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Pe3tome. B 601bLUNHCTBE UCCNE[0BAHMIA MO M3YYEHUI0 B3aUMOCBA3M MeXay BUTaMUMHOM D 1 3a601eBaHMAMM M3y4atoTCs accoumaLmm
TOMbKO 0JJHOTO U3 MeTabonnToB BUTaMuHa D-25-ruapokcuutammna D; (25(0H)D,). Mpy 3ToM noTeHumanbHble 3pdekTbl ypoBHEN APYTMX
MeTabonMToB BUTaMUHa D ocTaloTcs BHE BHUMaHUS 60NbLUMHCTBA UccnefoBaTenei. B HacTosiwen paboTe paccMoTpeHbl 61uoTpaHcdopma-
Lum xonekanbLmdepona, BO3MOXHble OMOKM B oLleHKe feduumTa D (CBA3aHHbIe CO CBOMCTBAMM TEX USIM UHbIX METab0AUTOB BUTAMMHA
D,), pyHOameHTanbHble 6ronornyeckme ponu meTabonuTos BUTaMuHa Dy M nepcneKkTuBbl UCMONb30BAHUS OLLEHOK YPOBHER MeTabonnTos
BUTAMVHA D; ANS KNMHUYECKOW AMUArHOCTUKW.
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The metabolites of vitamin D: role in the diagnosis and in the therapy of vitamin-D-dependent pathologies
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Abstract. Most studies on the relationship between vitamin D and various pathologies use only one of the metabolites of vitamin
D-25-hydroxyvitamin D, (25(0H)D,). Hence, the potential effects associated with changes in the levels of other vitamin D metabolites
remain outside of the focus of most researchers. In this paper we analyze the known biotransformations of cholecalciferol, possible errors
in the assessment of D deficiency related to the properties of various metabolites of vitamin D;, a fundamental biological role of the
different metabolites of vitamin D,, and prospects for the use of the determination of vitamin D; metabolite levels for clinical diagnostics.
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BeepeHue

3a noclienHee aecsSTUIeTHE ObLIO MOKa3aHO, YTO
JlocTaToyHasi 00ecreyeHHOCTh OpraHu3Ma BUTaMUHOM
D, nomuMo noaepkaHus 300POBbsS KOCTHOM U MBITIIEY -~
HO TKaHM, TaKxXKe HeoOXomuMa M Ul TPOGIaKTHKI
MHOXEeCTBa Apyrux natonoruii [1]. B pe3ynasrare, orMme-
YyaeTcsl pe3K0e BO3pacTaHKMe KOJMYECTBA aHAJIM30B KPOBU
Ha cogepxkaHue ButamuHa D. Kak mpaBuiio, aist oLieHK1
cTaTyca malpeHTa 1Mo BuTaMuHy D uaMepsitoTcst KOHLIEH-
Tpauuu 25-TUApOKCUBUTaAMUHA D B CHIBOPOTKE KPOBHU.

K HacTosiiieMy BpeMeHU YCTaHOBJICHO CYILIECTBOBAHUE
bosee 50 MmetabonuToB BUTaMrHa D. OgHaKO TOJBKO ABa
MeTaboauTa BUTaMuHa D3 — a UMeHHO, 25-TUIpOKCH-
ButaMuHy D3 («25(OH)D3» mmm mipocto «25(0OH)D»)
u 1,25-guruapokcuButamMmuny Dj («1,25(0OH),Ds3» nin
«1,25(0OH),D»), monyunau HauboJIbllIee BHUMaHWE UCCTIe-
noBareseit [2]. bojee Toro, nomasJsiolee OOJIbITMHCTBO
SMUAEMUOJIOTUYSCKUX Y KIMHUYECKUX MCCIIeIOBaHUM
OTrpaHUYMBAIOTCSI UBMEPEHUSIMU TOJIBKO OJJHOTO METa0O0IU-
Ta — 25(OH)D. [TosToMy, BecbMa MHTEPECHBIC 1 BaXKHBIE
accouMaluy nokasaTesieii 3lI0pOBbsl ¢ KOHIICHTPALIUSIMU
JIpyrux MeTadomToB BuTaMuHa D ynyckarored [ 3].

Tpaguuus vccneaoBaHMs TOJBKO OTHOTO MeTaboI1Ta,
25(OH)D cBs3aHa ¢ TeM, UTO UMEHHO 3TOT METabOIUT

No 4. 201C

HauboJiee OTYETIIMBO ACCOLMUPOBAH € MOKa3aTeJISIMU 370-
pOBBsI KOCTHOM TKaHU. Hampumep, aHanus acconmanuit
YpOBHEI MeTaboJIMTOB BUTaMUHa D B CBIBOPOTKE KPOBU
¢ MUHepaJIbHOM toTHOCThIO Koctu (MITK) rmokasai, uro
tobko 25(OH)D 6b11 accouiunpoBaH ¢ 6oJiee BbICOKOI
MIIK (p = 0,054, n =1773, 18—50 ner). JlaHHbII TOKa-
3aTesib BechMa nHpopMaTuBeH: pasHuia B MITK mexmy
noarpymmamu nareHToB ¢ 25(OH)D<20 vr/mn u 25(0H)
D=>30 ur/mu coctaBuna — 8,1 r/em® (95% AU —15—1,4) [4].

Hpyroii MpuYMHON MCITOJIb30BaHUS KOHIIEHTpALMiA
25(0OH)D kak emMHCTBEHHOT'O OMOXMMUYECKOT0O MapKepa
cTaTyca BUTaMuHa D sIBIIIeTCsI TO, 4TO IIPUEM IIperapaToB
BUTamMuHa D B 0oJibliieii CTENEHU MOBbIIIAET UMEHHO
ypoBHu 25(OH)D. Hanpumep, 1o303aBucumbie 3(pdeKTh
npuéma mperapaToB Ha OCHOBE Pa3JIMYHBIX META0OJIMTOB
BuTaMuHa D Ha MeTaboa13M ButamMuHa D 1 abcopOimio
KaJbLMsI ObUIM MCCIeNOBaHbI B IpymIe aeteit (n = 323).
ety ObLIM paHAOMU3MPOBAHBI HA TPYMIIbI — TJ1a1e00
wiu ripuém 400, 1000, 2000 u 4000 ME/cyt BuTamnHa
D B TeueHue 12 Hen. Bo Bcex rpymnmax, IpyuHUMAaBIINX
BUTaMuH D, oTMeueHO BbIpakeHHOE YBeJIUUEeHUEe KOH-
neHntpannu 25(OH)D (nmanpumep, +76 HMOJIb/JT 1T
4000 ME/cyT), B TO BpeMsl Kak U3MEHEHMUSI, HalpUMep,
koHueHTpaunu 1,25(0OH),D, B kpoBu He ObUIM TOCTO-
BepHBIMH (p > 0,05) [5].
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Tem He MeHee, nHMOpPMALIMS 00 YPOBHSIX IPYTUX Me-
TabOJIMTOB UMeET U (DyHAAMEHTAIbHOE, U KIMHUYECKOE
3HaueHue. BuacTHOCTH, Take MeTaboIMThI BUTaMUHA D,
kak 1,24R,25(0OH),;D,, 1,25S,26(OH),D;, 1,25(OH),D
CTUMYJIUPYIOT aAcOpOLUIO KAJIbIUSI KOCTHOM TKaHbIO
U XapaKTepU3YIOTCI CUHEPTUIHBIM IIPOTUBOPAXUTUUECKUM
addexrom [6]. [ToquepkHEM, UTO BCACHIBAHUIO KAJTBLIKS
CIIOCOOCTBYIOT MMEHHO METa0OIUTHI X0JIeKalbldepoJa,
a He caMm BuTaMuH D,. JloctoBepHbIil 3(D(HEKT Ha NOBbI-
ILIEHME BCAaChIBAHUS KaJIbLIWsI, HAIIPUMED, OT KaJIbLIUTPH -
ona 1,25(0OH),D nabmtonasncs naxe npu camoil HU3Koi
noze (0,5 MKr/cyT), B TO BpeMs Kak 3¢@eKT OT mpuéma
BUTaMMHa D, 0TMeUYeH TOJIBKO ITPU caMOii BBICOKOW 103€
(50000 ME/cyT) u 6611 oniocpenoBaH 0uoTpaHchopma-
nueit D, B 25(OH)D; [7]. CooTHolIeHMe KOHIIEHTpaIit
pa3IMYHbIX METa0OIMTOB BUTaMuHa D siBiisieTcst BecbMa
MEPCIIEKTUBHBIM IMAarHOCTUYECKUM MHCTPYMEHTOM [3].

