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MeToa0M aTOMHO-3MWUCCUOHHOM CNEKTPOMETPUN C MHAYKTUBHO CBSA3aHHOW Na3moii
Obl/10 UCCNefOBaHO COEPXXaHMe MaKpo- U MUKPO3JIEMEHTOB B MaasMe KpoBu 35 npakTu-
YECKM 3[0POBbIX NtoAei 1 23 60/bHbIX TYO6EpKY/1e30M /IEFKMUX C pasHbiMuK haszamMm 3abone-
BaHWUA. Y 60/IbHbIX 04aroBbiM Ty6epKy/ie30M fIerKUX AOCTOBEPHbIX OT/INYUIA OT 340POBbIX
Noaein B cofepXXaHnu 3/1IEMEHTOB B Ma3Me KPOBW He 06Hapy»keHo. MNpu Tyb6epKynese ner-
KUX, CONPOBOXJaloLLeMcss npoueccamu pacrnaja, 3HauMmo Bo3pacTaeT cofepXaHue Kaslb-
UMsa, mMegu, UMHKa W Xenes3a B Mjasme KPOBU MO CPaBHEHWUK CO 340POBbIMWU OAbBMW.
Kanbunii, BEPOATHO, MOXET UrpaTb PerynpyroLLyto posb B rnpoLecce AeCTPYKUUN Neroy-
HOW TKaHW, MOCKO/IbKY y4acTBYeT B akTuBauum Ca2+3aBUCMMbIX NpoTeas n gocgonmnas,
a TakXe ero NpooOKCMaHTHOe AeACTBUE KaflbUUA. YBe/IMYeHUe KOHLEHTpauumM Meau npu
Tyb6epKysiese ferkux, HOCUT KOMMNEHCATOPHbIN XapakTep, YTO CBA3aHO C ee NMPOTUBOMUK-
PO6HbIM [eNCTBUEM. YBeNMYeHWe KOHLeHTpauuu >xenesa nNpu AeCcTPYKTUBHbIX (opMax
TybepKysie3a /lerKnux crnoco6cTByeT MHAKTUBALUUN TOKCUYHbIX MEPEKUCHBLIX COeLUHEHWIA,
TaK KakK >Xesie30 BXOAWUT B COCTaB KaTanasbl U nepokcmaasbl. LIMHK akTUBMpPYeT BbICBO6O-
X[AeHVe (haKTopa HekKpo3a onyxonu, obnagavwnumMm LUTOTOKCUYECKUM, LUTOCTAaTUUYECKUM
[elicTBMEM M CMOCOOHOCTLIO aKTUBMPOBATb HEKPO3. BbIsIBNEHHbIE U3MEHEHUA CofepXka-
HUS B KPOBM TaKUX 3/IEMEHTOB KaK KanbLWA, Mefb, Xesne30, LMHK He MOTYT 6blTb UCMO/b-
30BaHbl B KadecTBe AOMNO/IHUTENIbHOIO ANArHOCTUYECKOro npu3Haka Ans paHHero BblsB-
neHnsa TybepKyresa Nerkux, NOCKOJ/IbKY Ha paHHel cTtagmm 3Toro 3aboneBaHnsa 3HaYNUMbIX
N3MEHEHUI B X YPOBHE B KPOBW He Habntogaetca. OfHaKo, aHaIn3 ypoBHSA BbllleyKa3aH-
HbIX MaKpO- N MUKPO3/IEMEHTOB MOXET OblTb NMPUMEHEH ANA OnpefeneHNUs nepexoja paH-
Heil hopMbl TybepKynes3a Nerknux B MHPUNLTPATUBHYI W/WAW KaBepHO3HYI (DOpMbl Ty-
6epKynesa Nerkux, NpyM KOTopbIX NPOUCXOLUT pacnag Iero4HOn TKaHW 1 nauueHT cTaHo-
BUTCA 3NNAEMUOIOTNYECKN ONACHbIM 4151 OKPY>XKatoLnX.

