTbHOCTH
Mestanxosuka [8]. Takum o6pasom, peus HUAET Ipe-
HMYILIECTBEHHO O BHYTPEHHEM, SH/IOTICHXUYECKOM
cOOBITHH, HECMOTPS Ha (POPMaJIBHO OOHEKTHUBHYIO
yTpary. B aTom pakypce, Bo3Bpamasach k adgdek-
TaM ICHXOTHYECKOTO COCTOSHUSA, IIOCJIe/IHEee TaK-
JKe SIBJISIETCS yTPaTOW, a UMEHHO YTPATOH IeJI0CT-
HOCTH JINYHOCTH, PaCIaJioM U paclierneHneM (TeMm
CaMbIM «CXHU3UCOM»), YTO HE MOKET HE UMETh 3Ha-
YHUTEJILHOTO TPAaBMATOTEHHOr0 MHoTeHmuasa. I[Ipo-
JIOJIKa sl TAHHYIO AHAJIOTUIO, COOTBETCTBYIOIIAS JIU-
HaMHKa CKOpOU IIpHMeHNMa U K HEKOTOPBIM Bapu-
aHTaM IOCTIICUXOTHUUYECKOTO Iepuoza — daszam oT-
punaHusa, KOHOPOHTAIMK U aKKOMOAAIUH (azar-
Tarusa B HOBOM MHUpe, GOpMHPOBaHNE HOBBIX OTHO-
mreHui) [5], ¢ HOBBIM HOCTIICUXOTUYECKUM JIN0O MH-

situation is an endopsychic trauma, which is op-
posed to exopsychic (classic) one. Difficulties in de-
tecting and describing endopsychic traumatic event
and its consequences are associated with various
factors — the concealing facade of productive and
negative psychopathological symptomatology, de-
formation of personality structure by processual
disease, pharmacotherapy effects, that collectively
result in atypia of post-traumatic stress disorder
manifestations [3].

The closest and probably incorporating psy-
chosis associated post-traumatic stress disorder
(PTSD) is the diagnostic category of post-schizo-
phrenic depression, which develops by personal
reaction mechanisms and traditionally is viewed
as one of secondary negative symptoms [4]. Speak-
ing of reactive depression we often mean a reac-
tion of loss [5]. Conventional clinical psychiatry
provides a rather superficial mechanic description
of these disorders and is frequently focusing on
searching for “constitutional foundations”, “soil”
[6]. Furthermore conventional clinical psychiatry
tends to exclude patients with schizophrenia from
studies on reactive depression, which in our opin-
ion quite artificially opposes endogenous and psy-
chogenous disturbance, major and minor psychia-
try [7]. More holistic comprehension of loss can be
found in the context of psychodynamic approach,
originating from the classic work Trauer und Me-
lancholie (Mourning and Melancholia) by S. Freud,
which emphasizes patient’s ego impoverishment
because of a loss of personally significant object,
the which in virtue of its importance to patient,
has been integrated into melancholic’s psychic real-
ity and already became its essential part [8]. Thus,
we are talking mainly about an internal endopsy-
chic event, despite the formally objective loss. In
this perspective, turning back to the effects of the
psychotic state, the latter is also a loss, namely a
personality integrity loss, disintegration and disso-
ciation (just the schisis), which cannot but have a
significant traumatogenic potential. In keeping this
analogy, the corresponding dynamics of grief is also
applicable to some variants of the post-psychotic
period — the phases of denial, confrontation and ac-
comodation (adaptation in a new world, formation
of new relationships) [5] with new postpsychotic or
intrapsychotic (in case of retention of psychopro-
ductive symptomatology) world.

Separately we should also note another fun-
damental loss in the psychotic state — the loss of
generally accepted language patterns and seman-
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TPAICUXOTHYECKUM (B CIydae peTeHI[UH IICHXOIIPO-
JIYKTUBHOU CUMIITOMATHUKN) MUPOM.

OT[esIbHO CTOUT OTMETHUTH ellle OHY dyHaa-
MEHTAJIbHYIO YTPaTy IIPU Pa3BUTHU IICUXOTUUECKO-
IO COCTOSAHUSA — YTPaTy OOIIENPUHATHIX A3bIKOBBIX
CTPYKTYD, ceMaHTHKH [9]. fI3bIK, peub mpuobpera-
I0T 0c0b0e 3HAYEHUE /IJIsI IICUXOTHIECKOTO ITaIueH-
Ta B CHJIy Pa3pylIeHUs CUMBOJIMYECKOTO (COIMaTh-
HOT0) TTOpsi/iKa [10]. [ICUXOTHK «OIEPKUM ST3BIKOM »,
«IOpaboIIeH AUCKYPCOM» — KM YIPAaBJAIOT, €ro
MIPECJIEIYI0OT «Tojioca» U OpefioBble KOHCTPYKITUU.
CremoBaTesibHO, TPaBMa IICUX03a SIBJISETCS TAKIKe U
TPaBMOU CMBICJIA, B CBSA3U C UEM TPATUI[UOHHBIE NH-
CcTpyMeHTHI /1714 BbisiByieHUsA [ITCP He mo3BoIAIOT B
IIOJTHOU Mepe BBISIBUTD U OMKCATh TPABMAaTUUECKUE
93¢ @eKThl NCUXOTUUECKOTO COCTOAHUS, BeJlb TPaB-
MHPOBATh B 3TOM cJiy4ae Oy/ieT ocobast CEMaHTHKA,
OTJIMYHAS OT OOLIENPUHATON TPaBMaTOT€HHOH.

IOEJDb UCCAEAOBAHUA

BrisiBsieHMe U onucaHue IICHX03-aCCOIUUPOBaH-
HOTI'O IMOCTTPAaBMAaTHU4Y€CKOI'0O CMUMIITOMOKOMIIJIEKCA.

MATEPHAJIBI 1 METO/ABbI

OO6ce10BaHO 29 TAIIUEHTOB C IICHX03aMU JIBYX
OCHOBHBIX TPYyIIl — BHJOTEHHOTO (mu3odpeHu-
gyeckue mncuxo3bl — auar"ossl mo MKb-10 F 20.0,
F 20.1; 14 mamueHTOB) ¥ BK30TreHHOro (MeTaJKo-
roJIbHbIE, THTOKCUKAITHOHHBIE IICUX03bI — JUATHO-
361 10 MKB-10 F 10.4, F 12.5, F 15.5; 15 manueHToB)
IIPOUCXOK/IEHUS, Pa3/IeJIEHHBIX, B CBOI OUYEpE/b,
Ha JIBe TOATPYIIIBI B 3aBUCUMOCTH OT CTaa 3a60-
JIeBaHUS — MeHee IIATH JieT (10 IarueHToB) u 6ojee
AT JeT (19 nanueHToB). Bo3pacT nanmueHToB — OT
23 710 52 JieT (CpeaHUE BO3paCT — 43.3 ro/1a), U3 HUX
13 MY?KYHH U 16 KeHIIUH. Bce manueHTs 06111 00-
CJIEJTOBAHBI HAa BBIXO/IE U3 IICUXOTHUYECKOTO COCTOSI-
HUsA, Ha 9Tane GOPMUPOBAHUS CUMIITOMATHYECKOH
(HemostHOM) 60 CUHApPOMAJIbHOU (ITOJTHOM) pe-
Muccur. IIcHXonaTosornyeckuil mpoduIb epeHe-
CEHHOTO TICHX03a BKJIIOYaJ B cebs TJIaBHBIM oOpa-
30M IaPAHOUIHBIM CHHPOM (UyBCTBEHHBIH, 00pa3-
HbBIN XapakTep Opejia), B OTJEIbHBIX CIydasx mapa-
HOHUSAJIbHBIN (TIpeobsiaflaHue WHTEPIpPEeTaTUBHBIX
MeXaHU3MOB Opefoo6pa30BaHUs B TPEX CIydadXx).
OO0cne0oBaHHBIE TAITUEHTHI IOJIYyYaJll CTaHIapT-
HYI0 Tepanuio (AHTHIICUXOTUYECKUE IIpenaparhl,
KOPPEKTOPBI HEHPOJIETICHUH, IE3UHTOKCUKAHTBI).

KputepusiMu HCKJIFOUEHUS SIBJISJIUCH: OCTpPOE
IICUXOTHUUYECKOE COCTOSIHHE, 3aTpPYy[AHSIONEe IPO-
JIVKTUBHBIA KOHTAaKT; OpPraHUYecKoe 3aboJieBaHue
TOJIOBHOT'O MO3Tra CO 3HAYUTEIbHBIM KOTHUTHBHBIM
CHIJKEHHEM; BhIpA)KEeHHbIE HEUPOJIENITUUECKHUE T10-
O6ounble 3(pdexThl. Bce manueHTH MOIKUCHIBA-

tics [9]. Language and speech acquire special sig-
nificance for a psychotic patient due to symbolic
(social) order disintegration [10]. Psychotic patient
is “obsessed with language”, “enslaved with dis-
course” — the patient is controlled and haunted by
“voices” and delusional ideas. Psychotic state is con-
sequently also a sense trauma. In this connection,
using conventional PTSD screening instruments
does not enable to reveal and describe traumatic
effects of psychotic state fully because patient is
traumatized with special semantics, different from
usual traumatogenic semantics.

AIM OF THE RESEARCH

Identification and description of psychosis-as-
sosiated post-traumatic symptom complex.

MATERIALS AND METHODS

We examined 29 patients, suffering with psy-
choses of 2 major groups — endogenous (schizo-
phrenic psychosis — ICD-10 diagnosis codes F 20.0
and F 20.1; 14 patients) and exogenous (alcoholic,
intoxication psychoses — ICD-10 diagnosis codes
F 10.4, F 12.5 and F 15.5; 15 patients), which in turn
were divided into two subgroups depending on psy-
chosis history — less than five years (10 patients)
and more than five years (19 patients). The age of
patients — from 23 to 52 years (the average age
43.3 years), including 13 male and 16 female. All in-
volved patients were examined at the exit from the
psychotic state, at the stage of formation of symp-
tomatic (partial) or syndromal (full) remission. Psy-
chopathological profile of the past psychosis primar-
ily included paranoid syndrome (sensitive, pictur-
esque delusion), in some cases, paranoiac syndrome
(predominance of interpretative delusion formation
mechanisms in three cases). The examined patients
received standard therapy (antipsychotic drugs,
neurolepsy correctors, and detoxicants).

The exclusion criteria were: an acute psychotic
state preventing productive contact; organic brain
disease with significant cognitive decline; pro-
nounced side effects of neuroleptics. All patients
signed informed voluntary consent to participate
in the research; they were informed about the re-
search aim in an easily accessible form (studying
effects of stress on human mental state). The re-
search design complies with the ethical principles
of the Declaration of Helsinki.

Research methodology included clinical-psy-
chopathological, autobiographical, experimental-
psychological and psychometric methods.
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s THOOPMUPOBAHHOE JIOOPOBOJIBHOE COIJIacHe Ha
ydJacTue B UCCJIe/IOBAaHUH, B IOCTYITHOH popMe 06b-
SICHSLJIACh €ro IeJTb (M3y4YeHre BJIUSHUSA CTpecca Ha
IICUXUKY 4YesioBeKka). /[u3aliH mcCae0BaHUs COOT-
BETCTBYET STUYECKUM IPUHIHIAM XeJIbCHHCKON
JleKJIapaIiuu.

MeTonoorus uCCIeJOBAaHUSA BKIIIOUAsIa B cebs
KJIMHUKO-TICXOIIATOJIOTUYECKUH, aBTobuorpadu-
YECKHUH, 3KCIEPUMEHTAIbHO-TICUXOJIOTHYECKUH U
IICUXOMETPUYECKUN METOZBI.

KJIMHUKO-IICUXOIIATOJIOTUYECKUI METO/  3a-
KJII0YaJyica B cOOpe aHAMHECTHYECKUX CBEIEeHHH,
[ICUXOIIATOJIOTUUECKO OIfeHKE TIePEHECEHHOTO TICH-
X032 M TEKYIIETO IICUXUYECKOTO CTAaTyCca B COOTBET-
CTBUH C TPAAUIMOHHBIMHU KJIMHUYECKUMHU IIPHUH-
IUIIAMU, ITPU STOM OIIPEJIEJISAIICA TPeohIaaroIun
MexaHu3M OpesioobpazoBaHus [11].

ABTo6UOTrpaduUECKUil METO/] MCIIOJIb30BAJICS B
BUJIe 3aJIaHUS — B IIPOU3BOJIBHON (opMe marueH-
Ty IPeJIJIaTajyioch HAIKCaTh CBOIO aBTOOHOrpaduio,
0oTOOpa3uB HanboJiee 3HAUNMBIE, C €T0 TOYKU 3pe-
HUsA, cOOBITHSA KU3HU. [Ipu 3TOM He 0603HaUaIach
KOHeUYHas IieJIb JAHHOTO 33/laHuA /)1 MUHUMU3a-
UM KaKOH-JINO0 MPEAYCTAHOBKY U CMBICJIOBBIX aK-
1eHTOB. [locsie 3TOro TeKCeThl aBTOOHOrpaduil ore-
HUBAJIUCH 10 HAJIMYUIO UJIM OTCYTCTBUIO OIIMCAHUI
MePEKUBAHUN BO BPeMsI ICUXOTHYECKOTO COCTOSI-
HusA (0003HAUEHHBIE KaK TPAaBMATHYECKUE U aTPaB-
MaTHUYeCKHe aBTOOHOTrpadui COOTBETCTBEHHO), IPU
X HAJIMYUU COCTABJISJICS WHIWBU/IYAJIbHBIA TPaB-
MaTHUYECKUH «CJI0Bapb» — IPOU3BOJIBHBIN PsJl U3
JIECSITU CJIOB, OTPAKAIOIIUX ITEPEKMUBAHME IICUX032
(«ceMaHTHUUECKOE KapTUPOBAHHE» HHIUBUAYAIb-
HOH IICUXOTHYECKOU TpaBMbI). Kpome Toro, us kax-
Jloii aBToOWOrpaduu BHIOMpPAJICA MTPOU3BOJIBHBIH
PAL OTHOCUTEJIPHO HEHTPAJIbHBIX CJIOB, HE CBA3aH-
HBIX HENIOCPEACTBEHHO C IICUXOTUYECKUM COCTOSTHU-
€M JIJAHHOTO TaI[ueHTA.

IKCIIEPUMEHTATLHO-TICUX0JIOTHUECKI T Me-
TOJT IPUMEHSIJICS BO BPeMA BTOPOH BCTPEYH C IAIU-
€HTOM, B TeUeHUe HeJIeJIU II0CJIe BBIITOJIHEHUS 3a-
JIaHUs TI0 HANHCAaHWIO aBToOWorpaduu. B mpowus-
BOJIBHOM IIOpsIIKE IMAI[UEHTY JEeMOHCTPHPOBAJINCH
CJIOBA U3 YETBIPEX CEPUH IO JIECATH CJIOB KaiK/ias:
PAL HEUTPAJIBHBIX CJIOB, PSJ CJIOB C OOIETPUHATO-
TPaBMaTUUYECKUM CMBICJIOM, PSJT CJIOB HMHIIUBULIY-
aJIBHOTO TPAaBMAaTHYECKOrO «CJIOBApsi» W HHIUBU-
JIyaJIbHBIA PsAJT HEUTPAJIBHBIX CJIOB. VICIBITYyeMOMY
IIpe/JIarajaoch O3BYYUBATh CBOU ACCOIUAIINH K CJIO-
BaM, [P 3TOM OTMEYAJIOCh BPEMs MEXK/IY IIPeb-
SIBJISIEMBIM CJIOBOM-CTHMYJIOM M HA4aJIOM OTBETHO-
T0 aCCOIMAaTHBHOTO IMOTOKA (JIATEHTHBIN MEPHO]), a
TaK?Ke KOJIMYECTBO aCCOIMAIUN K KaXK/[OMY CJIOBY-
CTUMYJTy. YKa3aHHBIH MeTOJ sIBJIseTcs MoAuduka-

Clinical-psychopathological method lied in col-
lecting anamnestic information, psychopathological
assessment of earlier psychosis episodes and current
mental state in accordance with conventional clini-
cal principles, while the prevailing mechanism of
delusional formation was defined [11].

Autobiographical method was used in the form
of a task: patients were asked to write their auto-
biography in arbitrary form, portraying the most
significant from their point of view life events.
Meanwhile, the final goal of the task was not noted
to minimize any preset and semantic accents. Af-
ter that, the texts of autobiographies were assessed
for the presence or absence of descriptions of psy-
chotic state experiences (marked as traumatic and
atraumatic respectively). If there were any, the in-
dividual traumatic “dictionary” was compiled — an
arbitrary series of ten words reflecting psychosis
experience (“semantic mapping” of individual psy-
chotic trauma). Besides, a random set of relatively
neutral words was picked out from every autobiog-
raphy; the words weren't related to psychotic state
directly.

Experimental-psychological method was ap-
plied at the second meeting with patients, during
the week after writing autobiography. In arbitrary
order the patient was shown the words from four
series of ten words each: a set of neutral words, a
usual traumatogenic semantics set, an individual
traumatic “dictionary” and an individual set of
neutral words. Examinees were asked to announce
their associations for word sets, while the amount
of time between presenting word stimulus and the
beginning of the response associative flow (latent
period) was recorded, as well as the number of as-
sociations for every word stimulus. The abovemen-
tioned method is a modification of emotional words
memorization and free association methods [12].

The psychometric method included a scale for
assessing the impact of traumatic event with avoid-
ance, intrusion, and excitability subscales (Impact
of Events Scale-Revised — IES-R) [1] and the Brief
Psychiatric Rating Scale (BPRS).

To our point of view, the selected tools allow to
estimate traumatic effects of psychotic state in ac-
cordance with conventional posttraumatic effects
assessment criteria and individual characteristics
of the past psychotic episode. While analyzing data,
the existence or absence of correlation between list-
ed below factors was taken into account. Firstly, an
IES-R result (total score) was evaluated. Secondly,
while analyzing based on individual “trauma dic-
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[[Mell METO/IUK 3aTIOMHUHAHU I SMOITHOHAJIBHBIX CJIOB
U MeTo/ia CBOOOAHBIX acCOIMaI Ui [12].

IlcuxoMeTpUYeCKUil MeTOA BKJIIOYaa B cebs
IIKAJIy OIEHKH BJIMSHUS TPAaBMATHUYECKOTO COOBI-
THA C MOAIIKAJIAMK U30eraHus, BTOPXKEHHUA U BO3-
oyaumoctu (Impact of Event Scale-Revised — IES-R)
[1] 1 KpaTKyI0 OIEHOYHYIO IICUXUATPHUUECKYIO IITKA-
sy (Brief Psychiatric Rating Scale — BPRS).

BrIGpaHHBIA WHCTPYMEHTAPUH IO3BOJISIET, HA
HaIll B3IVIAJ], OLIEHUTHh TpaBMarudeckue 3(Qp@eKTsl
IICUXOTHYECKOTO COCTOSHUSA C MO3UIUH TPaJ{UIIH-
OHHBIX KPHUTEPHEB MOCTTPABMBI U C YUYETOM HHIHU-
BHU/IyaJIBHBIX 0COOEHHOCTEN IIepeHEeCEHHOTO IICUXO0-
3a. OnleHUBaJIOCh HaJIMuKe JUOO OTCYTCTBUE B3a-
MMOCBSA3EH MeX/Iy MOKa3aTeIsIMHU IITKAaJIbl OIeHKHU
BJINSHUS TPAaBMAaTUUECKOTO COOBITHS (CyMMAapHBIHI
6aJ171), KOJTMIECTBOM aCCOIUAIUH U JIATEHTHBIM I1e-
PHOIOM B acCOITMATUBHOM JKCIIEPUMEHTE Ha OCHO-
Be WHAUBHUYAJIBHOIO «CJOBaps TPABMBI»; MEKIY
CEMaHTUYECKUMH PsAaMU HeHTpasIbHOro, ooIie-
IIPUHATOTO TPABMATHYECKOTO W WHAUBU/IYAJIBHOTO
TPaBMaTUYECKOTO COZlep:KaHusA (I OTBeTa Ha BO-
IIPOC O TOM, HACKOJIbKO TPaBMAaTOTE€HHBIM SBJISET-
¢sI CaMO COZIepKaHUE U CEMAHTHKA IICUX03a); MEXKIY
CTPYKTYPOU ICUXOTHYECKOTO COCTOSTHUSA (BEAYIIUM
MexXaHU3MOM Ope1006pa30BaHUsI) U IIOKA3aTETIMHI
IIKAJIBl OIIEHKY BJIMSHUS TPABMATHUUYECKOTO COOBI-
TUs (CyMMapHBIN 0aJT ¥ TOJIIKAJIBI) (JIJIs OTBETA
Ha BOIIPOC O TOM, KaK CBsI3aH XapaKTep IICHX03a C Be-
positHOCTBIO passutus IITCP).

PE3YJIBTATBI N OBCYXKJEHUNE

IIpu crake 3aboJieBaHHsI MeHee IATH JIET B
TpyIIle HEIPEPHIBHOTO TEYEHUS ITU30(DPEHUH BbI-
SIBJISIJIOCh YKOPOYEHHUE JIATEHTHOTO Iepuojia B ac-
COITMAaTUBHOM 9KCIEpUMeHTe (MHIUBUAYATbHO-
TpaBMaTHUYECKasi Cepusi, CpeJHee BpeMs OTBETa
1.7 C IO CPABHEHHIO C 3 C B IPYTUX CEPHUAX), UTO COOT-
BETCTBOBAJIO BBICOKHMM ITOKA3aTEJISAM IIKAJIbI OLIEH-
KU BJIUSHUS TPAaBMaTUYECKOTO COOBITUS (CpeTHUH
CcyMMapHbIi 6asut 85.7), ¢ mpeobiaZjaHueM MO/IIIKa-
Jibl u3beranus (cpegHud 6asy1 36). ATO TOBOPUT O
COBIIQJIEHUH PE3YJIbTAaTOB TPAJUIIUOHHON METOIU-
ku oneHku IITCP (ikajia ONeHKU BJIUSHUS TPaB-
MaTHUYECKOTO COOBITHS) M WHAUBHYaJIbHOTO acco-
IIUATHUBHOTO «KApPTHPOBAaHUSI» TPaBMaTUYECKOTO
KOHTeHTa. B jlaHHOM rpymie 06cieZloBaHHbBIX A0S
aTpaBMaTHUeCKHUX aBToOHMorpaduii cocrasmia 25 %,
IVIABHBIM 00pa30M 3TO MY3KYHHBI, YTO, BO3MOIKHO,
CBSI3aHO ¢ OOJIBIIIEH YaCTOTOM HEraTUBHOM CHMIITO-
MaTHUKH CPEIH HUX, YTO OTPAXKAJIOCh U B BBICOKUX
IOKAa3aTeJIAX COOTBETCTBYIOIUX PA3JIEJIOB IIKAJIbI
BPRS (HegocTaTOK 3MOIIMOHAJILHOIO KOHTAKTA C CO-
OeceIHUKOM, allaTHs).

tionary” association experiment results, the corre-
lation between the number of announced associa-
tions and the latent period duration was evaluated.
Thirdly, to find the answer to the question of how
traumatogenic are the content and the semantics of
psychosis, the correlation between neutral, usual
traumatogenic semantics, individual traumatic sets
was studied. Fourthly, to find the answer to the
question of how psychosis type and the possibility
of developing PTSD are connected, the correlation
between psychotic state structure (major delusional
formation mechanism) and an IES-R result (total
score and subscales) was searched.

RESULTS AND DISCUSSION

In patients who had less than five years of con-
tinuous psychosis history revealed a shortening of
latent period in the association experiment (indi-
vidual traumatic set, the average response time
1.7 s in comparison with 3 s in other sets). The short
latent period correlated with high rates of IES-R
(the average total score 85.7), with the predomi-
nance of the avoidance subscale high rates (aver-
age score 36). The abovementioned facts prove
that conventional PTSD screening method (IES-R)
and individual association “mapping” of trauma
content perform the same results. In this group of
patients the share of atraumatic autobiographies
was 25%, there were mainly male patients, what
is probably connected to the frequency of negative
symptoms among them, which was also reflected
in the high rates of BPRS’ corresponding sections
(failing emotional contact with the interviewer,
apathy).

Patients who had episodic course of schizophre-
nia demonstrated results similar to those of group
with less than five years of unremitting course. The
results are also close to conventional post-trauma
clinical picture.

Patients who had more than five years of con-
tinuous schizophrenia history in the association
experiment showed a long latent period (individu-
al traumatic set, the average response time 3.5 s).
The long latent period correlated with high rates of
IES-R (the average total score 72.2), with uniform
presentation of all subscales’ indices. In this group
the rate of atraumatic autobiographies was rather
high (62%) with low rates of IES-R, which can be
explained by an increase in the severity of proces-
sual negative symptoms.

As for the patients who had exogenous psy-
chotic states, after the first psychotic episode, the
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YV manMeHTOB C SIU30UYECKUM T€UEHHEM IIU-
30()peHUH PE3YJIBTATHI CXOXKHU C TAKOBBIMU B IPYII-
I1e HEMTPEePhIBHOTO TEUEHUSI CO CTaXKeM 3a00JIeBAHU S
MeHee ISATH JIET U TaKKe OJIU3KU K KApTUHE KJIACCH-
YECKOU IOCTTPABMBL.

VY manueHTOB ¢ HENMPEPBIBHOTEKYINEH IMIu30g-
peHuel u crakeMm 3a0oJieBaHus OoJIee MATH JIET Y-
JINHEHHE JIATEHTHOT'O MEPUO0Jia B aCCOIMATUBHOM
JKCIepuMeHTe (MHUBU/IYaTbHO-TPABMATUYUECKAS
cepusi, Cpe/lHee BpeMs OTBeTa 3.5 C) COBIAAJIO C
BBICOKMMHU IIOKA3aTeJISIMHU IIIKaJIbI OLlEHKH BIIUAHUA
TPaBMaTHYECKOTO COOBITUS (CPEAHHUN CyMMAapHBIMA
6aJi1 72.2), c pABHOMEPHOH ITPe/ICTaBIEHHOCTHIO IT0-
KazareJiel Tpex MOJIIKaL. B 3ToM jKe rpyIie namnu-
€HTOB JIOCTATOYHO PACIPOCTPAHEHBI aTpaBMaTHUe-
ckue aBTobuorpadun (62 %) Ipu HUBKHUX IOKa3aTe-
JISIX IIKAJIBI OIIEHKU BJIUAHUSA TPABMaTHUECKOTO CO-
OBITHSI, YTO MOKHO O0BSICHUTh HapaCTAHUEM BbIPa-
JKEHHOCTHU IIPOIECCYyaJTbHOM HETraTUBHON CHMIITO-
MaTHKHU.

Uro kacaeTcsl MAIUEHTOB, NMEPEHECIINX 3K30-
TeHHbBIE [ICUXOTUYECKHUE COCTOSIHUSI, TIOCJIE TIEPBOTO
B JKU3HU IICUX03a PETUCTPUPOBAJIUCH BBHICOKHE IIO-
KazaTesy IIKaJbl ONEHKH BJIUSHUS TpaBMaTHue-
CKOTO COOBITHSA (CpefHUN CyMMAapHBINA 6a 74.1), ¢
npeobaZilaHueM IOJIIKAIbl u3beranusa (CpeaHuit
0aJia 32), IPU 3TOM y 55 % MaIMEeHTOB ITOJIyYeHbI
aTpaBMaTHueCKue aBTOOUOrpadu, 4To, BO3MOKHO,
BBI3BAHO Pa0OTOM ICHXOJOTHYECKUX MEXaHU3MOB
OTPUIIAHUS U BBITECHEHUsI. IHTEPECHO OTMETUTb,
YTO y HAI[UEHTOB C y/[JINHEHUEM JIATEHTHOTO IEePH-
0/1a B aCCOLIMATUBHOM 3KCIIEPUMEHTE HAOJII0/1aTICh
HU3KUE TI0KA3aTe N KAJIbI OIEHKH BJIUSHUS TPAB-
MaTHU4YeCKoro coObIThsi. Ha Haml B3IJIsA/, 3TO CBU/IE-
TEJIbCTBYET O OOJIBIIIEN YYBCTBUTETHHOCTH ACCOITH-
aTUBHOTO 3JKCIEPUMEHTAa K TPaBMAaTHYECKUM 3-
(exTam 1mCHUX03a, OTPAKAIOIUM UMEHHO CEMaHTH-
YeCKyIo (CMBICTIOBYIO) TPAaBMY U CJ1a0YI0 aCCHMUJIA-
[IUIO ICUXOTUYECKOTO OIBITA.

Cpeny malMEHTOB C IOBTOPHBIMHU HK30T€HHBI-
MH IICHX03aMHU Ipeobsajiajii aTpaBMaTUUYECKUE
aBTobuorpadpuu (74 %) Mpu HUBKUX IMOKA3ATEJISAX
IIIKAJIbl OIIEHKU BJIMSHHUS TPAaBMATHYECKOTO COOBI-
A (CpeaHU CyMMapHbIi 6ajt 25.6). 9TO MOMKET
ObITH CJIEJICTBHEM JIMYHOCTHBIX M3MEHEHUU Ha OT-
JTQJIEHHBIX 9TalaX XUMUYECKOH 3aBUCUMOCTH.

[TapameTp KOJIMYECTBA aCCOIIUAIUN B SKCIIEPH-
MeHTe, B OTJIMYHEe OT M3MEHEeHUI IoKa3aTeseH Jja-
TEHTHOU may3bl, OKazascs HecrenuduuabiM. [Ipe-
obJjaZlaHie WHTEPIPETATUBHBIX MEXaHU3MOB Ope-
JI000pa30BaHU S COBIIAIAJIO0 C HU3KUMHU ITOKA3aTe -
MU IIKAJIbI OIEHKU BJIUSIHUS TPABMaTHUUYECKOTO CO-
6bITHA U HeclenUbUYHBIMU Pe3YJIFTaTAMHU aCCOIIH-
aTUBHOTO 9KCIiepuMeHTa. [1o HalleMy MHEHHUIO, 5TO

high rates of IES-R were registered (the average
total score 74.1) with a predominant subscale of
avoidance (average score 32); while 55 % of pa-
tients presented atraumatic autobiographies, which
was probably caused by the work of psychological
mechanisms of repression and denial. It is worth
noting that in patients who showed prolonged la-
tent period in the association experiment, low rates
on the IES-R were observed. In our opinion, this
fact indicates a greater sensitivity of the association
experiment to psychosis traumatic effects, reflect-
ing specifically the existence of semantic (meaning)
trauma and poor assimilation of psychotic experi-
ence.

Among the patients with repeated episodes
of exogenic psychosis atraumatic autobiographies
predominated (74%) along with low rates of IES-R
(the average total score 25.6). This may be the re-
sult of personal changes at the later stages of chemi-
cal dependency.

The number of associations in the experiment
turned out to be non-specific unlike the changes of
latent period duration. The dominance of interpre-
tative mechanisms of delusional formation coin-
cided with low rates on the IES-R and non-specific
results of the association experiment. To our point
of view, this is an evidence of patient’s deep person-
al transformation, extensive diffusion of paranoid
delusion, consolidation and syndromal closure [13].

Psychotic states of different origin cause trau-
matic effects interfering with general psychopatho-
logical symptoms and peculiarities of disease dy-
namics, undergoing various deformations. The
important traumatogenic factor is the abnormal
semantics of psychotic experience, interrupting
the subject’s usual semantic field, which is clearly
demonstrated by the association experiment with
an individual traumatic “dictionary”. The change
in the latent period in the association experiment
can reproduce the gap or anxiety of meeting with the
traumatic emptiness of the Real (in post-structural-
ism terminology, with what is impossible to imagine
or comprehend), flooded with psychosis [10]. A simi-
lar phenomenon of color shock in the form of smooth
flow of associations interruption on presenting color
tables is described in the Rorschach test [14]. The
presence of such a traumatogenic factor leads to
the fact that traditional psychodiagnostic tools for
detecting PTSD may not be sensitive enough in the
case of psychosis-associated post-trauma.

The dominance of high avoidance subscale
rates in IES-R among those who had first episodes
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TOBOPUT O IIyOOKOU JIMYHOCTHOU TpaHchOpManuu
y TakuX ManueHTOB, obumupHol nuddysun mnapa-
HOUSIBHOTO Ope/ia, MOHOJIUTHOCTH M CUHAPOMAJIb-
HOH 3aKpBITOCTH [13].

INcuxoTudeckue COCTOSIHUA Pa3JIUYHOTO I'eHe-
3a BBI3BIBAIOT TpaBMaTudeckue 3(pHekTol, nHTEPpE-
pUpYIOIINEe C OCHOBHOH IICHXOIATOJIOTUYECKOA CHM-
IITOMaTHUKON U O0COOEHHOCTAMH JIMHAMHUKH 3a60J1e-
BaHUs, IPeTepIleBasi pa3HooOpasHble neopMaIiim.
3HaYMMbIM TpaBMaTOT€HHBIM (aKTOpOM ABJISAET-
cs1 aHOMAaJIbHAS CEMAHTHUKA IICUXOTHUYECKOTO OIIBITA,
MIPEPHIBAIOIIAS IPUBBIYHOE CMBICJIOBOE TIOJIE CYyOB-
€KTa, YTO HAIVIAHO JIEMOHCTPUPYET ACCOIIMATHB-
HBIN 5KCIIEPUMEHT ¢ WHAWBU/YAJIbHBIM TPaBMAaTH-
YECKUM «CJIOBapeM». VI3MeHeHute JIaTEHTHOTO TIepH-
0712 B aCCOI[ATUBHOM SKCIIEPIMEHTE MOXKET BOCIIPO-
H3BOJIUTH TOT Pa3phIB, TPEBOT'Y BCTPEUH C TPABMATH-
YECKOU MycTOTOM PeaTbHOTO (B TEDMUHOJIOT MU ITOCT-
CTPYKTYypaJII3Ma — C TEM, YTO HEBO3MOXKHO IIPEJI-
CTaBUTb, OCMBICJIUTH), 3aTAIJIUBAEMON IICHXO30M
[10]. Cxoxuii peHOMEH IBETOBOTO IIOKA B BHE Ha-
PYILIEHUS POBHOTO TEUEHHU S ACCOIUAIIUN IIPU IIPETb-
SIBJIEHUU I[BETOBBIX TaOJIUI] OI¥caH B TecTe Popima-
xa [14]. Hamnyue Takoro TpaBMaToOreHHOTO hakTopa
IIPUBOAUT K TOMY, UYTO TPAJUIIIOHHBIE TICHXOJUAT-
HOCTUYECKVe WHCTPYMEHTHI /iy BelsABaeHus [ITCP
MOTYT OBITH HEZJOCTATOYHO UyBCTBUTEJIBHBI B CJIyUae
[ICHX03-aCCOITUUPOBAHHOMN IIOCTTPABMEI.