Hacrosias pabota npencrapisieT pe3yJibTaTbl CH-
CTEeMaTUYECKOTO aHaIn3a (PYHIAMEHTAJIbHBIX U KIIMHK-
YeCKUX McClIenoBaHnil MeTabonmuToB ButamuHa D. I1o-
CJIeIOBATEIbHO pacCMaTpUBAIOTCI OMOTpaHCcHOpMALIUU
xoJieKaibLudepoia, MPUBOISIIINE K 00pa30BaHUIO
MeTa0oJIMTOB BUTaMuHa D, B3aMMOCBSI3b YPOBHEN pas-
JIMYHBIX META0OJIUTOB BUTAMUHA D, U 01IMOOK B OLICHKE
neduimta BuTamuHa D. Takske paccMOTpeHbI (pyHIaMeH-
TaJIbHbIE OMOJIOrMYECKHE POJIM MeTabOIUTOB BUTaMuHa D
U TIPEATOCHUIKU K UCTTOJIb30BAHUIO U3MEPEHHBIX YPOBHEH
MeTaboIUTOB BUTAaMUHA D; KaK BCIIOMOTaTebHOro 11ua-
THOCTUYECKOTIO MHCTPYMEHTA.

0 6uoTpaHchopmaymax u apmakoKMHeETUKeE
xonekanbumndepona
OCHOBHBIE IIyTn MeTabou3Ma IIPOU3BOIHBIX BUTAMU -
Ha D, npusenens! Ha puc. 1. Kackan 6uorpancdopmarimit
MeTaboaUTOB BUTaMuHa D JOCTAaTOYHO CJIOXKEH. Hal’[pI/I—

Mmep, hepmeHT CYP11A1 MOXeT rMIpoKCUIINPOBaTh (T. €.
npucoeauHATh -OH rpymmy) xonekanbuudepoi K aToMy
yraepoaa B mo3uuusax 17, 20, 22 u 23 cTeponagHOro

sapa ¢ mojydeHueM o0osee yem 10 MeTaboaIuTOB, B T. 4.
20(OH)D,, 20,23(0H),D,, 20,22(OH),D;, 17,20(0OH),D

u ap. Iloayyaemble IIpu 3TOM METa0OJIUTHI (B YaCTHO-
ctu, 20(0H)D;) oka3bIBalOT npomueo8oCcnaiumenvHblii
agppexm 3a cuém uHeubUpo8aHus cuHmesa U cexpeyuu
DHO u IL-6, Taxxe MOBbIIIAg YPOBHU IPOTUBOBOCIIA-
qutenbHoro uutokuHa IL-10. B To ke Bpems, CYP11A1
He neiictByet Ha 25(OH)D,; — ocHoBHYI0 hopMy BUTa-
MHWHa B KpoBH [8].

HauGosiee n3ydeHHbIM Y TPUHLIUITUATIBHO BasKHBIM
MapuIpyToM OuoTpaHc(opMalnii MOCTYITAIOIIETO C T -
el xojJekanbuudepoa siBasieTcsl mociaeaoBaTe/bHOe
npeobpaszosanue ButaMuHa D, B 25(OH)D; u, 3atem,
B «OMOJIOTMYECKU aKTUBHBIN» Kaasyumpuoa 1,25(0H),D,
(puc. 2). Batom npouecce, depmeHt CYP2RI1 B neue-
HU npeodpasyet ButamuH D, B 25(OH)D,, koToprrit
TMIEPEHOCUTCS C TOKOM KPOBU B ITOYKH, Tae (hepMEHT
CYP27B1 tpancdopmupyer 25(OH)D, B 1,25(OH),D,.

Kansuurpuon (1,25-muruapokcuButaMut D), akTuB-
Hasg ¢opma BUTaMuHA D, sSIBIsSIeTCSI OMHUM M3 BBICOKO-
AKTUBHBIX CTEPOMIHBIX TOPMOHOB U, TIO OCYIIIECTBICHUIO
TOTO MJIM MHOTO OMOJIOTMYECKOTO BO3ACHCTBUS, TOIBEPTa-
ercs gerpananuu. [en CYP24A1 unnynupyercst ypoBHSIMU
1,25(0OH),D, u cuHTe3upyeMblil IpU aKTUBALIMK T'€HA
OIHOUMEHHBIN (PepPMEHT OCYLLIECTBISICT LIeTh peakIui
JUTS1 TIOJTyYeHUsI HaMMeHee aKTUBHOMN (hOopMbl BUTAMU-
Ha, KaJIbIIUTPOoeBOoit KUCaoThl (puc. 3). Cxoxuii Habop
peaxkuuii MpoucXoauT U npu ouonerpaganuu 25(OH)D,
nox koHTpoJjieM depmeHTa CYP24A1 ¢ oOpa3oBaHuem
24,25-nuruapokcuButamuna; 24,25(0H),D; o6pasy-
etcs u3 25(OH)D, nox koHutposnem depmenta P450cc24
(25-ruppoxcuBuTaMuH-D,—24-runpokcumnassel) [9].

22(0H)p3  OP1IM

CYP11A1

CYP11A1

CYP27A1
CYP27A1

CYP24A1
20,26(0H),D3 20,25(0H),D3

[CYPE?Bl JVCYPI?Bi

1,20,26(0H),D3 1,20,25(0H),D3

CYP11A1

CYP11A1

CYP11A1
20,22(0H),D3 «————— 20(OH)D3 ., 20,23(0H),D3 SO S0, 23(0H);D3

CYP24A1

20,24(0H),D3

1,20,24(OH),D3

CYP11A1
17(OH)D3 ——— 17,20(OH),D3

CYP11A1

CYP278B1
CYP27B1

1,20,23(0H),D3

1,20(0H),D3
lC\"PETBl

Puc. 1. OcHoBHbI€ yTH MeTaboNMM3Ma BUTaMuHa D, ¢ yyacTuem hepMEHTOB-LIUTOXPOMOB
CYP11A1, CYP27A1, CYP27B1 u CYP24Al1

Mlecsesese——

10 S————————=—= OPMAUOUHULTHUA H CAPMAKOAHHAMHUA



— [{CCACORMNHY GAPMOR0A0MNEION AUTIRNOAT MEMMEOAMTIR—

MevyeHb

Butamuu D3

—-
” Mukpocoms MuTOXOHAPWUM /
HO\‘\ " CYP'ZR‘!_/J W ¢ CYP27B1/ ' H O\\\ -

25-rmgpokcusutamuH D3

OH

Moykn

1,25-rmapokcusutamud D3

Puc. 2. OcHOBHOIi MapiIpyT romeocrasa ButaMuua D,

KanbLTpoesas
KUcnoTa

24-0X0-1

:23,25{OH),D,

24-0X0-1,25-(0H),D,

Puc. 3. lerpagauus 1,25(0OH),D;

Hecwmortpst Ha To uTO Takue MeTaboanThl, Kak 25(OH)
D,, 1,24R,25(0OH),D,, 1,235,25(0OH),D, xapakTtepu-
3yI0TCS CHUXEHHBIM (110 cpaBHeHuwo ¢ 1,25(0H),D,)
cpoactBoM K perenTtopy VDR, oHu, Bc€ Xe, 10303aBu-
cumo akTuBupyloT peuentop VDR. JlanHbiii apdexr
HaOJromaeTcs gaxe ISl «<HEaKTUBHOM» KaJIbLIMTPOEBOI
kucyaothl [10]. KanbuurpoeBasi KuciaoTa (KOTOpasi XOTh
1 CYUTAETCS «HEAKTUBHBIM» META0OIUTOM U ITPOAYKTOM
OKOHYaTeJIbHOM Aerpagauuu BuTaMuHa D) B 10CTaTOYHO
Bbicokux KoHUeHTpauusx (I1C;—2,3+0,4 Mmxm/i1) MOXeT
aktuBuMpoBaTtbh VDR-omnocpeaoBaHHy0 TpaHCKPUTILIMIO.
Kpome Toro, KanbluTpoeBask KUCI0Ta MOXKET ObITh OJHOM
U3 MOJIEKYJI-TIOCPEIHUKOB, 00eCTICUNBAIOIIMX 3aIIUTHbIC
cBoiicTBa BUTaMrHa D TTpoTHB paka ToacToi Kumku [11].