Kntouesble cnosa: Tybepkynes ferkux, oyarosas (popma, KasepHO3Has chopma, Makpo-
3NEMEHTbI, MUKPO3NIEMEHTbI, KaibLuid, Meflb, LMHK, >KeNneso.
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Tyb6epkyne3 npofo/mKaeT ocTaBaTbCs
rno6anbHOM MeAuKO-OMONOrMYECKONn U co-
LUManbHO-3KOHOMMYECKOW npobnemoin. 1o
oueHke BO3 B 2015 rogy B mupe 104
MUWUNMOHA YenoBek 3abonenun TybepKyne3om
n 6onee 1,8 M/IH 4enoBeK yMepao OT 3TOW
6onesHn [1]. 3akpbiTbie hopMbl TyOEpPKyesa
He SABNAKOTCA 3apa3HbIMW, OLHAKO, PaHHAS
(hopma Tyb6epKysiesa JIerKUX MOXET rMepe-
XOAWUTb B MHMUALTPATUBHYIO W/UNn Kasep-
HO3HYIO (DOPMbI, NPU KOTOPbIX NALUEHT CTa-
HOBUTCA MOTEHLMANbHO 3NUAemMuonornyec-
KN ONacHbIM A1 OKPYXalLwmnx, GpakTuyecku
npeBpalwiascb B aKTUBHbIA TyOepKyne3Hblit
ovar. CntoHa YenoBeka npu OTKPbITbIX (op-
mMax TybepKynesa Nerkux COAEPXUT MUKO-
6aKTepumn Tyb6epKynesa, KOTOpble Npu Kallne,
YMXaHUU MU pa3roBope nonagarlT B BO3-
AyX, ABNAACH WCTOYHUKOM WH(EKLUOHHON
onacHoctn. O6HapyXeHue Hambonee onac-
HbIX MCTOYHWKOB TY6EpKY/e3HON NHDEKLNN,
a UMeHHO 60NbHbIX TY6epKYye30M Nerkux, B
MOKpOTe KOTOPbIX MUKOGAKTEPUU onpenens-
IOTCA MEeTOLOM MpoCTOol 6akTepuockonuu,
ABMAETCA NaBHbIM KOMMOHEHTOM 60pb6bLI C
TybepKyne3om. JleyeHue TakuxX MaLUeHTOB
fenaet ux 6e30nacHbIMK AN OKPY>XatoLwWwmnXx,
6narogapsa 4yemy paspbiBaeTcsa Lernoyka nepe-
Jaun uHpekunn [2]. B cBA3M C Tem, 4TO
NPU3HaKN MHPUNLTPATUBHOW (hopMmbl Tybep-
Kynesa nerkux, HaxopfAwencs Ha paHHEM
jTane, 4acTo OTCYTCTBYHOT, ONpefe/nTb ee
[J0CTaTOYHO CNOXHO. W3-3a HeAO0CTaTOYHOM
YyBCTBUTENILHOCTU U CreunPuUUHocTn nabo-
paTopHbIX MeTOA0B MUCCNefOBaHNUA Y HEKOTO-
PbIX 60/bHbLIX OTKPbLITOW (PopmMoli TybepKy-
ne3a MUKOGaKTEPUN B MOKPOTe OOHapYyXuTb
He ypaeTca. Takum 06pa3oM, paHHee BbifB-
NeHne [ecTPYKTUBHBIX (6auunnispHbIX) (opm
Ty6epKynesa Nerkux - BaXKHbI (hakKToOp CHMU-
XeHns 3ab0/1eBaeMOCTN HacefleHUs U Mpe-
[JOTBpaLLeHnsa 3NULEMUONOTMYECKOro pac-
NPOCTPaHeHNs LaHHOro 3a60/1eBaHus.

N3BECTHO, UYTO YpPOBEHb MWKPO- U
MaKpo3/ieMeHTOB B Mna3Me KpOBW CyLLecT-
BEHHO MeHseTCca Npu pas3nnyHbiX 3abone.a-
Huax [3]. OfHako umerouimecs nuTepaTyp-
Hble [aHHble O HapyLleHUUN 3N1eMEHTHOro
romeoctasa nnasMbl KpoBu npu Ty6epkynese
NEerknx focTatovyHo NPoTUBOPEeYUBbI [4-6].
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Llenb nccnegosaHus

CpaBHUTENbHbIA aHanu3 YpOBHA MakK-
pPO- M MWKPO3/IEMEHTOB MJia3Mbl KPOBU Npu
pasnnyYHbIX opmax TybepKynesa Ierkmx.

MaTtepnanbl n MeToAbl

Wccneposanack nnasma Kposu 23 60/1b-
HbIX Ty6epKyne3oM fIerknx, paHee He NonBep-
raBLUMXCSA MPOTUBOTYBEPKYNE3HOMY JIEUEHUIO:
16 MyxuuH (16-57 net) n 7 xeHwmH (34-56
net). 60% 60MbHLIX XapaKTepu3oBanch fane-
KO 3awefwnm Ty6epKyesHbIM MpoLeccoM B
(haze pacnaga: VHQWILTPATWBHbLIE W KaBep-
HO3Hble opmbl. 40% nauneHToB UMEeNn OLHO-
NN OBYXCTOPOHHWI 04aroBblii Ty6epKynes
nerkmx. KoHTposnbHY rpynny coctasunm 35
NpakTUYecKn 340POBbIX J/tOLEN, conocTaBu-
MbIX [0 MOy 1 BO3pacTy.