ITpeo6JiaiaHye TOCTTPABMATUYECKOT'O CHMIITO-
MOKOMILJIEKCA N30eraHusl Y IEPBUYHBIX OOJBHBIX B
IIKaJle OLEHKU BJIUSHUS TPaBMaTHUECKOTO COOBI-
THUSA OTPa’kaeT yIacTue AUCCOIIUAaTUBHBIX MeXaHU3-
MOB B GOPMUPOBAHUH OTBETA HA MIEPEKUTOE IICUXO-
THYECKOEe COCTOSTHUE, IPUYEM KaK SH/IOTEHHOTO, TAK
U DK30T€HHOT'0 IIPOUCXOXKZEeHUA. ITU (PaKThI TaK-
’Ke TO/TUEPKUBAIOT BAXKHOCTh CBOEBPEMEHHBIX Te-
paneBTHYECKUX WHTEPBEHIINY NMEHHO HAa HAJaJlb-
HBIX 9Tamnax 3abojieBaHUsA, KOIZIA UMEETCH «OKHO
BO3MOXKHOCTEH », IIIAHC HA ACCUMUJISIUIO TSXKEJIO-
r'0 IICUXOTHUUYECKOTO OIBbITAa. B maspHelmem TpaBma-
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of psychosis reflects the influence of dissociative
mechanisms on reaction to the psychotic states
of endogenous and exogenous origin. These facts
highlight the importance of timely therapeutic in-
terventions at the initial stages of psychosis, while
there is a “window of opportunities” and a chance
to assimilate painful psychotic experience. In the
future the traumatic effects decrease both due to
intensification of negative schizophrenia sympto-
matology and due to personal changes in chemical
dependency origin.

CONCLUSION

High risks of psychosis associated post-trau-
matic stress disorder formation during the first
five years of the disease, were revealed, as well as
the importance of semantic factor and dissociative
mechanisms in the development of traumatic ef-
fects.
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Tu4yeckue 3P @eKThl AerpaupyIoT Kak 3a cYeT Ha-
pacTaHUsA HETATUBHON CUMITOMATUKU IPU MIHU30(]-
peHUH, TaK U 3a CYeT JIMYHOCTHBIX U3MeHEeHUH Ipu
XUMUYECKUX afJIUKIUAX.

3AK/TIOYEHUNE

BrlfB/IeHBl BBICOKHE PHCKU (OPMHUPOBAHUA
NICUX03-aCCOITUUPOBAHHOIO IOCTTPABMAaTHUUECKOTO
CTPECCOBOTO PACCTPOMCTBA B IEPBBIE IATH JIET 3a-
OosieBaHUA, a TaK)Ke OOJIBIIIOE 3HAYEHHE CEMAHTU-
geckoro ¢akTopa U JUCCOIUATUBHBIX MEXaHU3MOB
B Pa3BUTUM TPAaBMATUIECKUX 9D DEKTOB.

KoHnduKT nHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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AHHOTAIINA

IIpoBenena onenka 3bdeKTUBHOCTH 6aJBHEO- U TEPMOIIPOIEYDP C HAHTOBBIM OTBAPOM B CAHATOPHBIX IIPOrPaM-
Max peabuIuTaIuu y 62 MaIUeHTOB ¢ XPOHUYECKUM abakTepuasbHbIM poctaTutoM (I1I1B). CpegHuii Bo3pacTt namueH-
TOB 38.2 + 2.9 rO/1a, AJTUTETPHOCTD 3a60JI€BaHUA 3.4 + 5.1 T0o/1a. BBIABIEHO, UTO BKIIIOUEHNE OHATPHEO- H TEPMOIIPOIIETYD
C TAHTOBBIM OTBAPOM B KOMILJIEKCHYIO IPOTPAMMy CAHATOPHOTO JIEYEHH I AIIEHTOB ¢ a0aKTePHUAIbHBIM ITPOCTATUTOM
(I1IB) mpuBesio K 6ojiee OBICTPOMY U CyIecTBeHHOMY 3G (eKTy B KyIHPOBAHIUU OCHOBHBIX KJIMHIHYECKUX CHMIITOMOB,
HOpMAaJIN3aI[M{ BETeTaTUBHOIO CTATyCa, IO3UTUBHBIM H3MEHEHHUAM B [ICUXO3MOIIMOHAIFHOH chepe U KauyecTBe KU3HU.

Karoueewvte ca06a: abakTepuaybHbIN IPOCTATHUT, peaOINTANN, BAHHBI C IAHTOBBIM OTBAPOM, TEPMOTEPAIIHS C MaH-
TOBBIM OTBAPOM.

ABSTRACT

The efficacy of balneological and thermal procedures with antler decoction in sanatorium rehabilitation programs
in 62 patients with chronic abacterial prostatitis (IIIB) was assessed. The average age of the patients was 38.2 + 2.9
years, the duration of the disease was 3.4 + 5.1 years. It was revealed that the inclusion of balneotherapy and thermal
procedures with antler decoction in the comprehensive sanatorium treatment program for patients with abacterial pros-
tatitis (IIIB) led to a faster and more significant effect in stopping the main clinical symptoms, normalizing the vegeta-
tive status, and positive changes in the psychoemotional sphere and quality of life.

Keywords: abacterial prostatitis, rehabilitation, baths with antler decoction, thermotherapy with antler decoction.

BBEAEHHNE INTRODUCTION

XXI Bek XapaKTepusyeT POCT XPOHUYECKUX
Hecrennduueckux 3abosieBanuii. K pacmpoctpa-
HEHHBIM W COLHAJIbHO 3HAUYUMBIM 3a00JI€BaHU-
AM OTHOCAT XPOHMYECKHe IIPOCTaTUTBHl. XPOHU-

The 21° century is characterized by the growth
of chronic non-specific diseases. The widespread
and socially significant diseases include chronic
prostatitis. Chronic prostatitis (CP) is the most
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yeckur mpoctatut (XII) sABiserca caMbpIM pac-
IIPOCTPAHEHHBIM YPOJOTHYECKUM 3abojieBaHUEM
[1]. TIo marHBIM pas3uuHbIX aBTOPOB XII BCTpeua-
erca y 8.0-35.0 % poccutickux myxuuH [2]. [Tpu
3TOM B TIIO/IABJIAIOIIEM OOJIBIINHCTBE CJIy4YaeB
(75.0—90.0 %) 3TO XpOHUYECKUH abaKTepUuaTbHbIN
npoctratut (XAII) [1]. XAIl mpeacrapisieT cobou
MeZIuKO-7ieMorpaduieckyo npobsemMy, Tak Kak Ja-
cTo ocioxkHseTcsa becrionuemM. Kpome toro, XAIl
XapakTepusyeTcs (PyHKIIMOHAJIBHBIMU, IICHX03MO-
[IMOHAJIBbHBIMHU HApYIIEHUSAMH U B I[€JIOM CHUXKe-
HHEM KauecTBa KU3HU manueHToB [3]. Tpagumu-
OHHBIE MeTOABI (hapMaKOTepaIuy JAHHON IaTOJIO-
Uy, ocoOeHHO IpU ee TOPHUAHBIX, PelUJUBUDY-
omux GopMax, 3a4acTyo Maytod@deKTuBHbI 1160
JIaI0T HENPOAOJKUTETbHBIN 3 dekT. Ceronus pas-
JINYHBle HeMe/TNKaMeHTO3Hble TEXHOJIOTUU C yCIle-
XOM HCHOJIb3YIOTCS B KOMILJIEKCHOH IIporpaMme Jie-
YeHUS U peabuINTAI[UN ATON KaTeropuid 60JIbHBIX.
Cpenu sTtux MeTomoB Haubosee 3DGEeKTUBHBIMHU
SIBJISIIOTCSA T€, KOTOPBIe 00JIa/Ial0T MPOTHBOBOCIIA-
JINTEJIBHBIM, TPOPOCTUMYIUPYIOIINM, PerIapaTUB-
HBIM, COCYZIOPACHINPSIIONINM, UMMYHOKOPPUTHUDY-
I0IUM JIe4eOHBIMU 3 hEeKTaMU.

Cpenu HeMeIUKaMEHTO3HBIX TEXHOJIOTUH IIIH-
POKO HCIOJIB3YIOTCS METOBI allnapaTHON ¢U3HOoTe-
panuu [4—6]. OcobeHHO XOpOIIIo cebst 3apeKOMEH I0-
BaJIM HU3KOMHTEHCHUBHBIE METOJbI (DU3NOTEPAIINH,
Takue Kak Ja3epo-, XxpoMoTepanus [6—9].

B mocsiemHME TOABI B peabUIUTAIIMOHHBIX IIPO-
rpaMmax 4acTo HCIOJIB3YIOTCS 6aIbHEeOIpOIeTyphl
¢ IpUMeHEeHNeM BO/IHBIX OTBAPOB JINOO CIUPTOBBIX
SKCTPAKTOB MPOAYKTOB IIAHTOBOTO OJIEHEBOJCTBA.
[TpuMeHeHNe JAaHHBIX IPEIIapaTOB OCHOBAHO HA UM-
MYHOMO/IYJINPYIOIIIEM, TOHAZOTPOITHOM, BereToCTa-
OWTMBUPYIONIEM, aHTHOKCHIAHTHOM, TPO(OCTHMY-
JIUPYIOIEM, OOIIEM aJallTAIIMOHHOM JIEUCTBUU [10—
14]. /laHHbBle caHOTeHeTHuecKue 3¢ deKTs! onpese-
JIVUTH MHOTOUMCJIEHHBIN CIEKTP 3a00JIeBaHUM, IpU
KOTOPBIX MOTYT HCIIOJIb30BATHCS PA3IMIHBIE METO-
JIMKY IpUMeHeHUs TaHTOBBIX ITPEnapaToB.

ITokazana 3(pdeKTUBHOCTh IPUMEHEHUA BOJI-
HBIX PacTBOPOB IIAHTOBBIX IIPENAPATOB B peabmiIn-
TAIlMOHHBIX IIporpamMMax IMpU MATOJOTHH OIOPHO-
JIBUTATEIPHOTO aIlliapara u rnepudepuiaeckoil HepB-
HOU CHICTEMBbI, a TaKKe B KOPpPEKIUH MeTabosmye-
CKHX U aCTEHOBEreTaTUBHBIX HApyIIeHu! [14—-18].

B HemMHOroumMcIEeHHBIX paboTax mokaszaHa d¢-
(peKTUBHOCTH MPUMEHEHMUS [TAHTOBBIX IIPENAPaTOB B
KOMIIJIEKCHOM JIEUeHUH NAI[HeHTOB ¢ IIPOCTATUTAMU
[19, 20].

[Tonmasssiomee KOJIMIECTBO JIeUeOHBIX U 03]10-
POBUTEIBHBIX IPOTPAMM, BKJIIOUAIONIIUX HCIOJIb-
30BaHUE PA3JIMYHBIX METOJUK MPUMEHEHUs TaHTO-

common urological disease [1]. According to various
authors, CP occurs in 8.0—35.0% of Russian men
[2]. Moreover, in the vast majority of cases (75.0—
90.0%) it is chronic abacterial prostatitis (CAP) [1].
CAP is a medical and demographic problem, as it is
often complicated with infertility. In addition, CAP
is characterized by functional, psychoemotional
disorders and a decrease in the quality of life of pa-
tients in general [3]. Traditional methods of phar-
macotherapy of this pathology, especially with its
torpid, recurrent forms, are often ineffective or give
a short-term effect. Today, various non-drug tech-
nologies are used successfully in a comprehensive
program of treatment and rehabilitation of this ca-
tegory of patients. Among these methods, the most
effective are those that have anti-inflammatory,
trophostimulating, reparative, vasodilatory, immu-
nocorrecting therapeutic effects.

Among non-drug technologies, methods of
physiotherapy are widely used [4—6]. Low-intensity
physiotherapy methods, such as laser and chromo-
therapy, have proven themselves particularly well
[6-9].

In recent years, rehabilitation programs often
use balneotherapy with aqueous decoctions or al-
coholic extracts of antler reindeer products. The
use of these drugs is based on immunomodulat-
ing, gonadotropic, vegetative stabilizing, antioxi-
dant, trophostimulating, general adaptive action
[10—14]. These sanogenetic effects have identified a
wide range of diseases in which various methods of
using antler preparations can be used.

The efficacy of the use of aqueous solutions of
antler products in rehabilitation programs for pa-
thology of the musculoskeletal system and periphe-
ral nervous system, as well as in the correction of
metabolic and asthenovegetative disorders, has
been shown [14—18].

Few studies have shown the efficacy of antler
preparations in the comprehensive treatment of pa-
tients with prostatitis [19, 20].

The vast majority of treatment and recreation
programs including the use of various methods of
taking antler products were carried out on the ba-
sis of sanatoriums and preventative clinics [21, 22].
In this regard, the development, scientific justifica-
tion and implementation of the practice of domestic
sanatorium-resort institutions and rehabilitation
centers of comprehensive programs, including ant-
ler treatment, for such common and socially signifi-
cant diseases as chronic prostatitis will not only re-
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BBIX IIPENapaToB, IIPOBOIIOCH HA Oa3e caHATOPUEB
u npodunakTopues [21, 22]. B cBa3u ¢ 3TM paspa-
6oTKa, HayYHOEe 0OOCHOBAaHNE U BHEAPEHUE B IPAK-
THKY OTEUECTBEHHBIX CAHATOPHO-KYPOPTHBIX YUPEXK-
JeHWi U peabIINTAIIMOHHBIX I[EHTPOB KOMILJIEKC-
HBIX IPOTPaMM, BKJIIOUAMONIUX MAHTOJEUEHUE, IPU
TaKUX PACIPOCTPAHEHHBIX U COLUAIBHO 3HAUMMBIX
3a00JIeBaHUSAX, KAK XPOHUYECKUE MPOCTATUTHI, TO-
3BOJIUT HE TOJIbKO YMEHBIIUTh CHMIITTOMATHKY 3a60-
JIEBAHUs, HO U TPEOTBPATUTh TaKHE OCJIOKHEHUS,
Kak OGeCIUTOIve, U B [[eJIOM HOBBICUTD KAUeCTBO JKU3-
HU y IAaHHOH KaTeropuu 60JIbHBIX.

IIEJIb UCCJIEIOBAHUS

Onenka 3¢ PeKTUBHOCTU MPUMEHEHUS BOJIHBIX
MIAHTOBBIX OTBAPOB B BHUe OAILHEOIPOIEAYP U Te-
IUIOBBIX (PHU3UOTEPAIIEBTUUECKUX IIPOIElyP B MUHH-
cayHe «AJTaii» B KOMIUIEKCHBIX ITpOrpaMMax peabu-
JINTAIMHU TIPU XPOHUYECKUX abaKTEPUATbHBIX IIPO-
cratutax (IIIB).

MATEPUWAJIBI 1 METO/bI

Ha 6aze canaropus «JlecHasa ckaska» (bepzck)
MIPOBOAMJIACH Tepalus 62 My:KUMHAM C BEpUDUIU-
poBaHHbIM auarHozoM XAII (IT1IB). ¥ 601bHBIX BbI-
SIBJISIACH JIeTKasl U yMepeHHasa CUMIITOMaTHKa XPo-
HHUYECKOTO IMpocTaTuTa. Y 53.7 % IMAIlMeHTOB HUMe-
JIUCh TIPU3HAKU DPEKTIIBHOU IUCHYHKIHUH, IIpe-
HUMYyILeCTBEHHO JIETKOHU crerneHu. B 13.3 % ciyua-
€B JIMarHOCTHPOBAJICS aHAPOTeHHBIH Aedurut (1o
OIIPOCHUKY /IJIS1 BBISIBJIEHUS CTEIIEHU aHAPOT€HHOTO
nedbunura). Kpome TOro, y manueHTOB BBIABIISAINCH
HapyIIeHUs B IMCUX03MOIMOHAIBHOU cdepe (BbICO-
Kas peaKTUBHAs U CPeAHEBBIPAYKEHHAS JIMYHOCTHAS
TPEBOKHOCTD, JIeIIPECCUBHBIE HAPYyLIeHUd — 25.6 %
cryuaeB). KauecTBo KU3HU B CBSA3U C UMEIOIIMMU-
cs1 pacCTpOMCTBAMH MOYEHCITYCKAHUS OLIEHHBAJIOCH
KaK XOpolllee TOJBKO 2 marmueHTamu (3.2 %), Kak
V/IOBJIETBOPUTENIbHOE — 12 manueHTaMu (19.4 %),
KaK HEYIOBJIETBOPUTEIHHOE U IIOX0€ — 48 marueH-
Tamu (77.4 %).

Bo3spact manyueHToB BApbUPOBAJI OT 24 10 48 JIeT
(cpemauii Bodpact 38.2 + 2.9 roxa). JIJIUTEIbHOCTD
3a00JIeBaHUA COCTABUJIA OT 1 TOJIa JI0 5 JieT (3.4 + 5.1
roza). Bce maiueHThI, BKJIIOUEHHBIE B HCCJIEIOBA-
HUe, METOOM CJIyJalHO! BBIOOPKH ObUIH pasiesie-
HBI Ha TPU I'PYIIIBL: /IB€ OCHOBHBIE IPYIIIHI (Tpymma A
(22 yen.) u rpynmna b (21 yen.)) u rpynmy cpaBHe-
HusA (19 uen.). Iyns ycraHoBieHus: pedepeHTHBIX
3HAYEHUU II0 IIOKa3aTesIsIM BEreTaTUBHOIO CTaTyca
OBLIH TIPOBE/IEHBI COOTBETCTBYIOIIE 00CIeTOBAaHUS
25 YCJIOBHO 3/I0POBBIX MY?KYUH B BO3pacTe OT 20 [0
40 JeT, MOANUCABIINX JOOPOBOJIBLHOE UH(GOPMUPO-
BaHHOE COTJIaCHe Ha YYaCTHE B UCCIIEOBAHUU.

duce the symptoms of the disease, but also prevent
such complications as infertility and generally im-
prove the quality of life in this category of patients.

AIM OF THE RESEARCH

Evaluation of the efficacy of aqueous antler
decoctions used in the form of balneotherapy and
thermal physiotherapy procedures in the “Altai”
mini-sauna in comprehensive rehabilitation pro-
grams for chronic abacterial prostatitis (IIIB).

MATERIALS AND METHODS

On the basis of the sanatorium Forest Fairy
Tale (Berdsk), 62 men with a verified diagnosis of
CAP (IIIB) were treated. Patients revealed mild
and moderate symptoms of chronic prostatitis.
53.7% of patients had signs of erectile dysfunction,
mostly mild. Androgen deficiency was diagnosed in
13.3% of cases (according to the questionnaire to
identify the degree of androgen deficiency). In ad-
dition, patients revealed disorders in psychoemo-
tional sphere (high reactive and moderate personal
anxiety, depressive disorders — 25.6% of cases).
The quality of life in connection with the existing
urinary disorders was assessed as good only by
2 patients (3.2%), satisfactory by 12 patients (19.4%),
unsatisfactory and poor by 48 patients (77.4%).

The age of the patients ranged from 24 to 48
years old (the mean age 38.2 + 2.9 years). The du-
ration of the disease was from 1 year to 5 years
(3.4 + 5.1 years). All patients included in the study
were randomly divided into three groups: two main
groups (group A (22 persons) and group B (21 per-
sons)) and a comparison group (19 persons). To
establish reference values for indicators of vegeta-
tive status, relevant surveys were conducted on 25
conditionally healthy men aged 20 to 40 years who
signed a voluntary informed consent to participate
in the study.

The exclusion criteria from the study were: the
presence of comorbid chronic pathology in the de-
compensation stage; surgical interventions on the
genitourinary system; urinary tract infections; the
presence of benign hyperplasia and other mass le-
sions in the prostate gland; general contraindica-
tions to the use of physical factors.

All patients agreed to participate in the study
and signed an informed consent.

The patients of the comparison group under-
went the basic program of sanatorium-resort treat-
ment including: variant I of a standard diet; the ad-
ministration of mineral water of bicarbonate-calci-
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KpurtepusiMu HCKIIOUEHHUS U3 HCCIIEZOBAHUSA
SIBJISTUCH: HAJIMYKE COIYTCTBYIOIIEH XPOHUYECKOU
[IaTOJIOTUH B CTA/IUH JIEKOMIIEHCAITUH; OIlePAaTUBHbIE
BMeIIaTeILCTBA HA MOUEIIOJIOBOHM CHCTEME B aHAM-
He3e; NHQEKIINN MOYENoI0BOH CHCTeMbl; HaJIUJINe
ZI0OpOKavYeCTBEHHOH TUIIEPILIA3UHU U IPYTHX 00'beM-
HBIX TPOIIECCOB B IPECTATeIbHOMU JKeJie3e; o0Iue
IIPOTUBOIIOKA3aHUSI K IPUMEHEHUI0 (DU3UIECKUX
¢axTopos.

Bce manueHTsl fjau corviacre Ha yyacTHe B UC-
CJIeTOBAaHUM ¥ TOAIUCATN WHGOPMHUPOBAHHOE CO-
rJ1acHe.

[ManpienTaM rpynmnsl CpaBHEHUS ITPOBOAMIACH
6asuCcHas mporpaMMa CaHaTOPHO-KyPOPTHOTO Jieue-
HUs, BKIIOUaomas: I BapuaHT CTaH/IapTHOU JIUeTHI;
Ha3HAYeHNe MIUHEPATHHOU BOABI THAPOKAPOOHATHO-
KaJIbIIMeBO-MAaTHUEBOT'0 COCTaBa Mo 250 MJI Ha IIPU-
€M — 3 pasa B JieHb; rpynnosble 3aHaTusa JIOK NO 12;
anmaparHyoo ¢u3uoTepanuio (MarHUTOJIa3epOTepa-
mus oT anmnapara «Pukra 04/4» exxeqHEeBHO HA HU3
JKHBOTA, IPOMEIKHOCTbD, TIOSICHIYHO-KPECTIIOBhIE I1a-
paBepTebpasbHble 30HBI, N2 10). [TanreHThl OCHOB-
HOU TPyIIbl A JIOTIOJTHUTEIHHO K OCHOBHOMY Jieue-
HUIO TTOJTyYaiv OaIbHEOIPOIIEIyPHI C IIAHTOBBIM OT-
BapoM N¢ 12. JI;1s1 BAaHHBI C ITAHTOBBIM PacTBOPOM
TOTOBWICS MATPUYHBIA PAaCTBOP, AJIsI KOTOPOTO HC-
nosib3oBasics «Ilantomap-C» B puiabTp-I1akerax, co-
JleprKaIux 10 T MaHTOBOM MyKU. OUIbTp-TIaKeT 3a-
JIMBAJICA JUCTUJIMPOBAHHON BOJIOM TeMIIEpaTypou
100 °C u HacTauBasics B TepMmoce. [onoxeHnne 60516~
HOTO B BaHHE KJIACCUYECKOE, JIJIUTEILHOCTD IIPOIle-
IIyp — OT 10 /10 20 MUH (BpeMs yBeJINYUBAETCSA II0-
CTEIeHHO JI0 20 MUH K 5-i nporneaype). Ilocie BaH-
HBI peKOMEeH/IyeTCs OT/IbIX B TeUeHNe 30 MUH.

[TarueHTH OCHOBHOH Irpynmbl b, kpome ocHOB-
HOTO JI€YEHWs], TOJIyYaJUd TEeIJIOBble ITPOIEay-
pbl B MHUHH-CcayHe «AJITaii» ¢ IpUMeHEeHUEeM IaH-
TOBOTO OTBapa, KOTOPBIA PACHBLIAJICA C IIOMO-
mplo HeOysmaizepa, N2 12 Ha Kypc. [lyia repmore-
pamuu KCIIOIb30BaJIach YCTAHOBKA TemJIoBas Qu-
3UOTEpANEeBTUYECKasA MUHH-CayHa «AJjrtail» (ma-
TeHT N2 63474 Ha IPOMBIIJIEHHBIA o0Opasell, ma-
TEHT Ha IpOBeJieHne (PU3U0TepanIeBTUUECKOH PO-
neaypsel N° 2314085, ceptudukaT cOOTBETCTBUSA
N° 0043553, CAaHUTAPHO-3IU/IEMHUOJIOTHIECKOE 3a-
kiIoueHrne NO 22.01.14346.11.00683.05.06, peru-
CTPAIMOHHOE y/IOCTOBEPEHHE HA YCTAHOBKY TEILJIO-
By10 pusHnoreparneBTuueckyio Ne ®CP 2010/00842).

Kputepuem oneHku 3ddeKTUBHOCTH Jiede-
HUSA CJIYyKWJIa JUHAMHKA KJIUHUYECKUX CHUMIITO-
MOB. /[J1s1 OIfeHKU BBIPA’KEHHOCTH CHMIITOMOB IIPO-
CTaTUTA U KAUECTBA JKU3HU IIPUMEHSJICS OIIPOCHUK
IPSS-QoL (International Prostate Simptom Score
— Quality of Life), cremeHu BBIpa’keHHOCTU DPEK-
THJIBHOU JUCHYHKITUN — MesKTyHapOAHbIA HHIIEKC

um-magnesium composition of 250 ml per single
intake — 3 times a day; group therapeutic exercises
No. 12; physiotherapy (magnetic laser therapy by
the Rikta 04/4 apparatus daily to the lower abdo-
men, perineum, lumbosacral paravertebral zones,
No. 10). In addition to the main treatment, the pa-
tients of the main group A received balneotherapy
with antler decoction No. 12. For the antler bath, a
matrix solution was prepared for which Pantomar-S
was used in sachets containing 10 g of antler flour.
The sachet was poured with distilled water at 100°C
and infused in a thermos. Patient’s position in the
bath is classic, duration of the procedures — from
10 to 20 minutes (time increases gradually to
20 minutes by the 5" procedure). After the bath a
rest for 30 minutes is recommended.

In addition to the main treatment, patients
of the main group B received thermal proce-
dures in the “Altai” mini-sauna using an ant-
ler decoction which was sprayed by a nebulizer,
No. 12 per course. For thermotherapy, the “Altai”
physiotherapeutic mini-sauna thermal instal-
lation was used (patent No. 63474 for an indus-
trial design, patent for a physiotherapeutic pro-
cedure No. 2314085, certificate of conformity
No. 0043553, sanitary and epidemiological certifi-
cate No. 22.01.14346.P.00683.05.06, registration
certificate for the installation of physiological ther-
mal physiotherapy No. FSR 2010/00842).

The criterion for evaluating the efficacy of treat-
ment was the dynamics of clinical symptoms. To as-
sess the severity of prostatitis symptoms and quality
of life we used the IPSS-QoL (International Simple
Symptom Score — Quality of Life) questionnaire,
the degree of severity of erectile dysfunction — the
International Index of Erectile Function (IIEF-5),
psychological status — the Spielberger’s reactive
and personal anxiety scale, vegetative status — A.M.
Vein’s questionnaire for assessing vegetative chang-
es. The examination was carried out before and after
treatment.

For statistical processing of the actual material
SPSS Statistics 17.0 software package was used. The
normal distribution of characteristics was checked
using the Kolmogorov-Smirnov criterion. If the dis-
tribution of the studied samples differed from nor-
mal, the Wilcoxon T-test was used. For the analysis
of qualitative characteristics used the Fisher’s test;
if the distribution of the studied samples differed
from the normal one, a nonparametric H-test was
used according to the Kruskal-Wallis test. The data
in Table 3 were presented as “mean + error of the
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spexTwiabHOU GyHknun (MUD®-5), ncuxosoruye-
CKOTO cTaTyca — IIKaJjia peakKTHBHON U JIMYHOCTHOU
tpeBoxkHOCTH Ch.D. Spielberger, BererarusHoro cra-
Tyca — OIPOCHUK JIJIS1 OLIEHKU BEreTaTUBHBIX U3Me-
HeHui A.M. Beitna. O6ciie/toBaHIE TTPOBOUIIOCH /10
U TIOCJIE JIEUEHU .

Jnsa cratucrryeckodl oOpaboTku (HaKTUIECKO-
ro MaTepuasa UCHOJIb30BAJIN NakeT IporpamMmm SPSS
Statistics 17.0. IIpoBepKy Ha HOPMAaJIBHOCTH pacipe-
JleJIEHUsI IIPU3HAKOB IIPOBO/IFUIM C UCIIOJIb30BAHUEM
kputepus Konmoroposa — CmupHoBa. Ecsu pacripe-
JleJieHe U3Y9aeMbIX BBIOOPOK OTJIMYAJIOCh OT HOP-
MaJIBHOTO, TPUMeHsIIN T-KpuTepuil BuikokcoHa.
Jl1s aHaymu3a KauecTBEHHBIX IIPU3HAKOB HCIIOJIB30-
Bayn KpuTepuii ®uiiepa; ecyiu pacrpesieyieHue U3-
y4aeMbIX BBIOOPOK OTJIMYAJIOCh OT HOPMAJIBHOTO,
IIpUMeHIN HellapaMeTpudeckuii H-Tect o metosty
Kpyckana u Yosunuca. JlanHble B TabJI1. 3 IpeCTaBIs-
JIM B BUJIE «CpefiHee + omubKa cpempHero» (M + m).
Kputnyeckuii ypoBeHb 3HAYMMOCTU IIPU IIPOBEpPKE
CTATUCTUYECKUX THUIIOTE3 B WCCJIEIOBAHUM ITPHUHU-
Mayics PaBHBIM 0.05.

PE3YJIBTATBI 1 OBCYXK/IEHUE

ITocsie 3aBepiiieHUs JieueHUsA B OCHOBHOM T'PYII-
e A (basbHEOJIEUEHNE C TAHTOBBIM OTBAPOM) TOJIb-
KO B 4.5 % CJIy4aeB COXPaHSJINCH »Kaj00bl HA 60Iu
B IPOMEKHOCTH U B 13.6 % ciaydyaeB — Ju3ypuue-
ckue siByieHus (tabs. 1). B ocHoBHOU rpymme b (mo-
cJle Kypca TEIUIOBBIX IPOIEAyp ¢ MAaHTOBBIM OTBa-
poM) 60JTH U AU3YypUUECKHUE SIBJIEHUS U COXPAHSIUCh
B 4.8 % ciyiydaeB. Y HalueHTOB I'PYIIbl CPaBHEHUA
607111 B IPOMEXKHOCTH COXPAHSIUCE B 26.6 % ciryua-
eB, IU3ypusi — B 31.5 % ciyuaeB. Takum 06paszom,
BO BCeX HCCJIEAYEMBIX IPYIIIax HaOJII01a710Ch CTaTH-
CTUYECKH 3HAYHNMOE CHIDKEHUE O0JIEBOTO CHHApOMA
U AU3YPUH TIOCJIE TIPOBEJEHUs IPOTPaMM JIEUeHHsI.
B OCHOBHBIX T'pyIllIax YacToTa JAHHBIX CHMIITOMOB
ObLI1a TOCTOBEPHO HHUXKE, YeM B TPYIIIIE CPAaBHEHUS.

mean” (M + m). The critical level of significance in
testing statistical hypotheses in the study was as-
sumed to be 0.05.

RESULTS AND DISCUSSION

After the treatment in the main group A (bal-
neotherapy with antler decoction) there remained
only 4.5% of cases with complaints of pain in the
perineum, and 13.6% of cases of dysuric phenom-
ena (Table 1). In the main group B (after a course
of thermal procedures with antler decoction) pain
and dysuric phenomena persisted in 4.8% of cases.
In patients of the comparison group perineal pain
persisted in 26.6% of cases, dysuria — in 31.5% of
cases. Thus, in all the studied groups there was a
statistically significant decrease in pain and dys-
uria after treatment programs. In main groups,
the frequency of these symptoms was significantly
lower than in the comparison group.

Analysis of the erectile dysfunction degree
(Table 2) showed that in the main group A the num-
ber of patients without erectile dysfunction increased
1.9 times, also there were no patients with mild erec-
tile dysfunction. In the main group B positive dy-
namics was also noted (in 85.7% of cases there was
no erectile dysfunction, in the remaining cases a
mild degree of erectile dysfunction was diagnosed).
In the comparison group less significant dyna-
mics was observed (in 63.1% of cases a mild degree
of erectile dysfunction was diagnosed, and only in
26.4% of cases there was no erectile dysfunction).
Thus, in the main groups after treatment, there were
significantly more often no signs of erectile dysfunc-
tion than in the comparison group (see Table 2).

Assessment of the psychoemotional status of
patients with abacterial prostatitis in the dynamics
of treatment showed a significant decrease in the
level of reactive anxiety from 49.4 + 1.12 points to

Ta6una 1. /[uHaMUKa CHMIITOMOB B MCCJIEIYEMBIX IPYIIIIAX, /10 JieueHus (Iocie ieuennst), %
Table 1. The dynamics of symptoms in the studied groups, before the treatment (after the treatment), %

CumnTom / Symptom MelinigroupA (= 22)

OcHoBHas rpynna A (n = 22) OcnoBHas rpynna b (n =21) TI'pynma cpaBHeHus (n = 19)
Main group B (n = 21)

Comparison group (n = 19)

BoJiu B IPOMEKHOCTH 100 (4.5%%*%)

Perineal pain

Nusypus / Dysuria 100 (13.6%*%)

100 (4.8%%%%)

100 (4.8%*%*%)

100 (26.6*%)

100 (31.5%)

* JIOCTOBEPHOCTD PA3JIMYUI 110 OTHOIIEHHUIO K pe3yJIbTaTaM /10 jieueHust (p < 0.01).
Significance of differences in relation to results before the treatment (p < 0.01).
*#* JIOCTOBEPHOCTD PA3JIMYUI 10 OTHOILIEHHUIO K pe3yJIbTaTaM /10 JeueHus (p < 0.001).
Significance of differences in relation to results before the treatment (p < 0.001).