[TosTOMY, B COOTBETCTBUU C COBPEMEHHBIMM HAaYUHbI-
MU JaHHBIMU, JaXe KaJIbLIMTPOEBYIO KUCIOTY HE ClIeayeT
MMEHOBATh «HEaKTUBHBIM» METaOOJMTOM BUTaMHWHA
D. BToT BBIBOA MPUMEHUM KO BCEM MeTabOoJMTaM BU-
TamuHa D. PazianuHbie MeTaboauThl BUTamMmuHa D 1 ux
XUMUUYEeCKUe MOAUMUKALIUU OTJIUYAIOTCS MO CBOUM
dapmakogoruueckum s dexram [12]:

MINII———m——"r——————————— |1

* XOJIeKaIBbIIN(EPOIT MM KaTbIU(PETNOIT TIPUMEHS -
I0TCS y TIALIMEHTOB C HOPMaJIbHOM (PYHKIIMEN TTOYeK 1151
Koppekuuu aeduuura BuTamuia D

* kanpuutpuona (1,25(0H),D;) obnanaer cambiM
MOUIHBIM TUIepKaJIbLIMEMUYECKUM 2(D(DEKTOM, B T. Y.
y TAlMEHTOB C TTOYEYHOI HETOCTATOYHOCTBIO, U CYIIe-
CTBEHHO MHTMOMPYET aKTUBHOCTD IMapalidTOBUIHBIX
xkene3 (cekpeuust [1TT);

* 3-anu-kanpuutpuona (3-anu-1,25(0H),D;) —
CcuJbHBIN nHruouTop cekpeuuu IITI ¢ ocnabiaeHHbIM
TUnepKaabIMeMUIECKUM 3((HEKTOM;

* anpdakanbuuaon (1-(OH)D;) nazHavarot pis Jje-
YeHUS OCTeOTNopo3a U MaluueHTaM ¢ AUC(hYHKIIMEeH mo-
yek JJIs1 JIeueHUsl TUIeprnapaTupeosa.

3aMeTuM, 9TO CTEPEOTHIT UMEHOBAHUSI KaJTbIIUTPHOJIA
KaK eIMHCTBEHHOM «aKTUBHOI» (OopMbI BUTamMmuHa D
CJIOXKMJICS B TIEPBOiA MmosioBUHe XX BeKa U MojpasymeBaeT
TTOJT «AKTUBHOCTBIO» MCKITIOUNTEIBHO TUTTEPKATBIIEMHU-
yeckuit apdekT Butammua D. JleifictBurenbHo, 1,25-11-
TUAPOKCUBUTAMUH D;, M0 CpaBHEHUIO C IPYTUMU SHIIO-
TeHHBIMU MeTaboIuTaMu BUTaMuHa D, HanboJiee TToTHO

OAPMAKDRAHLTHIA H GAPMAKOAHUAMHUA
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aktuBupyeT peuentopsl ButamuHa D [13]. Tem He meHee,
ypoBHH 1,25(0OH),D, B KpoBu 4BIAI0TCH B KAKOM-TO
CMbICJIE «<HU3KOMH(MOPMaTUBHBIM» MapKEPOM JeduinTa
BuTamMuHa D, T. K., IO TAHHBIM MHOTOYMCIEHHBIX KITMHU-
KO-3IMHMIEMUOIIOTMYECKIX NCCIIe0BaHMIA, O0Iee HU3KMe
ypoBHU 25(OH)D, He koppeaupyloT ¢ 0ojiee HU3KUMU
ypoBHsimu 1,25(0OH),D; u ¢ nposiBneHusiMu nepumra
ButamuHa D (n = 3661) [14].

OTCyTCTBHE KOPPEISILIMU 00yCI0BIeHO (hyHIaMEH-
TaJIbHBIMU (PU3UOJIOTUUECKUMU TTpUIMHAMU. Bo-TiepBhIX,
koHueHtpatmu 25(OH)D, Ha HECKOJIBbKO MOPSIIKOB BHILLIE,
yeMm KoHUeHTpauuu 1,25(0H),D;. [Tostomy, naxe npu
ouyeHb HU3KUX ypoBHsIX 25(OH)D, B kpoBHu, uMmeroleecs
konmyectBo 25(OH)D; no3BonsieT noanepXuBaTh KOH-
uenrtpanuu 1,25(0H),D, Ha TpebyeMoM ypoBHe.

Bo-Bropsix, 1,25(0OH),D, saBisieTcss BEICOKOAKTHB-
HBIM CTEPOUJHBIM TOPMOHOM U1 €I'0 YPOBHU XKECTKO
PeryupyroTcsl TOoCpencTBOM (hU3MOJOTMYECKUX CUCTEM
opraHm3ma. B yacTHOCTH, KaK ObLTO OTMEYEHO BBIIIIE, TIPU
n36bITKe 1,25(0H),D, akTMBUpYyeTCs 3KcIpeccus reHa
24-runpoxcunassl CYP24A1, 4ro IpUBOANUT K AeTpagallii
mosekyisl 1,25(0H),D,.

Keécrkas perymsuust yposHeit 1,25(0OH),D; sipnsiercs
XapaKTepHOU (DU3MOJIOrMIeCKO 0COOEHHOCThIO TAHHOIO
MeTaboIMTa KaK y yeJloBeKa, TaK U Y XKMBOTHBIX, IIPOXKH -
BaIOIIMX B BECbMa Pa3IMYHBIX reorpadnyeckKux 30Hax, BHE
3aBUCHUMOCTH OT UHCOJsILMU. HanpuMep, KOHLIEHTpauuu
6onee 10 pa3mMYHBIX MOJIEKYJI MeTab0JIOMa B ChIBOPOTKE
KpoBH (B T. 4. MeTabOJUTOB BUTaMuHa D) ObLIM U3Me-
peHbl y 12 TMKUX BUIOB KOIIAYbUX, BKJIIOYAsl CTEITHYIO
pbich (Felis caracal), remapaa (Acinonyx Jubatus), mymy
(Felis Konkomnop), kota-pbsioososa (Felis viverrinus), jie-
onapaa (Panthera Pardus), npBa (Panthera leo), onenora
(Felis Pardalis), manyuna (Felis manul), 6apxaHHoro kota
(Felis Margarita), ceppana (Felis serval), cHexkHOro 6apca
(Panthera Uncia) u Turpa (Panthera tigris). AHanu3 npoo
KPOBHM Ha cojiepkaHWe OOIIeTo XoJeCTepruHa, TPUAIIII-
rnuepuaos, JITIBIT- u JITTHIT-xonectepuna, 25(OH)D
u 1,25(0OH),D, petnHonnos, Toko(peposoB U KapoTH-
HOMIOB yKa3aj Ha TOCTOBEPHBIE MEXKBUIOBBIE Pa3TUIMS
B YPOBHSIX Bcex MeTaboauToB, kpome 1,25(0OH),D [15].
3aMeTuM, 4TO YCTAaHOBJICHHBIC B TAHHOM HCCJIETOBAHUT
YPOBHM KaJbLUTpHoia y Komaybux (30—130 mMomb/mn)
BIIOJIHE COOTBETCTBYIOT HOPMaM KaJIbIIUTPHOJIA IJIST Ye-
JoBeka (42—169 nmob/).

