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PE3HOME

Lenb: anann3 npouneit MMKPO3NEMEHTHOr0 COCTaBa NpenapaToB ATUAMETUATMAPOKCUNNPUANH cyKumHaTa (AMITIC), koTo-
pbl€ MEPCNeKTUBHO UCMNONb30BATL A5 NOBbIWEHNS 3 DEKTUBHOCTI 1 6€30MaCHOCTY hapMakoTepanun 3anunencuum.
Marepnan n merogel. MleTo,OM aTOMHO-3MUCCUOHHON CNEKTPOMETPUN C MHAYKTUBHO-CBA3AHHOM N1a3Moii npoaHannau-
posaHo 11 npenaparoB IMITIC, B KaXXA0M 13 KOTOPbIX ONpPeSesieH0 COAepXKaHune 72 351eMeHTOB NepuoanNYeckomn Tabnuubl
O.W. MeHneneesa. 3ateM nNpoBefieHa Cepus aHaIM30B MUKPOISIEMEHTHOrO cocTaBa 06pasuoB IMITIC nocpeacTBom CoBpe-
MEHHbIX METOA0B WHTENNIEKTYaNbHOr0 aHann3a AaHHbIX.

Pe3ynpratbl. YCTaHOBMNEHbI MpenapaTbl C Pa3HOW CTENeHb) MUKPO3NEMEHTHON YNCTOThI, B T.M. COAEPXKaLLNe TOKCUYHbIE
11 YCNOBHO TOKCUYHbIE MUKPO3NeMeHTbl. MukpoanemeHTHble npumecy B coctaBe IMITIC moryT nocTynatb U3 BOAbI, TMAPOKCY-
[la HaTPUSA 1 CONIAHOM KNCNOTbI, NCMNOMb3YEeMbIX NMPY MPOM3BOACTBE NPenaparos.

3aknrouenne. NonyyeHHble JaHHbIE NO3BONSIOT YTBEPXKAATb, YTO KA4ECTBO MUKPO3NEMEHTHON CTaHAAPTN3ALNM NpenapaTa
MOXET B6bITb CYLLECTBEHHO MOBbLILLIEHO NPW YCNOBMUI, YTO LN HOPManu3aumn pH ncnonb3yloTcs pacTBOPbI CONSAHON KNUCIO-
Thbl, O4MLLEHHbIE B pe3y/bTaTe NPOBEAEHNS NOCeA0BaTENbHON PEKTUdKALNN.

KNHOYEBBIE CJIOBA

(hapmakoTepanus, anunenTu4eckne cocTofHNs, CyLoporu, Ka4ecTBo Npenaparos, MUKPO3NEMEHTbI, aTOMHO-3MUCCUOHHASA
CMEKTPOMETPUSA C MHLYKTUBHO-CBA3AHHON Niasmon, hapmakonHgopmaTrka
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ABSTRACT

Objective: to analyze microelement composition profiles of ethylmethylhydroxypyridine succinate (EMHPS) preparations
promising to use for increasing efficiency and safety of epilepsy pharmacotherapy.

Material and methods. Inductively coupled plasma atomic emission spectrometry was used to analyze content of 72 elements
from the D.I. Mendeleyev’s periodic table in eleven EMHPS preparations. Next, a series of analyses of the microelement
composition in EMHPS samples was carried out based on modern data mining methods.

Results. Specific preparations with varying degrees of microelement purity were identified, including those containing toxic and
conditionally toxic microelements. Microelement impurities in EMHPS composition may result from water, sodium hydroxide
and hydrochloric acid used in the manufacturing process.