AHanM3 ypoBHA MakKpo- W MUKpO3se-
MEHTOB OCYLLEeCTBNAAN METOAOM aTOMHO-
9MUCCMOHHOW CNEKTPOMETPUMN C MHAYKTUBHO
CBA3aHHOMW MnasmMol Ha  CNeKTpomeTpe
iICAP6300Duo (Thermo Scientific, CLUA).
Cratuctnyeckyto 06paboTKy MOMYUYEHHbIX
pesynbTaToB NPOBOAWIV C MOMOLLbIO NakeTta
nporpamm BIOSTAT. lNpu oueHKe maccusa
[AaHHbIX BUOXMMUYECKMX MOKasaTesnei nawuu-
eHTOB MO Kputeputo Llanupo-Yunka Hop-
Ma/ibHOCTb pacnpefiefieHns He 6blna MoaT-
BEPXKAEHa, MO3TOMY [/11 OLEHKWN 3HAYMMOCTH
pasIMYnin ¢ JaHHbLIMW KOHTPONLHOM rpynnbl
MCNONb30BaNN MeTOAbl HenapameTpuyeckoin
CTATUCTUKK: TeCcTbl MaHHa-Yutun n Kon-
mMoroposa-CMmupHoBa.

PesynbTaTbl 1 nx 06cyXaeHune

Mpy cpaBHEHUN [AHHBIX MO 3/1EMEHT-
HOMY roMeocTasy nasbl KpOBY NMPaKTUYECKU
300pOBbIX NHOJEN, Y MaLNEHTOB C TybepKy-
Ne30M NerkmMx 3HayMmo BoO3pacTas YpOBeHb
Kanbuus, MeAum, >Kefnesa U LWHKA B KPOBU
(tabn. 1). Mo ocTafbHbIM WUCCNEA0BaHHbIM
napameTpam [OCTOBEPHbIX OT/IUYMIA BbISB-
NEHO He 6bIno.

PasHble (opmbl Tybepkynesa oTnuya-
IOTCA MO OMOXMMUYECKUM WU (u3nonormye-
CKMM XapaKTepucTukam, B CBA3U C Yem OCYy-
LEeCTBNEH CPaBHUTENbHbIA aHann3 YpoBHA
MWKPO- Y MakKpO3/1EMEHTOB B M/ia3me KpPOoBU
60/IbHbIX C HayallbHbIMU U WHPUNLTPATUB-
HbIMW, KaBepHO3HbIMK (hopmamu. Bbino no-
Ka3aHo, 4To npu Ty6epKynese ferkux, conpo-
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Tabnuua 1

Cogpep>KaHune Makpo- U MUKPO3/IEMEHTOB B Ma3Me KpoBY Npu TYOEpKyese erkux

[NpakTnyeckn 300poBble ntoan, M+m

é _ Na, MKr/mn 2800,00+100,00
é é K, MKF/MA 940,34+34,64
z g Ca, MKr/mn 89,67 +3,18
= Mg, MKr/Mmn 24,33+ 1,85
Al, MKr/mn <0,2
Ba, MKr/mn <0,04
Co, MKr/mn <0,06
3 Cr, MKr/Mn <0,04
£ Cu, MKr/mn 0,87+0,06
% Fe, mKr/mn 1,05+0,05
5 Li, Mkr/mn <0,04
é. Ni, MKr/mn <0,1
S Se, MKr/mMn <0,7
2 Sr, MKr/mn 0,62+0,16
V, MKr/mMn <0,1
Zn, MKr/Mmn 0,69+0,07
Mo, MKr/mn <0,07

MaupeHTbI ¢ Ty6epKyne3om nerknx, M+m
2860,00+40,00
572,00+£120,80

93,40+ 1,86*
22,80+0,37
<0,2
<0,04
<0,06
<0,04
1,23+0,93*
1,46%0,11*
<0,04
<0,1
<0,7
0,88+0,31
<0,1
1,60+0,57*
<0,07

*- pas/Iums ¢ NoKasaTensIMU KOHTPO/IbHOM Fpynibl (MPaKTUYecKy 340POoBbIe HoaM A0CTOBEPHBI (p<0,05)

BOX/atoLemMcs mpoueccamy pacnafa, 3Hauu-
MO BO3pacTaeT COfepXXaHue KasbLus, Meau,
LIMHKA ¥ Xenesa B Mna3Me KpOBW MO CpaBHe-

M KoHueHTpauuna KanbLma B nnasme
KpOBW, MKI/MAN

KOHTPO/b TyGepKynes nerkux Ty6epKynes nerkmx

o4yaroBblit (hasa pacnaga
H KoHueHTpauusa unuHka B nnasme
KpPOBUW, MKI/MAN

22+0,6*

KOHTPO/b TyGepKynes nerknx TyGepKynes nerkmx

oy4aroBblii (hasza pacnaga

HWUIO CO 340POBbLIMU NOALMU, B TO BPEMSA KaK Yy
60/IbHbIX 04aroBbIM TYOepKy/ne3om flerkux
TaKoro pasnunyus He o6HapyXeHo (puc. 1a-r).