XpoHMUecKas MmoyeyHasi He1I0CTaTOYHOCTh Xapak-
TepU3YEeTCs CYLIECTBEHHBIM CHUXEHUEM OMOCHUHTEe3a
kanpuutpuona 1,25(0H),D; u3 25(0OH)D,. C npyroii
CTOPOHBI, U3BECTHO, YTO OMOJIOrMYecKasi aKTUBHOCTb
KaJbLUUTPUOJA CHUXKAETCS MPU YPEeMUU KaK 3a CUET
CHUKEHMST SKCIPECCUU pelieNTOpoB BUuTaMuHa D, Tak
U BCJIEACTBUE HApYLIEHUST B3aMMOAECCTBUS peLieNITOPOB
putamuHa D ¢ JIHK n3-3a n30b6ITKa MOYEBUHBI 1 MOYEBOI
KUCJIOTHI ITpy ypemud [16]. [ToaTomy, COCTOSIHIE 310POBbSI
MOYeK y KOHKPETHOTO MaliueHTa SIBSIETCSl OMHUM U3 BaXK-
He#Immx pakTopOoB, ONPeIeIISTIONINX OTKIINK IMallieHTOB
Ha Teparnuio TperapaTaMy XoJIeKaablrepoa.
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VY pa3zHbIX MallMeHTOB, TpUéM BUTaMuHa D ipuBo-
JUT K pa3HOU BEIMYMHE OTKJIKKA ypoBHeil 25(0OH)D
B CBIBOPOTKE KPOBMU. DTa M3MEHYMBOCTH OTpaXkaerT,
TTOMMMO COCTOSTHUSI TIOUYEK, Pa3TNIMs B MTHTCHCUBHOCTH
IIPOILIECCOB BcachlBaHUSI BUTaMuHa D (ypoBHU XoJie-
Kanpuudeposa) 1 gerpagauuu ButamuHa D (ypoBHU
24,25(0H),D, xanpuutpoeBoii KucaoThl u ap.). HecMotpst
Ha 3TY OYEBUIHBIE Pa3Inyus B PapMaKOKMHETHUECKOM
OTKJIMKE Ha mpernaparbl BUTaMuHa D, mpakTHyecku Bce
KJIMHAYECKUE UCCIIEAOBAHUS U PEKOMEHIAIIMU dKCTep-
TOB MOJpa3yMeBalOT Ha3HaUYeHUe (PUKCUPOBAHHBIX 103
BUTaMuHa D s Bcex mauueHToB [17].

Takoke BaskHO OTMETUTD, YTO OINpEAeICHNE YPOBHEN
pa3IMYHBIX META0OJUTOB BUTaMKUHA D Mmo3BoJisieT BbI-
SICHUTb pa3jMyHbIe acreKThbl (papMaKOKNHETUYECKOTO
OTKJIMKA opraHuM3Ma Ha npuém BuTtamuHa. Hampumep,
B IpYMIIe XEeHIIWH C MApTUHAJIbHBIM JAe(PULIIMTOM BU-
tamuHa D (n = 91, 25(OH)D<30 Hr/MJ1) ydaCTHULBI
noayyanu ButaMuH D; (2500 ME/cyT) B TeueHue 6 mec
[17]. OTMedeHo JoCcTOBEpHOE YBEIMUEHEe KOHIIEHTpaluii
Bcex MeTabonmToB BuTamuHa D (puc. 4).

Tem He MeHee, 3HAUMMOCTb 3TUX U3MEHEHUI yposHell
Memaboaumoes ObUIa pa3anyHoii. Tak, TMHaMUKa ypOBHEMH
XoJeKaJbldepoaa Mmoka3blBaeT, YTO MallMeHTKH, 00-
cJiefoBaHHbIe B padote [17], He mMpUHUMAaJIH IIperapaToB
BUTaMUHa D 10 Havasia uccieqoBaHusI, a conepKaHue
XoJieKaiblideposa B UX pallioOHe ObLII0O MUHUMAJIbHBIM.

Bospacranue yposreii 25(0OH) D B nuHaMuke o0Cyxk-
JlaeMOTo MCCeA0BaHMUs yKa3blBaeT Ha TO, UYTO HUKHSIS
rpanuie Hopmbl 25(OH)D (30 Hr/mu1) y 3HaUMUTEIbHOM
YacTH MaIlMeHTOK ObLIa TOCTUTHYTA TOJIBKO Yepe3 6 Mec
tepanuu. Y namueHTok ¢ 25(OH)D<30 Hr/mi naxe mo-
ciie 6-MeCSTIHOTO Kypca Tepartui MOKHO ITPEATIONOXKNTh
HaJluyue HapylleHUl GyHKIIUU NeYeHU, B KOTOPOH,
co0CTBeHHO, 1 mpoucxoaut omocunres 25(0OH)D.

Bospacranue yposneii 24,25(0H),D B auHaMuke
rcclieJoBaHus YKa3blBaeT HAa BO3pacTaHUe OOIleil nH-
TEHCUBHOCTU romeocTasa ButaMuHa D. O1ieHka ypoBHeit
24,25(0OH),D, napsny ¢ ypoBHSIMU xosieKaibLindepoa
n 25(OH)D, moxert siBasIThcst 3 (HEKTUBHBIM CIIOCO-
0oM moabdopa 103bl BUTaMUHA D y MHAUBUAYaIbHbBIX
MalyeHTOK.

JocTaTouHO MHTEePECHOU MOArPYMIOi METabOIUTOB
BuTaMuHa D, BO3HUKAIOIIMUX B pe3yjibTaTe OMOTpaHC-
dopmMalmii, SIBASIOTCS T. H. «3MUMepbl BUTaMuHa D».
DriuMepaMu Ha3bIBAIOTCS CTEPEOU3OMEPHBI — T. €. MoJie-
KYJIbl C OIMHAKOBOW CTPYKTYpPOU XUMUUECKUX CBSI3EN,
HO C Pa3jIMYHOI CTEPEOXMMUUECKON KOHDUTrypaluei
(meBoBpamalolleii, mpaBoBpamalleii). Hampumep,
C3-armmMepbl BUTaMuHA D oTIm9aioTest OT M3BECTHBIX
MeTa00JUTOB BUTaMuHa D TONbKO KOHpUTYypaLuei
THIPOKCHIIBHOM TPYMITHI Y 3-eT0 aToMa yrjiepomia CTepo-
ugHoro sapa. Tak, meradomuty 25(OH)D; coorBeTcTBYET
C-3-snumep 25(0OH)D; (3-amu-25-(OH)Ds). Monekyna
3-anu-25-(OH)Ds Takke MOXeT moaBeprarbes 1-rumpo-
KCWIMPOBaHUIO ¢ obpazoBaHueM 3-3mu-1,25(0H),Ds,
KOTODBIiA, B CBOIO OYePEeIb, CBA3BIBACTCS C PEIIETITOPOM BHU-
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Puc. 4. PactipeneneHust ypoBHe il HECKOJIBKUX METa0OJTUTOB BUTA-
muHa D B Havasie u B KOHIIe ucciienoBanus. [IpencraBieHbl pac-
MpeleIeHns] YaCcTOT BCTPEYaeMOCTHM 3HAYeHUl KOHIICHTpAIUid
MeTaboJUTOB Ha AeHb «0» 1 Ha neHb «180» myst (a) XoJaeKalblv-
dbepomna, (6) 25(OH)D u (s) 24,25(0OH),D

HpﬂMe‘laH“e: CBSTHO—CCprﬁ IBET YKa3bIBACT HA NIEPEKPBITUEC JAHHBIX Ha
neHb «0» u «180»

Ho4.201C

tamuHa D (VDR). Xots cBa3siBanue 3-amu-1,25(0H),D,
VDR penienTopoM MPOUCXOAUT C MEHBIINM CPOACTBOM
no cpaBHenuio ¢ 1,25(0H),D,, nanubiii C3-anumep
KaJIbLIUTpUOJa BCE paBHO aKTUBUPYET TPAHCKPUIILIUIO
BUTaMUH-D-3aBucuMBIX TeHOB [18].

MHorue u3 anuMepoB BuTamuHa D, Bo-TIepBbIX, SIBJISI-
I0TCS 9HJAOTEHHBIMU (T. €. CHHTE3UPYIOTCSI B OpraHu3Mme),
U, BO-BTOPbIX, MOTYT XapaKTepU30BaThCs CYIIECTBEHHO
pa3IMuyHbBIMU OMOJIOTMYeCKUMU cBolicTBamu. Hampumep,
3-ann-1,25(0OH),D,, o6HapyXxuBaeMbIil B KOHLIEHTpa-
uusix 6osee 2,0 Hr/Mia y 41% 310pOBbIX TOOPOBOJIBIIEB,
XapaKTePU3YeTCsI CTOJIb XKe CUIbHBIM 3(PdEKTOM B I10-
nasineHuu cekpeuuu I1TT, kak u 1,25(0OH),D;. OnHako
3-snu-1,25(0H),D, xapaktepusyeTcst ropasao 0ojee
c1aObIMU KaJlblIMEeMUYEeCKUMU 3¢ PeKTaMu, 4eM cam
KanbuuTpuoa [19] (puc. 5). [ToaTomy, cylliecTBOBaHUE
SMIUMEPOB HECKOJBKO YCIOXHSIET TOYHOE U3MEPEHUE
KOHIIEHTpAaLIMiA META0OJUTOB BUTAaMUHA D ¥ mpuBOAUT
K 3aBBIILIEHHBIM OLICHKAM YPOBHE MeTab0IUTOB.