* JIoCTOBEPHOCTD PA3JIMYUil MeK/ly OCHOBHBIMY TPYIIIIAMH M IPYIIIOH cpaBHeHHA (P < 0.05).
Significance of differences between the main groups and the comparison group (p < 0.05).
% JTOCTOBEPHOCTD Pa3INIHH MEX/Ty OCHOBHBIMHU TPYIIIIAMH | IPYTINOH cpaBHeHus (p < 0.001).
Significance of differences between the main groups and the comparison group (p < 0.001).
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AHaU3 CTENeHU BSPEKTHIBHOU JAUChYHKIUU
(Tabs. 2) mokasaj, YTO B OCHOBHOH rpyIme A B 1.9
pasa yBeJIUYMIOCh KOJIMYECTBO MAIEHTOB, Y KOTO-
PBIX OTCYTCTBOBaJIa 3PEKTWJIbHASA AUCHYHKIUS, a
TaKke He OBLIO IAIMEHTOB C YMEPEHHO BBIPAYKEH-
HOU SpeKTUIbHOH qucdyHKIuei. B ocHOBHOMU rpyn-
e b Takke oTMedasiach IOJIOKUTEIbHAS TMTHAMHUKA
(B 85.7 % ciiyuaeB OTCYTCTBOBaJIa SPEKTHIbHAS JTUC-
(YHKITHSA, B OCTATIBHBIX CIy4YasiX IUarHOCTHPOBAIACh
JIETKasl CTeIeHb APEKTIILHOU AuchyHKIUN). B rpym-
e cpaBHeHUs HabJIIo7laslach MeHee CYIeCTBEHHAs
JIuHaMHKa (B 63.1 % cy4aeB JMArHOCTHPOBAJIAChH
JIETKasl CTEIeHb SPEKTUWIBHOU TUCHYHKITUHU, U TOJIb-
KO B 26.4 % ciyuyaeB OTCYTCTBOBJIA HPEKTUJIbHAS
nuchyHknusa). Takum 06pa3oM, B OCHOBHBIX TPYII-
Max Iocje JIEYEeHHsI JOCTOBEPHO dYallle OTCYTCTBO-
BaJIM MPU3HAKU 3PEKTUJIPHOU JUCHYHKIUH, YEM B
rpyrie cpaBHeHUs (cM. TabI1. 2).

O1eHKa MCHUX03MOIIMOHAIBHOTO CTaTyca Iaru-
€HTOB C abaKTepHaJIbHBIMHU IIPOCTATUTOM B ITHAMH-
Ke JIeUeHHs IToKa3aja JOCTOBEpHOe CHUKEHE YPOB-
HSI PEAaKTHBHOU TPEBOXKHOCTH C 49.4 + 1.12 6ajuia J1o
36.7 + 1.33 6asu1a (p < 0.001) B TPYIIIIE MAIKEHTOB,
TTOJIy4YaBIIMX OATHPHEOIPOIEAYPhI C TAHTOBBIM OTBA-
POM, B OTYETJIMBYIO TEHEHINIO K CHI)KEHUIO y T1a-
[IEHTOB, KOTOPHIM ITPOBOJIMJIN TEILJIOBBIE MIPOIEY-
PBI ¢ TAHTOBBIM OTBapoM (48.5 + 2.1 6asuia /10 Jie-
YeHHs U 40.3 £ 2.02 6asuia mocse Hero (p < 0.05)).
B rpymrie cpaBHeHHA OTMEYEHA JIUIID TEHAEHIIUA K
CHIDKEHUI0 3HAYEeHUH PEaKTHUBHOH TPEBOXKHOCTH
(c 47.01 £ 3.11 Gasia 110 43.32 + 3.24 6amna). Ypo-
BEHb JINYHOCTHON TPEBOKHOCTH JIOCTOBEPHO HE U3-
MEHUJICS BO BCEX UCCIIETyeMbIX TPYIIax.

Jlo JledeHUs JIETIPECCUBHBIE PACCTPOUCTBA
BCTPEYaIUCh B 40.9 % caydaeB (B 77.8 % ciyyaeB —

36.7 + 1.33 points (p < 0.001) in the group of pa-
tients who received balneological procedures with
antler decoction, and a clear tendency to decrease
in patients who performed thermal procedures
with antler decoction (48.5 + 2.1 points before
the treatment and 40.3 + 2.02 points after one
(p < 0.05)). In the comparison group, only a ten-
dency to decrease in the values of reactive anxiety
was noted (from 47.01 + 3.11 points to 43.32 + 3.24
points). The level of personal anxiety did not sig-
nificantly change in all the studied groups.

Before the treatment depressive disorders
were found in 40.9% of cases (in 77.8% of cases —
mild form, in 22.2% — moderate form) and 42.9%
of cases in the main groups A and B respective-
ly and in 36.8% of cases in the comparison group
(88.2 % of cases — mild form and in 11.8% — mode-
rate form). After the treatment, mild depressive
disorders were noted in 13.6% of cases in the main
group A and in 9.5% of cases in the main group B,
which was significantly lower than before the treat-
ment (p < 0.05 and p < 0.001). In both main groups
after the treatment there were no patients with
moderate depressive disorders. In the comparison
group, a significant decrease in the number of pa-
tients with depression was not observed (in 4 pa-
tients of this group a mild degree of depression and
in one — a moderate degree).

In all groups (Table 3), signs of autonomic dys-
function were observed before the treatment. In
the main groups there was a significant decrease in
signs of autonomic dysfunction, and these indicators
did not significantly differ from the control group.

Tab6auna 2. [[uHaMUKa BRIPAXKEHHOCTH 9PEKTUIBHOU TUCHYHKIINYU B UCCIIEIyeMBIX I'PYIINAX, [0 JiedeHus (IIocJe Jjie-

yeHus), %

Table 2. The dynamics of the erectile dysfunction severity in the studied groups, before the treatment (after the treatment), %

IpeKTUuIbHAA JUCHYHKIUA

Erectile dysfunction Main group A (n = 22)

OcHoBHas rpymma A (n = 22) OcHoBHas rpymnmna b (n =21) I'pynna cpaBHeHus (N = 19)
Main group B (n = 21)

Comparison group (n = 19)

OtcytcTByeT / Absence 40.9 (77.3%%%%)
Jlerkas / Mild 40.9 (22.7%%%)
Vmepennas / Moderate 18.2 (0%)
3uauutenbHas / Significant 0 (0%)

42.9 (85.7%%**¥) 42.1(26.4%)
52.4 (14.3%*%*) 42.1(63.1%)
4.7 (0) 15.8 (10.5%)
0 (0%%) o (o)

* JIoCTOBEPHOCTH PA3JIMYMI IT0 OTHOLIEHHUIO K pe3yJIbTaTaM JI0 JiedeHus: (p < 0.05).
Significance of differences in relation to results before the treatment (p < 0.05).
** JTOCTOBEPHOCTD Pa3/IMYHH 110 OTHOIIEHHUIO K Pe3yJIbTaTtaM JI0 JiedeHus (p < 0.01).
Significance of differences in relation to results before the treatment (p < 0.01).
* JoCTOBEPHOCTD Pa3JIMYMi MEK/[y OCHOBHBIMHU TPYIIIIAMH M TPYIIIOH cpaBHEHUs (P < 0.05).
Significance of differences between the main groups and the comparison group (p < 0.05).
%% JToCTOBEPHOCTH Pa3INUMil MeK/Ty OCHOBHBIMHU TPYIIIaMU 1 IPYTIHOi cpaBHeHHs (P < 0.01).
Significance of differences between the main groups and the comparison group (p < 0.01).
%% JT0CTOBEPHOCTD PA3/IMYMI MEXK/Iy OCHOBHBIMHM I'DYIIIAMHU U TPYIINON cpaBHeHUs (P < 0.001).
Significance of differences between the main groups and the comparison group (p < 0.001).
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JIETKOU CTENEeHH, B 22.2 % — Cpe/lHer ) U 42.9 % ciiy-
yaeB B OCHOBHBIX IPyIIax A U b cOOTBETCTBEHHO U
B 36.8 % ciyuaes B rpymme cpaBHeHus (88.2 % ciy-
yaeB — JIETKOU CTeNeHU U B 11.8 % — cpenHel cre-
neHu). Ilocse jleueHUsi JenpeccUBHBIE DPACCTPOM-
CTBA JIETKOU CTeNeHU OTMeUYaInCh B 13.6 % ciry4yaes
B OCHOBHOU rpynne A U B 9.5% CJIydaeB — B OCHOB-
HOU rpyme B, 4To 10CTOBEPHO HIIKe, YeM JI0 jlede-
Hus (p < 0.05 U p < 0.001). B 06enx 0OCHOBHBIX TPyII-
I1ax IOCJIe JIEYEHHUA OTCYTCTBOBIM MALIMEHTHI C Jie-
IIPECCHBHBIMHU PACCTPOHCTBAMH CpefHeH CTeleHU.
B rpymme cpaBHEHUs JOCTOBEPHOTO CHIDKEHUS KO-
JINYECTBA MAITUEHTOB C JIeTpeccuel He HabJII1aIo0Ch
(V 4 manueHTOB JJaHHOM TPyl — JIeTKas CTeNeHb
JIETIPECCUU U Y OZTHOTO — CPEHSAS CTEIEeHb).

Bo Bcex rpymmax (tabs. 3) HabGIIOAATNCH IPU-
3HAKU BereTaTUBHOU JUCHYHKIMY 10 Havasa jede-
HUs. B OCHOBHBIX TPYIITIaX OTMEYAJIOCh IOCTOBEPHOE
CHIDKEHUE NPU3HAKOB BETeTATUBHOU UCOYHKIIUH
IIocjie JIeueHus, U IaHHble TTOKa3aTeIu JJOCTOBEPHO
He OTJIMYAJIUCH OT IPYTIIBI KOHTPOJIA. B rpytme cpas-
HEHUSI JTOCTOBEPHOTO CHUKEHUS JJAHHBIX IPU3HAKOB
He HabJII0/1aJI0Ch, U JJaHHBIE [TOKa3aTeIu ObUIH J10-
CTOBEPHO BBIIIIE TIOKA3aTeJIeH KOHTPOJIbHOH IPYIIIIHIL.

OreHKa KayecTBa JKU3HU B HCCIIETyEMBIX IPYTI-
I1aX /10 ¥ I10CJIe JIEYEH U [IPeJICTaBjieHa B Ta0I. 4. [To-
CJIe JIeYeHUs] OTMEUEHO YJIydIlleHue KauecTBa KU3-
HU Yy MAIMEHTOB OCHOBHBIX rpymil. Tak, B OCHOBHOH
rpymnie A KadyecTBO JKM3HU KaK XOpolllee OlleHUBa-
JI0Ch B 36.4 % ciy4daeB, KakK y/IOBJIETBOPUTEIBHOE —
B 45.4 % W KakK Hey/0OBJIETBOpUTEJIbHOE — B 18.2 %
cirydaeB. B ocHoBHOM rpynne b otmeueHa aHasmoruy-
Hasi IMHAMUKA, KaK U B IPeABIAYIIel rpymnme. B rpyn-
Ile CpPaBHEHUs IIOCJIE JIEUEHUs CYIIECTBEHHO peXe
OTMeJaJIoCch XOpoIllee KauecTBO KU3HU B CPAaBHEHUU
¢ ocHoBHBIMH rpymmamu A u B (p < 0.05) (mpeo6ia-

In the comparison group no significant decrease in
these signs was observed, and the indicators were
significantly higher than in the control group.

Assessment of the quality of life in the studied
groups before and after the treatment is presented
in Table 4. After the treatment an improvement in
the quality of life in patients of the main groups was
noted. So, in the main group A the quality of life was
assessed as good in 36.4% of cases, as satisfactory in
45.4%, and unsatisfactory in 18.2% of cases. In the
main group B, a similar dynamics was noted as in
the previous group. In the comparison group after
treatment a good quality of life was significantly less
common compared with the main groups A and B
(p < 0.05) (patients with a satisfactory quality of
life (52.6%) prevailed, poor quality of life was noted
in 5.3% of cases).

Thus, the inclusion of balneotherapy and sauna
therapy with antler decoction in the treatment pro-
gram for patients with abacterial prostatitis (IIIB)
led to a significant reduction in the main clini-
cal symptoms. On completion the balneotherapy
course with antler decoction, erectile dysfunction
was absent in 77.3% of cases, after thermal proce-
dures in the “Altai” mini-sauna — in 85.7% of cases,
which is significantly higher than in the compari-
son group. Positive changes occurred in the psy-
choemotional sphere (the level of reactive anxiety
significantly decreased, there were no patients with
moderate depression). Patients who received bal-
neotherapy and thermal procedures with antler de-
coction improved their quality of life (quality of life
was assessed as good in 36.4 and 42.9% of cases
respectively).

TaGuna 3. Beipa)keHHOCTh BereTaTUBHBIX HAPYIIEHUH B HCCJIEAYEMBIX TPYIIIaX, OaJIIbl
Table 3. The intensity of autonomic disorders in the studied groups, points

OcHoBHasA rpynna A

OcHoBHas rpynmna b

I'pymmna cpaBHEHUSA

TIpusHAKK (n=22) (n =21) (n=19)
BEreTaTHBHBIX Main group A (n =22) Main group B (n = 21) Comparison group (n=19) T'pymma KOHTpPOIA
HapyIIeHuH JI0 JIEYEHU ST JI0 JIeYEHU ST JI0 JIeYEHU ST (n = 25)
Signs of autonomic before treatment before treatment before treatment Control group (n = 25)
dysfunction nocJie Je4eHus nocJie Je4eHus TOCJIE JIEUEH U ST
after treatment after treatment after treatment
Tyacts ompocHuKa 36.9 £+ 2.3 34.7+ 2.6 39.1+2.3 15.8 £+ 1.9
Part I of the 20.4 + 1.1% 21.4 + 1.9% 33.1 + 2.6%%
questionnaire
ITyacts onpocHUKa 43.6 £ 2.2 40.6 + 3.1 41.1+2.6 25.8 £ 1.6
Part IT of the 26.3 + 1.4% 27.3 + 1.8% 33.1 £ 2.1%%
questionnaire

* JIOCTOBEPHOCTH PA3JIMUK IT0 OTHOLIEHUIO K pe3ysIbTaTaM /0 jeueHus (p < 0.01).
Significance of differences in relation to results before the treatment (p < 0.01).
** JTOCTOBEPHOCTD PA3IMYUI MEK/Y OCHOBHBIMH I'PYIIIAMHE U TPYIIIOH KOHTPoIs (p < 0.05).
Significance of differences between the main groups and the control group (p < 0.05).
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Tab6uauna 4. [uHaMuKa okasarejei KauecTBa JKU3HU B UCCIIEyeMBIX TPYIIIIAX, /10 JieueHus (IIocsie JJedeHust), %
Table 4. The dynamics of quality of life indicators in the studied groups, before the treatment (after the treatment), %

KauectBo KU3HU OcHoBHas rpymmna A (n = 22)

OcHoBHasd rpymnmna b (n = 21)

I'pynna cpaBHeHus (1 = 19)

Quality of life Main group A (n = 22) Main group B (n = 21) Comparison group (n = 19)
Xoporree / Good 4.5 (36.4%%) 0 (42.9%*%) 5.3 (15.8)
VI0BIETBOPUTETBHOE 18.2 (45.4%*%) 14.3 (42.9%*%) 10.5 (52.6%%)

Satisfactory

HeynoByierBoputesibHOE — 59.1 (18.2%%)

Unsatisfactory

ITnoxoe / Poor 18.2 (0%)

66.7 (14.2%*%)

19 (0*%)

68.4 (26.3%%)

15.8 (5.3)

* JIOCTOBEPHOCTH PA3JIMYUM 110 OTHOLIEHUIO K pe3ysIbTaTaM JIo jJeueHus: (p < 0.01).
Significance of differences in relation to results before the treatment (p < 0.01).
** JIOCTOBEPHOCTD PA3JIMYUH 10 OTHOIIEHUIO K Pe3yJIbTaTaM /10 JiedeHus (p < 0.001).
Significance of differences in relation to results before the treatment (p < 0.001).
* JIoCTOBEPHOCTH Pa3JIMUMil MEsK/Ly OCHOBHBIMHU TPYITIAMHU W IPYTITION cpaBHeHus (P < 0.05).
Significance of differences between the main groups and the comparison group (p < 0.05).

JIaJTH TIAIIFEHTHI C Y/I0BJIeTBOPUTEIHHBIM KaueCTBOM
J)KU3HU (52.6 %), IJI0X0€ Ka4ecTBO JKU3HU OTMeYa-
JIOCh B 5.3 % cJIy4aeB).

TakuMm 006pa3oM, BKIIOUEHHE OATbHEOIPOTIENYD
U CayHOTepaIluy C MAaHTOBBIM OTBAPOM B IIPOTPAM-
My Tepanuu 601bHBIX abaktepuanbHbM (IIIB) mpo-
CTaTHUTOM IMIPUBEJIO K CYIIIECTBEHHOMY YMEHBIIIEHUIO
OCHOBHBIX KJIMHHUYECKUX CUMITOMOB. Ilo 3aBepiie-
HUM Kypca OaJIbHENpOIelyp ¢ MaHTOBBIM OTBAPOM
SpEeKTWIbHASA AUCPYHKIMS OTCyTCTBOBasA B 77.3 %
CJIy4yaeB, MOCJIE TEIUIOBBIX IPOLEAYP B MUHU-CAyHE
«Anraii» — B 85.7 % cyiyyaeB, UTO 3HAUMMO BBHIIIIE,
YyeM B rpyIie cpaBHeHus. [IpOnU30IUIH TO3UTHBHBIE
U3MEHEHHs B IICUXO03MOIMOHAIBHOM cdepe (mocro-
BEPHO CHU3WJICS YPOBEHb PEAKTHUBHOH TPEBOXKHO-
CTH, OTCYTCTBOBAJIM TAI[UEHTHI C JIENPeCcCueil cpes-
HeH CTeleHU TAKECTH). Y MaIleHTOB, IOJIyYaBIINX
OasIbHEO- U TEPMOIIPOIEAYPHI C HTAHTOBBIM OTBAPOM,
YIIYUIIHIOCH KAUECTBO JKU3HU (KA4eCTBO JKU3HU KaK
XOPpOIIlee OIIEHUBAJIOCH B 36.4 U 42.9 % CJIy4yaeB co-
OTBETCTBEHHO).

IlepeHoCUMOCTD OaJIbHEO- U TEPMOIIPOIIENYD C
[TAaHTOBBIM OTBApPOM ObljIa XOPOIIEH, TUIIb B OTHOM
cyiydae HaOJII0/1aIuch MPU3HAKU OaIbHEOPEAKITUH
JIETKOH CTENEHH, TOTPeOOBABIIEN KOPPEKITUH JIeue-
HHUA.

3AK/IIOYEHUE

BeisBieHHBle  1TOJIOKUTeJbHBIE  3(dEKTHI
IIpUMEHEeHUsI MPOrpaMM CAaHATOPHO-KyPOPTHOTO
JIeYeHUs ¢ BKJIIOUEHHEM OajIbHEeO- U TEepMOIIPOIle-
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The tolerability of balneotherapy and thermal
procedures with antler decoction was good, only in
one case there were signs of mild balneoreaction
that required the treatment correction.

CONCLUSION

The revealed positive effects of the use of san-
atorium-resort treatment programs with balneo-
and thermal procedures with antler decoction on
clinical symptoms, functional indicators, quality
of life, psycho-emotional and vegetative status, as
well as the absence of side effects in patients with
chronic abacterial prostatitis (IIIB) allow us to con-
sider these programs effective and safe.
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P C IAHTOBBIM OTBAPOM HAa KJIMHHUYECKYIO CHM-
IITOMATUKY, GYHKIIMOHAJIbHBIE ITIOKa3aTesu, Kaue-
CTBO KU3HHU, IICHX03MOI[MOHAJIBHBIN U BET€TATHB-
HBIH CTaTyC, a TaK¥Ke OTCYTCTBHE MOOOYHBIX 3(-
(exkTOB y manmueHTOB ¢ XPOHHUYECKUM abaKTepu-
anpHbIM mpoctatuToM (IIIB) mo3BosisieT cuuTaTh
JlaHHbIE ITpOorpaMMbl 3(P(PeKTUBHBIMU U Oe301ac-
HBIMU.

Kon@uaukr uHTEpecoB. ABTOPHI 3aABJAIOT
06 oTcyTCTBUM KOH(IIUKTA HHTEPECOB.
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Evaluation of certain hormonal and metabolic parameters in
women of different age groups

Poteryaeva E.L.>2, Smirnova E.L.}, Selyatitskaya V.G.3, Galanova Zh.M.4, Nesina [.A.-2

'Novosibirsk State Medical University
2Novosibirsk Research Institute of Hygiene
3Federal Research Center for Fundamental and Translational Medicine (Novosibirsk)

4Main Bureau of Medical and Social Expertise in Novosibirsk, Bureau No. 28

AHHOTAIIUA

ITpoBe/ieH aHAII3 TOPMOHAIFHO-MeTab0INIeCKUX TI0Ka3aTesell y JKeHIIUH Pa3INYHbIX BO3PACTHBIX rpymn. O6cie-
JIOBAHBI 122 JKEeHIIIHBI B BO3PACTE OT 21 To/ia A0 70 JieT (CpeZiHU Bo3PacT 41 + 1.8 rozia). BeeM KeHITHAM IIPOBEZIEHO aH-
TPOIIOMETPUYECKOE HCCIIEIOBAHNE, II0 PE3YIbTaTaM KOTOPOTO PACCUYUTHIBAIM HH/IEKC MACCHI TeJIa U COOTHOIIIEHHE 00XBaT
Tanuu/obxsat 6enep. JJabopaTopHOe UCCIeIOBaHUE BKJIIOUAJIO: OIIpe/ieJIeHUe CO/IEPKAHUS B CBIBOPOTKE KPOBU IJIIOKO-
3B, TPUTJIALEPUIOB, OOIIEr0 X0JIECTEPHUHA, XOJIECTEPUHA JIUIIONIPOTEU/IOB BHICOKOH IIIOTHOCTH, IMMYHOPEAKTHBHOI'O HH-
CYJIMHA, JIENITHHA, aAUIIOHEKTHHA, KOPTH30JI1a U JAerH/Iposnuanpocrepona-cyabbara (JI'DA-C). BbIABIEHO, UTO YBEIH-
YyeHMe BO3PACTa Y JKEHIIUH COIIPOBOK/IAETCS IIOBBIIIIEHUEM BEJIMUMH aHTPOIIOMETPUYECKHUX [TOKA3aTeIEH, UTO YKA3hIBAET
Ha HaKOIUIEHUE TOJKOKHOTO ¥ BUCIIEPATIFHOTO Kupa. HakoIyieHne JKUPOBOH TKAHHU M POCT IOKa3aTesel apTepuaTbHO-
ro asyieHus (A/]) accOMUPOBAHO C TUIIEPTPUIVIHIEPH/IEMUEH, TUIIEPJIENITHHEMUEN U CHIKeHneM ypoBHA JITIDA-C. Pe-
3yJIBTAThl KOPPEJIAIUOHHOTO aHAIN3a [I03BOJIAIT TOBOPUTH O TOM, UTO IIPOIECCH] HAKOIUIEHU U30BITOYHON MaCChI TeIa
1 GOPMHUPOBAHUE OKUPEHUS Y KEHIINH C YBEJIMUEHUEM BO3PACTa CBA3aHBI, 10 KpallHEH Mepe 4YaCTUYHO, C HAPYIIEHUAMU
PETYJISIIIIH KUPOBOTO 0OMEHA CO CTOPOHBI aIUIIOIUTOKUHOB. COUeTaHUE Y MTOKUJIBIX KEHIIUH a0I0MUHAIBHOTO O3KUPEe-
HUsL, IOBBIIIIEHHOTO A/l U THIIEPTPUTIIUIEPULEMUH — TPEX OCHOBHBIX KOMIIOHEHTOB MeTab0IMYeCKOr0 CHH/IPOMA — CBH-
JIETETIBCTBYET O BBICOKOM PHCKE CEPJEUHO-COCYANCTHIX 3a00I€BaHUI.

Karoueewvte cao8a: MeTaboIMUeCKUN CHH/IPOM, JKUPOBOH 0OMEH, 0KUPEHUE.

ABSTRACT

The analysis of hormonal and metabolic parameters in women of different age groups was carried out. 122 women
aged 21 to 70 years were examined (the average age was 41 + 1.8 years). All women underwent an anthropometric survey
to calculate the body mass index and waist-to-hip ratio. The laboratory study included: determination of serum glucose,
triglycerides, total cholesterol, high-density lipoprotein cholesterol, immunoreactive insulin, leptin, adiponectin, cortisol,
and dehydroepiandrosterone sulfate (DHEA-S). It was revealed that the advance in age in women is accompanied by an
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increase in the values of anthropometric parameters, which testifies the accumulation of subcutaneous and visceral fat.
The accumulation of adipose tissue and an increase in blood pressure (BP) was associated with hypertriglyceridemia, hy-
perleptinemia, and DHEA-S decrease. The results of the correlation analysis suggest that the processes of accumulation
of excess body weight and the formation of obesity in women with aging are associated, at least partially, with disturbance
of adipocytokine fat metabolism regulation. The combination of abdominal obesity, high BP and hypertriglyceridemia in
older women being the three main components of the metabolic syndrome testifies to a high risk of cardiovascular diseases.

Keywords: metabolic syndrome, lipid metabolism, obesity.

B mHacrosmee BpemMs 3UUIEMUOJIOTUYECKHE
WCCJIEZIOBAHHUS II0 OIIEHKE PAaCIpPOCTPAHEHHOCTHU
OJKUPEHUsI W MeTabOJIMYECKOro CHHIpPOMAa IpOo-
BOZISATCS BO BCEX CTpaHaX mwupa [1]. DHAOKPUHHO-
MeTabOJIMYECKHE ACTIEKTHI N30BITOUHON MACChI TEJIa
U OXKUPEHUSA IPOJOJIPKAIOT OCTABATHCA OOBEKTOM
MIPUCTAJIBHOTO BHUMAaHHUS UCCJIeI0OBaTEIeH Pa3HBIX
CHEIMaTbHOCTEN B CBA3U C €70 BBIPAJKEHHBIM BJIU -
HUEM Ha KayeCTBO KU3HU MAIMEHTOB, B TOM YHCJIE
JKEHINWH, BO BCe BO3pacTHbBIE epuobl. CyIecTBy-
IOT OIIpeJieJIEHHbIE BO3PACTHBIE TIEPUOABI O0JIee MH-
TEHCUBHOTO HAKOIIEHUS KUPOBOU TKAHU: MpPEIy-
OepTaTHBIN U MybepTaTHBINA, AKTUBHOM PEIPOAYK-
TUBHOH JIeATeJIbHOCTU (0epeMeHHOCTh C pa3Jiuy-
HBIMHM BapHUaHTaMH HCXOJOB) M MeHomay3bl. JlaH-
HbIE BO3PACTHBIE IEPUO/bI XaPAKTEPUIYIOTCS OIIpe-
JleJIEHHBIMH MOP(OJIOTHYECKUMU U QYHKITIOHAIIb-
HBIMU OCOOEHHOCTAMHU. B J11060M U3 3THUX HEPHOOB
OJKMPEHHE MOKET OKa3aTh HeOJIATONPUSITHOE BJIH-
sAHUe Ha (POPMHUPOBaHNE, CTAHOBJIEHUE U QYHKIIHIO
PEeNpOAYKTUBHON CUCTEMBI [2].

FopmoHanbHO-MeTabOIMUECKE  HAPYIIEHUS
IIPU OKUPEHUU COIPOBOXKIAIOTCA WHCYJIHMHOPE3H-
CTEHTHOCTBIO U ITIPOSIBJISIOTCS B CHUKEHHUH CIIOCO0-
HOCTH MHCYJIMHA 00ecIeYrBaTh YTUJIN3AIUIO [JII0-
KO3bI, IO/IABJIATH MPOAYKIHUIO [JIIOKO3bI IIEUEHBIO.
T'unepuHCyIMHEMU S, XapaKTepHAasi JJIsI OKUPEHUs,
ABJIETCA OJHOU M3 NPUYUH (POpPMHUPOBAHUA apTe-
pHUaJIbHOU TUINEPTEH3UH (32 CUeT YBEJIUYEHUS pe-
abcopObuuu HATPHsA) U THUIEPIPOAYKIIMU aHApOore-
HOB TIOJINKWCTO3HBIMU STUYHUKAMU. VIHCYJTMHOpeE-
3UCTEHTHOCTH U TUIIEPUHCYINHEMI S UTPAIOT CYIIEe-
CTBEHHYIO POJIb B IIaTOTeHe3e JAUCIUITUIEMUH, KO-
TOpbIE ABJIAIOTCA (PaKTOpaMU PUCKA UIIEMUUECKOH
6osieznu cepana (MBC) u npyrux aTepocKiepoTnde-
CKHX MaKPOCOCY/IUCTBIX OCJIOKHEHUH [3].

IHJOKPUHHO-MeTab0INYeCKHe  OCOOEHHOCTH
OJKUPEHUS B BO3PACTHOM aCIIEKTE UCCIIEIOBAHBI HEe-
JIOCTaTOYHO W IPOJIOJIKAIOT OCTABATHCSA OOBEKTOM
MIPUCTAIPHOTO BHUMAaHUS HCCIIE/IOBAaTe el Pa3HbBIX
CIeITUAIbHOCTEN B CBA3H C €r0 3HAYUTEIHHBIM BJIU-
SIHHEM Ha KaueCTBO U MPOIOIKUTETHbHOCTD JKU3HU
MMAIMEHTOB, & TAKKe TPYZOBOE JI0JITOJIETHE [4, 5].

Nowadays epidemiological studies to assess the
prevalence of obesity and metabolic syndrome are
being conducted in all countries all over the world
[1]. Hormonal and metabolic aspects of overweight
and obesity continue to be the subject of various
field researchers’ focus due to its pronounced im-
pact on the quality of patients’ life, including women
during all age periods. There are certain age peri-
ods of more intense accumulation of adipose tissue:
prepubertal and pubertal, of active reproductive
activity (pregnancy with different outcomes) and
menopause. These age periods are characterized
by certain morphological and functional characte-
ristics. In any of these periods obesity can have an
adverse impact on formation, maturation and func-
tion of reproductive system [2].

Hormonal and metabolic disorders in obesity
are accompanied by insulin resistance and mani-
fest in the reduction of insulin ability to provide
glucose utilization and suppress glucose production
in the liver. Hyperinsulinemia being characteristic
for obesity is one of the causes for the arterial hy-
pertension development (due to increased sodium
reabsorption) and hyperproduction of androgens
by polycystic ovaries. Insulin resistance and hyper-
insulinemia play a significant role in the pathoge-
nesis of dyslipidemias which are the risk factors for
ischemic heart disease (IHD) and other atheroscle-
rotic macrovascular complications [3].

Endocrine and metabolic characteristics of
obesity in the age aspect are insufficiently studied
and continue to be the subject of various field re-
searchers’ focus due to its significant impact on the
life quality and life expectancy in patients, as well
as work life expectancy [4, 5].

Thus, the high prevalence of overweight and
obesity and the low efficacy of treatment determine
the high medical, social and economic importance
of the disease and require further research on the
pathogenesis of body weight growth and obesity
with increasing age.
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Taxum o6pa3oM, MIUPOKas PaCIpPOCTPAHEH-
HOCTb M30BITOUHON MAacChl Tejla ¥ OKUPEHUS, HI3-
Kasi 3(PHEeKTUBHOCTD JIEUEHUsI OMPENEISIIOT BBICO-
KYI0 MEIUKO-COLIHAJIBHYI0 U SKOHOMUYECKYIO 3Ha-
YUMOCTH 3a060JIeBaHUS U TPEOYIOT /JaJIbHENIINX HC-
CJIeIOBAaHUY ITaToreHe3a HapacTaHUs Macchl Teja U
OJKUPEHUS C YBeJIIMUEHNEM BO3PacTa.

IIEJIb ICCJIETIOBAHUSA

AHanu3 TOpMOHAJIbHO-METAa00JINYECKUX TTOKa-
3areJsiell y *KEeHIIINH Pa3JIMYHbIX BO3PACTHBIX TPYIIIL.

MATEPHAJIBI 1 METO/bI

O6csteZioBaHbI 122 JKEHINMHBI B BO3pacre OT
21 rozia 7o 70 JieT (cpeaHui BO3pacT 41 + 1.8 roza),
KOTOpble OBLIM pacIpesieieHbl Ha TPH TPYIIIIHL.
B 1-10 rpyniy BKJIIOYEHBI 25 KeHINUH (20.3 %), Ha-
XOAAIIMXCSA B IEPBOM IIEpUOJIe 3PEJIOTO BO3pac-
Ta (21—35 JIeT); CpeTHUI BO3pacT 27.9 + 0.72 roja.
Bo 2-10 rpynity Bonutu 73 skeHIUHBI (60 %) BO BTO-
poM mepurojie 3peJioro Bo3dpacrta (36—55 JeT); cpen-
HUU BO3pacT 46.9 + 0.66 roga. B 3-10 rpymnmy BKJIIO-
YeHbI 24 JKEHIUHBI (19.7 %) B MMOXKHJIOM BO3pacTe
(56—74 roma); cpelHUI BO3pacT 57.5 + 0.21 roja.

BceM jKeHIMMHAM IPOBEJEHO AHTPOIOMETPHU-
yeckoe uccienoBanue. I1o JaHHBIM aHTPOITOMETPUU
paccuuthiBau: uHAEKC Macchl Tena (UMT) (UMT
(xkr) = macca Tesna (xr) / pOCTz(M)) 1 COOTHOIIIEHNE
ob6xsara taymu (OT) k o6xBary 6exnep (OB) (OT, cm/
OB, cm).