[E KoHueHTpauus megun B niasme
KpOBW, MKI/MA

KOHTPO/b Ty6epkynes nerkux Ty6epkynes nerkmx

o4yaroBblii (hasa pacnaga
["KoHueHTpaLms xenesa B nnasme
KpOBW, MKI/MA

KOHTPO/b Ty6epkynes nerkux TyGepKynes nerkux

o4yaroBblit (hasza pacnaga

Puc. 1. YpoBeHb KanbLus, Meau, LMHKa, Xenesa B Nniaa3Me KpoBu 60/bHbIX pasHbiMK opMamu
Tybepkynesa nerknx. KoHTponbHas rpynna- npakTuyecku 340p0OBble N10AN
*- pas3ninumng ¢ nokasaTensMy KOHTPONbLHOW rpynnbl 40CTOBEPHbI (p<0,05)
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N3BECTHbI rymopasibHble COefUHeHNs,
CMoCco6CTBYOLWNE Pa3BUTUIO TunepKabLme-
MUK: NpoCTarnaHAMHbl, TpaHchopMupytoLme
(hakTopbl pocTta, pag uMtokuHos (IL-1, IL-4,
IL-6, TNF-alpha n TNF-B) , KoTopble (yHK-
LMOHMPYIOT 38 CYeT aKTuBaLUM OCTEOK/1acToB
[7]. NMpn aHanu3e 23 500 6enkoB npoTeoma
yenoseka OblN0 YCTAHOB/EHO, YTO (PYHKUUU
2145 6enKoB B TOW WAN UHOW Mepe 3aBUCAT
OT YPOBHA COZepXaHus KanbLunsa B OpraHn3me
(Hanpumep, M3MeHAIDTCA YPOBHU 3KCNPECccum
6enka), a 625 u3 2145 6GenKoB HenocpencT-
BEHHO CBf3bIBAOT MOH Ca2+ Kak Kogaktop.
Kpome TOro, MoHbI Kanbuua NPpUHUMAKT 3Ha-
4yMTeNbHOE YyyacThe B npoueccax Mexkre-
TOYHOW aAre3vm n (opMMpoBaHUsA CTPYKTYPbI
COEAUHUTENbHOW TKaHW, Perynsiyum Krietou-
HOro anontosa W BocnaneHus [8]. Kanbuui,
BEPOATHO, MOXET wurpatb perynvmpyroLLyto
po/ib B MpoLecce AecTPyKLMM NIEFrOYHON TKa-
HW, NMOCKOJIbKY Yy4acTBYyeT B akTusauuu Caz+
3aBUCUMbIX NpoTeas U hocgonunas, a Takxe
ero NpooKcugaHTHoe aecTeue Kanbumsa [9].

Mo coBpeMeHHbIM MpeacTasneHuam [4],
yBe/IMyeHne KOHLEHTpauum meau npu Tybep-
Kynese nerkux, HOCUT KOMMEHCATOPHbIA Xa-
paKTep, 4TO CBA3aHO C ee NPOTUBOMUKPOOHbLIM
penctemem [10]. Takxke mefdb HeobxoanmMa ans
CUHTE3a Pas3/NYHbIX MPOU3BOLHbIX COEAUHMU-
TeNbHOM TKaHM (NOCKO/bKY yyacTByeT B pabo-
Te Me/b-3aBMCUMOT0 pepmMeHTa NN3NI0KCHAa-
3bl, KaTaNN3npyHoLLLEero npespaLleHns B Konna-
reHe aMmMHOrpynn N3UbHbIX OCTaTKOB B a/lb-
JerngHele rpynnel, ctabunusupyrowme ¢ub-
pUANbl  KONMareHa) 4em, BO3MOXHO, OObBAC-
HUTb aKTMBALMIO CK/IEPOTMYECKUX MPOLECcCoB
B JIEFOYHOW TKaHW npu Ty6epKynese NErkux.
Mefb BXOAUT B COCTaB LEepynoniasmMmnHa, Ko-
TOpPbIV ABNAETCA OLHUM U3 aKTUBHbIX ()epMeH-
TOB AHTWMOKCWAAHTHON 3alnTbl, 3HLOIMEHHbIM
MOZYNATOPOM BOCNA/UTENIbHbIX MPOLIECCOB.
Mommmo aToro, meflb (PaBHO Kak U Zn2+) BXO-
OUT B COCTaB Cy6beanHUL, CynepoKCUancmy-
Tasbl, WHrMoMpyloLleid cBO6OLHO-pajnKasb-
Hble npoLiecchbl B Knetkax [9].