Takue meTaboauTHl BUTaMMHA D, Kak XoJIeKaabIIn-
dbepoi, 25(OH)D,; u 1,25(0OH),D, xapakTepusytorcs
CYIIECTBEHHO Pa3IMYHBIMU (papMaKOKMHETUYECKUMU

neyvyeHb
anuMepwu3auus

o
HOW™ HO

25(OH)D3 C3-anu-25(0OH)D3

1-ruaponasa

MNOYKKW )

anumepusalua

>
=

HO\\\ HO
1,25(0H)2D3 C3-3nu-1,25(0H)2D3

Puc. 5. Peakuiuu snumMepusanuu MeTadboJIuTOB BuTaMuHa D ¢ 00-
pa3oBaHUEM COOTBETCTBYIOIIUX CTEPEOM30MepOB. [TYHKTUPHBINA
TpeyroibHuK K rpymme «OH» 0603HayaeT XMMUYECKYIO CBSI3b,
HaxOJISIIIYIOCS 3a TUIOCKOCTbIO pucyHKa. CIUIONIHON TPeyrojib-
HUK K rpyrie «OH» 0603HayaeT XUMUYECKYIO CBSI3b, HAXOMSIITY-
[0CsI TTepe/I IJIOCKOCThIO PUCYHKA
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cBoiicTBamu. Bo3paeiicTBue mpréma mpemapaToB XoJe-
kaneuudepoina, 25(OH)D, u 1,25(0OH),D; Ha ypoBHU
MeTaboIuTOB BUTaMMHAa D B KpOBU ObLJIO M3YyUYEHO
V 3M0POBBIX TOOPOBOJBIIEB (1 = 116, 28+4 jeT, moTpes6-
nenne mosoka <500 mut/cyr, 25(OH)D67+25 umons/n).
Y4yacTHUKM OBIIIM paHAOMU3UPOBAHBI Ha MToJTyyeHue D,
(25, 250 mmm 1 250 mxr/cyT, 8§ Hen.), 25(0OH)D; (10, 20
unu 50 Mxr/cyT, 4 Hen.) u 1,25(0OH),D; (0,5, 1,0 win
1,0 MKT/CyT, 2 Hep.).

ITpu npuéme xonekanbuudeposia, y nalMeHTOB
MOBBIIATMCH YPOBHU XoJieKalbiudepoia u 25(OH)D,
HO He ypoBHU Kanbuutpuona (1,25(0OH),D,). [1pu npuéme
25(OH)D, noseimanucs Tonbko ypoBHu 25(0OH)D;, a mpu
npuéme 1,25(OH),D; — Tonbko yposuu 1,25(0H),D [20].
BbLIM MosTyYeHbI ClIeAyIoIIue OLIEHKU cpelHUX 3(PheKToB
JieyeHusl 3M0PpOBbIX B3pocabiX (70 Kr) mjisi TUIMTMYHO UC-
MOJIb3yeMBbIX JO3UPOBOK 3TUX META0OJMTOB BUTaMUHa D:

* §-HenebpHbII Kype BuTamuHa D, 10 Mxr/nexs (400
ME/cyT) nomHMMaeT KOHIIEHTPAIINIO XoJIeKalbIude-
poJia B CHIBOPOTKE KPOBM Ha 4 HT/MJI, a KOHIICHTPALINIO
25(OH)D na +4,4 ur/mu;

* 4-nenenbHbiit Kypc 25(0OH)D, (20 mxr/cyrt) noa-
HumaeT ypoBHu 25(OH)D Ha +38 Hr/mu;

* 2-HenenpHblid Kype 1,25(0H),D; (0,5 mMkr/cyr)
noaHuMaet ypoBHu 1,25(0OH),D na +17 nmons/n [20].

MeTa6onutbl BUTAaMMHA D; ¥ BO3MOXHbIe OLWUOBKM
B oueHKe peduuynta D

Jlist onipeneneHust ypoBHel ButamMmuHa D yaiie Bcero
HCIOJIb3YETCSl XeMUWIIOMUHECLIEHTHBI UIMMYHOaHAJIU3,
B KOTOPOM JIJISI paCriO3HaBaHUST MOJIEKYJT MCTIOJIb3YIOTCSI MO-
HOKJIOHAJIbHbIE aHTUTea. [103TOMY Ha TOUHOCTH U3MEPEHUST
ypoBHeit 25(OH) D, MoryT cyliecTBeHHO BIUSTh U IpyTrvie
MeTaboauThl BUTaMrHa D, BecbMa cxoxue ¢ 25(OH)D,
10 XMMUYECKOM CTPYKTYpE U OILIMOOUHO pacro3HaBaeMble
«MOHOKJIOHAJTbHBIM» aHTUTeIoM Kak 25(OH)D,.

Hanpumep, ripu o0csenoBaHUM TPYITIbI TTAIIMEHTOB
YCTaHOBJIEHBI CJICAYIOIIME AMara30Hbl 3HAYeHUI KOHIIEH-
Tparmii pasTMIHbIX MeTabomuToB: 25(OH)D;—7—60 Hr/M,
1,25(OH),D; —10—100 nr/mir; 3-3mu-25(0OH)Ds—
0,1—4,5 ur/mn [21]. 3ameTuM, 4TO NIPY UCTIOJb30BAHUN
CTaHIAPTHBIX TECTOB HEBO3MOXKHO OTJINIUTH MOJICKYJIBI
25(OH)Ds u 3-3nmu-25(0H)D; B kpoBu. Iloatomy, no-
nydaeMble 3HaueHus 25(OH) D3 MoryT ObITh 3aBBIILIEHBI
Ha 0,1—4,5 °r/mn 3a cu€r 3-snu-25(0H)Ds.

Bonee neranbHoe MccaenoBaHNE B3aMOCBS3El KOH-
LIEHTPaLMil pasIMyHbIX MeTab0IMTOB D, noaTBepxIaeT
3TOT BbIBOJ. OlieHKAa TOYHOCTH OMNpeneieHUs 25-TuapoK-
cuBUTaMMHa D B KpynmHoMaciuTabHOM KJIMHUKO-3TH-
JIeMuosiornyeckom uccienosanuu (n = 1100) mokazana,
YTO KOHLeHTpauuu 3-anu-25-(OH)D; u 24,25(0OH),D,
B BBICOKOIi CTeTIEHU KOPPEIUPYIOT ¢ KOHILIEHTpaluei
25(0OH)D; B xpoBu (r =+0,95). [1pu 3TOM KOHIIEHTpa-
LMY KaXIIOTO M3 3THX METa0O0IUTOB COCTABIISIOT 8—11%
ot koHueHTpaumu 25(OH)D, [22]. Takum obpa3om, n3Me-
psiemble KoHUeHTpaumu 25(OH)D, MOryT ObITB 3aBBILIEHBI
Ha 16—22% (4TO COCTaBIISIET, B CpEeIHEM, 5—8 HT/MI).
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buonornyeckue ponn metabonnToB BUTaMuHa D,
M AaHHble QYHAAMEHTaNbHbIX UCCNef0BaHUM
Haxe B cirydae HanOoJiee uccienoBaHHOro 3 dexra
BuTamMmuHa D (a uMeHHO, BO3IeiicTBME Ha TOMEOCTa3
KOCTHOM TKaHW) OMOJIOTUYECKN aKTUBHBIM OKa3bIBAETCS
HE TOJIbKO KaJIbLIUTpUoJ. Hanpumep, MeTaboauThI BUTa-
MuHa D, cTUMYyNIHMpYIOT OcTeoreHHY10 1udhepeHIUPOBKY
KJIETOK MYJIBbITbI 3y0a YeoBeKa U KJIeTOK 3yOHOro (poJiiu-
KyJsa. YeraHosiieHo, yto 1,25(OH),D; (B KOHLIEHTpauusix
10—100 HM) u 25(OH)D, (500 HM) MOryT OBITb UCIIOJIb-
30BaHbl B KAYeCTBE MHAYKTOPOB OCcTeoreHe3a 3yoos [23].
ITpumeHeHue metaboauTOB BUTaMuHa D, criocobcTBoBaIo
aKTHBALMM Tpoliecca OMOMUHepaau3auu (puc. 6).