BuoxuMuueckoe HCCIE€IOBAHUE  BKJIIOYAJIO:
OIpe/ieJIeHNe CONEPKAHUSI B CBIBODOTKE KPOBHU
IoKo3b1, TpurmulepunoB (TT), obimero xosecte-
puna (OXC), xosecTeprHa JIUIIOTPOTEU/IOB BBICOKOH
mwiotHoctH (JITIBIT). [Iist u3aMepeHus: coiepskaHus
TOPMOHOB B CHIBOPOTKE KPOBH HCIIOJIH30BAIA KOM-
Mepueckre Habopbl 1J1s1 UMMYyHO(MEPMEHTHOTO aHa-
Jim3a: UMMyHopeakTuBHoro uHcysuHa (MPU) (Hop-
MaTHUBHBIE BEJIMYUHBI 0.7—9.0 MKEa/MJ1), lenTuHA
(HOpMaTHBHbBIE BEJIMYUHBI 3.7—11.1 HI/MJI), aJUIIO-
HEKTHHA (HOpMATWUBHBIE BEJIMYUHBI 8.3—13.9 MKT/
MJT), KOpTH30J1a (HOPMaTUBHBIE BEJTMUUHBI 150—660
HMOJIB/JT) U JIETUAPO3MHAHJIPOCTEPOHA-CYIbdaTa
(ATDA-C).

PaccumThIBaIM HWHJIEKC WHCYJIUHOPE3UCTEHT-
Hoctu HOMA (P HOMA) o dopmyiie

WP HOMA = IPU (MxEa/MJ1) X TJII0KO3a I1JIa3Mbl
HaTomak (MMoJIb/n) / 22.5.

Cratuctiueckyio 06paboTKy pe3yabTaToB Mpo-
BOAWJIN C WCIIOJIb30BAHMEM MAKeTa CTaTUCTHYE-
ckux nporpamm STATISTICA 6.0 (StatSoft, CIITA).
ITpu cTaTucTUYeCKON 06paboTKe MOy YeHHBIX JaH-

AIM OF THE RESEARCH

Analysis of hormonal and metabolic parame-
ters in women of different age groups.

MATERIALS AND METHODS

122 women aged 21 to 70 (the average age
41+ 1.8 years) were examined and divided into three
groups. The 1%t group included 25 women (20.3%) in
1% period of adulthood (21-35 years) with the ave-
rage age 27.9 + 0.72 years. The 2" group included
73 women (60%) in 2" period of adulthood (36—
55 years) with the average age of 46.9 + 0.66 years.
The 3™ group included 24 older women (19.7%)
(56—74 years) with the average age of 57.5 + 0.21
years.

All women underwent an anthropometric sur-
vey. According to anthropometry the following pa-
rameters were calculated: body mass index (BMI)
(BMI (kg) = body mass (kg) / height? (m)) and ratio
of the waist circumference (WC) to hips circumfer-
ence (HC) (waist-to-hip ratio, cm).

Biochemical study included: determination of
blood serum glucose, triglycerides (TG), total cho-
lesterol (TC), high density lipoprotein cholesterol
(HDLC). Commercial kits for enzyme immunoas-
say were used to measure the hormone content in
the blood serum: immunoreactive insulin (IRI)
(normal values of 0.7—-9.0 pu/ml), leptin (normal
values of 3.7-11.1 ng/ml), adiponectin (normal va-
lues of 8.3—-13.9 ug/ml), cortisol (normal values of
150—660 nmol/1) and dehydroepiandrosterone sul-
fate (DHEA-S).

The insulin resistance index of HOMA (HOMA-
IR) was counted according to the formula

HOMA-IR = IRI (uU/ml) x fasting glucose
(mmol/1)/22.5.

Statistical processing of the results was per-
formed using STATISTICA 6.0 software (StatSoft,
USA). In the statistical analysis of the obtained
data, the Kruskal-Wallis test was used for multiple
comparisons; significance of differences between
the average values in groups was evaluated using
the Mann-Whitney test. The Pearson chi-squared
(2 test (for two groups with Yates’ correction)
was used to compare qualitative characteristics
in groups. Correlation analysis was performed
with Spirman’s rank correlation coefficient (r).
Changes in the dynamics of the same persons’ in-
dices were evaluated using the Wilcoxon signed-
rank test.
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HBIX MPUMeHsIH Kputepui Kpackena — Yosuca
JIJIT MHOXXECTBEHHOT'O CPaBHEHUs; JIOCTOBEPHOCTH
pasImuuil Mexay CpeIHUMU 3HAUEHUMU TI0Ka3a-
TeJIed B IPyIIax ONEHUBAJIU IIPU [TOMOIU KPHUTe-
pua ManHa — YutHu. /{14 cpaBHEHUA KayeCTBEH-
HBIX IPU3HAKOB B TPYNIIaX HCIOJIb30BAJIH KPUTE-
puii ¥2 ITupcona (1715 [ByX TPYIII ¢ HOMpaBKoii Me-
riTca). KoppeAMoHHbBINA aHAIN3 TPOBOAUIIN C UC-
M0JIb30BaHUEM KO3 GUIHEHTa PAHTOBON KOPpeJIs-
nuu Criupmana (). IsMeHeHHe mokasaTesied y of-
HUX U TeX Ke JIoJlel B AMHAMUKe OIIeHUBAJIU C IIPU-
MEHEHHEM HelapaMeTPUYeCcKoro Kputepus Bui-
KOKCOHA.

BepoATHOCTD CIpaBelIMBOCTH HYJIEBOH TIH-
moTe3s! (p) IPUHUMAJIU TIPU 5% ypOBHE 3HAYUMO-
ctu (p < 0.05). Bestnunubl napameTpoB B TabsI. 1-5
IIpeJICTaBJIeHbl KaK CpeJHAs BeJMYMHA IIPU3HAKa
(M) + ctangapTHOe oTKJIOHEeHHE (SD).

PE3YJIBTATBI 1 OBCY2KJIEHUE

IIpu cpaBHUTEJLHOM aHAJIM3€ aHTPOIOMETPH-
YeCKUX IOKa3aTesell YCTaHOBJIEHO, YTO IIPH OJU-
HAKOBOU BEJIMYWHE POCTA CPEHUE BEJTUUNHBI BCEX
OCTaJIBHBIX ITOKAa3aTeJIe Pa3INdajIvicCh y >KEHIUH
1-f ¥ 2-#, a TakXke 1-i U 3-U BO3PACTHBIX T'PYIII.
Mexay 2-i U 3-Hi BO3pacTHBIMHM TIpyHIIaMU KeH-
IIYH CTATUCTUYECKU 3HAYUMbBIX OTJIMYHU N BBIABJIEHO
He OBIJI0, XOTs 110 BCEM IOKa3aTeIsIM OTMeUYeHa TeH-
JIGHITHS K POCTY UX BEJIUYHUH OT 2-U K 3-U BO3pacT-
HOH TpyIIIIE.

Cpenusasa BenuynHa VMT B 1-d Bo3pacTHOH
TPYIIIE KEHIIUH ellle COOTBETCTBYET JOJIKHON Mac-
ce Tea (<25.0 KI‘/M2), HO HaXOJIUTCs Ha ee BepXHEeU
rpauuiie. Bo 2-# rpyI1ime KeHIIWH CPeIHssI BEJTUYU-
Ha UMT cooTBeTCTByeT U30BITOYHON Macce Tejia, a
B 3-U rpymnne — oxupeHuio. COrylacHO KpUTEPUSAM
IDF (MexayHaponHol denepanuu auabera, 2005),
VUUTBHIBAIOIUM JIJIsl BBISIBJIEHUs] a0OMUHAJIBHO-
ro OKMPEHUs BeJIUYMHY oOxBara Tanuu (<80 cm —
HOPMAaTHBHbIE 3HAUEHU 1), BO 2-H U 3-1i BO3PACTHBIX
TpyIIax »KEHIMUH KOHCTAaTUPOBAJIU HaJu4une ab/10-
MHWHAJIBHOTO OKUPeHUs. /[aHHbIE IIPeICTaBIEHbI B
TabJI. 1.

CrenoBaTesibHO, TTOJIyYeHHbIE PE3YIbTaThl T0-
3BOJISIIOT TOBOPUTH O HAKOIJIEHUH >KUPOBON TKAaHH
B aOTOMUHAILHOM 06J1aCTH, YTO OTPAKAET HE TOJIb-
KO OTJIOJKEHHE ITOIKOKHOTO, HO W BHUCIEPATIHLHOTO
skupa. Ha aTo ke ykaspiBaeT u BesmuuHa OT/OB.
Kax Bumum u3 TabuL. 1, y *KEHIUH 2-H BO3PaCTHOU
TPYIIIBI 3TOT MOKa3aTesb ObLI B 1.08, a y JKeHIITUH
3-1 BO3pacTHOU IPyNIbl — B 1.13 pa3a BhIIIE, YEM Y
JKEHII[UH 1-i BO3PACTHOM I'PYIIIIBL.

B xo/1e vcceite/IoBaHUS CO/IEPKAHUS B CBIBOPOT-
Ke KPOBH 00CJIEJTOBAHHBIX KEHIIMH TVIIOKO3bI U HH-

The probability concerning null hypothesis
validity (p) was taken at a 5% significance value
(p < 0.05). The values of the parameters in Tables
1—5 are presented as the average value of the sign
(M) + standard deviation (SD).

RESULTS AND DISCUSSION

During the comparative analysis of anthro-
pometric parameters, it was found that with the
same parameters of height the average values of all
other parameters differed in women of the 1%t and 2™
groups, as well as the 1%t and 3¢ age groups. There
were no statistically significant differences between
the 2" and 3¢ age groups of women, although for all
parameters there was a tendency in their values to
increase from the 2" to the 3™ age group.

The average BMI in the 1%t age group of women
still corresponds to the reference body mass (<25.0
kg/m2) but it is on its upper limit. The average BMI
value in the 2" group corresponds to overweight,
and in the 3" group — to obesity. According to the
criteria of the IDF (International Diabetes Federa-
tion, 2005) which takes into account the size of
waist circumference (<80 cm — normative values)
for detection of abdominal obesity — abdominal
obesity was found in the 2" and 3" groups of wo-
men. The data are presented in Table 1.

Consequently, the results obtained suggest the
accumulation of adipose tissue in the abdominal
region, which reflects not only the deposition of
subcutaneous but also visceral fat. The same is in-
dicated by the waist-to-hip ratio. As presented in
Table 1, females in the 2" age group had 1.08, while
females in the 3" age group had 1.13 times higher
values than females in 1%t age group.

The study of the glucose and insulin as carbo-
hydrate metabolism indicators in serum of exam-
ined women has showed that IRI in blood serum as
well as fasting glucose concentration were higher
in older women (group 3) than in women of mature
age (group 1 and 2), but this differences between
groups did not reach statistically significant values.
Accordingly, the value of HOMA-IR did not change,
although a clear trend to a higher index was not-
ed from group 1 to group 2. However, in both the
2" and 3™ age groups of women the average val-
ue of HOMA index did not exceed the borderline
value (>2.77 U) used to detect insulin resistance
(Table 2).

Results concerning measurement in examined
women of blood serum content of triglycerides and
cholesterol as the parameters of lipid metabolism
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Ta6siuna 1. Pe3ysipTaThl CPAaBHUTEIHHOTO AHAIN32 AHTPOIIOMETPHYECKIX [T0OKa3aTeJIell y JKeHIITUH Pa3HbIX BO3PACT-

HBIX IIEPpHUOJOB

Table 1. Results of comparative analysis of anthropometric parameters in women of different age

1-arpynna / Group1 2-arpynmna / Group 2 3-arpynmna / Group 3

IMoxazaren (21—35 et / years) (36—55 Jtet / years) (56—74 ropa / years) p
Parameter (n = 25) (n=73) (n=24)
1 2 3 1-2 1-3 2-3

Poct (cm) 165.9 + 1.4 164.5 £ 0.7 161.9 £ 1.2 1.000 0.079 0.131
Height (cm)
Macca tena (Kr) 68.2+2.9 77.5 + 1.7 81.4+3.2 0.009 0.004 1.000
Body weight (kg)
O6xBat Taauu (cm) 76.2 £ 2.3 87.3+1.4 94.8 £ 2.5 0.001 0.001 0.050
Waist circumference
(cm)
O6xBar 6enep (cm) 101.0 + 2.2 106.9 + 1.1 111.8 £ 2.2 0.023 0.001 0.221
Hip circumference (cm)
IlMupuHa ey (cm) 37.2 £ 0.8 38.2+0.4 37.5 + 0.5 0.771  1.000 1.000
Shoulder width (cm)
IlMupuna Taza (cm) 20.2 £ 0.7 31.4 + 0.4 32.0+ 0.4 0.011 0.003 0.718
Pelvis width (cm)
O6xBar rpyau (cm)
Chest circumference
(cm):

BEPXHUH / upper 85.4 +£1.4 92.6 £ 0.9 96.0 £ 1.7 0.001 0.001 0.377

HYKHUH / lower 81.8 £1.6 89.1+ 1.0 93.4 £ 1.7 0.001 0.001 0.169
WMHieke macesl Tesia 24.72 + 0.99 28.63 + 0.60 31.08 + 1.13 0.002 0.001 0.233
(xr/m)
Body mass index (kg/m?)
OtHorrenve OT/Ob 0.75 £ 0.01 0.81 + 0.01 0.85 + 0.01 0.004 0.001 0.095
(yem. en.)

Waist-to-hip ratio
(arbitrary units)

IIpumeuanue. OT — okpyxHocTb TaHU; OB — OKpYyKHOCTH Oeziep.

CyJIMHA — IIOKa3aTeJied, XapaKTEPU3YIONUX yIJIe-
BOIHBIN OOMEH, YCTAaHOBJIEHO, UTO Y JKEHIIIIH ITOXKHU-
Jioro Bo3pacta (3-s rpymma) cozep:xkanue IPU B cbI-
BOPOTKE KPOBH, a TaK:Ke KOHIIEHTPAIUs [JIFOKO3BI B
KPOBH HATOIIAK OBLIIM BBIIIE, YEM V JKEHIIUH 3pe-
Jioro Bo3pacTta (1- U 2-s rpyIIa), O{HAKO 3Ta pas-
HHUIIA He JIOCTHUTaJIa CTATUCTUYECKH 3HAYUMBIX Pa3-
auuynii Mexxay rpynmnamMu. COOTBETCTBEHHO He Me-
HsJIaCh BEJINUMHA HH/IEKCA WHCYJIMHOPE3UCTEHT-
Hoctu HOMA, X0T4 OT 1-# KO 2-1 rpyIIe OTMeYeHa
BBIpaKeHHas TEHJEHIIUS B CTOPOHY 00JIee BHICOKO-
ro mokazaresisi. OJJHAKO U BO 2-U, U B 3-U BO3pacT-
HOU TPYIINle KEHIIVH CPeJHAs BEJIUYHUHA WHJIEK-
ca HOMA He npeBsIlliaja HIOTPAHUYHOTO 3HAYEHUSI
(>2.77 yca. ef1.), KCIOJIB3YEMOTO JIJIS1 BBISIBJIEHU S MH-
CYJIMHOPE3UCTEHTHOCTH (TabJI. 2).

Pe3ysbTaThl U3MepEHUS COAEPKAHUS B CHIBO-
POTKe KPOBHU 00CJI€/IOBAHHBIX KEHIIUH TPUTIHIE-
PHU/IOB U X0JIecTePHHA — IIOKa3aTesIel, XapaKTepusy-
IOIUX JTUTTUTHBIA 0OMEH, IPeCTaBJIEHHI B TAa0J. 3.
Hau6oJiee BhIpaKeHHOE OTIMYHE MEXKY TPYIIIaMu

are provided in Table 3. The most pronounced dif-
ference between groups is revealed in the compara-
tive analysis of content of triglycerides in blood
serum. Thus, TG concentration in women of age
group 2 and 3 was twice higher than in group 1.
Higher values of TC concentration in blood serum
of age groups 2 and 3 in comparison with group 1,
and lower values of concentration of HDLC were
registered, however they, like the concentration of
glucose, did not reach statistically significant dif-
ferences between the groups.

Adipose tissue plays a crucial role in the regu-
lation of energy homeostasis, insulin sensitivity,
glucose and lipid metabolism through the secretion
of adipokines, including leptin and adiponectin. It
is known that the secretion of leptin in females is
2 times higher than in males, which is due to the
influence of sex hormones on its secretion (in es-
trogens — stimulatory, in androgens — inhibitory).
A significant factor in the development of obesity,
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Ta6auna 2. [lokazaresu, XapaKTepU3YIOII¥e YIIEBOAHBINA 00MEH, ¥ *KEHIIIH Pa3HbIX BO3PACTHBIX IPYIIIT
Table 2. Carbohydrate metabolism in females of different age groups

1-arpynna / Group1 2-arpynmna / Group 2 3-arpynmna / Group 3

IMokazaresb (21—35 stet / years)  (36—55 JieT / years) (56—74 ropa / years) p
Parameter (n = 25) (n=73) (n=24)

1 2 3 -2 1-3 2-3
NPU (MxExa/mn) 2.72 + 1.05 5.59 + 0.88 4.91 + 1.43 0.062 0.279 1.000
IRI (uU/ml)
I110K03a KPOBH 5.13 £ 0.14 5.53 + 0.10 5.87 £ 0.30 0.109 0.072 1.000
(MMOJIB/)
Glucose (mmol/1)
Nuanexc HOMA (yci. 0.71 £ 0.33 1.42 + 0.23 1.49 + 0.55 0.073 0.279 1.000
en.)
HOMA index (arbitrary
units)

IIpumeuanue. UPU — ummyHopeakTuBHbIN nHCYyH; HOMA — WH/IEKC HHCYJTUHOPE3UCTEHTHOCTH.
Note. IRI—immunoreactive insulin; HOMA — insulin resistance index.

BBISIBJIEHO DU CPAaBHUTEJIHLHOM aHAJIM3€E CO/eprKa-
HHUSA TPUIJIUIIEPU/IOB B CHIBOPOTKE KPOBU KEHIIIUH.
Tak, konnenTpanusa T y skeHITUH 2-U U 3-U BO3-
pacTHOH rpymmbl ObljIa B 2 pa3a BbIIIE, YEM Y JKEH-
IIUH 1-d Tpynnel. PeructpupoBasuck 60jee BBICO-
kue BeauduHbl KoHIeHTpanuu OXC B CHIBOPOTKE
KPOBHU JKEHIIUH 2-H U 3- BO3pacTHOU I'PYIIIBI 110
CpaBHEHUIO C 1-H Trpymnmod u 6ojiee HU3KUE BEJIH-
4YUHBI KOHIleHTpanuu xostectepuHa JIIIBII, ogHako
OHU, aHAJIOTUYHO KOHIIEHTPAIIUU IJIIOKO3bI, HE JI0-
CTUTJIU CTATUCTUYECKU 3HAYHUMBIX Pa3JIMYUN MexX-
Zly TpyTIIaMu.

JKupoBas TKaHb UTPAET BAXKHEUIIYIO POJIb B
peryJyifuu 3HepreTUYecKoro roMeocTasa, 4yBCTBU-
TEJIPHOCTU K WHCYJINHY, MeTaboau3Me TJII0KO3bI U
JIUIIUJIOB Yepe3 CEKPENUI0 aJJUIIOKUHOB, B TOM UHC-
Jle JIeTITUHA U aJJUTIOHEKTUHA. VI3BeCTHO, UTO CeKpe-
[MA JIEITHUHA Y ?KEHIIUH B 2 Pa3a BHIIIIE, YeM Y MY2K-
YUH, YTO 00YCJIOBJIEHO BJIUSHUEM IIOJIOBBIX TOPMO-
HOB Ha €r0 ceKpernuio (y 5CTPOTeHOB — CTUMYJIUDY-
IOIUM, Y aH/IPOT€HOB — TOPMO3AMUM). BaKHBIM
(dakTOpOM TpPU PA3BUTUU OXKUPEHUsI, OCOOEHHO
ero BUCIepaJbHOU (OPMBI, ABJIAETCA yTpara Ipo-
TEKTUBHBIX MEXaHU3MOB a/IUIIOHEKTHHA B OTHOIIIE-

especially its visceral form, is the loss of the protec-
tive mechanisms of adiponectin in relation to the
atherosclerotic changes development due to the re-
duction in its secretion.

When determining the content of adipose
tissue hormones — leptin and adiponectin — in
blood serum of women of different age groups, it
was found that the content in women of the 2" age
group was 1.4 times, of the 3 group — 1.9 times
higher than in women of the 1% group (Table 4). It is
noteworthy that the concentration of leptin in exa-
mined women even in the 1t group is higher than
the normative values of this parameter (3.7—-11.1 ng/
ml), which is consistent with the data on the high
prevalance of hyperleptinemia in the females of
northern regions with overweight (88%) and obe-
sity (100%).

This study found that the adiponectin serum
concentration in women of the 2" and 3¢ age groups
was lower than that in women of the 1%t group, but
this difference did not reach significant differences
in the groups, herewith the parameter value was
within the normative limits (8.3—13.9 ug/ml).

Ta6uauna 3. [Tokazaresnu, XapakTepU3yIIHe JIUITUAHBIA 00MEH, Y KeHIIIUH Pa3HbIX BO3PACTHBIX TPy (MMOJIb/JI)
Table 3. Parameters of lipid metabolism in females of different age groups (mmaol/1)

1-arpynna / Group1 2-sarpynmna / Group 2 3-arpynmna / Group 3

IMokazaresb (21—35 et / years)  (36—55 Jjietr / years) (56—74 ropa / years) p
Parameter (n=25) (n=73) (n=24)

1 2 3 1-2 1-3 2-3
T/ TG 1.05 £+ 0.09 2.15 £ 0.49 2.06 + 0.28 0.004 0.001 1.000
OXC/TC 5.42 + 0.22 6.24 + 0.21 6.30 £ 0.26 0.219 0.112 1.000
XC JIIIBIT / HDLC 1.55 + 0.11 1.43 + 0.06 1.31 + 0.08 0.702 0.244 1.000

IIpumeuanue. TT — tpurunepunsr; OXC — o6muii xosnecrepus; XC JITIBII — xosiecTepuH JTUIONPOTEN/IOB BBICOKOM IIJIOTHOCTH.
Note. TG — triglycerides; TC — total cholesterol; HDLC — high-density lipoprotein cholesterol.
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HUM PAa3BUTHsI aTEPOCKJIEPOTUUYECKUX HU3MEHEHUH,
BCJIEJICTBUE CHUYKEHU S €r0 CEKPEIUH.

[Ipu ompesiesieHUN coep:KaHUsI TOPMOHOB JKH-
POBO# TKaHH — JIENITHHA U aJIUTIOHEKTHHA — B ChI-
BOPOTKE KPOBH KEHIIUH PAa3HbIX BO3PACTHBIX I'PYIII
YCTQHOBJIEHO, UTO WX COJIEPKAHUE Y JKEHIIUH 2-U
BO3PACTHOU I'PYTIBI OBLJIO B 1.4 pasa, 3-i IPYIIIbl —
B 1.9 pa3a BBIIIIE, UeM Y KEHIIMH 1-i TPyIIIbI (TabJ1. 4).
OOpariaer Ha ce0s1 BHUMaHUE TOT (HAKT, YTO KOHIIEH-
TpaIls JIENTHHA ¥ 00CJIe/ITOBAHHBIX HAMU KEHIIUH
Jlaske 1-U TPYIIIIBI BBIIE, Y4eM HOPMATHUBHbIE BEJIUUN-
HBI JITAHHOTO ToKazaTeJs (3.7—11.1 HT/MJI), 4TO COTJia-
CyeTcs ¢ IAHHBIMU O BBICOKOH YaCTOTE TUIEPJIEITH-
HEMUH Y JKUTEJTHHUI] CEBEPHBIX PETOHOB C 30BITOY-
HOH Maccoi Tesia (88 %) u oxxupenuem (100 %).

B xo0/1€ JaHHOTO HCCJIEIOBAHUS BBISBJIEHO, YTO
KOHIIEHTPAIU aJUIOHEKTHHA B CHIBOPOTKE KPOBHU
JKEHINWH 2-H U 3-U BO3PACTHBIX I'PYIII ObLIa HUIKE,
YeM y JKEeHII[UH 1-U IPYIIbL, HO 3Ta Pa3HUIA HeE JI0-
CTUTAJIa JIOCTOBEPHBIX Pa3jIMUMi B T'PYIIAX, IPHU
5TOM BeJIMYMHA MOKa3aTesisl HaXOAWJIACh B Ipefe-
JlaX HOPMaTUBHBIX BEJIUYUH (8.3—13.9 MKI/MJI).

HccnenoBaHus MOCAETHUX JIET CBU/IETEIHCTBY-
IOT O TOM, UTO Pa3BUTHE OXKUPEHUS ACCOIIMTUPOBAHO
C TUIIOA/IUTIOHEKTUHEMUEN. BBISIBIEHO, UTO y KEH-
IUH HanboJiee BaXKHBIMHU (DaKTOPAMHU, BJIUSIONIU-
MU Ha YPOBEHb aJIUTIOHEKTUHA, SIBJISIOTCS BO3PACT,
otHomenue OT/Ob, nanekc HOMA, 4TO MO3BOJISI-
€T CJIeJIaTh MPEJIIOJIOKEHNE O BaXKHOH IaTOT€HETH-
YeCKOH POJIM aINTIOHEKTHHA B PA3BUTUUH WHCYJIH-
HOpEe3UCTeHTHOCTH. HU3KUI YPOBEHD aIUIIOHEKTH-
Ha B CHIBOPOTKE KPOBU fABJISAETCS PAHHUM IIPU3HA-
KOM Pa3BUTHUS HAPYIIEHUIH KOPOHAPHOTO KPOBOTOKA
u ¢akropom pucka paszsutusa VBC, aprepuanbHOi
TUTIEPTEH3UH, CAaXapHOTO AuabeTa.

YuuteiBas TOT PaKT, YTO /151 OKUPEHUS XapaK-
TEPHBI TOBBINIEHHBIH NepUPEPUUECKUNA KIUPEHC
KOPTHU30J1a U TUIIEPDYHKIUSA HAJAIOYETHUKOB, 00y-
CJIOBJTUBAIOIIAS TIOBBIIIIEHUE TTPOIYKITUU aHAPOTe-
HOB, B paboTe U3yueHbl KOHIIEHTPAIIUU B CHIBOPOT-
Ke KpOBU TOPMOHOB KopTu3osa u JII'DA-Cy :xkeHIuH
3peJIoro W MOKUJIOTo BodpacTa (tabit. 5). Pesyabra-
THI HUCCJIe/IOBAaHUS [MOKA3aJid, YTO CPE/HUE 3HaUe-

Studies in recent years have shown that the
development of obesity is associated with hypoadi-
ponectinemia. It was revealed that in women, the
most important factors affecting adiponectin level
are age, waist-to-hip ratio, HOMA index, which al-
lows us to make an assumption about an important
pathogenetic role of adiponectin in the insulin resis-
tance development. Low serum adiponectin level is
an early sign of the development of coronary blood
flow disorders and a risk factor for the development
of IHD, arterial hypertension, diabetes mellitus.

Considering the fact that obesity is character-
ized by increased peripheral clearance of cortisol
and hyperfunction of adrenal glands which causes
the increased production of androgens, the concen-
trations of cortisol and DHEA-S in blood serum of
mature and older women have been studied (Table 5).
The results of the study showed that the average val-
ues of serum cortisol concentration in women of all
age groups did not differ significantly. The analysis
of individual cortisol levels in relation to normative
values in females over 16 years of age (from 138 to
635 nmol/1) showed that 15 (60.0%) persons of the
1%t age group, 30 (41.1%) of the 2" age group and 9
(37.5%) of persons of the 3¢ age group had cortisol
levels exceeding the normative values.

At the same time, serum DHEA-S level was 2.2
times lower in women in the 2" age group and 3.4
times lower in women of the 3" age group than in
women of the 1%t group. The results obtained are
consistent with scientific sources indicating that
serum DHEA-S content depends on the woman’s
age, but is not related to the phase of the menstrual
cycle, the presence or absence of menstrual func-
tion. The serum DHEA-S concentration was in ac-
cordance with the standard values in women of 1°
age group (21—35 years) — from 0.37 to 5.0 pug/ml
and the 2" age group (36—55 years) — from 0.34
to 2.9 pg/ml, and in women of the 3™ age group
(56—74 years) it was higher than the standard val-
ues — from 0.25 to 0.85 pug/ml. In women of the 3™

Ta6auna 4. ComeprkaHue JeNTHHA U AJJAIIOHEKTHHA B CHIBOPOTKE KPOBH y JKEHIIUH PA3HBIX BO3PACTHBIX TPYIIII
Table 4. Serum leptin and adiponectin in women of different age groups

1-arpynna / Group1 2-arpynmna / Group 2 3-arpynma / Group 3

IMokxazaTteib (21—35 ster / years)  (36—55 JieT / years) (56—74 ropa / years) p
Parameter (n = 25) (n=73) (n=24)

1 2 3 1-2 1-3 2-3
JlenituH (Hr/MUIT) 24.93 + 3.41 34.77 + 2.85 49.66 + 7.11 0.011  0.003 0.092
Leptin (ng/ml)
AnunoHeKTHH (MKT/MJI) 10.20 + 1.12 9.40 + 0.93 9.36 + 1.81 0.871  1.000 1.000
Adiponectin (ug/ml)
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Ta6uauna 5. Kornenrpanus koprusosa u JIIIA-C B CBIBOPOTKE KPOBH Y JKEHIIMH Pa3HbIX BO3PACTHBIX I'PYIII
Table 5. Serum cortisol and DHEA-S concentrations in women of different age groups

1-arpynna / Group1 2-arpynmna / Group 2 3-arpynmna / Group 3

I[Toxazaresb (21-35 et / years) (3655 7er / years)  (56—74 roga / years) p
Parameter (n = 25) (n=73) (n=24)

1 2 3 -2 1-3 2-3
KopTuzos (HMOJ1b/1) 714.1 + 39.6 620.1 + 26.0 642.6 + 46.6 0.236 0.864 1.000
Cortisol (nmol/1)
JT'9A-C (MKr/mu1) 5.03 + 0.85 2.31 £ 0.27 1.47 £ 0.32 0.001 0.001 0.041

DHEA-S (ug/ml)

IIpumeuanue. JJI'DA-C — meruiposnuaH/ipocTepoH-cyibdar.

Note. DHEA-S — degidroepiandrosterone sulfate.

HUSI KOHIIEHTPAIIUU KOPTHU30Jia B CHIBOPOTKE KPO-
BH JKEHIIIUH BCEX BO3PACTHBIX TPYIII JOCTOBEPHO
He pa3Inyaanuch. AHAIU3 WHAUBHYaIbHBIX 3HAUe-
HUN KOPTHU30J1a OTHOCHUTEJHHO HOPMATHUBHBIX 3HAa-
YeHUH y JIUI JKEHCKOTO T10J1a cTapiie 16 jet (0T 138
J10 635 HMOJIb/JT) TIOKa3aJI, 9YTo y 15 (60 %) KeHIIIH
1-# BO3pacTHOM rpyIsl, 30 (41.1 %) — 2-i Bo3pacT-
HOU Tpynmsl U 9 (37.5 %) KeHIUH 3-1 BO3PACTHOH
TPYIIIBI YPOBEHb KOPTHU30JIa IPEBHIIIA HOPMaTHUB-
HbIE BEJTHUHNHBI.

B TO ke BpeMs YpOBEHb CBHIBOPOTOYHOI'O
JT'9A-C y KeHIIUH 2-i BO3PACTHOHN TIPyNIIbI OBLI B
2.2 pasa, a y KeHIIUH 3-# BO3pACTHOU I'PYIIBI —
B 3.4 pa3a HHKe, YeM Y JKEeHIUH 1-U rpymmbl. [To-
JIydeHHBbIE Pe3YJIbTaThl COOTBETCTBYIOT CBEJEHH-
SIM M3 HAyYHBIX UCTOUYHHUKOB, B KOTOPHIX yKa3bIBa-
ercs, 9to coaep:xkaune JII'DA-C B ChIBOPOTKE KPO-
BH 3aBHCHUT OT BO3PACTa KEHIIMHBI, HO HE CBSA3aHO C
¢az0il MEHCTPyaIbHOTO ITUKJIA, HAJTUIUEM UJIU OT-
CYyTCTBHEM MeHCTpyasibHOU GyHKIHU. KoHIleHTpa-
nus JIT9A-C B chIBOPOTKE KPOBU COOTBETCTBOBAJIa
HOPMAaTHBHBIM BEJTUUMHAM Y *KEHIIUH 1-H BO3pacT-
HOH I'pyIbI (21—35 JIeT) — OT 0.37 710 5.0 MKI/MJI B
2-i Bo3pacTHOU rpynusl (36—55 JieT) — OT 0.34 70
2.9 MKT/MJI, a ¥ *KEHIIIUH 3-ii BO3PACTHOU TPYIIIIbI
(56—74 rona) O6bLIa BbIIIe HOPMATHBHBIX BEJIMYUH —
OT 0.25 /10 0.85 MKT/MJI. Y KEHIIUH 3-U BO3pacT-
HON rpynmsl ypoBeHb [II'DA-C B CBIBOPOTKE KpO-
BH B 1.7 pasa IMPEBHIIIA BO3PACTHbIE HOpPMATHBHBIE
IOKa3aTeJIx.

IIpoBefieH KOPPEJAIMOHHBIN aHAJIU3 CBA3ZH
BEJINYHMH PACUETHBIX aHTPOIIOMETPUUYECKUX TTOKA-
3aTtesnel, Takux kak IMT u otHomenue OT/OB, ¢
BEJIMYMHAMH TOPMOHAJIbHO-OMOXUMHUYECKUX II0-
KazaTeJied y JKEeHIIIUH Pa3HbIX BO3PACTHBIX TPy
(Tabu. 6).