Conclusion. The data obtained suggest that the quality of preparation microelement standardization may be significantly
improved, provided that hydrochloric acid solutions purified by sequential rectification are used to normalize pH-value.
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BBEJEHHE / INTRODUCTION

BosHukatoulee npy anunencuu nepBuYHOE NOBpPeXae-
HWE HENPOrNnnM CTUMYNUPYET AUCPErynaLnt0 6UOCUHTE-
3a U cekpeunun paga Heipomeanatopos. OTMeyvaroTca pas-
BUTWE TNyTaMaTHOW 3KCAWTOTOKCMYHOCTM, YXyALIEHne
o6MeHa ramma-amuHomacnsaHoi kucnotol (FAMK) 1 runo-
hyHkums TAMKeprnyecknx HeipoHOB, HapyLLEHUe paboThbl
peuenTopHbix komnnekcoB (FAMKepruyeckoro, aueTninxo-
JINHOBOTO, CEPOTOHWHEPTMYECKOro n Aap.). Ans Hopmanu-
3aUMn HEMPOTPAHCMUTTEPHOr0 6anaHca n CHUXKEHNUs Cy-
JOPOXHOW rOTOBHOCTW NMPUMEHAIOTCSH aHTUKOHBYbCAHTHI,
y4acTBYtOLLMe B 6/10Kae HAaTPUEBbIX U KabLNEBbIX KaHa-
OB, MHIMOMPOBAHNM BO36YXJAKLLMX AP EKTOB rnyTamara,
ycunusatowe FAMKeprudeckyto HelmpoTpaHecmMuccuio. Pas-
BUBAtOLLLEECA BOCNAeHne yeyrybnser 4ecTpyKTUBHbIE Npo-
LIeCChl B LIEHTPANbHON HEPBHOW CUCTEME, 4TO 06YCNOBAU-
BaeT HE0OXOAMMOCTb NMPUMEHEHUS AONOSTHUTENIbHbIX FPyNn
npenaparos [1].

MMoBblweHne P PEKTUBHOCTM hapmakoTepanun anunen-
CUI COCYANCTOrO0 reHesa n CHKeHne No604HOro AeicTeus
AHTUKOHBY/IbCAHTOB BO3MOXHO NOCPEACTBOM CO4ETAHHOI0
NMPUMEHEHNS C nMpenapaTamm aHTUOKCUAAHTHOIO U aHTU-
rMNOKCAHTHOrO JeiACTBMA. B 4aCTHOCTW, MEPCNEKTUBHON
rpynnoii npenaparoB AJif BKJOYEHNS B (hapmakoTepanuio
ANUNencun ABNAKTCA JIEKApCTBEHHbIE CPEACTBA HA OCHO-
BE 3TUNIMETUNrUAPOKCUNUpuanHa cykumuata (AMITIC) [2].

AMITIC oka3biBaeT aHTUOKCUAAHTHBIA, AHTUTUMOKCAHT-
HbI, aHKCUONUTUYECKMNIA, aHTUCTPECCOBbLIN, NPOTUBOCYO-
POXXHbIA, HENPONPOTEKTUBHBIA, HOOTPOMHbIIA, AHTUAMHECTH-
YeCKUiA, KapanonpoTeKTUBHbIA, NPOTUBOCKIIEPOTUYECKUA,
aHTUArperaHTHbIA, NPOTUBONAPKUHCOHWYECKNIA, BETETO-
TponHbIN addekThl [3]. B oTnuyme ot paga gpyrux npenapa-

anunencus n NapokcnamMasibHble COCTOSAHUS

TOB HEMPONpPOTEKTOPHOTO AeicTeud, ang IMITIC nokazaHo
NPAMOe HEMPONPOTEKTOPHOE AENCTBUE HA KYNbTYpe Heil-
POHOB B YCJI0BMAX NyTaMaTHOro CTpecca (BbKMBAEMOCTb
KNeToK noBbllwanach B cpegHem Ha 20%) [4]. 9Tm adhdek-
Tbl AMITIC He TOSIbKO BaXKHbl A5 Tepanun NWeMUYecKnx
3a6051eBaHNI TOIOBHOIO MO3ra U TOPMOXEHUS Helipoaere-
Hepauuu, HO 1 NonesHbl ANg papmakoTepanum anuencum
COCYANUCTOro reHesa.