-

KoHTpons [excametasoH, 10 HM 1,25(0H)D3, 10HM

J

25(0H)D3, 500 HM

1,25(CH)D3, 100 HM

Puc. 6. briomuHepanu3anus KjaeTok 3yoHoro ¢osukyia (K3Md)
NpU BO3AEHCTBMM MeTabonuTOB BUTamMMHa D.. OxpaiuuBaHue
KJIETOK, B KOTOPbIX ObLJI CTUMYJIMPOBAH OCTEOreHe3, IIPOM3BOIM -
JIOCh aJIM3apUHOBBIM KpacHBIM. [1poBeIeHO CpaBHEHUM C IeKCa-
MeTa30HOM (IJIIOKOKOPTUKOCTEPOUI, HAaOO0JIee YaCTO UCIIONIb3Y-
eMBIii 11T MHIYKIIMW OCTeoreHe3a)

Memaboarumor eumamuna D, eudpokcuiruposanHole
no 24-my amomy yenepoda cmepoudHoeo s0pa (makue Kax
24,25(0H),D ;) ueparom easicHyto poas 6 3ajcugneHuu nepeno-
Mmo6. B akcnieprMeHTe neUIINT aKTUBHOCTH IIUTOXpOMa
Cyp24al, ruapoKCUINpPYIOIIEro MeTab0JINTH BUTAMUHA
D o atomy C-24, 3agepkuBaeT 3aXKUBJICHUE IIEpeIoMa.
Heneuus rena CYP24A1 npuBoauT K CyIIeCTBEHHON
3aIepXKKe MUHEpAIM3alluU XpSIIEeBO MaTPULIbl U CO-
TIPOBOXKAAETCS CHUKEHUEM 9KCITPECCUN TeHOB-MapKepoB
XOHJIPOLIMTOB [24].

B pocme xpswa npunumarom yvyacmue pasiuyHvie
memaboaumel gumamura D;. YPOBHU MHTEpJEiKMHA- 1
B POCTOBOM MmiacTuHe xpsia peryaupyiorcs 1,25(0H),D,
n 24,25(0H),D; [25]. OnuduzapHbie XOHIPOOIACTHI CO-
nepxat cieunduueckre peuentopsl 118 24R,25(0H),D;,
B TO BpeMsl Kak nuacduzapHble 0CTe001aCThl COIepKaT
crieuuduyeckue peuenrtopsl A 1,25(0OH),D,. Bo Bpe-
Ms1 SMOpHOreHe3a U Ha paHHUX 3TallaX MoCTHATaIbHOTO
pasBUTHS, TOYKHU pearupyior cHavasna Ha 24,25(0OH),D,,
a 3ateM Ha 24,25(OH),D, n na 1,25(0OH),D,. [Toukn
B3pOCJIOTO YeJIOBEKa pearnpyror Toiabko Ha 1,25(0H),D,.
OnuduzapHble U uaduzapHbie XOHIPOOJIACThI HA JTHO00M

OAPMAKDRAHLTHIA H GAPMAKOAHUAMHUA



— [{CCACORMNHY GAPMOR0A0MNEION AUTIRNOAT MEMMEOAMTIR—

CTaauu pa3BuUTHA pearnpytoT Ha 24,25(0OH),D,, Torna
KaK 0CTeo0JsacThl pearupyrot Toiabko Ha 1,25(0OH),D,.
Takum obpaszom, Hanrpumep, metabonut 24,25(0H),D,
SIBJISICTCS OTHUM M3 IICHTPAIBHBIX (PaKTOPOB CO3PEBAHUS
XpsIlia, 0COOEHHO B MIEPHO PAHHETO TTOCTHATATLHOTO
pasButus [26].

B sxcniepumente, memaboaumosr eumamurna D uneu-
oupyrom eupyc eenamuma C — xonekaiapuudepoa (D),
25(0OH)D, u 1,25(0OH),D, nposiBisuii aHTUBUPYCHYIO aK-
TUBHOCTb B MUKPOMOJISIPHOM IMaria3oHe KOHIEHTPaIUIA.
CHuxeHHble KoHIIeHTpauuu 25(OH)D; accoumnnpoBaHbl
C YMeHbIIIEHMEM OTBETHOM peakilMyi OpraHu3Ma Ha Tepa-
MUt UHTEpdepoHOM U pudaBUpuHOM [27].

Tyunsle kietku npeoodpasyrot 25(0OH)D, B 1,25(0OH),D,
nocpeactsom 1uroxpoma CYP27B1, u 06a atux metaboauTa
BuTamuHa D nodasasrom undyyupyemvie IgE nposocnaau-
meabHble peakuuu my4Hvix Kaemok [28].

Merabomuter D;, 25(OH)D, u 1,25(0H),D; cma-
ouauzupyrom cmpykmypy sHdomeaus cocydos npu husu-
0/102U4eCKU 3HAMUMbIX KOHYyeHmpayusax. [1py aToM 2T
3 dEeKTH METAOOIMTOB HE 3aBUCST OT «KAHOHUYECKOL»
SKCITPECCHUU TEHOB, TIPOMCXOISIIEH TTPY aKTUBAIIAN Pe-
uenrtopa ButamuHa D (VDR) [29]. Xonekanbundepos
(D,) yennuBat 11eJIOCTHOCTh MEXKIIETOYHBIX COSIMHEHUI,
U3MEPEHHBIX C MIOMOIIbI0 UMMYHOIIUTOXUMUYECKOTO
OKpallIMBaHMS OejIKa MEXKIETOUYHOTO B3aMMOIEHCTBUS
KaarepuHa Ha (poHe AeCTPYKTUBHOIO BO3IEMCTBUS TTPO-
BOCIAJIMTENbHBIX HIUTOKMHOB I1L-10eTa 1 ®HO-anbda.
Takum ob6pasoM, D, nHruOUpyer necTabuansupyromiee
BO3IENCTBMUE MPOBOCTIATUTEIbHBIX IUTOKMHOB HA MEX-
KJIETOYHbIE COEIMHEHUS B 9HIO0TEUM (pucC. 7).

ButamuH D 1 ero MeTaboJIMThl MIHTMOUPYIOT PO -
(epanuto pakoBbIx Ki1eTok (p < 0,001) [30], yemy umerorcst
U KJIMHUYECKUe MOATBepXKIeHUs. Tak, HU3KKUe YPOBHU
25(OH)D(<25 Hr/mJ), HapsiLy ¢ OXXUMpeHUeM, HU3KOM
(GU3MUECKO aKTUBHOCTBIO U KYpeHUEM, SIBJISIIOTCS] He-
3aBUCHMBIMU (paKTOpaMM pHCKa CMEPTETLHOTO MCX0Ia
y TTAIIMEHTOB CO 3JI0KAYECTBEHHOM aeHOMOI MPOCTaThI
(n=1822, OP — 1,6, 95% AN — 1,1-2,4, p = 0,0006)
[31], B TO BpeMsI KaK He ObLJIO YCTAHOBIIEHO aCCOLIMALINIA
¢ ypoBHsimu 1,25(0OH),D.

YpoBHM MeTabonnToB BUTamMmuHa D; U KnnHuye -
CKasl AMAarHOCTUKA Pa3IUYHbIX NATONOMUN

Kak Ob1J10 oTMEeUYeHO paHee, 6ojee MpaBUIbHON
NpOoLEeaYPOI UCCaeNOBaHUS KIMHUYECKUX 3 (PEeKTOB
BuTaMrHa D OblJIO OBl OJHOBPEMEHHOE ONpeaeicHUE
YPOBHEM BCeX M3BECTHBIX MeTa00IMTOB BUTaMuHa D [21].
OOOCHOBaHUEM BTOTO MOJIOKEHMUSI SIBJISTIOTCS pe3yJibTa-
Thl KIIMHUYECKUX UCCIIeI0BaHUI, KOTOPhIE YKa3bIBAIOT
YPOBHU Te€X WM MHBIX METa00IMUTOB BUTaMuHa D kak
He3aBHUCUMBIX (DPaKTOPOB prcKa MaToJOTUA.