XKeneso BaXHO He TONbKO And obecne-
YyeHMA opraHuama Kucnopogom (remornobuH,
MUOTNOBMH), HO W AN (PYHKLMOHMPOBAHMA
AblXaTeNbHOW Lenu 1 cuHTe3a AT® (uuTo-
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XpoMbl @, b, C), npoueccoB [AeTOKCUKaLUm
TOKCUKaHTOB (uuToxpom P450), HO u urpaet
po/ib B UMMYHHbIX peakumax. Tak, >eneso
Heo6Xxo4uMOo A4N1f aKTUBaLUU HENTPODUIOB U
peanusaunm X QPYHKUUKU, ABNAACH KOMMO-
HEHTOM MNEPOKCUMATEHEPUPYIOLNX N HUTPO-
KCUAreHepupyowWwmx (epMeHTOB, a Takxe
NHTEerpasibHbIM KOMMOHEHTOM MWeIoNepoK-
cumpasbl [11, 12, 13]. XKeneso y4acTByeT B
perynayum npoaykKumMv LUUTOKUHOB, CUHTe3e
6enka numdgouutamu [14]. Bece rpynnbl npo-
cTewmnx, rpu6os, 6akTepuin (Kpome Henarto-
reHHbIX nakrtob6auunn n Borrelia
burgdorfery) Hy>gatoTcs B Xenese 414 CBO-
e xusHepeatenoHocTn [15]. CBA3bIBaHUE
Xenesa TpaHCEPPUHOM N PEPPUTUHOM Bbl-
3blBaeT CHWXeHWe pocTta OakTepuin [16].
YBenuyeHve KOHUEHTpauUuu xenesa npu ge-
CTPYKTUBHbIX (hopmax TybepKyne3a Nerkux
BEPOSATHO HOCUT KOMMEHCATOPHbIN XapakTep,
CNoco6CTBYA MHAKTUBALMN TOKCUUYHbIX nMe-
PEKUCHbIX COEfMHEHUN, TaK KaK >Xeneso
BXOAUT B COCTaB Kartanasbl U NepoKcuAaasbl.
LIMHK y4yacTByeT B npoLeccax CuHTe3sa
n penapauun AOHK, pereHepauun TKaHeMw,
NMMYHOTreHe3e, (YHKLMWOHMPOBAHUWN 3H[OK-
PUHHON cuCTeMbl W T.. FABNAETCA KOHKY-
PEHTHbIM aHTAroHWCTOM Ka/ibLuMsA U MarHus,
Cnoco6CcTBYeT 3HAOHYKNEa3HOM aKTUBHOCTU
n npegynpexpgaet anonto3 [17]. LUMHK BXO-
OUT C cocTaB KapboaHrugpasbl, KaTaiu3u-
pylOLLeil ruapataumio 4BYOKUCU yrnepoja.
®epMeHT Heo6X0ANM NS NOALEPXAHUA KU-
C/IOTHO-LLE/I0YHOI0 rOMeocTasa, [blXaHus,
Kanbumhukaymm, pesopbuyun kocteir. Kapbo-
aHrmgpasa ¢ noMOLWbl rnuMKosmngochartu-
OUNNHO3UTONA NpuUKpenseHa K MemobpaHe
NEroYHbIX Kanuniapos. VIMeTCH CBefeHuA
0 CNOCOBHOCTU ZN2+NHAYLMPOBATb 3KCMNpec-
CUK0 B nuMmdounTax O6enKoB-UMMYHO(UN-
NNHOB, peanu3yloLWmnx 3alnTy Knetok OoT
TOKCMYECKUX BO3LENCTBUA U CRyXawmx
nMMyHoreHamu T- numdoumTtos [18]. Moka-
3aHa po/b LWMHKa B MOTEHLMPOBAHWUU Kie-
TOYHOrO W ryMOpasibHOro MMMYHUTeTa, Ha-
NpaB/ieHHOro NPOTUB OaKTepwuii, BMPYCOB W
OMyXoneBbIX K/ETOK. LIMHK cTumynupyet
BHYTPUTUMYCHOE pasBuTue T-AMMEpOLUTOB,
anddepeHunpoBky B-numgpouynToB B UM-
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MYHOT1I06YINH-CEKPETUPYIOLLME KNeTKU
nocpeacTBOM  Zn2+3aBUCUMbIX  (DUHTep-
6enkoB [19], cospesaHne CD4 n CD8 num-
(hOLMTOB B Ky/IbTYpe, 3KCMPECCUIO MOJIEKY/
rnaBHOro KoMmrJjiekca rMCTOCOBMECTMMOCTHU
Ha makpoharax. OH perynupyeTr aHTUTeNo-
reHes, MoBbllWaeT akTUBHOCTb (harounTosa
[20], cTumynupyeT BbICBOOOXAEHUE WHTEp-
NeknHa-2 n ramma-uHtepgepoHa. lMoBbI-
LLEeHVe KOHLeHTpauun LUMHKa B MNia3Me Kpo-
BM Mpu Ty6epKynese Nerknux MOXHO 00bscC-
HUTb BKJIKOYEHMEM 3alUTHbIX MEXaHW3MOB,
npegoTepawalwmnx cBobogHO-pagnKanbHoe
NoBpeXeHUe KNeTOK, NOCKOJIbKY LMHK, Tak
Xe Kak u mMegb BXoAWUT B coctaB Zn-Cu-

cynepokcugavMcmytasbl. LIMHK akTuBupyet
BbICBOOOXEHMEe (hakTOpa HEKpO3a Onyxonu,
o6najalvwWmnm LUTOTOKCUYECKUM, LMUTOCTA-
TUYEeCKUM [eNCTBMEM W CMNOCOBHOCTbIO ak-
TMBUPOBATbL HEKPo3 [21].
BbiBOAbI