CTonb WMPOKKUIA cnekTp hapmMakonornyeckoro Aen-
ctBust AMITIC 06ycnoBneH 0co6bIMM CBOMCTBAMM MOJIEKY-
nel. ®apmakonorus AMITIC peTanbHO OXapakTepu3oBaHa
B MCCNeO0BaHuMAX in vitro, in vivo, in silico. XemonpoTeoMm-
HOe NpouMNNPOBaHNE MOJSTEKYbI MPOLEMOHCTPMPOBAIO
NMPOTUBOBOCNANUTESIbHbIE (MHTMOWPOBAHNE apaxuioHaT-5-
NUNOKCUreHasbl, rmaponasbl neinkoTpueHa A4, peuentopos
nenikotTpueHa B4), aHTUrMNOKCAHTHbIE, aHTUOKCUAAHTHbIE,
HelipoTpodnyecKne, HeMPONPOTEKTOPHbIE 1 Ba30penak-
cupytowme addekTbl [5], TakXKe packpbiB NePCneKTUBbI
IMITIC KaK caxapOoCHVKAOLLEro U rMnoanMnuaeMny4ecKoro
cpencTBa [6]. XeMOTPaHCKPUNTOMHBbII aHaNN3 BO3eiACTBMUA
monekynbl AIMITIC Ha HepOUNTbI YKa3an Ha NoBbIWeHNE
TPAHCKPUNLML TEHOB, KOAUPYOLINX 6EMKK, yHacTBYOLLNE
B HEMPOTPAHCMUCCUN, OCYLLLECTBIEHIE HEMPONPOTEKTOPHBIX
1 HelpoTpodunyecknx acdekToB [7]. fepoHTOMHGOpMALK-
OHHble OLeHKN nokazanm, 470 AMITIC MoxeT cnoco6CcTBO-
BaTb YBENMYEHUIO CPEAHEN NMPOACIIKUTENIBHOCTI XU3HN MO-
AeNbHbIX 0praHn3moB C. elegans (+23%), MyLiek-gpo3odun
(+14%) n mblwen (+15%) [8].

Kpome Toro, noaTeepxaeHa 3 MEKTUBHOCTb UCMONb30-
BaHNA MHBbEKLNOHHBIX 1 nepopanbHbix popm IMITIC B Kom-
NNEKCHOW Tepanuu Nwemmn4eckon 601e3Hn cepaua, XpoHu-
YEeCKOIi Cepie4HOl HeA0CTaTOYHOCTI, OCTPOr0 KOPOHAPHOMO
CUHAPOMA U apTepuasnbHOA rMnepToHUN. YCTaHOBNEHbI NO-

https://epilepsia.su

393


https://doi.org/10.17749/2077-8333/epi.par.con.2025.243

2025 Vol. 17 Ne 4

EPILEPSY

and Paroxysmal
Conditions

394

NOXWUTeNbHbIe pedynbTatbl npuMeHenns IMITIC B Tepanum
TUMOKCUYECKUX MOPAXXEeHWi i MO3ra 'y AieTei, Ha3HA4YeHNUs ero
KaK HOOTPOMHOI0 CPeACTBa, a TaKXXe B Tepannm HempouH-
heKUNA N TMNOKCUYECKMX HAPYLIEHWIA cepedH0-cocyamn-
cToi cuctemsl [3].

CnenyeT OTMETUTb, Y4TO BCE ONMCAHHbIE BbILLE hapMako-
norunyeckune dP@eKTbl N0APa3yMeBakT UCMNONb30BAHNE Bbl-
COKOO4MLLEHHbIX cybcTaHuuin AIMITIC, KoTopble He coaepxat
TEX WU WHbIX NPUMECEN, CMOCOOHbIX HEraTUBHO NOBANATb
Ha (hapMaKosIorn4ecKyto akTMBHOCTb npenapartos. CnejoBa-
TeNIbHO, BOMPOCb! 04NCTKM U CTaHAapTU3aunm cybcTaHumui
IMITIC nmetoT NpuHUMNNANbHOE 3HaYeHne ana obecneye-
HNS 9P DEKTUBHOCTM 1 6E30MACHOCTM NMPenapaTos.