Hanpumep, B Koropre naiydeHTOB, HalpaBJeHHbBIX
Ha KOpoHapHyIo aHruorpacduio (n = 3299), ycTaHOBJIEHBI
He3aBHUCHUMBbIE JOCTOBEPHBIE aCCOLMAIIUU PA3TUUHBIX
MeTaboIMTOB BUTaMuHa D ¢ cyOKIMHUYECKO aHeMuei
(remormobuH — <125 /1, 16% y9acTHuKOB). [1almeHTBI

MANII———"—r—————————— 15

UN-16eTa

KoHTponb

I e I* 1
I 14} |}
£ 154
&
|:_[ Fekk %* %k
g
E 101
& 5- —
o X
F
g
E 0' T T
@090 @fao SEIR @090 SERP
OV Q b G <) A?
®HO MN-16eTa

Puc. 7. Crabunuzanus xonekaabuudepoaom (D) MeXKIETOUHBIX
KOHTaKTOB. DHAOTEINATbHbIE MOHOCION KJIETOK OBLIHU MOIBEP-
XKeHBI IeicTBUIO MpoBocanuTeabHbIX [L-16eta 1 ®HO-anbdha
B nipucyTcTBUM KOHTposst (DMSO, iumetuncynbdokcun; 7-DHC,
7-nurunpoxonectepuH) wim D,. Knetku ¢dukcuposanu u VE-kan-
TepUH BU3YATU3UPOBATIU C IMOMOLIbIO UMMYHOMIYOpECIIeHTHOM
MapKUPOBKM C TIOCNIENYIONIMM aBTOMaTU3UPOBAHHBIM COOPOM
U KOJIMYECTBEHHBIM aHAIM30M TOJTy4aeMbIX U300pakeHUIA.

9 < 0,05, ** p < 0,01, *** p < 0,001.

¢ 25(0OH)D<12 ur/mn (34% manvieHTOB) UMeJIU Ha 6 /11
0ojiee HU3KMe ypoBHM remoriobuna (OP — 1,5, 95%
AN — 1,2-2,0) (puc. 8) [21].

B moarpyrnme nmanuentos ¢ yposHsmu 1,25(0OH),D<
<40 mvomnb/n (5,4%), IO cpaBHEHUIO C TTOATPYIIIION IMa-
mueHToB ¢ 1,25(0OH) D>70 nmob/11, reMOorIo0nH ObLT Ha
13 t/n Hke (OP — 3,6, 95% AN — 2,3—5,5). Puck aHemuu ObUT
BBIIIIE Y TIAIIMEHTOB C COYETAHHBIM Ie(hHUITMTOM META00JTNTOB
25(OH)Du 1,25(0H),D (OP—35,1, 95% 1IN —2,7-9.8).

OAPMAUOUHULTHA 1 GAPMAUOAHAUAMHAA
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Puc. 8. PacnipoctpanénHoctsb ypoBHeit 25(OH)D<30 HMOmb/1
y MAIlMeHTOB C Pa3IMYHBIMU MTOATUTIAMU aHEMUU.
*#p <0,01; ***p < 0,001 B cpaBHEHUU € yyacTHUKaMU Oe3 aHEMUU

Y nauueHToB ¢ aHeMueil Ha (hOHEe XPOHUYECKOM MaToJIOTun
MOYEK OTMEYEHbI CaMble BbICOKUE ITOKA3aTe/IM pacpocTpa-
HEHHOCTU nedpuiuta MetaboautoB 25(OH)D u 1,25(0OH),D
[21] (puc. 9).

VYpoBHU MeTaboIUTOB BUTaMrHaA D accolmmpoBaHbl
C PYICKOM aHEeMUU TaKKe 1 Y TTALIMEHTOB, TOTOBSIITUXCS K
A0pPTO-KOpPOHApHOMY IIyHTHpoBaHuO (n = 3 615). Kak
M3BECTHO, JaXKe CyOKIMHIYecKasl (popMma mpenonepaim-
OHHOI1 aHeMuu (remoroouH — <125 r/m, BcTpeyanach y
27% TNallMEeHTOB) SIBJISIETCS. HE3aBUCUMBIM (haKTOPOM pH-
CKa MoceonepaloOHHbIX OCJTOXKHEHUH. Y TallMEHTOB C
25(0OH)D<12 Hr/M1 cpeqHre KOHIIEHTpaIMK TeMOIJIOOMHA
ot Ha 0,5 T/m1 HuKe, yeM y nanueHToB ¢ 25(OH) D>
>20 1r/ma (p < 0,001). CpegHue KOHLIGHTPALMK FeMOLJIO-
OuHa ObuTM Ha 12 1/71 Hipke y nmarmenTos ¢ 1,25(0H),D<
<40 nmonb/n, yem y mnauuentoB ¢ 1,25(OH),D>
>70 nmonp/a (p < 0,001). Puck anemuu ObUT HAUOOJb-
MM y namnueHToB ¢ aeduuutom Kak 25(OH)D, tak u
1,25(0H),D (OP — 3,6, 95% 1A — 2,4-5,4) [32].
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Y MALIMEHTOB C PA3JIMYHBbIMU MOATUTIAMYU AHEMUU.
**p <0,01; ***p < 0,001 B cpaBHEHUU C y4aCTHUKaMU 06e3 aHEMUU
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Konuentpanuu 1,25(0OH),D accouuupoBaHsl ¢ pu-
CKOM MeTabommueckoro cuHapoma (n = 2096). YuacTHUKU
¢ ypoBHsimu 25(OH)D 6onee 30 ur/mn u 1,25(0OH),D
0oJiee 38 Ir/MII IPOAEMOHCTPUPOBAIY 3HAYUTEILHO 0oJiee
HU3KHE IIaHChl MeTabonmmyeckoro cuHapoma (OR — 0,4,
95% OW — 0,2—0,7) 10 cCpaBHEHUIO CO BCEMU APYITMMHU
ydyacTHukamu [33].

YpoBHU MeTab0INTOB BUTaMrHa D B CBIBOPOTKE
KPOBU aCCOLIMMPOBAHbI C YACTOTOM PELIMANBOB U MHBA-
JIMAHOCTBIO Y MAIIMEHTOB C PACCESTHHBIM CKJIEPO30M (1 =
= 267). Yposuu 25(OH)D, 6but11 10CTOBEpHO HIKE y T1a-
LIMEHTOB C MPOTrPECCUPYIOLIUM (DeHOTUTIOM 3a00JIeBaHUS
M0 CPaBHEHUIO C PeLUIANBUPYIOIIUM-PEMUTHUPYIOLIIUM
enotunom (—12 ur/mi, p = 0,04). Accormaiiust Obi1a
noctoBepHa u 1 yposHeii 1,25(0H),D, (—40 nMonb/1,
p =0,018). B o xe Bpems1, Hu3kue yposHu 25(OH)D,
ObLIIM aCCOLIMMPOBAaHbBI C BHICOKMM OaslioM IO 1IKaJie
EDSS (pacmupennast mikana KypTike ajst OLIeHKHU cTere-
HUW MHBAJIMIU3allAN), B TO Bpemd Kak yposHu 1,25(0OH),D,
He OBITH TOCTOBEPHO aCCOIMMUPOBAHBI C OAJTOM 10 IITKaje
EDSS [34] (puc. 10).

Tunomonus mviuy accoyuupo8ana ¢ HU3KUM ypoeHem
8 coleopomke Kposu memaborumos eumamuna D. Taxk,
ypoBHU 25-tunpokcuButamuia D (r=0,24; p = 0,0004)
u 1,25-purugpokcuButamuda D (r = 0,14; p = 0,045)
KOPPEIUPOBAIM C MOKA3aTEJSIMMU MBIIIIEYHOMN CUITBI
Yy MY>KYMH. Y >XEHIIIMH TOJIBKO 1,25-ruapokcuButammuta D
OBLT TOCTOBEPHO aCCOLIMUPOBaH ¢ cuiioi Mbiil (r = 0,22;
p=10,03) [35].