B rpy1rie »KeHIIUH 1-TO ITepHUOAA 3PesIoro BO3-
pacra (21—35 JjieT) ObLIU BBISABJIEHBI JIOCTOBEPHBIE
noJsoxkuteabHble ¢Bs13u UMT c TT, sjenTuHOM U OT-
puInaTeabHas CBA3b ¢ aIUIIOHEKTHHOM. C OTHOIIIE-
HueMm OT/OB moCTOBEpHBIX KOPPEJISIIMOHHBIX CBS-

age group, the serum DHEA-S level was 1.7 times
higher than the standard age parameters.

Correlation analysis of calculated anthropo-
metric indicators such as BMI and waist-to-hip
ratio with hormonal and biochemical parameters
in women of different age groups was performed
(Table 6).

In the group of young adult women (21-35
years), significant positive correlation of BMI with
TG, leptin and negative correlation with adiponec-
tin were revealed. There were no significant cor-
relative relationships of hormonal and metabolic
parameters with the waist-to-hip ratio.

Therefore, it can be said that in young women,
investigated adipose tissue hormones — leptin and
adiponectin (adipocytokines) — participate in the
regulation of body weight accumulation processes
in ontogenesis due to the increase in the weight of
predominantly subcutaneous adipose tissue. The
presence of positive correlation of BMI with serum
concentration of TG, as the main transport form of
fatty acids in the body, indicates the same.

The largest number of statistically significant
correlations was revealed in the group of women
of 2" period of adulthood (36—55 years): BMI with
glucose, IR1, leptin, and negative correlations with
HDLC level; waist-to-hip ratio with glucose, IRI,
leptin, and negative correlations with HDLC level.
In this group of women all statistically significant
correlations of hormonal and biochemical pa-
rameters with body mass index are duplicated by
similar correlations with waist-to-hip ratio value
which characterizes accumulation of abdominal
fat, including visceral fatty tissue, metabolically
more active tissue than hypodermic one. It plays
an important role in development of type 2 diabe-
tes mellitus, dyslipidemia, hypertension and ath-
erosclerosis.

Negative correlations of the studied anthropo-
metric parameters, namely waist-to-hip ratio and
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TabGuauna 6. Pe3ysibTaThl KOPPEJIAIUOHHOTO aHATN3A CBA3H PACUYETHBIX AHTPOIIOMETpUYeCcKHX okasaresei (MMT,
OT/OB) ¢ ropMOHaIbHO-METAb0TUUECKUMU TIOKA3ATEISIMHU Y KEHIITUH PAa3HBIX BO3PACTHBIX TPYIIIT
Table 6. Results of correlation analysis of calculated anthropometric values (BMI, waist-to-hip ratio) with hormonal and

metabolic parameters in women of different age groups

ITokazaress / Parameter

Ilepebtil nepuod 3penozo gospacma (21—-35 nem) / The 1° period of mature age (21—35 years)

UPU (MxExn/mir) / IRI ( pU/ml)

Jlentus (ur/mo) / Leptin (ng/ml)

T'noxosa ( Mmoste/n) / Glucose (mmol/1)

TT (Mmmouib/n) / TG (mmol/1)

Xonecrepus JITIBII (mmosts/im) / HDLC (mmol/1)

AnunonektuH (Mxr/mi) / Adiponectin (ug/ml)

Bmopoii nepuod 3penozo go3pacma (36—55 nem) / The 2" period of mature age (36—55 years)

UPU (MxEx/m) / IRI (uU/ml)

Jlentus (ur/mo) / Leptin (ng/ml)

T'nroxosa (Mmmoss/n) / Glucose (mmol/1)

TT (Mmmosb/m) / TG (mmol/1)

Xonecrepus JITIBII (mmoss/im) / HDLC (mmol/1)

Anunonektrs (Mkr/mu) / Adiponectin (ug/ml)

TToxcunotl o3pacm (56—74 2o0da) / Older age (56—74 years)

NPU (MxEx/mu) / IRI (uU/ml)

JlentuH (ur/moi) / Leptin (ng/ml)

I'mroxosa (Mmmoss/n) / Glucose (mmol/1)

TT (Mmmoib/i) / TG (mmol/1)

Xonecrepus JIIIBII (mmoss/im) / HDLC (mmol/1)
AnunonektuH (Mkxr/mi) / Adiponectin (ug/ml)

UMT / BMI OT/OB | WC/HC

r p r p

0.05 0.8220 —0.01 0.9506
0.74 <0.0001 0.38 0.0715

0.13 0.5530 0.19 0.3951

0.43 0.0362 0.21 0.3433
-0.26 0.2142 -0.38 0.0734
—-0.93 0.0025 -0.66 0.1562

0.32 0.0072 0.45 0.0001
0.52 <0.0001 0.43 0.0003
0.35 0.0031 0.28 0.0215

0.07 0.5848 0.09 0.4599
-0.28 0.0186 -0.24 0.0568
-0.09 0.6849 0.11 0.5902
0.15 0.5104 0.32 0.1537

0.19 0.3973 0.29 0.2001
0.17 0.4608 0.41 0.0648
0.30 0.1912 0.35 0.1209

-0.06 0.8121 -0.42 0.0552
-0.44 0.2715 -0.72 0.0454

IIpumeuanue. UPU — ummyHopeakTuBHbIH uHcynus; TT' — tpurinnepuast; JIIIBII — nunonpoTen/ibl BBICOKOH NJIOTHOCTH.
Note. IRI —immunoreactive insulin; TG — triglycerides; HDLC — high-density lipoprotein cholesterol.

3ed TOPMOHAJIbHO-OMOXUMHUUECKUX ITOKa3aTeJIer
BBIABJIEHO He OBIJIO.

CitestoBaTesIbHO, MOKHO TOBOPUTH O TOM, UTO Y
MOJIOZIBIX >KEHIIIUH HCCJIe/IOBAHHbIE TOPMOHBI KH-
POBO¥ TKAaHU — JIENTUH U aJUMIOHEKTHH (aTUTIOIH-
TOKWHBI) — MIPUHUMAIOT yYaCTHUE B PETYJISIIUU TTPO-
IIECCOB HAKOILJIEHUS MAcCChl TeJla B OHTOreHe3e, 00-
VCJIOBJIEHHBIX YBEJIUYEHUEM MacChl ITPEUMYIIe-
CTBEHHO TOAKOXKHOH KUPOBOH TKaHU. OO 3TOM Ke
CBHJIETEJIHCTBYET HAJIMYHE TTOJIOKUTETHLHON KOppe-
nanuoHHou cBsas3u UMT ¢ KoHIleHTpanued B ChIBO-
potke kpoBu TT' — ocHOBHOU TpaHCIIOPTHOMN (HOPMBI
JKUPHBIX KUCJIOT B OpraHU3Me.

B rpymnre >keHIUH 2-TO HNEPHO/A 3PEJIOTO BO3-
pacra (36—55 JieT) BBIABJIEHO HaubOJIbIllee KOJIU-
YeCTBO CTAaTUCTUYECKU 3HAUMMBIX KOPPEJSAIUOH-
HBIX cBasei: UMT c rimokosoi, UPU, nenTtuHOM 1
OTpHUIIATEIFHAS KOPPEJSAINOHHAS CBA3h C YPOBHEM
XC JITIBIT; OT/OB c ritoko3ou, MPU, nenTuHOM U
OTpHUIIaTeJIbHASL KOPPEJIAIMOHHASA CBA3b C YPOB-

BMI, with the level of adiponectin and cholesterol
were revealed in group of women of older age (56—
74 years).

Thus, in our view, the correlation analysis re-
sults demonstrate effective leptin and adiponec-
tin regulatory action on lipometabolism in the 1%
period of mature age, that contributes to mainte-
nance of women’s BMI at the level of standard pa-
rameters.

The results of the analysis of correlative rela-
tionships between calculated anthropometric and
hormonal-biochemical parameters in women of
the 2™ period of adulthood, on the one hand, make
it possible to state the weakening of adiponectin
regulatory role, and, on the other hand, to state
the possible development of relative resistance of a
hypothalamus to the central action of leptin while
its level in blood being elevated in women of this
group. Development of leptin resistance, perhaps,
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HeMm XC JITIBII. B nanHO#M rpymme »KeHIUH BCE CTa-
TUCTUYECKU 3HA4YUMble KOPDPeJALNOHHBIE CBA3U
TOPMOHAJIBHO-OMOXUMHUUECKUX TIOKa3aTeJleld ¢ HH-
JIEKCOM MAacChl Teja AYOJIUPYIOTCS aHAJIOTUYHBI-
MU KOPPEJIAIMOHHBIMY CBA3SAMU C BEJIMUUHOU OT-
Homienust OT/OB, koTopoe XapaKkTepusyeT HaKOILIe-
HHe abIOMUHAJIBHOTO JKUPA, BKJIOYAas BUCIEPATIb-
HYI0 JKUPOBYIO TKaHb, MeTaboJInuyecKu OoJiee ak-
THUBHYIO, UYeM IIOIKOKHAs KUPOBasA TKaHb, U UTPa-
IOIIYI0 BaKHYIO POJIb B PA3BUTUH CAXapHOTO Arabe-
Ta 2-TO TUIIA, JUCTUNNAEMUN, TUIIEPTEH3HUN U aTe-
pOCKJIepo3a.

B rpynmne >xeHIIIH NOXKUJIOTO Bo3pacrta (56—74
rosa) ObLIM BBISABJIEHBI OTPHUIATEbHBIE KOPPEJs-
IIMOHHBIE CBA3U HCCJIEIOBAHHBIX aHTPOIIOMeTpHYe-
CKHX IOKa3aresed, a umeHHO oTHomeHus OT/Ob u
VMT, c ypoBHEM alUIIOHEKTHHA U XOJIeCTepHHa.

Taxum 06pa3oM, pe3yabTaThl KOPPEIAIUOHHO-
ro aHaJIN3a, HA HAI B3IVIsAZ, CBU/IETEIBCTBYIOT 00
3(PeKTUBHOM peryyifiTOpHOM JAeHCTBHUU JIeNTHHA
U aJ[UIIOHEKTHUHA HA KUPOBOH OOMEH B 1-M IEepUO-
Jle 3pEeJIOr0o BO3PAaCTa, UTO CIIOCOOCTBYET IO/I/IePIKa-
Huo UMT XeHIUH Ha YpOBHE HOPMATUBHBIX 3Ha-
YeHUH.

Pe3ynbpraThl KOPPEIAINOHHOTO AHAIN3A CBA3EN
pacyeTHBIX aHTPOIOMETPUYECKUX U TOPMOHAJIBHO-
MeTaboJIMUeCKUX MoKa3aTesiel y JKeHIIH 2-TO Ie-
prozia 3pesioro BO3pacTa, ¢ O{HOM CTOPOHBI, II03BO-
JISIIOT TOBOPUTH 00 0CJIabJIEHNHU PETYJIATOPHON POJIH
aINTIOHEKTHHA, a ¢ JPYTOd — O BO3MOXXHOM pa3BU-
THH OTHOCHUTEJIBHOU PE3UCTEHTHOCTH T'HIIOTAIaMy-
ca K IIeHTPaJIbHOMY JIeHiCTBUIO JIENTHHA Ha (pOHE BBI-
COKOTO €r0 yPOBHA B KPOBU JKEHIIUH JAHHOU I'PyI-
npl. PasBuTHE JIENITHHOPE3UCTEHTHOCTH, BO3MOXK-
HO, IIPUBOJUT K CyIIeCTBEHHBIM HapyLIEHUAM JIU-
nuaHoro o6MeHa Ha poHe POPMUPOBAHUS UHCYIIU-
HOpe3ucTeHTHOCTH. OO 3TOM CBHUIETETHCTBYIOT BBI-
sIBJIEHHBIE IIOJIOXKUTEJIbHbIE KOPPEeJIAIUOHHbIE CBs-
31 UMT >keHIIUH 5TOU IPYIIBI ¢ KOHIIEHTPALUAMU
WPU ¥ T1I0KO3BI.

Y OKeHIIMH IOXKWUJIOTO BO3pacra pesyJibra-
THl KOPPEJIAIMOHHOI'O aHajau3a CBA3eH pacuer-
HBIX AHTPOIOMETPHUYECKUX U TOPMOHAJIBHO-
OHOXMMHYUECKHX IIOKa3aTeJIel T03BOJIAIOT FTOBOPUTD
0 Pa3BUTUU CyIIECTBEHHBIX HapyIIeHUH B MeXaHU3-
MaXx PeryJIAnuU JINIUIHOTO oOMeHa. IIpu 5TOM BBI-
fABJIEHHAsA OTpUIlaTesIbHAsA KOPpeJIAMOHHAA CBA3b
Mexy BeanunHaMmu otHorenuss OT/OB u koHIeH-
Tparuel aJUIMIOHEKTIHHA B CBIBOPOTKE KPOBU Y JKEH-
ITUH TAHHOM BO3DACTHOH T'PYIIBI CBU/IETETIHCTBY-
€T O Pa3BUTHUU OKUPEHU:, CBA3aHHOTO C TUII0a/Iu-
[IOHEKTUHEMUEH, U TI03BOJISIET PACCMATPUBATD OXKHU-
peHUe B IIOXKUJIOM BO3pacTe Kak KJI04eBod (akTop
KapZIMOBACKYJIAPHOTO PUCKA.

leads to significant disturbances in lipid metabo-
lism together with insulin resistance formation.
The revealed in women of this group positive corre-
lational relationships of BMI with IRI and glucose
concentration testifies to it.

In women of advanced age the correlation
analysis of the relationships between calculated
anthropometric and hormonal and biochemical
parameters in women make it possible to state the
development of significant disturbances in the lipid
metabolism regulatory mechanisms. At the same
time, the revealed negative correlational relation-
ship between waist-to-hip ratio and concentration
of adiponectin in blood serum in women of this age
group testifies to the development of obesity associ-
ated with hypoadiponectinemia and allows to con-
sider obesity at advanced age as a key risk factor for
cardiovascular disease.

CONCLUSION

Comparative assessment of anthropometric,
hemodynamic and hormonal and metabolic para-
meters revealed that among women of advanced
age (56—74 years) overweight was registered in
25%, obesity — in 62.5%; among women of two ma-
ture age periods (21—-35 and 36-55 years) — in 28
and 36.9% and 16 and 33% respectively.

An advance in the age in women is followed by
an increase in anthropometric parameters (body
mass, BMI, WC, HT, waist-to-hip ratio), that evi-
dences of accumulation of subcutaneous and vis-
ceral fat. Accumulation of fatty tissue and increase
in parameters of the arterial blood pressure (BP) is
associated with hypertriglyceridemia, hyperlepti-
nemia and decrease in the DHEA-S level.

The significant differences between groups in
the content of glucose, TC, HDLC, IRI, adiponectin,
cortisol in blood serum were not established.

Results of the correlation analysisindicate that
processes of overweight accumulation and obesity
development in women are connected with age ad-
vance, at least partially, with disturbances of lipo-
metabolism regulation from the side of adipocyto-
kines. The association of abdominal obesity, high
BP and hypertriglyceridemia in older women —
being three main components of metabolic syn-
drome — makes it possible to state the high risk of
cardiovascular diseases.
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3AK/IIOYEHUE

IIpy CcpaBHUTEJIBHOH OIlEHKE aHTPOIIOMe-
TPUYECKUX, FeMOAWHAMHUUYECKUX U TOPMOHAJIBHO-
MeTaboJIMUeCKUX MOKa3aTesed v KeHIIUH 3PeJIoro
U TIO3KUJIOTO BO3PACTOB BBISIBJIEHO, UTO CPEU JKEH-
IUH TOKUJIOTO Bo3pacTa (56—74 roja) m30bITOY-
Has Macca TeJla PETUCTPUpOBajach y 25 %, oxupe-
HUE — Y 62.5 %; Cpe/iu KEeHIIIH IBYX ITEPUOJIOB 3pe-
Jioro Bo3dpacrta (21-35 u 36—55yeT) —y 28 1 36.9 %
1 16 u 33 % COOTBETCTBEHHO.

VYBesiMueHNE BO3pacTa y »KEHIINH COITPOBOXK/1a-
eTCsl POCTOM BEJIMUHMH aHTPOIIOMETPUYECKHX ITOKa-
3areseit (Maccel Tesra, UMT, OT, OB, OT/OB), uto
VKa3bIBaeT Ha HAKOILJIEHUE IOJIKOKHOTO U BHUCIIE-
panbHOTO ‘KMpa. HakormsieHue KUPOBOM TKaHU U
yBeJIMUeHHe TOKa3aTesell apTepuasibHOrO jaBJie-
Hus (AJ]) accorupoBaHO C THIEPTPUIIHIIEPHIE-
MUEN, THIEPJIENTHHEMUER W CHUXKEHUEM YPOBHS
JI'9A-C.
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Endogenous inhibitors of nitric oxide synthesis in patients with
bronchial asthma associated with arterial hypertension

Stafeev A.N.}, Logvinenko N.I.}, Tereshkov P.P.2, Melnik A.V.3, Astrakov S.V.3

‘Novosibirsk State Medical University
2Chita State Medical Academy
3City Clinical Hospital No. 25 (Novosibirsk)

AHHOTAIIA

C 1espl0 U3y4YeHUsl YPOBHS HHJIOTEHHBIX MHTHOUTOPOB OKCHZA a30Ta y MAIMEHTOB ¢ OPOHXHAJIbHONU acTMOU
(BA) B couetanuu c aprepuasibHoil runeprensueii (AI) obciemoBanu 288 narueHToB: 96 — ¢ BA, 96 — ¢ AT 1 96 —
¢ BA + AT. AcumMeTpuuHbIi fuMeTnaapruand (ADMA), cuMMeTpUUHBIH AuMeTHIapruaud (SDMA), N-MoHOMETHIT
L-apruaun (NMMA) u L-apruHuH ONpe/Iesisiid METOIOM BBICOKO3(h(DEKTUBHOMI KUAKOCTHOH XpoMaTorpaduu, CyM-
MapHBIH OKCHJ, a30Ta — (HOTOMETPUUYECKHM METO/IOM. BBISBIEHO, UTO KOMOPOU/IHOE TeueHHe OPOHXUAJIBHON acT-
MBI U apTEPUAIBHOA THIEPTEH3UHN XaPAKTEPHU3YETCS JTOCTOBEPHBIM yBEJIMYEHUEM CHIBOPOTOUHBIX KOHIIEHTPAIUH
ADMA, SDMA u NMMA, nMeIomux J0CTOBEPHbIE KOPPEIAIUOHHBIE CBSI3U C YPOBHEM OKCH/A a30Ta KpoBHU. CHUXKe-
HUe KOHIIeHTPaluY S3HJOTeHHBIX UHI'MONTOPOB OKCHIA a30Ta B IAHHON KOTOPTE OOJIbHBIX MOKET IIPEJICTABJIATD Ilep-
CIIEKTUBHYI0 (apMaKOJIOTHYECKYIO 3a/1a9y.

Kaoueewvte caoea: OpoHXuaIbHASA aCTMa, apTepUaIbHAsA TUIIEPTEH3Us, OKCH azota, ADMA, NMMA, SDMA, koMop-
OHTHOCTb.

ABSTRACT

288 patients were examined to study the level of endogenous inhibitors of nitric oxide in patients with bronchial
asthma (BA) associated with arterial hypertension (AH): 96 patients — with BA, 96 patients — with AH and 96 pa-
tients — with BA + AH. Asymmetric dimethylarginine (ADMA), symmetric dimethylarginine (SDMA), N-monomethyl
L-arginine (NMMA) and L-arginine determined by method of high-performance liquid chromatography, total nitric
oxide — by photometric method. It is revealed that the comorbid course of bronchial asthma and arterial hyperten-
sion is characterized by a significant increase in serum concentration of ADMA, SDMA and NMMA having significant
correlation with blood nitric oxide level. Decrease in concentration of endogenous inhibitors of nitric oxide in this
cohort of patients can represent a perspective pharmacological task.

Keywords: bronchial asthma, arterial hypertension, nitric oxide, ADMA, NMMA, SDMA, comorbidity.
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OnHa U3 aKTyaJIbHBIX NIPO0OJIEM COBPEMEHHOTO
37[paBOOXpaHEHUs — POCT Yucya 60JIBHBIX ¢ OpOH-
X00OCTPYKTHUBHOU MATOJIOTHEH B 11eJIOM U OPOHXU-
anpHOl actmoii (BA) B wactHocTH [1]. BA Bcrpeua-
eTcsl cpefiyl Bcex BO3PACTHBIX Karteropuil. IIpu sTom
KOJIMYECTBO JIIOJIEH, CTpaZaoiux OpOHXHATHHOH
acTMOM, B MUPe JOCTHUIJIO VKe 300 MJIH YeJl. U IIPOo-
JIOJI’KaeT pactu [2].

JIpyroii cepbesHoOl Mpo0IeMON 3/]paBOOXpaHe-
HUsA SBJISIeTCA apTepuanpHas rumepreHsus (AT).
AT — oziHa U3 OCHOBHBIX IPUYHNH CMEPTHOCTY Hace-
JIEHUsI OT CEPIeYHO-COCYAUCTHIX 3aboseBaHuii. AT
BBICTYIIA€T B KAUeCTBe IPEJUKTOPA aTePOCKJIEPO-
TUYECKOI'0 IMIOPAXKEHUA COCY/IOB, IBJIAACH IIPH 5TOM
OCHOBHOM HPHUYMHOH OCTPOTO HAPYIIEHUS MO3TO-
BOro KpoBoobOparrenus. I1o JaHHBIM MHOTOYHCIIEH-
HBIX CKPDUHUHTOBBIX HCCJIEJIOBAaHUI, IIPOBEIEHHBIX
Kak B Poccuiickoii ®eneparuu, Tak ¥ BO MHOTHUX
JIPYTUX CTpaHaxX MUpA, THIEPTOHUYecKas 00Je3Hb
[IpU3HaHa [aHAeMUel, a ee pacCIpOCTPAaHEHHOCTh B
Poccuu mocruraer 39—40 % [3].

B nHacrosimee BpeMsi BHHIMAaHHE HCCJIEZOBATE-
JIel Bce OOJIbINE TPUBJIEKAETCA K TPobJieMe KOMOp-
6umHOCTH [4]. B cOBpeMeHHOI MeIUITUHCKON MpaK-
THKE JOCTATOYHO YACTO BCTPEUYAETCS COUYETAHHOE
TedeHHe OPOHXMAJIBLHOH acTMbl M apTepUaIbHON
runepreHsuu [2]. B wacTHOCTH, IO JJAHHBIM PETPO-
CIEKTUBHOTO WCCJIEJIOBAHUSA, IIPOBEJEHHOT0 HAMU
y TNaIMeHTOB, TOCHUTAJIU3UPOBAHHBIX IIO IIOBOZY
OpOHXHMAJIPHON acTMbI, HaubOJIee pacIpOCTPaHEH-
HBIM CpeAu KOMOPOUIHBIX 3a001€BAaHUN ABJIAIACH
aprepuasibHas TUnepTeHsus (65.7 %).

Komop6umHOCTh cCOTpoBOXK/1aeTcs 6oJiee BbIpa-
JKeHHOU SHJIOTEINAJIBHOU MUCPYHKIMEH KaK YHU-
BepCcaJIbHOU peakIlFell opraHu3Ma Ha pa3BUTHE Ia-
TOJIOTUYECKUX COCTOSIHUU. B TO ke BpeMs OKCH[T
azora (NO) sBIAeTCS OTHOU U3 KJTFOUEBBIX MOJIEKYJI-
MapkepoB auchyHKIuU sHpoTenus [5—8]. Okcup
a30Ta IPUHUMAET YUYacTHe B I[eJIOM psijie PU3N0JIO-
rudecKkux mporeccoB [5]. Huskue ChIBOPOTOUHBIE
koHneHTparuu NO accorfuupoBaHbI € aTEPOCKIIEPO-
30M, HapyIIeHUsIMH YIJIEBOAHOTO 0OMeHa, HHpap-
KTOM MHOKap/ia, THIIEPTOHINYECKOU O0JIE3HBIO U JIP.
[5, 9-11].

IIpomecc cunTe3a NO mpesacTaBiseT cobOM
CJIOKHYI0O TEMOYKY OKHCJINTEIbHO-BOCCTAHOBU-
TeJIPHBIX PeaKIHi, ¢ ydyacTueM psaaa KopaKTOpOB
u kodepmenToB. Cyoerparom A cuaTe3a NO ciy-
JKUT aMUHOKUCJIOTA L-apruHuH, KOTopas Mo Aen-
CTBUEM CHHTETa3 OKCH/A a30Ta B IIPUCYTCTBUU Te-
TparuApoOUONTEPUHA, HUKOTHHAMUAAIEHUH/TUHY-
kieorunadocdara, ¢GaaBUH-aJIEHUHAUHYKIJIEOTH/ 1A
npeBpaiaercsas B L-nmutpysuinH u Mmosiekyay NO.

One of the urgent problems of modern health
care is the growing number of patients with bron-
cho-obstructive pathology in general and bronchial
asthma (BA) in particular [1]. BA occurs among all
age categories. Meanwhile, the number of people
suffering from bronchial asthma in the world has
already reached 300 million people and continues
to grow [2].

Other major concern of public health is arterial
hypertension (AH). AH is one of the leading causes
of mortality from cardiovascular diseases. AH acts
as a predictor of atherosclerotic vascular lesions,
being a main cause of acute cerebrovascular ac-
cident. According to numerous screening studies
conducted both in the Russian Federation and in
many other countries of the world, hypertension
is recognized as a pandemic, and its prevalence in
Russia reaches 39—40% [3].

Nowadays the attention of researchers is in-
creasingly drawn to the problem of comorbidity
[4]. The associated course of bronchial asthma and
arterial hypertension occurs rather often in mo-
dern medical practice [2]. In particular, according
to our retrospective study of patients hospitalized
for bronchial asthma, arterial hypertension was the
most common among comorbid diseases (65.7%).

Comorbidity is followed by a more pronounced
endothelial dysfunction as a universal reaction of
the body to development of pathological conditions.
At the same time, nitric oxide (NO) is one of the
key molecular markers of endothelial dysfunction
[5—8]. Nitric oxide takes part in number of physio-
logical processes [5]. Low serum NO concentrations
are associated with atherosclerosis, disturbances of
carbohydrate metabolism, myocardial infarction,
hypertension etc. [5, 9—11].

The process of NO synthesis is a complex chain
of redox reactions, involving a number of cofactors
and coenzymes. The substrate for NO synthesis
is L-arginine amino acid which is converted into
L-citrulline and NO molecule under the action of
nitric oxide synthetases in the presence of tetrahy-
drobiopterine, nicotinamide adenine dinucleotide
phosphate, flavine adenine dinucleotide. L-citrul-
line subsequently is reduced to L-arginine in the
ornithine cycle. Enzyme NO synthetase in a human
body is represented in 3 forms: neuronal (nNOS),
inducible (iNOS) and endothelial (eNOS) [5, 12].

Asymmetric dimethylarginine (ADMA) is en-
dogenous inhibitor of nitric oxide synthesis [5, 13,
14]. Formation of ADMA, N-monomethyl L-argi-
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L-muTpy/JIITMH BIIOCJIEICTBUM BOCCTAHABJIMBAETCS
0 L-apruauHa B OPHUTHHOBOM HuKJje. ®epMeHT
NO-cuHTeTa3a B OpraHu3Me yesioBeKa IpesicTaBIeH
3 dopmamu: HetipoHaynbpHaA (MNOS), HHAYTUOETD-
Has (INOS) u suporenunansuas (eNOS) [5, 12].
AcuMMeTpuuHbIN quMeTHIapruaud (ADMA) —
5TO SHJIOTEHHBIH WHTUOUTOP CHHTE3a OKCHJIa a30-
Ta [5, 13, 14]. O6paszoBanue ADMA, N-MoHOMeTHIA
L-apruanaa (NMMA) 1 cMMMeTPUYHOTO JUMETHII-
aprunuHa (SDMA) IpOUCXOAUT B PE3YJIbTATE IPOTE-
osin3a GeJIKOB, COZIEPKALUX METHIMPOBAHHBIH ap-
ruauH. CHavasa moJi AelcTBUeM apruHUH-MeTUJI-
TpaHcdepasbl Tuna 1 (PRMT-1) nyiu metusrpancde-
pasbl Tuna 2 (PRMT-2) o6pasyercs NMMA. 3atem
u3 NMMA nop geticrBuem PRMT-1 cunTe3upyercs
mosekysna ADMA, a nox neiictBuem PRMT-2 mpouc-
xonut obpaszoBanue SDMA. Haubosiee u3yyeHHbIM
naruburopom NO-cuHTa3sl sBasiercss ADMA, B To
BpeMs Kak posib NMMA u SDMA k HacToAIemMy Mo-
MEHTY HM3y4eHa He/JOCTAaTOYHO, XOTs II0 pe3yJIbTa-
TaM HEKOTOPBIX HCCJIEIOBAHUM IOKa3aHA UX B3au-
MOCBs3b co cHukeHneM NO chIBOPOTKH [13—16].
ADMA 110 aHHBIM MHOTOYHCJIEHHBIX HCCJIEZO-
BaHUMH ABJAeTCA PAKTOPOM PHCKA apTepUaIbHON '~
[IePTEH3N Y, UIIEMUYECKON O0JIE3HU cep/la, aTepo-
CKJIEPO3a, JIETOUHOM TUIEPTEeH3UH, GUOPUILIAIUN
IIpeficepAnii, MHCYJIbTA, 3a00JIeBAaHUN ITepubepuye-
CKHUX apTepuii, caxapHoro amabera U XpOHUYECKOH
CepIeuHOl HeJ0CTaTOYHOCTH [5, 13, 15—21]. Kpo-
Me TOTO, IPU HOBBINIEHUU KOHIeHTparuu ADMA u
NMMA 06pa3syioTcsi akTUBHBIE GOPMBI KHCIJIOPOJIA,
TaKue KaK CylIepOKCH/T AaHUOH U TEPOKCHHUTPUT, KO-
TOpbIe CHUKAIOT OromocTynHOCcTh NO [13].
Heckospko wuccieoBaHUM MPOAEMOHCTPHPO-
BaJIH, 4TO BBeleHrne ADMA 3/10pOBBIM J10O6POBOJIB-
aM MPUBOAUT K DHAOTEIHUATBHON JUCPYHKIIUH,
MIOBBIIIEHUIO COCY/IFICTOTO COIIPOTHUBJIEHUS U apTe-
pHaIBHOTO JIaBJIEHHs, a TaK)Ke K CHUIKEHHUIO cep-
JIEYHOTO BBIOpOca. Y MaIlMeHTOB ¢ OpOHXUAJIbHON
aCTMOU BBISIBJIEHBI BBICOKHE KOHIIEHTpanuu ADMA,
SDMA u Hu3KHe 3HaueHus L-apruHuHa, 4TO yKa-
3BIBAET HA UX BAXKHYIO POJIb B 3a00JIEBAHUSAX IbIXA-
TEJIbHBIX IyTeH BeseacTBre metabonsma NO [13].

IIEJIb UCCJIEJJOBAHUSA

N3yuenne ypoBHsI SHAOT€HHBIX WHTHOUTOPOB
oKkcua asoTa y OOJbHBIX OPOHXMAJIPHOUW acTMOH,
KOMOPOU/THOH ¢ apTepuabHOU THIIEPTEH3UEH.

MATEPHAJIBI 1 METO/JbI

HUccnenoBanue nposezeHo Ha 6aze BY3 HCO
«[opoackas kanHUYeckas 6oabHuIIa N2 25» 1. Ho-
Bocubupcka. ObcienoBaHo 288 uest., M3 KOTOPBIX
chOopMUPOBAHO TPU T'PYIIIBL: MATUEHTHI ¢ OPOHXU-

nine (NMMA) and symmetric dimethylarginine
(SDMA) occurs as a result of proteolysis of the pro-
teins containing methylated arginine. First, NMMA
is formed under the influence of arginine-methyl-
transferase of type 1 (PRMT-1) or methyltransfer-
ase of type 2 (PRMT-2). Then the ADMA molecule
is synthesized from NMMA under the influence of
PRMT-1, and the formation of SDMA under the in-
fluence of PRMT-2 takes place. The most studied
NO synthetase inhibitor is ADMA while the role of
NMMA and SDMA today is studied insufficiently,
though some researches have shown their relation-
ship with a decrease in serum NO [13—16].

According to numerous studies, ADMA is a
risk factor for arterial hypertension, coronary heart
disease, atherosclerosis, pulmonary hypertension,
atrial fibrillation, stroke, diseases of peripheral ar-
teries, diabetes mellitus and chronic heart failure
[5, 13, 15—21]. Besides, increasing concentration of
ADMA and NMMA produce active forms of oxygen,
such as superoxide anion and peroxynitrite which
reduce bioavailability NO [13].

Several studies have shown that administra-
tion of ADMA to healthy volunteers leads to endo-
thelial dysfunction, increased vascular resistance
and arterial blood pressure, as well as decreased
cardiac output. ADMA, SDMA high concentrations
and low values of L-arginine were revealed in pa-
tients with bronchial asthma, which indicates their
important role in diseases of respiratory tract ow-
ing to NO metabolism [13].

AIM OF THE RESEARCH

Investigation of the level of nitric oxide endo-
genous inhibitors in patients with bronchial asth-
ma comorbid with arterial hypertension.

MATERIALS AND METHODS

The study was conducted on the basis of Novo-
sibirsk City Clinical Hospital No. 25. 288 persons
were examined, of which three groups were formed:
patients with bronchial asthma (n = 96), with ar-
terial hypertension (n = 96), and with bronchial
asthma comorbid with arterial hypertension (n =
96). Groups were comparable in age and gender. The
average age (Me { Q 25%; Q 75% }) of patients with
bronchial asthma was 52.0 years {45; 61}; with ar-
terial hypertension — 56.5 years {46.8; 61.0}; with
comorbid pathology — 60 years {55.0; 63.0}.