AHanM3 ypoBHA KanbLus, Mean, Xxene-
3a, UMHKA MOXeT 6bITb MPUMEHEH ANA onpe-
[leNeHns nepexoaa paHHeln Gopmbl TyO6epKy-
nesa fIerkux B MHQUAbTPATUBHYO WU/MNW Ka-
BEPHO3HYI0 (opmMbl Tybepkynesa Jferkux,
MpU KOTOPbIX MPOUCXOAUT pacnaj Sero4yHomn
TKaHW W MauueHT CTaHOBMUTCHA 3MUAEMUONO-
rMYecKn onacHbIM A1 OKPYXatoLLnX.

Pa6oTa BbINOMHEHA 3a CYET CPEACTB

PErMoHanbHOro rpaHTa npaBMTenbCTBa HUXKeropoacko obnacTm
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OPUTVMHANBHBIE NCCNELOBAHNA

MACRO- AND MICROELEMENTS OF BLOOD PLASMA IN PULMONARY
TUBERCULOSIS

L.M. OBUKHOVAL A.V. ALIEVZ Il. EVDOKIMOV3 AS. SHPRYKOV]1 A A. KOROBOV1

Nizhniy Novgorod State Medical Academy, Minin & Pozharskiy sq., 10/1,

603005, Nizhniy Novgorod, Russian Federation (1)

Azerbaijan medical university, Samed Vurgun str., 125, AZ1022, Baku, Azerbaijan (2)

G.G. Devyatykh Institution of Chemistry of High Purity Substances, GSP-75, Tropinin str., 49,
603950, Nizhny Novgorod, Russian Federation (3)

The content of macro- and microelements in blood plasma of 35 practically healthy
individuals and in 23 patients with different phases of pulmonary tuberculosis was exam-
ined using a method of atomic emission spectrometry with inductively coupled plasma. No
reliable differences in the content of elements in blood plasma of healthy individuals and
patients with focal pulmonary tuberculosis were detected. In pulmonary tuberculosis ac-
companied by decay processes the concentration of calcium, copper, zinc and iron in blood
plasma significantly increases compared to healthy individuals. Calcium may probably
play a regulatory role in destruction of the lung tissue since it participates in activation of
Ca2+ dependent proteases and phospholipases and possesses a prooxidative effect. Increase
in the concentration of copper in pulmonary tuberculosis is compensatory in character and
is associated with its antimicrobial effect. Increase in the concentration of iron in destruc-
tive forms of pulmonary tuberculosis promotes inactivation of toxic peroxide compounds
since iron is a component of catalase and peroxidase. Zinc activates release of tumor necro-
sis factor that possesses cytotoxic, cytostatic effect and the ability to activate necrosis. The
revealed changes in the concentrations in blood of such elements as calcium, copper, iron,
zinc cannot be used as an additional diagnostic sign for early detection of pulmonary tu-
berculosis because in the early stage of the disease no significant changes are observed in
their level in blood. However, analysis of the level of the above macro- and microelements
may be used to determine a transition of the early form of pulmonary tuberculosis to infil-
trative and/or cavernous forms when the lung tissue undergoes decay, and the patient be-
comes epidemiologically dangerous to surrounding people.

Keywords: pulmonary tuberculosis, focal stage, cavernous stage, macroelements, micro-
elements, calcium, copper, zinc, iron.

Tuberculosis continues to remain a of pulmonary tuberculosis mayprogress to
global medico-biological and  socio- infiltrative and/or cavernous forms when the
economical problem. According to WHO patient becomes potentially epidemiological-
estimations, in 2015 10.4 ml of the world ly dangerous for the surrounding people and
population got infected with tuberculosis, actually turns into an active focus of the dis-
and more than 1.8 ml people died from this ease. Saliva of a patient with active form of
disease [1]. Latent forms of tuberculosis are tuberculosis contains mycobacteria of tuber-
not contagious, but, however, the early form culosis which spread into the air in coughing,
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sneezing or speaking and become a source of
infectious danger. Identification of the most
dangerous sources of TB infection, namely,
of patients with pulmonary tuberculosis in
whose sputum mycobacteria are detected by
a simple bacterioscopic method, is the main
component of struggle against tuberculosis.
Treatment of such patients makes them non-
dangerous for surrounding people thus break-
ing the chain of transmission of the infection
[2]. The early stage of the infiltrative form of
pulmonary tuberculosis is often asymptomat-
ic,and it is rather difficult to determine it.
Due toinsufficient sensitivity and specificity
of laboratory methods of examination, my-
cobacteria may remain undetected in sputum
of some patients with active form. Thus, ear-
ly identification of destructive (bacillary)
forms of pulmonary tuberculosis is an im-
portant factor for reduction of morbidity rate
among the population and for prevention of
epidemiologic spread of the disease.