Huskue ypoenu memaboaumoe eumamuna D, 6 cvig0-
POmKe KPo8U acCoUUUpO8arbl ¢ peBMAmMOUOHbIM APMPUOM.
B rpymine nanyeHTox (n = 143) y 16% otmeueH ritybouarii-
muit necdouunt ButammuHa D — ypoBau 25(OH)D meHee
5 ar/mi. B sumANMii ce30H, y 73% MallMeHTOK OTMEYCHBI
ypoBHU 25(OH)D menee 20 Hr/mi. [Ipu aTtom cambie
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PELUAMEOE

Puc. 10. YpoBHU MeTab0aMTOB BUTaMUHA D y TaliMeHTOB ¢ pacce-
SIHHBIM CKJIEpO30M (7 = 31; IJIUTeIbHOCTD 3a00J1eBaHMsT — <5 JIeT,
6aur EDSS < 3,5). Ilokazaner nanubsie aust 25(OH)D, (cepsrit
uset) u 1,25(0H),D; (6enbiit 11BeT)
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HUM3KUE 3HAYEHUS YPOBHEN MeTabOINTOB BUTaMuHa D,
OB OOHApPYKEHBI Y MAIIMEHTOK C BBICOKOI aKTHUBHO-
cThIO 3a00J1eBaHus [3]. YcTaHOBIEHO, YTO Y ITAIIUEHTOB
C peBMaToOuAHBIM apTpuToM (1 = 102) KOHLIEHTpaLUKU
25(0OH)D; u 1,25(OH),D Takke ObUIM TOCTOBEPHO HUXE
(» =0,01-0,001). IToxa3zaHo, 4yTo OOJIEE HU3KME YPOBHU
25(0H)D,, 24,25(0H),D,, 25,26(OH),D B cbiBOpOTKE
KPOBHY COOTBETCTBOBAIM OOJIBIIEH CTETIEHU TSIKECTH
aptpura [36].

JoCTaTOYHO MHTEPECHBIM 1 BaXKHBIM BOIIPOCOM,
WMEIOIIUM OTHOIIIEHUE K KIMHUYECKOU AUArHOCTUKE C
KCITOJIb30BaHNEM OIpeaeICHUSI YPOBHEH METaOOJIUTOB
BUTaMuHa D, SIBIIsIETCSI COOTHOILLIEHNE KOHIIEHTpALIUiA pa3-
JIMYHBIX MeTaboMTOB. Hanmpumep, mpu yMepeHHOI moyey-
HOI HEIOCTAaTOUHOCTH Y ieTeii ObLI0 IM0Ka3aHOo, YTO YPOBHU
1,25(OH),D 1 25(OH) D, 6p111 HOpManIbHBIMU, @ YPOBHU
24,25(0OH),D, 6putn 10CTOBEpPHO HUXE Y MAIIMEHTOB,
U, YTO MHTEPECHO, HE TT0OKAa3bIBaJIM CE30HHBIX U3MEHEHUI.
Teparms ¢ nomonisio 25(OH) D, mpuBoamia K MOBBIILIEHNIO
yposHeii 25(OH)D, u 24,25 (OH),D;, vo ne 1,25(0OH),D
[37]. ¥ maueHTOK ¢ OepeMeHHOCThIO Ha (hoHe auabdera
(n = 150) ypoBuu u 25(OH)D, u 1,25(OH),D nocro-
BepHO HMKe, yeM B KoHTpoJie (p = 0,001), B TO Bpems
Kak 3HauyeHus yposHeii 24,25(0H),D He oTiinyatorcs
Mexay rpyrnami [38]. OTu u apyrue gaHHbIE yKa3bIBalOT
Ha 11eJ1eco00pa3HOCThb OMpeaeICHNUS YPOBHEH pas3any-
HBIX METa00JIUTOB BUTaMUHA D B KpOBU U151 MOTYYEHUSI
0osee 00BEKTUBHOM KIMHUYECKON KAPTUHBI COCTOSTHUS
MaiueHTa.

3aKnioyeHue

VY neauaTpoB aHanu3 «Ha BUTaMuH D» necaruneTusi-
MM CUMTAJICSI CBOETO pOjia 3K30TUUYECKUM JJabopaTOPHBIM
TECTOM, MO3BOJISTIOIIUM MPOBOAUTD T (epeHIInaTbHbII
JIAarHO3 TSDKENBIX (POPM HACJIEACTBEHHO-00YCIOBIIEHHBIX
HapyuieHuii hochopHO-KaTbLUEeBOro 0OMeHa, U peaKo
HazHauajcs. ¥ TepaneBTOB aHaIu3 «Ha BUTaMUH D»
Ha3HayaeTCcsl HECKOJIbKO Yallle, B CBSI3U C OCO3HAHUEM
HaCYIIHOCTU MPOOJEMbI OCTEOINOPO3a. DTU OUEBUIHbBIE
mpo0JIeMbI 310POBbs YKa3aJu Ha HEOOXOIMMOCTD OIIpe-
JleJIeHUs B CBIBOPOTKE KPOBU YPOBHEN XOTs Obl OJHOTO
MetabonuTa ButamuHa D — 25(OH)D,, kotopslii aeiicTBU-
TEJIbHO MO3BOJISIET OLIEHUTb O0ECIIEYEHHOCTh OPraHU3Ma
ButamuHoM D y GosblirHCTBa nauueHToB. Hanpumep,
C MCTOJIb30BaHueEM onpeaeneHust yposueit 25(0OH)D,
B KpOBM B ucciienoBaHuun «PomHU4YoK-1» ObLIO ITOKa3aHo,
YTO MPUMEHEHNE BOJOPACTBOPUMON (hapMalleBTUYECKOMN
¢opmbl BUTamMuHa D (mpemapat AKBaaeTprM) MO3BOJISIET
3((HEKTUBHO KOMIIEHCUPOBATh Ae(PULIUT BUTaMUHa D
y nereii go 3 et [39].

[Tocneayronue KIMHUKO-3MUAEMUOJOTUUECKUE
Hccle0BaHus MoKa3ain, yTo yposHM 25(OH)D, no-
3BOJISIIOT OLIEHUTh 00ECIEYeHHOCTh BUTAMUHOM D,
1,25(0OH),D, — cocrossnue 6uocuHTe3a ButaMuHa D,
a yposHu 24,25(0OH),D, — ouogerpananuio BuTaMnHa
D. Opnako maxe 3Ta TpéX4yacTHasl OLIEHKA SIBJISIETCS
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yIpoluieHuem, T. K. u3BecTHo 0ojiee 50 MeTaboauTOB
putamuHa D. [Ipu aToMm npeHeOpekeHue, HaIIpuMep,
CYIIECTBOBaHKMEM 3MUMEPOB BUTaMuHa D (4T0 XapakTepHO
JIJ1s1 TTIOBCEMECTHO UCITOIb3YeMOTO UMMYHO(hEPMEHTHO-
ro aHajau3a Ha BUTaMUH D) NMpUBOAUT K 3aBBIILICHUIO
obecIeyeHHOCTH OpraHu3Ma ButaMuaoM D Ha 8—16%,
B cpeaHeM. [Toatomy, naxke ypoBHu metadoaurta 25(OH)
D, B cbiBopoTKe KpoBH, paBHbIe 30 HI/MJT U CUMTAIOIINAECS
«HOPMaJIbHBIMU», IIJISI psiia MallMeHTa MOTYT COOTBET-
CTBOBaTh yMepeHHOMY TuroButamMmuHo3y D. Kpome Toro,
CYIIECTBEHHBIMU U CTIeHUGUIECKMMU OUOJIOTMYECKUMU
AKTMBHOCTSIMU 00JIaal0T Y CUMTAIOLIMECS paHee HEaKTUB-
HbIMU MeTabonuTsl 1,24R,25(0OH),D;, 1,23S,25(0H);D,,
25,26(OH),D u ap. B3aumocssi3b nedunura Butammuda D
C IIMPOYANIIIUM KPYroM XPOHMYECKUX 3a00JIeBaHUI —
CEPACYHO-COCYUCTOM U LIEPeOPOBACKY/ISIPHOM MATOJIOT -
eii, apTepUaibHOM TUIIEPTOHUEN, 11abeTOM, OXKUPEHUEM,
OITyXOJIEBBIMU, MH(EKIIMOHHBIMU 3a00JIeBaHUSIMU U JIP.
YKa3bIBaeT Ha HEOOXOAUMOCTh OIpeieieHUs] YPOBHEN
pa3IMUHBIX META0OJUTOB BUTaMuHa D 11 pacuipeHust
JMATHOCTUYECKUX BO3MOXHOCTEN.
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