Blood for research was collected in test
tubes with a coagulation activator. The received
material was centrifuged at 3000 rpm within
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aJIBHOU acTMOH (n = 96), ¢ apTepUAIbHON IUIIEPTEH-
3uen (n = 96) U ¢ UX coYeTaHHLIM TeueHueM (n = 96).
Ipynnel 6bLTM CONOCTABUMBI IO BO3PACTY U IIOJLY.
Cpenuuii Bozpact (Me {Q 25 %; Q 75 %}) nanues-
TOB ¢ OPOHXHMAJBbHOH aCTMOHN COCTAaBHJ 52.0 TO/a
{45; 61}; c apTepuaIbHOU rUNepTeH3NeN — 56.5 roga
{46.8; 61.0}; ¢ KOMOPOHUHON MaTOJIOTHER — 60 JIET
{55.0; 63.0}.

KpoBb ny1s ucciemoBanuii 3abupasach B Mpo-
OUPKU C aKTUBATOPOM CBEPTBHIBAHUA. [10TyUeHHBIH
MaTepuas HeHTPUGYTHPOBAIH IIPU 3000 00./MUH B
TeueHUe 15 MUH, CBIBOPOTKY ITOMEIAIu B IJIACTU-
KOBBIE TIPOOUPKH, HEMENJEHHO 3aMOpPa’KUBATIU U
XpaHuiu npu temieparype —20 °C. ADMA, SDMA
u NMMA omnpeziesisijii METOIOM BBICOKOA(PDEKTUB-
HOU JKHIKOCTHOM Xpomarorpaduu. AHamus ocy-
IiecTBIIAIICA HAa XxpoMmarorpade Irica (Japan), ¢ dito-
opoMerpuueckuM getrekropom Hitachi MPF-4, uc-
110JIb30BaJIu peakTuBbl GupMbl SIGMA.

CymMmapHubIii okcuz azota (NOX) omnpenesisiics
¢oTomeTprueckuM MeToOM. VCIoIb30BaINCh pe-
akTuBbl pupMBI R & D Systems. MeToz ocHOBaH Ha
(bepMeHTHOM IIpeBpallleHNN HUTPATA B HUTPUT IOZ,
JIeICTBUEM HUTPATPEYKTA3bL.

Il CTAaTUCTUYECKOTO0 aHAIM3a IIOJYyUYEeHHBIX
JIaHHBIX Hcnosib3oBasiack nporpamma STATISTICA
12.5 (StatSoft). BapuanuoHHble PAABI TECTUPOBA-
JINCh Ha HOPMAJIBHOCTD C HCIIOJIb30BAHUEM KpHUTE-
pus Konmoroposa — CmupsoBa u lllanupo — Yui-
ka. [TosrydueHHBIE Pe3yJIbTaThl ObLIH 0OpPabOTAaHBI C
noMolinbio kpurepues Kpackena — Yosiuca, Man-
Ha — YUTHH U pa"roBoro Metosa Crnimpmena. Onu-
caTeJbHAsI CTATHCTHKA IIPEACTaBJIE€HA MeIHaHOU
(Me) ¢ MexXKBapTHJILHBIMU HHTepBasiaMu {Q 25 %;
Q 75 %}. J1oCTOBEPHOCTH PA3JIMYMI OI€HHUBAJIACh
KaK CTaTUCTUYECKU 3HAYHUMAasI IIpU P MeHee 0.05.

PE3YJIBTATDBI 1 OBCYKJIEHUE

B xojte wiccyiefoBaHUsA BBISABJIEHBI Pa3INuUs B
CBIBOPOTOYHBIX KOHIeHTpanuax ADMA. ¥V nanues-
TOB C COUETAaHHOH maTojioruei suavenuss ADMA Ha
44—50 % BbIllIe, yeM B rpynmnax Al' u BA. Ilpu stom
JIOCTOBEPHBIX PA3JIUYUN MEK/AY rpyInaMu cpaBHe-
HUSI He BBISIBJIEHO (TabJ1. 1). Kpome TOro, HoBbIIIeHHE
ypoBHs ADMA JIOCTOBEPHO aCCOITUHPOBAHO C Kype-
HueM (1.14 {0.9; 1.28} MKMOJIb/JT MPOTHUB 1.04 {0.78;
1.33} (p = 0.04)) u caxapHbIM guabeToMm (1.23 {1.01;
1.47} MKMOJIb/JI IPOTHUB 1.05 {0.78; 1.25} MKMOJIb/
(p = 0.0024)). He ObLIO BBIABJIEHO JTOCTOBEPHBIX
passyrmuuii B ypoBHAX ADMA B 3aBUCHMOCTH OT I10J1a
(p = 0.84), uTo coracyercs ¢ IUTEPATyPHBIMU JTaH-
HBIMH [13, 15].

[Tpu aHaIM3e KOPPEJISAIIUOHHBIX B3AUMOCBS3EH
paHroBBIM MeToioM CITTpMeHa BBISABJIEHBI B3aMOC-

15 min, serum was placed in plastic test tubes, im-
mediately frozen and stored at a temperature of
—20°C.ADMA, SDMA and NMMA were determined
by high-performance liquid chromatography. The
analysis was carried out on the Irica (Japan) chro-
matograph, with Hitachi MPF-4 fluorometric de-
tector, using SIGMA reagents.

Total nitric oxide (NOx) was determined by
photometric method. R & D Systems reagents were
used. The method is based on enzymatic conversion
of nitrate into nitrite under the influence of nitrate
reductase.

STATISTICA v. 12.5 (StatSoft) was used for
statistical analysis of the obtained data. Variation
series were tested for normality with the Kolmogo-
rov-Smirnov and Shapiro-Wilk tests. The received
results were processed by means of the Kruskal-
Wallis method, Mann-Whitney test and Spearman’s
rank correlation coefficient. Descriptive statistics
is represented by a median (Me) with interquartile
intervals {Q of 25%; Q 75%}. The significance of dif-
ferences was estimated as statistically significant at
p less than 0.05.

RESULTS AND DISCUSSION

Differences in ADMA serum concentrations
were revealed during the study. In patients with
comorbid pathology, ADMA value were 44-50%
higher, than in the AH and BA groups. At the same
time, no significant differences between groups
of comparison were revealed (Table 1). Besides, an
increase in the ADMA level is reliably associated
with smoking (1.14 {0.9; 1.28} umol/l against 1.04
{0.78; 1.33} (p = 0.04)) and diabetes mellitus (1.23
{1.01; 1.47} umol/l against 1.05 {0.78; 1.25} umol/l
(p = 0.0024)). Significant differences in the ADMA
levels were revealed depending on the gender
(p = 0.84) which is consistent with the literature
data [13, 15].

When analyzing the correlation relationships
using the Spearman’s rank correlation coefficient,
we revealed relationships (p < 0.05) between the
ADMA level (0.24), age, body mass index (0.20),
glomerular filtration rate (GFR) according to CKD
EPI (-0.25).

SDMA and NMMA should currently be re-
ferred as potential inhibitors of nitric oxide, as their
influence on nitric oxide synthesis still remains to
be investigated [5, 14]. Nevertheless, there are se-
parate reports on the inhibiting properties of SDMA
and NMMA, and more often these properties are
associated with competitive interaction with ac-
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Bs3U (p < 0.05) ypoBHsI ADMA ¢ BozpactoMm (+0.24),
WHJIEKCOM MAacchl Tesia (+0.20), CKOPOCThIO KIIyOOoU-
koot pustsrpanuu (CK®) no CKD EPI (-0.25).

SDMA u NMMA B Hacrosllee BpeMs CJIeAy-
€T OTHOCUTH K MOTEHI[UAJTbHBIM UHTHOUTOPAM OK-
cujia a30Ta, TaK KaK UX BJIUSHUE HA CUHTE3 OKCH/IA
a30Ta ellle MPEeJICTONT UBYUHTH [ 5, 14]. Tem He MeHee
OT/IeJIbHBIE cOO0IEeHsT 00 MHTUOUPYIONUX CBOM-
ctBax SDMA u NMMA yike ecTb, 1 4allle 5TH CBOH-
CTBa CBA3BIBAIOT C KOHKYPEHTHBIM B3aUMOJIEHCTBHU-
eM ¢ aKTUBHBIMU lieHTpamMu NO-cuHTeTas [13, 14].
CrnoxxHocTu B usdydenuu poanu SDMA u NMMA rno-
0aBJIsIET U TO, UTO ITPU UX IMOBBIIIEHUH YaIlle BCErO
BO3pacTaioT u KoHIeHTpanuu ADMA [14].

B mHamem uccisemoBaHuu B oTHoieHun SDMA
MPOCJEXKUBAETCA AUHAMUKA, cxofgHad ¢ ADMA.
Tak»ke oTMeuaeTcsi €ro J0CTOBEPHOE IOBBIIIEHUE
B rpymne KoMopOouaHoOU marosoruu (cM. Tabi. 1).
C BeJTMUMHOU CKOPOCTHU KJIYOOUKOBOH DUIBTPAIIHU
YCTaHOBJIEHA OYEHH cJ1abast KOppeJIAIUOHHAS B3aH-
MOCBs13b: —0.18 (p < 0.05). He BBIsIBJIEHO 3BHAUUMBIX
U3MEHEHUH B 3aBUCHMOCTH OT HAJIMUYUA CaXapHO-
ro suabera (p = 0.12), kypeHus (p = 0.09) u 1moJsa
(p=0.29).

tive centers of NO synthetases [13, 14]. Difficulties
in studying the role of SDMA and NMMA are also
added by the fact that with an increase in their con-
centration, most often the ADMA concentrations
increase as well [14].

SDMA dynamics similar to that of ADMA is
observed in present study. Also its significant in-
crease in group of comorbid pathology is registered
(see Table 1). A very weak correlation relationship
is established with the glomerular filtration rate:
—0.18 (p < 0.05). No significant changes, depending
on existence of diabetes mellitus (p = 0.12), smok-
ing (p = 0.09) and gender, are revealed (p = 0.24).

Serum NMMA is represented by rather low
concentrations. According to the results of our
study, the significant difference between the studi-
ed groups was established. There is a very weak
correlation with the ADMA level: 0.16 (p < 0.05).
With increase in NMMA, no association with dia-
betes mellitus (DM) of type 2 (p = 0.13), gender
(p = 0.65) and smoking (p = 0.06) was registered.

L-arginine is amino-acid substrate for NO
synthesis. According to the results of comparison

Ta6auna 1. YpoBHU UCCIIEOBAHHBIX MIOKAa3aTes e, MKMOJIb/JT

Table 1. Levels of the studied indicators, pmol/1

IMokaszaress / Indicator AT / AH BA / BA AT + BA/ AH + BA
ADMA 0.92 {0.77; 1.125} 0.89 {0.77; 1.01} 1.34 {1.18; 1.48}
TTomapHOe cpaBHEHUE BA u komopb6uHOCcTh / BA and comorbidity p = 0.0001*
(KPHT?pHH Kpackena — Yonnuca) AT u xomopbuyaocTs / AH and comorbidity p =0.0001*
Pairwise comparison

(the Kruskal-Wallis method) BAu AT / BA and AH p =0.2473

SDMA

IIonapnoe cpaBHEeHUE

(xputepuii Kpackena — Yostuca)
Pairwise comparison

(the Kruskal-Wallis method)

NMMA

ITonmapaoe cpaBHeHUe

(xputepuii Kpackena — Yosauca)
Pairwise comparison

(the Kruskal-Wallis method)

L-aprunuH / L-arginine

ITomapHOe cpaBHEHUE

(xputepuii Kpackena — Yostuca)
Pairwise comparison

(the Kruskal-Wallis method)

Cymmapusbliit okenp azora / Total nitric oxide

Ilonapraoe cpaBHEeHUe

(xputepuii Kpackena — Yostuca)
Pairwise comparison

(the Kruskal-Wallis method)

0.76 {0.62; 0.93} 0.69 {0.59; 0.87}

0.92 {0.82; 1.04}

BA u xomop6uHocTh / BA and comorbidity p = 0.0001*

AT u xomopbunocts / AH and comorbidity p = 0.0009*
BAu AT / BAand AH p =0.0830

0.29 {0.22; 0.35} 0.23{0.18; 0.3} 0.34 {0.20; 0.49}
BA u xomopbuHocTh / BA and comorbidity p = 0.0001*

AT u xomopbuanocts / AH and comorbidity p = 0.0039*%
BAu AT / BAand AH p = 0.0038%

40.2 {37.5; 43.0} 41.6 {37.3; 47.7} 41.85{37.2; 45.7}
BA u xomop6uiHocTh / BA and comorbidity p=0.8852

AT u xomopbuaocTs / AH and comorbidity P = 0.0509

BAu AT' / BAand AH p =0.0883
22.5{17.8; 27.3} 24.9 {20.1; 30.5} 19.65 {15.7; 23.15}
BA u xomop6uanocts / BA and comorbidity p = 0.0001*

AT u xomopbuanocts / AH and comorbidity p=0.0833

BAu AT / BAand AH P =0.0041

* YpoBeHb 3HAUUMOCTH P < 0.05.
Significance level p < 0.05.
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NMMA B CbIBOPOTKE KPOBU IIPE/CTaBJICH JI0O-
CTATOYHO HU3KUMU KOHIeHTparuamu. 1o pesysn-
TaTaM HaIlleTO HUCCJIEOBAHUS YCTAHOBJIEHO JIOCTO-
BEpHOE pa3JInuue MeXJy UCCJIelyeMbIMU TpyIIIa-
mu. VimMeeTcs oueHb caabast KOppeIsAIUOHHAs CBA3b
¢ ypoBaeM ADMA: +0.16 (p < 0.05). He oTmeueHo
accoryanuy caxapHoro auabera Tumna 2 (p = 0.13),
mosia (p = 0.65) u Kypenus (p = 0.06) ¢ IOBBIIIEHH-
eMm NMMA.

L-apruHuH — aMHHOKHUCJIOTHBIN CyOCTpaT i
cuHTe3a NO. Ilo pesysnbraTaM cpaBHEHHUsI KOHIEH-
Tpanuu L-apruHuHa B HUCCIEAYEMBIX TPYIIAaX J0-
CTOBEPHO HE OTIMYAJINCh, YTO TOBOPUT O TOM, UTO
nebunuT cybcTpara He sIBJIAJICA HEIIOCPE/ICTBEHHOM
npuyuHo Aedunura NO.

YpoBeHb CyMMAapHOTO OKCUZA a30Ta JOCTOBEP-
HO CHUKEH B TPyIIIle KOMOPOUHOW ATOJIOTUH (CM.
tabsa. 1). Kpome Toro, ¢ nedumuToM OKCuaa a3oTa
aCCOITMMPOBAHbBI CaXapHBIA JHabeT (19.5 MKMOJIb/JI
{16.1; 21.5} mpoTtuB 22.5 MKMoJb/1 {18.0; 28.3}) u
KypeHue 19.7 MKMOJb/N {17.2; 25.1} NpPOTHB 23.1
MKMOJTb/71 {18.4; 29.0}).

BrIfIBIIEHBI JIOCTOBEPDHO 3HAYMMbIE KOppeJsi-
[IMOHHBIE CBA3U Meky ypoBHAMU ADMA u SDMA,
ADMA u ADMA, NMMA u NOx, SDMA u NOx
(Tabu. 2).

B Hacrosiee BpeMs W3BECTHO, YTO BBICOKHE
KOHIIEHTPAI[UH SHJIOTEHHBIX WHTHUOUTOPOB OKCHAA
a30Ta aCCOIMUPOBAHbI C HEGIATOIPUATHBIMH UCXO-
namu. [IpeicTOUT OmpeneuTh, IPUBOAAT JIU CHU-
skeHHbIe ypoBHU ADMA, SDMA 1 NMMA Kk ymeHb-
IIEHUI0O DPHCKA CepAeYHO-COCY/IUCTHIX 3aboJieBa-
HUU U yJIy4IIeHHIo uX ucxona [5, 13, 15, 21]. lo cux
mop 6oJIbIIAs YACTh HAIIUX 3HAHUH O MOTEHI[UAb-
HBIX MeTO/IaX JIeueHUs, CBA3aHHBIX CO CHUKEHHEeM
ADMA, SDMA u NMMA npu KOHKpeTHBIX 3a00J1e-
BAHUAX, OCHOBAHA HA HCCJIEJIOBAHUAX HA JKUBOT-
HbIX. Biusiaue ypoBHeit ADMA Ha pa3jinyHbIe 3Be-
Hbs MMaToreHe3a TpebyeT JaIbHEHIINX HCCIIEN0Ba-

of L-arginine concentrations in the studied groups
did not differ significantly, which indicates that the
substrate deficiency was not a direct cause of NO
deficiency.

The level of total nitric oxide was significantly
reduced in the group of comorbid pathology (see
Table 1). Besides, diabetes mellitus (19.5 umol/l
{16.1; 21.5} against 22.5 umol/l {18.0; 28.3}), and
smoking (19.7 umol/1{17.2; 25.1} against 23.1 umol/1
{18.4; 29.0}), are associated with the deficiency of
nitric oxide.

Significant correlations between ADMA and
SDMA, ADMA and ADMA, NMMA and NOx,
SDMA and NOx levels were revealed (see Table 2).

Nowadays it is known that high concentra-
tions of endogenous nitric oxide inhibitors are as-
sociated with adverse outcomes. It is to be deter-
mined whether decreased levels of ADMA, SDMA
and NMMA reduce risk of cardiovascular diseases
and improve their outcome [5, 13, 15, 21]. So far,
much of the knowledge of potential methods of
treatment, associated with decrease in ADMA,
SDMA and NMMA in specific diseases, is based on
animal studies. The effect of ADMA levels on dif-
ferent components of pathogenesis requires further
research. Thus, further study of endogenous nitric
oxide inhibitors is a promising region of interest.

CONCLUSION

The association of bronchial asthma with ar-
terial hypertension leads to the NO-ADMA-NO
system disorder, deficiency of nitric oxide and, as
a consequence, more pronounced endothelial dys-
function compared to patients without comorbid-
ity. In addition, SDMA and NMMA levels signifi-
cantly increase, requiring further study. Taking
into account the worse prognosis with an increase
in ADMA, a reduction in the levels of endogenous

Taobsmna 2. KoppeanuoHHbIe CBA3H MEXIY UCCIIeYEMBIMU ITOKA3aTEe MU

Table 2. Correlations between the studied indicators

IToxa3zareib

L-aprunun

. ADMA SDMA NMMA .. NOx
Indicator L-arginine
ADMA 1.000 0.5985* 0.163263* —0.037945 —0.331%
SDMA 0.598* 1.000 0.114421 —0.001628 —0.178*
NMMA 0.163* 0.114421 1.000 —0.023741 0.067
L-aprunun -0.038 —0.001628 —0.023741 1.0000 0.070
L-arginine
NOx —0.331% -0.178* 0.067 0.070 1.000

* YpoBeHb 3HAUUMOCTH P < 0.05.
Significance level p < 0.05.
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Huil. Takum 06pasom, fajibHeNIIIee H3yIeHNe SH/I0-
TeHHBIX UHTHOUTOPOB OKCH/IA a30Ta IIPEJICTABIIAET
co0O¥i ITepCIIeKTUBHYIO 006J1aCTh HCCIIEIOBAaHNUH.

3AK/TIOYEHUE

CoueTtanue GPOHXUATBLHOU aCTMBI C apTEPHAIIb-
HOU TUIIEPTEH3UeH NMPUBOIUT K HAPYIIEHHUIO B CH-
creme NO — ADMA — NO, nedpunuty okcuza azora
U, KaK CJIeJICTBHE, O0JIee BIPAKEHHON H/I0TETHAITb-
HOM TuchYHKIIMHI B CPABHEHUU C OOJIBHBIMU 6€3 KO-
MopbuznHOCcTH. KpoMme TOoro, J0CTOBEPHO MOBBIMIAIOT-
cs ypoBHE SDMA u NMMA, uto TpebyeT naibHeknIe-
ro uzyuenus. [I[puHrMasi BO BHUMAaHHe Xy/IIIUH TpO-
rHO3 1pu ToBbIlieHnn ADMA, CHU)KeHUEe YpOBHEH
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Genetic predisposition to the formation of acne scars
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AHHOTAIIUA

O630p JUTEpPaTypPHl HOCBSAIIEH ACCOIMHUALMAM MOJIEKYISIPHO-TEHETHYECKUX MapKEpPOB € IIpoleccoM obpa3oBa-
HUA PyOLIOB y MaIUeHTOB ¢ akHe. C y4eTOM BBICOKOM PacIpOCTPAaHEHHOCTH 3a00JIeBaHUA U J0JITOCPOYHBIX HEraTHB-
HBIX OCTETUYECKUX MTOCJIEZICTBU ITpobJIeMa IMOCTaKHe MPEJICTABIISETCS OUeHb aKTyaabHOH. OlHaKO 0OHApYKeHHUe Ha-
JIe’KHBIX IPOTHOCTUYECKUX MapKePOB MOBBIIIEHHOTO prucka GOpMHUPOBaHUA PyOLIOB Ha GOHE aKHe OCTaeTCs Ha Ceroji-
HSIIHUH JIeHb HepelleHHOH 3a1aueii. B 0630pe paccMoTpeHO GOJIBIIMHCTBO COBPEMEHHBIX ITyOJIMKAIIUN ¢ pe3ysIbTaTa-
MM aHaJIM3a acCOIlMalli MOJIEKYJIsIPHO-TeHeTUYeCKUX MapKepoB ¢ pyOIiaMu IIOCTaKHe, U3 KOTOPHIX CIIEAYeT, YTO U3-
y4YeHUe TeHeTHYECKUX aCIeKTOB (OPMUPOBAHUs PyOI[OB Y HAIHEHTOB ¢ AKHE HAXOAUTCS MPAKTUUYECKH HA CAMOM Ha-
yasibHOM dTane. OtcyTerBre 3(pGEeKTHBHBIX CPe/ICTB NTPOGUIAKTUKY U JIeUeHNs PyOLIOB TOCTaKHe 00YCIOBINBAET He-
00XOTUMOCTb J1aIbHEHIIIEro MOUCKa.

Karoueswte caosa: pyber, KeJous, akHe, TeH, T0JIUMOP}U3M, O HOHYKIEOTH/IHBIN IIOTUMOP(I3M.

ABSTRACT

The paper presents a literature review on the associations of molecular genetic markers with scar formation in pa-
tients with acne. Given the high prevalence of the disease and long-term negative aesthetic consequences, the problem of
post-acne is very relevant. However, the detection of reliable prognostic markers of an increased risk of scar formation due
to acne is remaining an unsolved problem. The paper reviews most recent publications devoted to the analysis of molecular
genetic markers with post-acne scars and concluded that the study of the genetic aspects of scar formation in patients with
acne is almost at the initial stage. The lack of effective means for the prevention and treatment of acne scars necessitates a
further search.

Keywords: scar, keloid, acne, gene, polymorphism, single nucleotide polymorphism.

Axwe (acne vulgaris, 0ObIKHOBEHHbIE YTPH) —
XPOHHMYECKOEe BOCIAJUTEIbHOE 3a00JIeBaHe, PO-
SIBJISIIOIEECS OTKPBITHIMU HMJIM 3aKPBITBIMU KOMe-
JIOHAMU U BOCIIAJTUTEIHHBIMH TOPAKEHUSMH KOXKHU

Acne (acne vulgaris, or common acne) is
a chronic inflammatory disease characterized by
open or closed comedones and inflammatory skin
lesions in the form of papules, pustules, nodes. Acne
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B BHUJE TAIyJI, IIyCTYJI, Y3JIOB. DTO caMOe PacIpo-
CTpaHeHHOe XPOHHYecKoe 3a00JIeBaHHE KOXKH, KO-
TOpOe BCTpeuaercss y 40—50 % MamueHTOB BTOPO-
TO U TPEThEro AECATUJIETUS KU3HH, IIPU 3TOM JI0
80—-85 % cayuaeB pukcupyeTrcs y NarueHTOB MOJ-
pocTKoBOTO Bo3pacTa [1, 2]. B To ke Bpems B moces-
HUe TOABI OTMEYAETCA POCT 3a00I€eBaEMOCTH IO3/I-
HuMHU ¢popMaMu aKHe, TUATHOCTUPYEMBIMU Yalle y
JKEHIIUH B BO3PACTHOM UHTEPBaJe 25—45 JieT [3, 4].

BO3MOXXHBIMH IIOCJTIEACTBUAMHU aKHE MOTYT
ObITh aTpodUUecKHe, TUIEPTPODUUECKHE U KEJIO-
uaHble pyoIbl. PyOIbl TOCTAaKHE, MOKU3HEHHO CO-
IIPOBOK/1asi OOJIPHBIX, BBI3BIBAIOT CEPHE3HBIE IICHU-
XOJIOTUUEeCKHe PacCTPOMCTBA.

Knununueckas dopma, pa3zmep pyOIa mocrakue
U CTelleHb BBHIPA’KEHHOCTH JlepeKTa He Bceraa Kop-
PEeJIUPYIOT C TAMKECTHI0 KOXKHOTO IaTOJIOTMYECKOTO
mporiecca. Py6Iibl MOTYT BO3HUKATD JIaKe IPU JIer-
KOM BapHaHTe TeueHus 3ab6o1eBanus. OOpazoBaHue
arpoduyeckoro py6Iia 1mocje yrpeBoi ChIIU SABJIsA-
eTcs CaMbIM PaCIpPOCTPAHEHHBIM SIBJIEHUEM U OT-
MeuaeTcs 6osiee yeM y 80 % IAIIEHTOB C aKHE JIer-
KOU M cpejiHel cTeneHU TaxkecTH [5]. Tem He MeHee
OTHOCUTEJIFHO MaJI0 U3BECTHO O MATO(PU3UOJIOTHH
pyOILIOB OT BYJIbTapHBIX yTPEH.

HenaBHee wuccienoBaHue pacnpoCTpaHEHHO-
cTU U (PAaKTOPOB PUCKA TOSBJIEHUS PyOIIOB ITOCTAK-
He TIOKa3aJo, 4To 6osiee Bcero Ha opMUpOBaHUE
PyOLIOB BJIUSAIOT CTEIEHD TAMKECTH IIATOJIOTTIECKOTO
mmporiecca, JJINTEIbHOCTh IepUo/ia BPEMEHU MeXK-
Iy HavyasioM 3a00JIeBaHUS U CTAPTOM MeJUKaMeH-
TO3HOU Tepanuy, a Tak)Ke pa3BUTHE PelUauBa 3a-
6oseBanus. Tak, y MaIUeHTOB C TAXKeJIBIMU HopMa-
MM BYJIBI'apHBIX YI'PEH BEPOSITHOCTh PA3BUTUSA PyO-
II0B B 3.4—6.8 pasa Bblllle, YeM y IAIlIeHTOB C MeHee
TsKeTBIME (popMmamu [2].

ITatodusnonorunueckue MyTH peaanu3anuu Me-
XaHU3MOB pyOlleBaHUsA HAXOJ[ATCA B IIPOIECCE UBY-
yeHHUs. B mpoBezieHHOM B 2018 I. KpyIHOMACIITa0-
HoM uccyenosanuu I. Carlavan et al. [6] ¢ momo-
IIbI0 TPOMUINPOBAHUS HKCIPECCUU T'€HOB U HM-
MYHOTHCTOXHMHYECKOTO aHAJIN3a U3y4YaId aTpo-
(prueckue pyOIbI B pa3Hble IEPUOBI UX HOPMUPO-
BaHUsA, YTOOBI OIPEJIESIUTD MOJIEKYJIAPHBIE U KJle-
TOYHBIE ITyTH, KOTOPBIE TIO3BOJIAT pa3paboTaTh HO-
BbIE METO/IBI TPOMUIAKTUKY PyOIIeBaHIS IIPU aKHE.
AHann3 3KCIPEeCCUN T'eHOB U UMMYHOTHCTOXUMHU-
YeCKUH aHaIu3 IMOKA3aJIi OYEHb CXOAHBIH UMMYH-
HBIA OTBET B 48-4aCOBBIX MMAaIyJIaX HE3aBUCHUMO OT
CKJIOHHOCTH K PyOIleBaHUIO (IIOBBIIIIEHHOE KOJIMYe-
ctBo T-kJIeTOK, HEUTpPOdMIIOB 1 Makpodaros). Of-
HAaKO B 3-HE/IeIbHBIX MTAITyJIaX UMMYHHBIN OTBET CO-
XPaHAJICA TOJABKO Y MAlMEHTOB CO CKJIOHHOCTBIO K
pyOIIEBAHUIO M XapaKTepU30BAJICS 3HAYUTETHHBIM

is the most common chronic skin disease that oc-
curs in 40—50% of patients in the second and third
decades of life, with up to 80—85% of cases record-
ed in adolescent patients [1, 2]. At the same time, in
recent years there has been an increase in the inci-
dence of adult forms of acne, diagnosed more often
in women in the age range of 25—45 years [3, 4].

Possible consequences of acne may be atrophic,
hypertrophic, and keloid scars. Acne scars, accom-
panying patients for life, cause severe psychological
distress.

The clinical form, post-acne scar size and se-
verity of the defect do not always correlate with the
severity of the pathological skin process. Scars can
occur even with a mild course of the disease. The
formation of an atrophic scar after acneiform rash
is the most common complication that affects more
than 80% of patients with mild to moderate acne
[5]. Nevertheless, researchers know relatively little
about the pathophysiology of scars from acne vul-
garis.

A recent study of post-acne scar prevalence
and risk factors has shown that the severity of the
pathological process, the length of time between
the onset of the disease and the start of drug ther-
apy, and the development of relapse of the disease
influence the formation of scars most of all. So, in
patients with severe forms of acne vulgaris, the
probability of scarring is 3.4—6.8 times higher than
in patients with less severe forms [2].

Pathophysiological scarring mechanisms are
under study. I. Carlavan et al. [6] in 2018 performed
large-scale research using gene expression profil-
ing and immunohistochemistry of atrophic scars.
They studied scars at different time points of their
formation to identify the molecular and cellular
pathways that allow developing new methods for
acne scarring prevention. Gene expression and im-
munohistochemistry analysis showed a very simi-
lar immune response in 48-hour papules, regard-
less of the tendency to scarring (increased number
of T-cells, neutrophils and macrophages). However,
in 3-week-old papules, the immune response per-
sisted only in patients with a tendency to scarring
and was characterized by significant B-cell infil-
trate. Another important difference was a tem-
porary decrease in the sebaceous glands markers
related to lipid metabolism. There was a decrease
in the 48-hour papules in non-scar-prone patients
with subsequent normalization of parameters af-
ter three weeks. On the contrary, in patients with a
tendency to scarring, a sharp decrease in the level
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B-kserounbim umHbuUIbTpaToM. Ellle 0MHO BakKHOE
OT/INYMe — BPEMEHHOe CHIU’KeHMe YPOBHS MapKe-
POB CaJIBHBIX JKeJie3, CBI3aHHBIX ¢ METa00JIM3MOM
JIMIIUJIOB — HAOJIIONAIOCh B 48-4acOBBIX HAITysIax
y ManueHToB 6e3 CKJIOHHOCTU K pyOIleBaHHUIO C IIO-
CJIEYIONEN HOpMAaJiM3alued IoKa3aTesiell uepes
3 Henl. HampoTuB, y HAllMEHTOB CO CKJIOHHOCTBIO K
pyOlIeBaHUIO PE3KOE CHIKEHIE YPOBHS 3THX MapKe-
POB COXPAHSJIOCH B MAITYJIaX U Yepe3 3 HeJl, UTO CBU-
JIETEJIbCTBYET O HEOOPATUMOM PA3PYIIEHUU CTPYK-
TYP CaJIbHOM ’KeJsie3bl IocJjie BOCHAIUTEIBHOTO pe-
MO/IEJINPOBAHUS Y TIAIIUEHTOB DTON KaTeropuu. AB-
TOPBI C/IEJIAJTH CJIEAYIOIINE BEIBOIBL: IJIUTEIHHO CY-
IIECTBYIOL[ME NAIYJIBl IIPH aKHE XapaKTepPU3YIOTCs
B-kJreTOUHBIM HHQUIBTPATOM; CYIIECTBYET CBS3b
MEX/1y IPOJOJIKUTENIBHOCTHIO U TSXKECThIO BOCIA-
JIeHUsI U U3MeHEeHUEM CTPYKTYD CaJIbHBIX JKeJes,
YTO MMPUBOAUT K 00pa30BaHUI0 aTpoduuecKux pyo-
OB IIpHU aKkHe [6].

PyOIoB Ipy akHE MOXKHO M30€XKaTh, €CJIH Je-
YeHHe HAUYMHAETCS PAHO, a BEIOPAHHBIN METOJ Te-
pammy COOTBETCTBYET CTEIEHH TKeCTU 3a00JieBa-
HUA U OKasbiBaeTcs 3pdekTuBHbIM. O1jeHKa pUcKa
pasBuTHs PyOIIOB MOCTAKHE Y KOHKPETHOTO MallH-
€HTa SBJISIETCA BAXKHBIM 3TAIlOM BBIOOpA TepaIuu.
Ha ocHoBe aHasm3a JIUTEPATYPHI IO KJINHUYECKUM
dakTopam pucka pasBuTHs pyOIOB IOCJIe aKHE U
oIrpoca CIEeNUaJINCTOB 10 JIEUeHHUIO aKHe ObLI pas-
paboTaH crocob OLIEHKU PHCKa Pa3BUTHSA aTPodu-
YecKuX pyOIlOB IIPU YTPEBOU CHIMTU Y MOJIOABIX JIIO-
Jlefl ¢ YyBCTBUTEJIBHOCTBIO 82 % U crenuduvHO-
CThI0 43 %. OH BKJIIOUaeT B cebs yeTbipe GaKTo-
pa pucKa: TsKeIoe TedeHue aKHe, JJIUTEIHHOCTD
aKHe, ceMelHas UCTOpUs aTPOPUUYECKUX PyOIIOB OT
YI'PEBOU ChIIM U WH/AVBU/IYAJIBHBIN OTBET OPraHU3-
Ma Ha Kakoe-Tu00 MOBPEKIAEHUE, €CJIH TaKoe OBLIO
B aHaMHe3e. JTO JAET JUXOTOMUYECKUU DPe3YsIb-
Tar: 60Jiee HU3KUU WU 60Jiee BHICOKUHM PUCK pas-
BUTHA PyOLOB. B KIIMHIYECKON TPaKTHUKE 3TOT HUH-
CTPYMEHT MOXKET IIOMOYb BBISBJIATH HAIIHEHTOB C
PHCKOM aTpOo(UUYEcKOro WM JPYyTUX BUIOB pyOlie-
BAHUS U OINPEJIEJISATh UX NOTPeOHOCTh B PAaHHEM U
MaKCHUMaJIbHO 3(P(PEKTUBHOM JIeUeHUH yrpeBor 60-
nes3Hu [7, 8].