It is known that the level of micro- and
macroelements in blood plasma significantly
changes in different diseases [3]. However, the
existing literature data about disorders in the
element homeostasis of blood plasma in pulmo-
nary tuberculosis are rather contradictory [4-6].

Aim of Research

Comparative analysis of the level of
macro- and microelements of blood plasma
in different forms of pulmonary tuberculosis.

Materials and Methods

Blood plasma of 23 patients with pul-
monary tuberculosis that did not undergo
antituberculous treatment: 16 men (16-57
years old) and 7 women (34-56 years old)
was studied. 60% of patients had an ad-
vanced tuberculous process in the phase of
decay: infiltrative and cavernous forms. 40%
of patients had uni- or bilateral focal pulmo-
nary tuberculosis. A control group consisted
of 35 practically healthy individuals, compa-
rable in gender and age.

The level of macro- and microelements
was analyzed by a method of atomic emission
spectrometry with inductively coupled plasma
on iICAP6300Duo spectrometer (Thermo Sci-
entific, USA). Statistical processing of the ob-
tained results was conducted using BIOSTAT
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Statistical Package. In estimation of the
amount of biochemical parameters of patients
by Shapiro-Wilk tests the normality of distri-
bution was not confirmed, therefore the signif-
icance of differences from the data of control
group was estimated by methods of nonpara-
metric statistics: Mann-Whitney and Kolmo-
gorov-Smirnov tests.
Results and Discussion

In comparison of blood plasma of prac-
tically healthy individuals and of patients
with tuberculosis by the element homeosta-
sis, in the group of patients the level of cal-
cium, copper, iron and zinc was significantly
higher (tab. 1). In other examined parameters
no reliable differences were found.

Different forms of tuberculosis have
different biochemical and physiological
characteristics, in view of this comparative
analysis of the level of macro- and micro-
elements of blood plasma of patients with
initial, infiltrative and cavernous forms was
conducted. It was shown that in pulmonary
tuberculosis running with decay processes
concentrations of calcium, copper, zinc and
iron in blood plasma are significantly in-
creased compared to healthy individuals,
whereas in case of focal tuberculosis no such
difference was found (fig. 1a, b, c, d).

There are known humoral compounds
promoting hypercalcemia: prostaglandins,
transforming growth factors, some cytokines
(IL-1, IL-4, IL-6, TNF-alpha and TNF-B),
which function through activation of osteo-
clasts [7]. In the analysis of 23 500 proteins
of human proteome it was found that func-
tions of 2145 proteins in a sense depend on
the level of calcium in an organism (for
example, calcium in fluences the levels of
expression of protein), and 625 of 2145
proteins directly bindCa2+ion as a cofactor.
Besides, calcium ions play a significant role
in intermolecular adhesion and formation of
connective tissue structure, in regulation of
cell apoptosis and in inflammation [8].
Calcium may probably play a regulatory
role in destruction of lung tissue, since it
participates in activation of Ca2+ dependent
proteases and phospholipases, and possesses
a prooxidating effect [9].
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Table 1
Concentration ofMacro- and Microelements in Blood Plasma in Pulmonary Tuberculosis

Practically healthy individuals, M+m  Patients with pulmonary tuberculosis, M+m

@ Na, pg/ml 2800,00+100,00 2860,00+40,00
S £ K, pg/ml 940,34+34,64 572,00+120,80
= Ca, pg/ml 89,67 +3,18 93,40+ 1,86*
= Mg, pg/ml 24,33+ 1,85 22,80+0,37
Al, pg/ml <0,2 <0,2
Ba,pg/ml <0,04 <0,04
Co,pg/ml <0,06 <0,06
" Cr,pg/ml <0,04 <0,04
= Cu,pg/ml 0,87+0,06 1,23+0,93*
g Fe, pg/ml 1,05+0,05 1,46+0,11*
= Li, pg/ml <0,04 <0,04
S Ni,pg/ml <0,1 <0,1
s Se, pg/mi <0,7 <0,7
Sr, pg/ml 0,62+0,16 0,88+0,31
V, pg/mi <0,1 <0,1
Zn, pg/ml 0,69+0,07 1,60+0,57*
Mo, pg/ml <0,07 <0,07

*- Differences with parameters of control group (practically healthy individuals) are reliable (p<0,05).