[IpocrieKTUBHOE WHCCIIEOBAHUE B3aUMOCBS3U
MEX/1y IEePBUYHBIMU (MIAIyJIbl, IIYCTYJIBI, KOMEIO-
HBI) ¥ BTOPUYHBIMU (aTpoduyeckue pyOIIbl, IOCTBO-
CHIAJINTEJIbHAS 9PUTEMA U IIOCTBOCIIAIUTETbHAS TH-
[IEPIUTMEHTAIU ) TOpAXKEHUAMHU B TeueHue 6 me-
cAnes (n = 32) IOKa3aJo, UTo MOYTHU BCe PyOIbI BO3-
HUKJIU HAa MEeCTe BTOPUYHBIX TOPAKEHUH U3 TIOCTBO-
CHAJINTEIbHBIX SPUTEMATO3HBIX IIATEH WU Ha Me-
CTe TOCTBOCIAIUTETbHOU I'UIIePIUTMeHTaIuU, KO-
TOpBIE, B CBOIO OU€epeb, CPOPMUPOBAIUCH HA MECTe

of these markers persisted in papules after three
weeks, which indicates irreversible destruction of
the sebaceous gland structures after inflammatory
remodelling in patients of this category. The re-
searchers made the following conclusions: long-ex-
isting papules with acne are characterized by B-cell
infiltrate; there is a relationship between the dura-
tion and severity of inflammation and structural
changes in the sebaceous glands, which lead to the
formation of atrophic scars in acne [6].

Acne scars can be avoided if treatment begins
early, and the chosen method of therapy corre-
sponds to the severity of the disease and is effec-
tive. An assessment of the risk of post-acne scars
in a particular patient is an essential step in the
choice of therapy. Based on the analysis of the re-
search literature on clinical risk factors for post-
acne scarring and a survey of acne treatment spe-
cialists, a method was developed to assess the risk
of atrophic scars in acne in young people, with a
sensitivity of 82% and a specificity of 43 %. It in-
cludes four risk factors: severity of acne, duration
of acne, family history of atrophic acne scars, and
the body’s response to any damage if there is a his-
tory of acne. This gives a dichotomous result: a
lower or higher risk of scarring. In clinical prac-
tice, this tool can help identifying patients at risk
of atrophic or other types of scarring and deter-
mine their need for early and most effective treat-
ment of acne [7, 8].

A prospective study of primary (papules, pus-
tules, comedones) and secondary (atrophic scars,
post-inflammatory erythema and post-inflamma-
tory hyperpigmentation) lesions over six months
(n = 32) showed that almost all scars developed at
the site of secondary lesions from post-inflammato-
ry erythematous macules or post-inflammatory hy-
perpigmentation which, in turn, formed at the site
of papules (83%) or developed (only 17%) directly
from papules and pustules bypassing the stage of
post-inflammatory erythema or hyperpigmenta-
tion. The duration of papules has been a critical
risk factor for scarring. Consequently, patients with
post-inflammatory erythema and hyperpigmenta-
tion have an increased risk of scarring [9].

Hypertrophic scars and keloids are not only a
cosmetic problem. Being combined with the subjec-
tive sensations (increased sensitivity, pain, burn-
ing, and itching in case of keloid scarring), they sig-
nificantly affect the patients’ quality of life. Quite a
lot of studies have been conducted on hypertrophic
scars and keloids, but mechanisms of their forma-
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mamysibl (83 %) subo (Bcero 17 %) pa3BuUBaIUCh He-
MMOCPEICTBEHHO U3 MAILyJl U MYCTYJI, MUHYS CTa[UI0
IIOCTBOCIIATUTEIBHON SPUTEMbBI HJIU TUIIEPITUTMEH-
Tanuu. J[JIUTETPHOCTD CYIIeCTBOBAHU S MAITyJI ObLIa
KJII0UeBBIM (pakTOpOM pricka pyOreBauus. CaemoBa-
TeJIbHO, TIOBBIIIIEHHBIA PUCK PYOLIeBaHUS UMEIOT I1a-
IIUEHTHI C TOCTBOCIAJIUTEIHHBIMH 3PUTEMON U TH-
nepnurMeHTanuen [9].

T'uneprpoduyeckre pyoOIbl U KEJIOUABI ABJIS-
I0TCSA HE TOJIBKO KOCMeTHYecKor mpobsemoii. B co-
YeTaHUU C CYOHEKTUBHBIMH OIILYIIEeHUSAMHU (TTOBBI-
IIEHHON YYBCTBUTEJIBHOCTHIO, OOJIBIO, JKIKEHUEM U
3yZIOM B CJIy4ae KeJIOUJTHOrO PyOlleBaHUs) OHU 3Ha-
YHUTEJIFHO BJIUAIOT HA KQYECTBO KU3HU MAIIUEHTOB.
[IpoBeeHO AOCTATOYHO MHOTO WCCJIEIOBAHUU TH-
nepTpodpUIECKUX PYOIIOB U KEJIOUJIOB, HO MEXaHU3-
MBI UX (POPMHUPOBAHHUA €Ille OKOHUYATEHHO HE yCTa-
HOBJIEHBI, a CTPATETUH MPOPUIAKTUKH U JIEUEHUS
OCTAIOTCS HEY/TOBJIETBOPUTETHHBIMH.

M3BeCTHO, UTO KeJIOWJHbIE U THIEPTpoduue-
ckue pyOITbl IPH aKHE SIBJISIOTCS PE3YIbTATOM XPO-
HUYECKOT'O BOCITAJIEHUS B PETUKYJIAPHOM CJIOE JIEp-
MBI, COIIPOBOXK/IAIOIIETOCS YBEJIUUEHUEM KOJIMYe-
cTBa aHOMAaJIbHBIX (GubGPoOJIaCTOB, HOBOOOpa3oBa-
HHEM KPOBEHOCHBIX COCY/IOB U TUIIEPITPOYKITUEH U
HapYIIEHUEM IIPOILIECCOB PEMOJIEIMPOBAHUS MEXK-
kJsierouHoro matpukca (ECM) ¢ MOBBIIIIEHHON KC-
peccueit kosiarena I u I1I tumnos [10].

OO6pas3oBaHue pyOIIOBOM TKAHHU BKJIIOUAET TPU
¢azbl, KOTOPBIE CIAEAYIOT B OTIPE/IEIEHHON BpEMEH-
HOU MOCJIeZIOBATEIbHOCTH: BOCIIAIUTEIbHYIO, ITPO-
smdepatuBHyio U ¢azy pemojesupoBaHus [11].
OCHOBHBIE CTPYKTYPHBIE €TUHUIIBI, aKTUBHBIE BOC-
MaJuTeJbHYI0 U nposudepatuBHyo ¢aszy — bu-
6po61acThl, SHAOTENUN KAIUJISIPOB, TpaHchop-
mupytomui ¢akrop pocra (TGF) p1 u B2, Tpom-
6ouurtapusi pakTop pocra (PDGF), uncynnnomno-
nmob6ubIH dakTop pocra (IGF-1) u snuaepMabHbIN
daxTop pocra (EGF). ®akTop pocTa s3HIOTEIUSA CO-
cynoB (VEGF), koTOpBIil poAyIupyeTcs SIUAep-
MaJIbHBIMU KJIETKAMH, BBICTYIIAET B KA4YECTBE I0-
JIOXKUTEJIBHOTO PEeryJsiTopa aHruoreHesa. TkaHe-
Bble UHTUOUTOPHI MeTasuionporenHas (TIMP) sB-
JIAIOTCS DH/IOTE€HHBIMU HWHTHUOUTOpAMU MaTPHUKC-
HBIX MeTasmonporenHas (MMP). Takum o6pazowm,
noBbleHHble ypoBHU TIMP npenmnosoxurtess-
HO CBsI3aHBI C THUIEPTpodUUecKUM OO6pa3oBaHU-
eM pybmoB. ®akTop Hekposa omyxonu a (TNF-a)
IIPEJICTABJISIET COOON BOCIAIUTEIbHBIN ITUTOKUH,
POy PYyEMBIH MOHOIIUTAMH B MakpodaramMmu BO
BpeMs BOCIIAJIUTENbHOH (a3l FI3BECTHO, YTO BTOT
IIUTOKWH BBI3BIBAET JIETPATAINIO KOJIJIareHa U CII0-
cOoOCTBYyeT MUHUMU3AIUU UPE3MEPHOTO pybiieBa-
Hus [12].

tion has not yet been fully established, while pre-
vention and treatment strategies remain unsatis-
factory.

It is known that keloid and hypertrophic scars
in acne are the result of chronic inflammation in
the reticular layer of the dermis, accompanied by
an increase in abnormal fibroblasts number, vascu-
larization, hyperproduction and impaired process-
es of the extracellular matrix (ECM) remodelling
with increased expression of collagen types I and
III [10].

The formation of scar tissue includes three
phases that go in a certain time sequence: in-
flammatory, proliferative, and remodelling phase
[11]. The main structural units of the active inflam-
matory and proliferative phases are fibroblasts,
capillary endothelium, transforming growth fac-
tor (TGF) B1 and B2, platelet-derived growth fac-
tor (PDGF), insulin-like growth factor (IGF-1) and
epidermal growth factor (EGF). Vascular endothe-
lial growth factor (VEGF) which is produced by
epidermal cells acts as a positive regulator of an-
giogenesis. Tissue inhibitors of metalloproteinases
(TIMP) are endogenous inhibitors of matrix metal-
loproteinases (MMP). Thus, elevated TIMP levels
are presumably associated with hypertrophic scar-
ring. Tumour necrosis factor alpha (TNF-a) is an
inflammatory cytokine produced by monocytes and
macrophages during the inflammatory phase. It is
known that this cytokine causes collagen degrada-
tion and minimizes excessive scarring [12].

In the remodelling phase, the excess extracellu-
lar matrix is degraded, and type III collagen, being
an immature form of collagen, is replaced by ma-
ture type I collagen. It is believed that TGF-[33 plays
a leading role in this process. Also, members of
MMP family have a significant effect on the ECM
degradation and remodelling, and mediate the deg-
radation of collagen I and III types, reducing in-
flammation and neutralizing the effects of chemo-
kines [13].

Decorin is a proteoglycan component of der-
mal connective tissue. It binds to type I collagen
fibrillae and affects TGF-f. By binding and neutral-
ising TGF-f, decorin reduces the stimulatory effect
of TGF-f3 on the synthesis of collagen, fibronectin
and glycosaminoglycan. Decorin levels decrease in
keloids and hypertrophic scars, and its anti-fibrotic
properties draw attention to it as a possible thera-
peutic agent [14, 15].

The role of periostin (extracellular matrix pro-
tein) is also actively discussed, the level of which is
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B dase pemopempoBaHuA U30BITOYHBIN MEXK-
KJIETOUHBIH MATPUKC JIeTpaupyeT, U KoJjareH
tuna III, He3pesasa ¢opma KojlareHa, 3aMelnaeT-
cs Ha 3penbii koyutareH tuna I. ITosararoT, yTo B
arom nporiecce TGF-3 urpaer Beayinyto posib. Tak-
JKe TIpeJicTaBuTeu cemelictBa MMP okaspIBaloOT Cy-
IIECTBEHHOE BJIMAHUE HA JIETPAAAINIO U PEMOJEU-
poBanue ECM u onmocpeziyIoT AerpaZjaliiio Kojiiare-
HOB I u III TuNOB, yMeHbIIasd BoclajeHue U HelTpa-
3y 3 GEKThI XeMOKHHOB [13].

JlekopyH sABJseTCA MPOTEOIVIMKAHOBBIM KOM-
IIOHEHTOM KOXKHOU COeAMHUTEILHOH TKAHU, KOTO-
pbIfl CBS3BIBAETCSA C KOJLJIAaT€HOBBHIMH (uOpHIa-
mu I Tuna u Biausietr Ha TGF-[. CBsi3bIBas U HEUTpa-
syt TGF-, 1eKOpUH CHHIKAeT CTHUMYJIUPYIOIIee
nericreue TGF-f3 Ha cuHTe3 KOJIareHa, GpubOpOHeK-
TUHA U VINKO3aMHHOIVIMKaHA. YPOBEHB JIeKOPHHA
YMEHBIIIAETCS MPU KEJIONAAX U TUIepTpohupoBaH-
HBIX pyOIax, a ero aHTHUGUOPO3HbIE CBOUCTBA IPU-
BJIEKAIOT BHUMaHUeE K HEMY KaK BO3MO>KHOMY Tepa-
MIEBTUYECKOMY CPEJICTBY [14, 15].

Takske aKTUBHO OOCY?K/IaeTCsl POJIb IEPUOCTHU-
Ha (6eJsiKa BHEKJIETOYHOTO MAaTPHUKCA), YPOBEHD KO-
TOPOTO PE3KO IOBBIIIEH IPU THIEPTPOPUUECKUX
pyO1ax u KeJyiouaax no CpaBHEHUIO ¢ HOPMAJIBHBIMU
TKaHAMH [16, 17].

[IpoBocnanuTesbHble (HAKTOPHI, TAKUE KAK WH-
tepaerikunbl [L-1a, IL-1B, IL-6 u dbaxkTop Hekpo3sa
OIIyX0JH ab(da, aKTUBUPYIOTCS B KEJIOUTHBIX TKa-
HAX, YTO TOBOPUT O TOM, YTO y MAIUEHTOB C KeJIO-
WU/IaMU TIOBBIIIEHA SKCIIPECCHSI ITPOBOCHAJIUTEND-
HBIX T€HOB B KO2Ke. DTO MOXKET CII0COOCTBOBATH XPO-
HUYECKOMY BOCIAJIEHHIO, KOTOPOE, B CBOIO OdYe-
penb, MOXKET BBI3BIBATh MHBA3UBHBIA POCT KEJIOU-
JIOB, XOTs 110 pe3yJsibTaTaM UCCJIe0BAHUA, KOTOPOe
6bL10 IpoBeZieHO B Typuuu (9O Uesl. B OCHOBHOH U
30 B KOHTDOJIBHOH TpyIIe), HOJIUMOP(QHBIE Bapu-
autel TNF-a (-308 G/A) u IL-18 (-511 C/T) okaza-
JIVCH HE CBSA3AHBI C IPEPACIIOIOKEHHOCTHIO K yrpe-
BOH ChINH, pyOIIeBAHUIO ITOCJIE AKHE HJIU TAMKECTHIO
axHe [18]. Bo3M0kHO, BKJIa/1 3TUX OT/IeIbHBIX IT0JIU-
MOpPGU3MOB B pa3BUTHE U3yYaeMbIX (PEHOTHUIIOB HE
CTOJIb BEJIUK, YTOOBI €r0 MOXKHO OBLJIIO OOHAPY?KUTH
B TAKHUX HEOOJIBIIUX I'PYyTIIIAX.

[ToBbIIIIEHHAA SKCIIPECCUS IPOBOCIAIUTEb-
HBIX (AKTOPOB 03HAYAET, UYTO KEJIOUAHBIE U THUIIEP-
Tpodudeckre pyoOLbl ABJIAIOTCA CIEACTBHEM BOCIIA-
JINTEJIBHBIX IIPOLIECCOB B PETUKYJIAPHOM CJIOE Jiep-
Mbl. PasjmuHble BHENIHVWE U BHYTPEHHUE CTUMY-
sl (MeCTHBIE, CUCTEMHBIE U T'€HETHUECKHE) IIOCIIe
MOBPEXKJEHUs MOTYT CII0COOCTBOBATH BOCIAJIE-
Huto. IIpupoza sTux pasgpakuresiel, CKopee Beero,
oTIpesiesisieT XapaKTepPUCTUKY, KOJIMYECTBO U Pa3BU-
THe KeJIOUJIOB W runeptpodudeckux pybros. NH-

sharply increased in hypertrophic scars and keloids
as compared to normal tissues [16, 17].

Pro-inflammatory factors, such as interleukins
IL-1qa, IL-1B, IL-6 and tumour necrosis factor alpha,
are activated in keloid tissues, which suggests that
patients with keloids have increased expression of
pro-inflammatory genes in the skin. These factors
may contribute to chronic inflammation which, in
turn, can cause invasive growth of keloids. How-
ever, a study in Turkey (90 individuals in the study
group and 30 in the control group) revealed that
polymorphic variants of TNF-a (-308 G/A) and
IL-1B (-511 C/T) were not associated with disposi-
tion to acne, post-acne scarring or severity of acne
[18]. It is possible that the contribution of these
individual polymorphisms to the development of
the studied phenotypes is not so significant that it
could be found in such small groups.

Increased expression of pro-inflammatory fac-
tors means that keloid and hypertrophic scars are
the results of inflammatory processes in the reticu-
lar layer of the dermis. Various external and inter-
nal stimuli (local, systemic and genetic) after da-
mage can contribute to inflammation. The nature
of these stimuli most likely determines the char-
acteristics, quantity and development of keloids
and hypertrophic scars. The intensity, frequency
and duration of these stimuli affect the rate of ap-
pearance and growth of scars. It is likely that the
clinical differences between keloids and hypertro-
phic scars reflect differences in the intensity, fre-
quency and duration of the reticular dermis inflam-
mation. Doctors cannot control the systemic and
genetic risk factors for the development of keloids
and hypertrophic scars, nevertheless, a number of
treatment methods that reduce inflammation can
be used [19].

Although most keloids occur sporadically, a ge-
netic disposition to their development is supported
by both familial aggregation of some keloids and
large differences in risk between populations. Ke-
loid scars are known to be 20 times more often
in African versus Caucasian descent individuals
[20]. According to the latest findings, only about
30 genes were studied for association with keloid
disease [21], while, for example, 650 genes were
studied for association with psoriasis.

Transforming growth factor TGF-f1 is a well-
known fibrogenic cytokine produced by many types
of cells, including skin fibroblasts. To investigate
whether this fibrogenic cytokine is involved in the
development of a hypertrophic scar, TGF-f1 gene
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TEHCHUBHOCTD, YACTOTA U MPOIOJIKUTETHHOCTD STUX
paszpakuTesiel BIUAIOT HA CKOPOCTD IOSBJIEHUS U
pocta py6110B. BrioyiHe BepOsITHO, UYTO KJIUHUYECKUE
pasyImyus MeX/1y KeJIOUJaMU U TUIePTPOIIecKu-
MH pyOLaMy OTPa’kaloT PA3IN4YusA B MHTEHCUBHO-
CTH, YaCTOTe U TMPOAOJIKUTETHLHOCTH BOCIIAJIEHUS
PeTHUKYIAPHON JepMbl. Bpauu He MOTYT KOHTPOJIH-
pOBaTh CUCTEMHBIE U TeHETHUECKHE (DAKTOPHI PHCKA
pasBUTHUA KeJIOUJHBIX U TUNepTpodUYecKux pyo-
LIOB, TEM He MeHee MOKHO HCII0JIb30BaTh PsIJT METO-
JIOB JIEUEHU I, KOTOPbIE 00eCIIeYNBAIOT YMEHbIIIEHE
BOCIIaJIeHus [19].

XoTsa OOJIBIIMHCTBO KEJIOUJIOB BCTPEUYAIOTCS
CIIOpaJINYecKy, TEeHEeTHYecKas IIPeApacIIOIOKeH-
HOCTH K UX PA3BUTHIO MOAAEPKUBAETCSA KAK CEMEH-
HOW arperanyieil HEKOTOPBIX KeJIOUZIOB, TaK U O0JIb-
UMY PA3JIUYUSIMUI B PUCKE MEXK/TY MOMYJISIIUSIMU.
V3BecTHO, UTO KeJIouAHBbIE PYOLBI B 20 pas3 dalie
BCTpEeYaoTCs y HEI'POUJIOB 110 CPABHEHUIO € eBPOIle-
ouzamu [20]. ITo mocaegHUM JaHHBIM BCErO OKOJIO
30 TeHOB M3YYaJINCh HA aCCOIHUAIIUIO C KeJIOUHOHN
OoJie3HBIO [21], TOT/Ia KaK, HAIIPUMED, HA acCOIlHa-
LIHIO C ICOPUA30M H3YUYEHO 650 TE€HOB.

Tpauchopmupyromuii dakrop pocra TGF-B1
SIBJISIETCSI XOPOIIO U3BECTHHIM (UOPOTEHHBIM ITH-
TOKHHOM, IIPOAYLIIPYEMBIM MHOTUMH TUIIAMHU KJle-
TOK, BKJITOUasi ¢pubpobsacTsl koxku. YToOBI Hccite-
JIOBaTh, BOBJIEUEH JIU 3TOT (GUOPOTEHHBIN ITUTOKUH
B pasBUTHe Truneprpodudeckoro pybma, skcipec-
cuto rena TGF-f1 onlenuBav Ha HEOOJIBIITUX 06pas-
ax Ko (B runepTpoduieckoi pyOIioBoi TKAaHU U
B HOpMAaJIbHOU KOK€) U OOHAPY?KUJIH, YTO B PyOII0-
Bo# TkaHu dKcupeccus TGF-f1 B 5 pa3 BbIlIe, YeM B
HOpPMAaJIbHOH KOXe [22].

Jpyrue uccienoBaTe I U3y4aiu YaCTOTHI Te-
HoTUIOB mostuMopdusma -509C/T rena TGF-f1 y
169 MaIMEHTOB C KEJIOUIAMHU U y 119 3/TOPOBBIX JIIO-
neri. C moMoIbl0 UMMYHO(DEPMEHTHOTO aHaJJIHU3a
ompe/esisaan maa3MeHHsii yposenb TGF-P1 y Bcex
HccsielyeMbIX U aHAJM3UPOBAJIM IJIa3MeHHBIH
ypoBeb TGF-p1 y mamueHTOB ¢ pa3/IMuHbIMU Te-
HoTunamu nosumopdusma -509 C/T rena TGF-f1
B I'pyIIle MAlMEHTOB C KeJIOWJaMH. Puck pasBu-
THs KeJIOUJIa Y MalueHToB ¢ ayyeneM C okazai-
cs B 1.4 pasa BblIe (95% TOBEPUTEIBHBIN HHTEP-
Bas (JIN) = 1.1-1.9, p < 0.05). YpoBeub TGF-B1 B
IJ1a3Me KPOBH MAIMEHTOB C KEJIOUJAMHU COCTABUJI
42 £+ 9 MKT/J, 4TO OBLJIO 3HAYUTEIBHO BBIIIIE, YEM
B KOHTPOJBHOU rpynrme (34 + 8 MKr/i, p < 0.05).
B rpymmne ¢ kesougamu ypoBeHb TGF-B1 B miazme
kpoBu nanueHToB ¢ reHoTunamu CC u CT 6511 cx0-
JKUM (40—43 £ 9 MKT/JI) ¥ 3HAUUMO BHIIIE, YEM Y
narueHToB ¢ renotunom TT (34 + 8 mkr/in) [23].

expression was evaluated on small skin samples
(in hypertrophic scar tissue and normal skin) and
found that TGF-f1 expression was five times high-
er in scar tissue than in normal skin [22].

Other researchers studied the distribu-
tion frequency of the -509C/T polymorphism of
the TGF-f1 gene in 169 patients with keloids and
119 healthy people. The enzyme-linked immunosor-
bent assay determined the plasma level of TGF-f31
in all the subjects and analyzed the plasma level
of TGF-[B1 in patients with different genotypes of
the -509 C/T polymorphism of the TGF-f1 gene in
the group of patients with keloids. The risk of ke-
loid formation in patients with allele C was 1.4-
fold higher (95% confidence interval (CI) = 1.1-1.9,
p < 0.05). The level of TGF-1 in the blood plasma
of patients with keloids was 42 + 9 pg/l, which
was significantly higher than in the control group
(34 + 8 ug/1, p < 0.05). In the keloid group, the level
of TGF-f1 in the blood plasma of patients with CC
and CT genotypes was similar (40—43 + 9 ug/1) and
significantly higher than in patients with TT geno-
type (34 + 8 ug/1) [23].

A meta-analysis of five studies (564 cases of ke-
loid scars and 620 individuals in the control group)
did not reveal a significant association of the -509
C/T polymorphism of the TGF-f1 gene with keloids
in five genetic models (comparison of alleles, he-
terozygotes and homozygotes, dominant and reces-
sive models), both in general analysis and in the
analysis of subgroups. In 3 studies, the risk of de-
veloping keloid scars was higher for carriers of the
T allele (C compared to T: odds ratio (OR) = 0.80,
95% CI = 0.65—-0.98, p = 0.03; CC compared to TT:
OR = 0.62, 95% CI = 0.41-0.94, p = 0.02). And in
2 studies, the risk was higher for carriers of the C al-
lele (C compared to T: OR = 1.52,95% CI = 1.15—2.01,
p = 0.004; CC compared to TT: OR = 2.14, 95%
CI = 1.24— 3.70, p = 0.02; CC in comparison with
CT+TT: OR =2.04,95% CI =1.29—3.24, p = 0.002).
Thus, there is still no clarity regarding the role of
the -509C/T polymorphism of the TGF-f1 gene in
the development of keloid disease [24].

In the Chinese Han population, GG genotype
of the polymorphism C -572 G gene IL-6 was as-
sociated with an increased risk of keloid scars
(GG versus CC: OR = 2.097, 95% CI = 1.100—3.995,
p = 0.025). G allele is also associated with an in-
creased risk of keloid scars (G versus C: OR = 1.317,
95% CI = 1.002-1.730, p = 0.048). Moreover, the
authors of this study revealed an increase in IL-6
levels in the serum of patients with keloids who
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MeTaaHau3 MATU UCCIIEIOBAHUN (564 citydas
C KeJIOUJTHBIMH PyOIaMu u 620 uesl. B TPyIIIe KOH-
TPOJISI) HE BBISBUJI 3HAUUMOM CBS3U MOJTUMOP(U3-
Mma -509 C/T rena TGF-f}1 ¢ KeJIOU/JaMH IO IISITU Te-
HETUYECKUM MOJIeJisiM (CpaBHEHUE ajiesiel, rere-
PO3UTOT W TOMO3WTOT, IOMUHAHTHASA U PEIECCUB-
Has MOJIEJTH), KaK B 00IIeM aHAJIU3€e, TaK U IIPU aHa-
JM3e TOATPYyNI. B 3 ucciie/loBaHUAX PUCK Pa3BH-
THA KeJIOUJHBIX pyOIlOB OBLI BBIIIE Y HOCUTEJIEH
annens T (C B cpaBueruu ¢ T: oTHOIIEHNE ITAHCOB
(O11II) = 0.80, 95% U = 0.65—0.98, p = 0.03; CC B
cpasHenuu ¢ TT: OIII = 0.62, 95% AU = 0.41-0.94,
P = 0.02). A B 2 UCCIEOBAHUAX PUCK OBLI BBIIIE Y
nocutesen astensa C (C B cpasuenuu ¢ T: OIIl = 1.52,
05% 1IN = 1.15—2.01, p = 0.004; CC B cpaBHEHUU C
TT: O = 2.14, 95% AU = 1.24-3.70, p = 0.02; CC B
cpaBHeruu ¢ CT + TT: Ol = 2.04, 95% U = 1.29—
3.24, p = 0.002). Takum 06pa3om, MoKa HeT ICHOCTH
OTHOCUTEJIBHO posu noaumopodusma -509C/T rena
TGF-f1 B pa3BUTHU KeJIOUTHOU 601e3HY [24].

B kwuraiickoi momyasanuu XaHb HOCUTEIbCTBO
reHotuna GG nonumopdusma -572 CG rena IL-6
OBLJIO ACCOITMUPOBAHO C IMOBBIIIIEHHBIM PUCKOM pa3-
BUTUSA KesouaHbIX pyonoB (GG B cpaBuenuu ¢ CC:
OIII = 2.097, 95% I = 1.100—3.995, p = 0.025). AJ-
aenb G Tak)Ke acCOIUMPOBAHA C MOBBIIIEHHBIM PH-
CKOM Pa3BUTHUSA KeJIOUAHBIX pyOI11oB (G B cpaBHEHUH
¢ C: Ol = 1.317, 95% IV = 1.002-1.730, p = 0.048).
Kpome TOro, aBTOpBI TaHHOT'O HCCJIEIOBAHUSA BBIsA-
BUJIN yBeJIMUeHUe ypoBHA IL-6 B CBIBOPOTKe y Ia-
IIUEHTOB C KEJIOUTHBIMH pyOIlaMu — HOCUTEJIEH Te-
HoTuna GG o cpaBHEHUIO C MAIUEHTAMHU — HOCUTE-
asivu resoruia CC [25].

B AHrmun nmpu u3ydeHUU HeOOJIBIION TPYIIIBI
MMAIMEHTOB C KeJIOUTHBIMHE pyOIiamu (B TOM 4ucie 1
IocJIe aKHe) OOHAPYIKUJIH, UTO mpucyTcrBue HLA-
DRB5 n HLA-DRB1*15 GbLJI0 aCCOITUHUPOBAHO C Ke-
JIOUIHOU 00JIE3HBIO [26].

B metaanmanu3 accomuanuu moJuMopdusMa
Arg72Pro rena P53 ¢ KeJIOUJHBIMU pyOIlaMu B KU-
TaWCKON IMOIYJIAIUN BKJIIOUEHBI PE3YJIBTAThI 6 HC-
CJIEIOBAaHUM, B KOTOPBIX YYacCTBOBAJIU 359 MaIlH-
€HTOB C KEJIOUJIHBIMHU PyOIlaMu U 493 YeJs. B Kade-
cTBe KOHTpoJIA. OpeieseHo, 4to Pro auaiesp noimn-
Mmopdusma Arg72Pro rena P53 saBisercs pakTopom
pUCKa Pa3BUTHUA KEJIOUIOB B KUTAWCKOHM IOIYJIA-
MU 110 cpaBHEHUIO ¢ aytesneM Arg (OII = 2.29, 95%
JN = 1.45-3.60) [27].

B KuTtae 6bLJIO TIPOBEJIEHO UCCTIEOBAHUE, B KO-
TOPOM Ha II€EPBOM 3Talle IPOAHAJIU3UPOBAIN 1056
MalMEeHTOB C aKHe U 1056 JIUI[ B TPyIIIIE KOHTPO-
JIs C WCIOJb30BAHUEM UHIIOB BBICOKOW ILJIOTHO-
ctu. Ha BTOpoM aTame uccie/oBaHusA Ha HE3aBUCH-
MOH koropTe (1860 mamnueHToB U 3660 Yesl. B IPyI-

were carriers of genotype GG compared with carri-
ers of genotype CC [25].

In England, when studying a small group of pa-
tients with keloid scars (including post-acne), it was
found that the presence of HLA-DRB 5 and HLA-
DRBi1*15 was associated with keloid disease [26].

The meta-analysis of the Arg72Pro polymor-
phism association of the P53 gene with keloid scars
in the Chinese population included the results of
6 studies in which participated 359 patients with
keloid scars and 493 individuals as a control
group. The meta-analysis found that the Pro al-
lele of the Arg72Pro polymorphism of the P53 gene
is a risk factor for keloids in the Chinese popula-
tion compared to the Arg allele (OR = 2.29, 95%
CI = 1.45-3.60) [27].

In China, a genome-wide association study of
severe acne in which, at the first stage, 1056 pa-
tients with acne and 1056 individuals in the control
group were analyzed using high-density chips. At
the second stage of the study, in the independent
cohort (1860 patients and 3660 individuals in the
control group) researchers tested 101 single-nucle-
otide polymorphisms, of which 3 showed consis-
tent association: rs747650 of the DDB2 gene and
rs1060573 (11p11.2), rs7531806 of the SELL gene
(1q24.2) which participate in androgen metabolism,
inflammation and scarring in severe acne [28].

Japanese multi-stage genome-wide association
study (824 individuals with keloid scars and 3205 in-
dividuals — the control group) revealed 4 polymor-
phisms in 3 chromosome regions: 1q41, 3q22.3-23
and 15q21.3. The most significant associations were
with rs873549 (OR = 1.77) on the chromosome 1.
Associations on the chromosome 3 were obtained
for rsi511412 in the FOXL2 gene (OR = 1.87) and
rs940187 in the BPESC1 gene (OR = 1.98). Besides,
researchers found an association with rs8032158
located in the NEDD4 gene on the chromosome 15
(OR = 1.51) [29].

In the Chinese Han population, to replicate the
results obtained in Japan, were analysed 714 cases
with keloid and 2944 cases in the control group
using the Sequenom MassARRAY System. The
authors found 3 single-nucleotide polymorphisms
in two regions associated with keloid scars: 1q41
(rs873549 and rs1442440) and 15q21.3 (rs2271289,
NEDD4). The researchers also found one risk hap-
lotype AG (OR = 2.02) and 2 protective haplotypes
GA and AA consisting of rs873549 and rs144244o0.
Thus, the researchers confirmed the association of
two loci 1q41 and 15q21.3 in the Chinese Han popu-
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Ile KOHTPOJISI) IPOBEPEH 101 OHOHYKJIEOTUIHBIH
mouMop¢du3M, U3 KOTOPBIX 3 MOKa3aJld acCOIU-
anuio: 1747650 reia DDB2 u rs1060573 (11p11.2),
rs7531806 rena SELL (1q24.2), KOTOpPbIE YUaCTBYIOT
B MeTaboiM3Me aH[POTEHOB, MpOoIeccax BoCHase-
HUA U 00pa3oBaHUU PyOIIOB IPU aAKHE TSIKEJIOH CTe-
nenu [28].

B x0/1e MHOrOCTYIIEHUATOTO SAMOHCKOTO HCCIIe-
JIOBaHUS MTOJTHOTEHOMHBIX acconuanuii (824 ues. ¢
KeJIOUTHBIMU PyOIaMu U 3205 JeJl. — Tpyma KOH-
TPOJIs) BBISIBUJIN 4 TOJTUMOpP(}U3MA B 3 XPOMOCOM-
HBIX 00J1aCTAX: 1941, 3922.3-23 1 15921.3. Haubosee
3HAYMMble acCONMAINHN HaOII0mamuch ¢ rs873549
(OI = 1.77) Ha 1-# XpoMocoMe. Accoluanuu Ha 3-i
XPpOMOCOMe TIOJIYUeHbI A1 1$1511412 B reHe FOXL2
(OII = 1.87) u rs940187 B rene BPESC1 (OIII = 1.98).
Kpowme Toro, o6Hapy»keHa accoruaiusi ¢ rs8032158,
pacnosioskeHHOM B reHe NEDD4 Ha 15-11 XpoMOcoMe
(OI1I = 1.51) [29].

B xuraiickoii monyssAanuu XaHb JJ1s pelIUKa-
WU pe3yJbTaToB, MOJyUYeHHbIX B fNoHMHU, TpoBe-
JIN aHAJIU3 714 CJIydaeB C KEeJOUJIOM U 2944 CIIy-
YaeB B KOHTPOJIPHOM TpyIIe C IOMOIIBIO CHUCTE-
Mbl Sequenom MassARRay. ABTopsl Hamiu 3 of-
HOHYKJIEOTUTHBIX MOJUMOp(HU3Ma B JIBYX PEruo-
HaX, aCCOIMUPOBAHHBIX C KEJIOUJHBIMHU pPyOIiaMu:
1941 (rs873549 u rs1442440) u 15q21.3 (rs2271289,
NEDD4). ABTOpBI TaK:Ke 0OHAPYKUJIN OAUH TaIljIo-
tun pucka AG (Ol = 2.02) u 2 3aIUTHBIX TAMJIOTH-
na GA u AA, cocrodimux ua rs873549 u rsi442440.
Takum 006pa3oM, aBTOPBI IOJTBEPAHUJIM ACCOIHA-
MO JIBYX JIOKYCOB 1041 ¥ 15(021.3 B KUTAUCKOH I10-
MyAs1uy XaHb, YTO MO3BOJISIET TOBOPUTH 00 0011IeM
reHETUUYeCKOM (paKTope, IpeApacIosarameM K
Pa3BUTHIO KEJIOUTHBIX pyOIIOB B ATIOHCKOMN M KUTaM-
CKOU TIOMYJIAIUAX [30].

Kesmonpaer passuBaroTcs npu ¢ubpomnporude-
PaTUBHBIX HAPYIIEHUAX HA (POHE XPOHUUECKUX BOC-
MMaJINTEJIbHBIX IIpolleccoB B Koxke. IlosiHOrEHOM-
HOE UCCJIEZIOBAaHHUE ACCOIMAIIMI ITOKA3aJi0 CBS3b C
rs8032158 B rene NEDD4. DTOT reH 3KCIIpeccupy-
eTcsi HEPBHBIMH KJIETKaMH-IPeIIeCTBeHHUKaMH,
WMeeT IIeCTh Pa3HbIX TPAHCKpHUITOB. Hocuresnb-
cTBO asess pucka C rs8032158 y maueHToB ¢ Ke-
JIOUAHBIME pyOIlaMu CBs3aHO ¢ U3buparesbHO 6O-
Jlee BBICOKOH DKCIIpeccrell TPAHCKPHUITA 3-TO THIIA
(TV3 NEDD4) u aktuBanueii NF-kB mytu. Ananus
nokasas, yTo NEDD4 TV3 yuyacTByeT B aKTUBalluU
NF-xB mocpenctBoM ero acconyanuu ¢ afamnTep-
HbIM Oesikom RIP. 9Tu pe3ybTaThl CBUAETETLCTBY-
10T 0 ToM, 4To NEDD4 TV3 aBjisieTcsa noTeHIua b-
HBIM THATHOCTHYECKUM MapKepOM U TepameBTHuYe-
CKOH MMUIIIEHBIO MPU XPOHUYECKUX 3a00JIeBaHUAX
KOKH, BKJIIoYast Kesouz, [31].

lation, which suggests a common genetic factor pre-
disposing to keloid scars in Japanese and Chinese
populations [30].

Keloids develop in fibro-proliferative disorders
with chronic inflammatory processes in the skin.
A genome-wide association study showed the link
with rs8032158 polymorphism in the NEDD4 gene.
This gene is expressed by neural precursor cells
and has six different transcripts. The presence of
the risk allele C rs8032158 in patients with keloid
scars is associated with selectively higher expres-
sion of type 3 transcript (TV3 NEDD4) and the
NF-kB pathway activation. The analysis showed
that NEDD4 TV3 is involved in the activation of NF-
kB through its association with the adapter protein
RIP. These results suggest that NEDD4 TV3 is a po-
tential diagnostic marker and therapeutic target for
chronic skin diseases, including keloid [31].

Genome-wide association study of 478 African
Americans (122 cases, 356 individuals in the con-
trol group) was conducted in the United States in
2014. An association with the q21.2-22.3 locus on
chromosome 15, which includes the NEDD4 gene,
was detected. Previously, an association with ke-
loid scars in Japanese and Chinese populations
was shown for this gene. However, among African
Americans, a more significant association was iden-
tified with the MYO1E gene. Besides, an association
with the q13.5 locus on the chromosome 11 was
established (MYO7A gene, rs35641839, OR = 4.71,
95% CI 2.38—9.32, p = 8.34 - 107°). The researchers
consider that the identification of polymorphisms
associated with the formation of keloid scars in two
myosin genes suggests that the altered cytoskeleton
contributes to the enhanced migratory and invasive
properties of keloid fibroblasts [20].

Long non-coding RNAs (IncRNAs) are thought
to play a significant role in the occurrence of human
diseases. Studies have shown that overexpression
of the long non-coding RNA AC067945.2 did not af-
fect cell proliferation in hypertrophic scar tissues,
but contributed to early apoptosis in normal skin
fibroblasts. Also, overexpression of AC067945.2
inhibited the expression of the COL1A1, COL1A2,
COL3A1 and a-SMA proteins. In turn, TGF-B1
can inhibit the expression of AC067945.2. Com-
pared with mRNAs in the control group, in the
AC067945.2 overexpression group, the 138 mRNAs
were differentially expressed, of which 14 were
up-regulated and 124 — down-regulated. Overex-
pression of AC067945.2 correlated with develop-
mental processes, binding, extracellular region
and the VEGF and Wnt signalling pathways. The
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ITosiHOTEHOMHOE accolMaTHBHOE HCCJIeZ0BA-
Hue 478 adppoaMepukanIiieB (122 ciaydas, 356 4es. B
rpy1me KoHTpoJs) nposeinu B CIITA B 2014 1. Beuia
oOHapy’KeHa accoluanus ¢ JIOKyCOM (21.2-22.3 Ha
15-11 XpoMocoMe, KOTOPBIN BKJoYaeT reH NEDD4.
Panee nyis aTOro reHa OpLya MOKa3aHA aCCOIUAIINI
C KeJIOUTHBIMU pyOIlaMu B SITTOHCKOU M KUTAHCKOH
monynsnusax. Ho y appoamepukanies 60see 3HAYH-
Mad cBA3b BbIABJIeHA ¢ reHoM MYO1E. Kpome Toro,
YCTaHOBJIEHA accoluanus ¢ JOKYCcOM (13.5 Ha 11-U
xpomocome (ren MYO7A, rs35641839, OII = 4.71,
95% ]I 2.38-9.32, p = 8.34 - 107%). ABTOPBI IpeAIIO-
JIaraloT, uTo HuAeHTU(UKAIIUA TOJITUMOP(PU3MOB, ac-
COLIMUPOBAHHBIX C 0OpPa30BAaHNEM KEJIOUTHBIX PyO-
[IOB B IBYX r'eHAaX MUO3UHA, CBU/IETEIBLCTBYET O TOM,
YTO U3MEHEHHBIN IIUTOCKeJIeT CIIOCOOCTBYeET yCule-
HHUIO MUTPAIIMOHHBIX M NHBA3UBHBIX CBOMCTB KeJIO-
UIHBIX (pubpobacTos [20].

CuuTaercs, 4TO JJIMHHBIE Hekopupytomre PHK
(IncRNAs) urpamoT 3HaYMMYIO POJIb B BO3BHUKHO-
BeHUHU 3a00sieBaHUN uesioBeka. MceemoBaHus I10-
KaszaJik, YTO CBepXdKCIIpeccHs AJUHHOU HEKOIU-
pyiomeit PHK AC067945.2 He Bimsijia HAa KJIETOY-
HYyI0 Iposiudepanuio B runepTpodUpPOBAHHBIX TKA-
HAX pyOIa, HO crocoOCTBOBajsia PAaHHEMY arlloIl-
TO3y B HOPMaJIBHBIX dubpobiacrax koxu. Kpome
Toro, ceepxakcrpeccuss AC067945.2 WHTHOUPOBA-
s1a sxcpeccuio 6exkoB COL1A1, COL1A2, COL3A1 1
a-SMA. B cBoro ouepenn, TGF-f31 moxkeT uHTHOUPO-
BaTh 3Kcipeccuto AC067945.2. B rpynie co cBepx-
skcrapeccueir AC067945.2 y 138 MPHK skcmpeccus
OTJIMYasach OT TPYHIIBI KOHTPOJISA, U3 HUX Y 14 OHA
ObLyIa MTOBBINIEHA U Y 124 TIOHIKeHa. CBepXaKcIpec-
cua AC067945.2 KoppesupoBajia ¢ IIPOIEeccaMu
pasBUTHS, CBA3BIBAHUEM, BHEKJIETOYHOH 00J1aCTHIO
u curHajpHbIMU yTsaMu VEGF u Wnt. Hccenenoa-
Hue BeIsABUIIO QyHKIUK HOBOM INcRNA AC067945.2,
KOTOpBIE MOT'YT IIOMOYb IIOHATH MEXaHU3MBI, Pery-
nupyemble AC067945.2, B maToreHese runeprpodu-
yeckux py6IoB [32].

OOHapy:keHa CBEpXdKCIIPecCHs IJIMHHOW He-
kopupyomeii PHK ncRNA8975-1 B runeprpodu-
YecKUX pyOlax u KoKHbIX ¢ubpobiacrax. CBepx-
skcrpeccusi IncRNA8975-1 mpemsiTCTBYeT MPOJIH-
depanuu kyeTok U cHuUkaet skcrpeccrio COL1A2,
COL1A1, COL3A1 u a-SMA B ¢dubpobiactax ru-
neprpoduUeckux pPyOLOB, TOrAa KaK HOKJAyH
IncRNA8975-1 maer obpatubiii 3dpdert. lanbHew-
IIIMe HCCJIeIOBAaHUs MEXaHU3MOB, KOTOPBIMU pery-
nupyercsi skcrnpeccuss IncRNA8975-1, BO3MOKHO
[IPUBEAYT K JIyYIIEMY IOHHMAHHIO IIAaTOTeHe3a T'U-
neprpoduueckux pyomos [33].

IIpu runepskcrpeccuu Majiol WHGOPMAIIMOH-
Hoit PHK miR-155 TopmosuTcs nmposudeparus kie-

study revealed the functions of the new IncRNA
AC067945.2, which may help to understand the
mechanisms regulated by AC067945.2 in the
pathogenesis of hypertrophic scars [32].

Overexpression of long non-coding RNA
ncRNA89g75-1 was detected in hypertrophic
scars and skin fibroblasts. Overexpression of
IncRNA8975-1 inhibits cell proliferation and down-
regulates the expression of COL1A2, COL1A1,
COL3A1 and a-SMA in fibroblasts of hypertrophic
scars, while knockdown of IncRNA8975-1 has the
opposite effect. Further studies of the mechanisms
that regulate the expression of IncRNA8975-1 may
lead to a better understanding of the hypertrophic
scars pathogenesis [33].

Overexpression of micro-RNA miR-155 inhibits
cell proliferation, reduces the collagens expression in
vitro, and inhibits the collagen fibers arrangement in
vivo, i.e. miR-155 is a critical regulator in the forma-
tion and development of hypertrophic scars which
can be a potential target for their molecular therapy
[34]. Another small messenger RNA, miR31-5p, is
essential in the formation of hypertrophic scars by
inhibiting FTH (factor-inhibiting HIF-1) and regulat-
ing the HIF-1a pathway. Knockdown of miR31-5p
effectively suppresses the formation of hypertrophic
scars. Thus, miR31-5p may be another target for hy-
pertrophic scars therapy [35].

Wound healing and scar formation are well de-
scribed at the cellular and molecular levels, but tru-
ly effective molecular or cellular modern therapies
still do not exist. Recent discoveries have shown the
role of skin stem cells and fibroblasts in the rege-
neration of injuries and scar formation. These find-
ings can help develop a therapy that prevents and
reduces scarring in people without significant side
effects. New methods of treatment associated with
the use of human stem cells, as well as agents that
target specific cells and modulate the immune re-
sponse to trauma, are currently at different stages
of research [36, 37].

CONCLUSION

The study of the genetic aspects of scar forma-
tion after acne, as well as the determination of mo-
lecular genetic markers of this condition, is almost
at the very initial stage. It is likely that in the years
to come this gap will be filled, which will give im-
petus to the development of new effective means of
preventing and treating this disease.
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TOK, CHU’KaeTcs BHIPAbOTKA KOJIJIAaT€HOB in Vitro u
IIO/]ABJISIETCS PACIIOJIOKEHIE BOJIOKOH KOJIJIaTeHa in
VivO, T.e. MiR-155 — 5TO KPUTHUYECKH BasKHBIU PETy-
JIATOP B CTAHOBJIEHUU U Pa3BUTHUU TUnepTpodude-
CKHX PyOIIOB, KOTOPBIA MOXKET OBITH IOTEHIINATBHOM
MUIIIEHBIO B UX MOJIEKYJISIpDHOU Tepanuu [34]. Jpy-
ras masnas uadopmaruonas PHK — miR31-5p —
WUrpaeT BaXKHYI0 POJIb B (POPMHPOBAHUM THUIIEP-
Tpoduueckux pyoIoB myrteMm uHruOmpoBanus FIH
(factor-inhibiting HIF-1) u perynupoBauus HIF-1a
nytu. Hokzmayn miR31-5p acddekTuBHO momaBiis-
et ¢popMUpOBaHHE TUIIEPTPOdUUecKUuX pyoIoB. Ta-
KM 006paszoM, miR31-5p MoKeT ObITH ellfe O/THOH Te-
pamneBTUYECKON MUIIIEHBIO TTPU THIEPTPOPUUECKUX

pybuax [35].

JleueHue paH 1 06pa3oBaHue PyOIIOB OCTATOU-
HO XOPOIIIO ONHMCAHbI HAa KJIETOYHOM U MOJIEKYJIAP-
HOM YPOBHSIX, HO JIEUCTBUTEJIBHO 3(h(PEKTHBHBIX
MOJIEKYJISIPHBIX MJIN KJIETOYHBIX COBPEMEHHBIX Me-
TO/IOB JIeUeHUs Bce ellle He cyllecTByeT. HenaBHue
OTKPBITHS ITOKA3aJTH POJIb CTBOJIOBBIX KJIETOK KOXKH
1 Gubpo6IACTOB B pereHepaluy TpaBM U 06pa3oBa-
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HHUU PyOIIOB. DTO MOXKET IIOMOYb B pa3paboTke Tepa-
IIUH, KOTOPAs IIPEJIOTBPAIIAET U YMEHBIIIAET pyOIie-
BaHUe Y JIIofiell 6e3 CyIeCTBEHHBIX MOOOYHBIX (-
(dexToB. HoBbIe METO/IBI JIEUEHUsI, CBSI3AHHBIE C HC-
[10JIb30BAaHUEM CTBOJIOBBIX KJIETOK Y€JIOBEKa, & TaK-
JKe areHThl, KOTOpble HalleJIeHbl Ha KOHKDETHBIE
KJIETKW ¥ MOJYJIUPYIOT UIMMYHHBIA OTBET HA TPaB-
My, B HACTOsIIlee BPeMs HaXO/ATCSA HA Pa3HBIX CTa-
JUAX UCCIe0BaHuii [36, 37].

3AKIIOUEHUE

M3yueHrie TEHETHYECKUX ACIIEKTOB ITPOO6JIEMBI
dbopmupoBanus pyoOIoB Hocse aKHe, a TAKIKE OIIpe-
JleJIeHue MOJIEKYJISIDHO-TEHETUYECKUX MapKepOB
9TOT0 COCTOSIHUS HAXOAUTCsA MPAKTHYECKH Ha ca-
MOM HavaJIbHOM 3Talie. BeposTHO, B OJrkaiiime
TOZIBI ATOT MPO0OesT OyAEeT 3aIoHEH, YTO ACT TOJI-
YOK K pas3paboTkKe HOBBIX 3(P(PEKTUBHBIX CPECTB
pOodUIAKTUKHU U JIEYEHHU I 9TOTO 3a60JIeBaHUS.

KoHuukT MHTEpecoB. ABTOPHI 3asBJISAIOT
00 OoTCyTCTBUY KOHGJIMKTA UHTEPECOB.
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CBEJEHUA NJIAd ABTOPOB

TPEBOBAHUA K IIPEJOCTABJIEHUN IO
MATEPHNAJIOB QJIA IIYBJINKAIIN N

B JOURNAL OF SIBERIAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (gaiee —
JSMS) nyb6iuKyI0TCS HayYHbIe 0630PbI U CTAaThH IO
MEJIUITMHCKUM HayKaM, [TOITOTOBJIEHHBIE TI0 MaTe-
pUasiaM OpUTHHAJIbHBIX HAyYHBIX HCCJIEOBAHUH.
JSMS BBIXOAUT 4 pasa B rof,.

TpeboBaHusi, MPEIbABISIEMblE K IyOJIUKAIU-
aMm B JSMS, chopmynupoBaHbl ¢ yuyeTomM TpeboBa-
HUU, TPEbSIBISEMBIX K PEIIEeH3UPYEMbIM HAy YHBIM
WU3/TAaHUSAM, B KOTOPBIX JIOJI?KHBI OBITH OITyOJIMKOBA-
HBI OCHOBHBIE HAyUHbIE PE3YJIbTaThl JUCCEPTAIUN
Ha COWICKAaHUE YUYEeHOU CTENEeHM KaHJuJaTra U JOK-
TOpa HayK.

CraTbu, OTIIpABJIEHHbIE aBTOPAaMH B IPyTHe U3-
JaHWsA U/UIM HalleyaTaHHbIE paHee B HUX, K OIy-
OJIMKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy omnucaHUM HAYYHO-UCCJIEA0BATETbCKUX
KJIMHUYECKUX paboT ¢ MpHUBJEYEeHHEM dUesIOBeKa
B KauecTBe 00BEKTA HMCCJIEIOBAHUSA aBTOPHI JOJIK-
HBl YKa3aTh, COOTBETCTBOBAJIM JII OHU MEXK/IyHa-
POIHBIM M POCCUHCKHM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUJIMYECKUX U DTUUECKUX MMPUHITUIIAX MEeTUKO-
OMOJIOTHUECKUX UCCJIeIOBAHUH Takoro poza. He mo-
IyCKAeTCs HCIOJIb30BaHUEe (DaMUJINH, WHUIUAJIOB
0OJIBHBIX M HOMepPOB uctopuil 60se3uu. [Ipu omu-
CaHUM SKCIIEPUMEHTOB Ha JKHUBOTHBIX HEOOXOIH-
MO yKa3aTh, COOTBETCTBOBAJIO JIU COJIEPKAHUE U UC-
MMOJIb30BaHUeE JIA0OPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B yUPEKJIEHUH, PEKOMEHIAIUAM HallH-
OHAJIBHOT'O COBETA II0 HUCCJIEIOBAHUAM, HAI[LIOHAJIb-
HBIM 3aKOHAM.

ABTOpCKHE TpaBa co0JII0AI0TCS B COOTBETCTBUU
¢ I'paxkganckum koziekcom Poccutickoit ®eepanuu
(4. 4) ¥ APYTUMH JIEHCTBYIOIUMUA HOPMATHBHBIMU
JIOKYMeHTaMU. ABTOPBI HECYT IOJHYIO OTBETCTBEH-
HOCTb 3a COJIEp>KaHUE CTaTewn.

B penmaknuuio JSMS aBTOpHI JIOJIKHBI IIPEIOCTA-
BUTD:

1) 2/1eKMpPOHHYI0 8epcurd cmambvu, MOATOTOB-
JIEHHYIO B COOTBETCTBUU C TPeOOBAHUAMHU K 0OPM-
JIEHUIO CTaTeH, N3JI0KEHHBIMU HUKE;

2) Opu2uHa/ cmambu B TIEYaTHOM BU/JIE C yKaza-
HHUEM TOpOJia, AaThl, GaMUJINH € MOAMUCHI0 KaXKI0-
ro aBTopa (Ha MocJIeJIHEH cTpaHUIE), BU30OU «B me-
YaTh» W MOAIHKCHI0 (HA TIEPBOU CTpPAHUIIE) 3aBEIY-
o1ero kagepoi UM WHOTO IOJIKHOCTHOTO JIUIA
opraHusaIuy, Ha 6a3e KOTOPOH BBITIOJIHEHO HCCIIe-

JIoBaHUE. ABTOPBI IIPEIOCTABJIAIOT CTAThH B PEIaK-
W0 JINYHO UJIY II0 IOYTE;

3) coenacue Ha MyOJTUKAITHAIO cTaThu B JSMS 1 06-
paboTKy IepCcoOHAaTbHBIX TAHHBIX ABTOPOB (3aITOJTH -
eTcst KaK/IbIM aBTOpoM) (cM. Ha catite HTMY: www.
ngmu.ru/cozo/mos);

4) nnsa corpyaaukos ®I'bOY BO HI'MY Muns-
npasa Poccuu (manee — HI'MY) — axcnepmnoe 3a-
KAlOHeHUue OTfiesia KOOpPAWHAINU  (elepaabHbIX
MporpaMM, KOHKYPCHBIX ITPOEKTOB U WHHOBAITUOH-
HOTO Pa3BUTHs YIIPABJIEHUS 10 HayKe, MHHOBAIIH-
saM u nabopmaTtuzanuu HI'MY (em. www.ngmu.ru);
JUIS CTOPOHHUX aBTOPOB — HANpAsAeHue Ha ony-
6auxogaHue Ha GUpPMeHHOM OJIaHKe OpraHU3allNH,
Ha 6a3e KOTOPOU BBIIIOJIHEHO OPUTHHAJIPHOE HAyd-
HOE HCCJIeJIOBAaHUE, 32 IOAIHCHI0 OTBETCTBEHHOTO
JTOJI?KHOCTHOT'O JIUTIA.

IIPABUJIA O®POPMJIEHU A
PYKOIIUCEM

1. TexcT cTaTpu HaOUpaeTcs B TEKCTOBOM PeaK-
tope Microsoft Word, Open Office u mp., Bce mosist
2 cM, mpudt Times New Roman, kerip 12, Mex-
CTPOUYHBIA WHTEpBaJ 1,5. TeKCT cTaTbu HEOOXOIH-
MO HaIlpaBUTH B pefakiuio JSMS B Bujie OT/IeIbHO-
ro ¢aiina c ykazanuem OO nepBoro aBropa — I1Ba-
HoB N.U. tekct.doc. Jlomyckaercst oTipaBka ¢aiioB
B dpopmarax doc, docx.

2. ®MO aBTOpOB HabUpaAETCSA CTPOUHBIMU OYKBa-
MU KypCHBOM Ha PyCCKOM fA3bIKe. VIHUIIHAJIbI TOMe-
maTesa nepest pamuineit apropa. Ilopsanok, B KOTo-
poM OyZyT yKa3aHbI aBTOPBI, OIPEIEIIAETC UX CO-
BMECTHBIM pelleHHEM.

3. Topon u HazBaHume MecT pabOTHI aBTOPOB
0hOPMJIAIOTCSI CTPOYHBIMH OyKBaMH KYPCHBOM
Ha PyCCKOM sI3BIKe.

4. Crarpsi [OJKHA COZEPXKATh AHHOTAITUIO
Ha PYCCKOM fI3bIKe. B aHHOTanmu JOIKHBI OBITH U3-
JIOKEHBI IIeJIM HCCJIeJIOBAHUSA, OCHOBHBIE IIPOIle-
ZypbI, Pe3yJIbTaThl OPUTMHAJIBHBIX HCCIIEOBAHUN
u BeIBOABL [lo1 aHHOTAIMel moMemnaeTcs moA3aro-
J1I0BOK «Ki1toueBble c10Ba», OCJIEe HEro /10 10 KJIoue-
BBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OYIyT CIIo-
coOCTBOBATh NPAaBUJIBHOMY WHJIEKCUPOBAHUIO CTa-
ThU B IIOMCKOBBIX CHUCTEMAax W CHCTEMAaxX ITUTHUPO-
BaHUsA. AHHOTAI[UIO HEOOXOAMMO HAIIPABUTh B pe-
gakuioo JSMS BMecTe ¢ TEKCTOM CTaTbHU B BUJIE OT-
nesipHOTO (paitna ¢ ykazanuem @O mepBoro aBTo-
pa — WBauos M.U. annortarus.doc. Takxke mpezno-
CTaBJIAIOTCA CBEZIEHU 0 KaXKJ0M U3 aBTOPOB: (paMu-
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JIVsI, M5, OTUYECTBO (IIOJTHOCTHIO HA PYCCKOM SI3bIKE
U B TPAHCJIUTEPAINN), yUeHbIE 3BaHUs U yUeHas CTe-
TIeHb, OJIKHOCTh, MECTO PaboThl, pabounii TeredoH
U aJipec 3JIEKTPOHHOH mmouThl (e-mail). CBeneHus He-
00X0TUMBI /17151 00paboTKU MyOnKauil B 6ase 1aH-
HBIX POCCHHCKOrO WHIEKCa HAy4YHOTO ITUTHPOBA-
HUS U IPYTUX CHCTEMAaX UTUPOBAHUSA. AHHOTAIHS,
KJIIOUEBBIE CJI0Ba, nHGOopMaIus 06 aBTopax 1 Ha3Ba-
HUe yUIPEXKJAEHUN JOJKHBI OBITh TaKKe IIPETOCTAB-
JIEHBI Ha AaHTJIMHCKOM sI3BIKE.

5. TabuIel MOMeEIATCSA B TEKCT cTaThu. Ta-
OJIUIIBI AOJIPKHBI OBITH ITPOHYMEPOBAHBI IIOCJIE0-
BaTEJIbHO B COOTBETCTBHUH C IMOPSIKOM, B KOTOPOM
OHU YIOMHHAIOTCA B TeKcTe (Hampumep, Tabi. 1,
TabJ. 2 U T. 71.).

6. PHUCYHKU BCTaBJISIOTCA B TEKCT CTATbU, a TaK-
JKe TIPEZIOCTABJIISIIOTCS B BUJIE OT/EIBHBIX IIPOHyMe-
poBaHHBIX (daiyioB ¢opmarta .jpg unu .gif ¢ paspe-
IeHueM He MeHee 300 dpi. PUCYHKU TOJKHBI OBITH
KOHTPACTHBIMU U YETKUMU, OYKBbI, IUGPBI U CUM-
BOJIBI Ha HUX JIOJKHBI OBITh Pa3JIMYUMBbI. PUcyHKa-
MU CYUTAIOTCA I'padUKu, peHTreHorpaMMbl, GhOoTo-
rpadun Uy Jo0ble Apyrue rpadudeckre oObek-
ThI. ®oTOrpadu JI0el He TOKHbI ObITh Y3HABae-
MBIMH, JITNOO K HUM JIOJI>KHO OBITH ITPUJIOKEHO ITUCH-
MEeHHO€e pa3pellleHre Ha UX IMyOJIuKaIuo. PucyHku
JIOJI’KHBI OBITh IIPOHYMEPOBAHBI IOCJIEIOBATETHHO
B COOTBETCTBHUU C MOPSAIKOM, B KOTOPOM OHHU BIIEP-
Bble YIIOMHUHAIOTCS B TEKCTE — PHC. 1, PUC. 2 U T. .
[Moamucy pasMernalTcs B TEKCTE IOJT PUCYHKAMU.
B moamucsx k mMukpodortorpadusM yKasbIBaeTCs
CTelleHb YBeJTHUEHU s U CIIOCOO OKPACKHU.

7. B TEKCTe CTaThU UCITOJIB3YIOTCS CIIEAYIOIIUE 3a-
TOJIOBKHU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHUS, MaTepHa-
JIBL I METO/TbI, PE3YJIBTAThI U 00CYK/IeHUE, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcronb3yloTess TOJBKO CTaHJAPTHBIE OOIIe-
NIpUHATHIE COKpaleHus (ab6pesuatypsol). He mpu-
MEHSIOTCSA COKpAllleHWsI B Has3BaHWHU cTaThu. Iloj-
HBIN TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUeE, JIOJI’KEH IIPEIIIECTBOBATH IIEPBOMY HCIIOJIb30-
BAHUIO 3TOTO COKPAIIEHUS B TEKCTE.

9. O6Gs13aTeIPHO HAJIMYUE CIIHCKA JIUTEPATYPBL.
Bubnorpaduiueckue CChIIIKU B TEKCTE CTATHH TAI0T-
cs apabckuMu nudpaMu B KBaJIpaTHBIX CKOOKaX, B
IIOJTHOM COOTBETCTBUM C HyMepaIluel CIIUCKa JIUTe-
patyphbl. CCBIJIKH B TEKCTE CTAaThHU JIOJIKHBI IaBAThCS
MOCJIE0BATEIBHO 110 Bo3pacTtaHumo: [1]...[2]...[3]... »
T. 7. Pa3BepHyTOE OIMCAHKE UCTOYHUKA B CITHCKE JIH-
TepoaTypsl npegocrasisaoores no I'OCT 7.0.5-2008.
Croucok JuTepaTyphl JIOJIKEH COfepKaTh Iy0siu-
KaIlu¥ 3a IOCJeIHue 5 JieT. B crucke JuTepaTyphl
Bce MH(POPMAIIOHHBIE UCTOUHUKHU TIEPEUUCTISTIOTCS
B IIOPSIZIKE UX IIUTHPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebss mpucBoeHUE
KaXk/Iol mybsnKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIEPEBO/Ia CTAThH HA aHIVIMH-
CKUU A3BIK.

11. CTaThy, HE COOTBETCTBYIOIINE YKA3aHHBIM pe-
JIaKIFel TpebOoBaHUAM, K OIyOJIMKOBAHUIO He IIPU-
HHUMAIOTCA.

IMMOPAAJOK PEITIEH3UMPOBAHUA
PYKOIIUCENM, IPUHUMAEMBIX JIJI4
IIYBJINKAIINN

1. Pykomnucu crare, HOCTyNIUBIINX B PeJaKIUIO,
HAIIpaBJIAIOTCA JJIs1 PEeLleH3UPOBaHUA 4YJeHaM pe-
JIAKIIMOHHOTO COBETA C I[eJIbI0 UX DKCIIEPTHOU OIleH-
KU Ha IpeaMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bplcuieil arTecTaniMOHHON KoMuccUU Ipu MuHU-
cTepcTBe 00pa3oBaHus U HayKu PO.

PerteH3eHTB! yBeZOMJIAIOTCA O TOM, UTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEUMYIEeCTBEH-
HBIX [IPAaB IPUCJIAHHbIE PYKOIIMCH He TOJIJIeKaT pas-
IalleHUI0, KOIIMPOBAHUIO, paclpocTpaHeHuIo. Pe-
[IeH3UPOBaHUE IIPOBOIUTCA AaHOHUMHO.

IIpu oTka3e B HaIIpaBJIeHUM Ha pelleH3upOBaHue
Ipe/icTaBJIEHHON aBTOPOM PYKOIIMCH peJlaKIus Ha-
IpaBJjisieT aBTOPY MOTUBUPOBAHHBIN OTBET B BJIEK-
TPOHHOM BUJIE.

Pepaknusa >kypHasia 110 NHCBbMEHHOMY 3aIlpocy
HAIpaBJIseT aBTOpPAM peLieH3UN Ha IMOCTyIHBIINE
MaTepUaJIbl B 3JIEKTPOHHOM BH/IE. ABTOPHI 00s3aHBI
y4ecTh 3aMeYaHUs PeleH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIYE UCIIPABJICHU S NI IIPEJIOCTAaBUTD
MOTHUBHUPOBAHHBIA OTBET O HECOIJIACUU C 3aMeYaHU-
SIMU pelLleH3€eHTa.

PepaknnonHas KoJjlerus IMPUHUMAET pelleHue
0 BO3MOKHOCTH MyOJIMKAIIUN CTAThU WUJIU OTKJIOHA-
€T e€ 110 pe3yJIbTaTaM pelleH3UPOBAHUS.

Peniensuu xpaHATCA B peflaKLiuU JKypHaJa B Te-
JeHUe 5 JIET C MOMEHTA Iy OJINKaTIIH.

2. Peflakiiuieii He IOMyCKAIOTCA K ITyOJIMKAI{AN:

— CTaThH, TeMaTHUKa KOTOPBIX HE COOTBETCTBYET
Hay4YHOMY HaIllpaBJIeHUIO XKypHaJIa;

— CTarb{, aBTOPBI KOTOPBIX OTKAa3bIBAIOTCH
OT TEXHUYECKOH I0pabOTKHU CcTaTel;

— CTaTbhbU, aBTOPBI KOTOPBIX HEe BHECIIU KOHCTPYK-
THUBHBbIe 3aMeYaHHs pelleH3eHTa B TeKCT CTaTbu
U He IPeI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IJIaCHU C 3aMeYaHUAMU pelleH3eHTa.

B cityuae OTKJIOHEHU CTaThU peJaKLs HAllpaB-
JIsileT aBTOpPY MOTHUBHUPOBAHHBINA OTKa3. Pepakius
JSMS He XpaHUT PYKOIIUCH, He IPUHATHIE K ITe4aT.
Pyxonmcu, mpuHATHIE K IIyOJIMKAIUY, HE BO3BpaIla-

IOTCA.
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