@ KoHueHTpauusa Kanbuua B nnasme [W]KoHueHTpayma menn B nnasme
KPOBUW, MKIF/Mn KpOBU, MKr/Mn
KOHTPONb Ty6epkynes nerkux Ty6epkynes nerkux KOHTPONb Ty6epkynes nerkux Ty6epKynes nerkmx
oyaroBblii asa pacnaga oyaroBblii hasa pacnaga
H KoHueHTpauusa unmHkKa B naasme ["KoHUeHTpauusa xxenesa B nnasme
KPOBUW, MKI/Mn KPpOBU, MKI/Mn
KOHTPONb Ty6epkynes nerkux Tyb6epKynes nerkux KOHTPONb Ty6epkynes nerkux TyGepKynes nerkux
oyaroBblii basa pacnaga oyaroBblii (hasa pacnaga

Fig. 1. Concentration of calcium, copper, zinc, iron in blood plasma of patients with different

forms of pulmonary tuberculosis. Control group - practically healthy individuals
*- differences with the parameters of control group are reliable (p<0.05)
A) Concentration of calcium in blood plasma, pg/ml
KoHTponb - control, Ty6epKynes nerkux oyarosblii - focal pulmonary tuberculosis, Ty6epKynes nerkumx,
(hasa pacnaga - pulmonary tuberculosis, phase of decay
B) Concentration of copper in blood plasma, pg/ml
C) Concentration of zinc in blood plasma, pg/ml
D) Concentration of iron in blood plasma, pg/ml
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According to modern understanding [4],
increased concentration of copper in pulmo-
nary tuberculosis is compensatory in character
and is associated with its antimicrobial ef-
fect[10]. Besides, copper is necessary for syn-
thesis of different derivatives of connective
tissue (through participation in the work of
copper-dependent lysyl oxidase enzyme which
catalyzes transformation of amino groups of
lysyl residues into aldehyde groupsthat
stabilizecollagen fibrils) which is a probable
explanation of activation of sclerotic processes
in the lung tissue in pulmonary tuberculosis.
Copper is a component of ceruloplasmin which
is one of active antioxidant enzymesand an en-
dogenous modulator of inflammatory process-
es. Besides, copper (as well as Zn2+) is a com-
ponent of subunits of superoxide dismutase
that inhibits free radical processes in cells [9].

Iron is important not only forprovision of
an organismwith oxygen (hemoglobin, myoglo-
bin), but also for the functioning ofthe respira-
tory chain, for ATP synthesis (cytochromes a, b,
c) and for detoxication of toxicants (cytochrome
P450), besides, it plays a role in immune reac-
tions. Thus, iron is necessary for activation of
neutrophils and for realization of their function
being a component of peroxide-and nitroxide-
generating enzymes and an integral component
of myeloperoxidase [11, 12, 13]. Iron partici-
pates in regulation of production of cytokines
and in synthesis of protein by lymphocytes [14].
All groups of protozoa, fungi, bacteria (except
non-pathogenic lactobacilli and Borreliaburg-
dorfery) need iron for their vital activity [15].
Binding of iron with transferrin and ferritin
causes reduction in bacterial growth [16]. In-
crease in concentration of iron in destructive
forms ofthe pulmonary tuberculosis is probably
of compensatory character promoting inactiva-
tion of toxic peroxide compounds, since iron is a
constituent of catalase and peroxidase.

Zinc participates in synthesis and repara-
tion of DNA, in regeneration of tissues,
immunogenesis, functioning of the endocrine

system, etc. It is a competitive antagonist of
calcium and magnesium,it promotes endonu-
clease activity and prevents apoptosis [17].
Zinc is a component of carbonic anhydrase that
catalyzes hydration of carbon dioxide. This
enzyme is important for maintenance of acid-
base homeostasis, for respiration, calcification,
resorption of bones. Carbonic anhydrase is an-
chored to the membrane of lung capillaries
throughglycosylphosphatidylinosi-tol.  There
exists information about the ability of Zn2+to
induce expression of immunofillinsin lympho-
cytes that protect cells against toxic influences
and serve as immunogens of T-lymphocytes
[18]. The role of zinc in potentiation of cell-
mediated and humoral immunity directed
against bacteria, viruses and tumor cells is
shown. Zinc stimulates development of T-
lymphocytes in the thymus, differentiation of
B-lymphocytes to immunoglobulin-secreting
cells with the help of Zn2+dependent finger
proteins [19]. Besides, it stimulates maturation
of CD4 and CD8 lymphocytes in culture and
expression of the major histocompatibility
complex molecules on macrophages. It regu-
lates antibodyresponse, enhances activity of
phagocytosis [20], stimulates release of IL-2
and y-interferon. Increase in the concentration
of zinc in blood plasma in pulmonary tubercu-
losis can be explained by activation of protec-
tive mechanisms preventing free-radical oxida-
tion of cells, since zinc, as well as copper, is a
component of Zn-Cu superoxide dismutase.
Zinc activates liberation of tumor necrosis fac-
tor that possesses cytotoxic, cytostatic effect
and the ability to activate necrosis [21].
Conclusions

Analysis of the level of calcium, cop-
per, iron, zinc may be used for determination
of transition of the early form of pulmonary
tuberculosis to infiltrative and/or cavernous
form associated with decay of the lung tissue,
when a patient becomes epidemiologically
dangerous for the surrounding people.

The work was carried out owing to the regional grant ofgovernment ofNizhny Novgorod
region in thefield ofscience, engineering and technologyfor 2016.
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