OAHWUM 13 YyHMBEPCANbHbBIX TEXHONOMNYECKMX MapKepoB
YMCTOTbI NPenapaToB ABAAETCA UX MUKPO3SeMEHTHbINA (M3)
npodunb, yCTaHOBNIEHNE KOTOPOr0 NpeAcTaBnsaeT cob6oin
COBPEMEHHYI0 NpoLeaypy MONEKyNsapHON hapMakosioruu
1 hapmaueBTukn. BaxxHocTb aHanusa M3-npodunsa o6y-
CNOBNEHA HECKONbKMMMN NPUYMHAMN.

Bo-nepBbix, acceHUManbHble (XKU3HEHHO HEO6X0AU-
mble) M3 MOryT nposBiATb CAMOCTOATESIbHbIE HEMPONPO-
TEKTOPHbIE N aHTUKOHBYNbCAHTHbIE 3 deKkTbl [9]. Ha-
npuMep, HETOKCUYHbIE CONU NIUTUS C OPraHn4yecKUmm
aHnoHamu (B TH. ackopbat NUTNA) NPOABAAIOT aHTUKOHBYJSIb-
CaHTHble 3W(PEKTbI Y>KE B BECbMA ManbIX A03ax — 5 MI/Kr
(1.6. 250 MKr/Kr anemeHTHOro nutus) [10].

Bo-BTOpbIX, COAEPXKAHME TOKCUYECKNX U YCIIOBHO TOKCK-
YeCKNX 3JIEMEHTOB XapakTepnayeT CTeneHb 04UCTKN U Ka-
yecTBa (DapmMaLeBTMYECKON CTaHAapTU3aLun npenaparos.
ConepxxaHue gaxke Manbix 103 TOKCM4ecKux M3 MOXET OKa-
3blBaTb HEraTUBHOE AENCTBME NPW AONITOBPEMEHHOM Npreme
COOTBETCTBYIOLLEr0 Nnpenapara.

B-TpeTbux, aHann3 M3-npoduns no3BoNsAeT He TOJNb-
KO YCTaHOBWTb CTEMEeHb O4MCTKW Npenapara, Ho W CAenathb
060CHOBAHHbIE NPEAN0NI0XKEHNS 06 NCNONb3YEeMbIX ANS €ro
MPUroTOBEHNS BELLECTBAX, HEKOTOPbIX TEXHOOTNYECKMX
0C0o6eHHOCTAX npom3soacTea 1 1.4. [11].

Lenb — ananu3 npocunen M3-coctaBa 11 npenapartos
AMITIC, KoTopble NePCNeKTUBHO NCMNONb30BaTh 118 NOBbI-
WeHna 3P deKTMBHOCTM 1 6830MacHOCTM hapmakoTepanim
anunencun.

MATEPHUAJI 1 METObI / MATERIAL
AND METHODS

B pab6oTe npeactaBneHbl pe3ynbtathl M3-aHanusa co-
cTaBa npenapatoB Ha ocHoe IMIIC. MeTogOM aTOMHO-
3MWUCCUOHHOW CNEKTPOMETPUN C UHAYKTUBHO-CBA3AHHOM
nnasmoi B Kaxgom obpasLe onpeaeneHo coepxaHue
72 3nemMeHTOB nepuoanyeckon tabnuusl J.11. MeHpeneesa.
3artem npoBefeHa cepus aHanu3oB M3-cocTaBa npenaparos
AMITIC nocpeCTBOM COBPEMEHHbIX METOA0B WHTE/IEKTY-
anbHOr0 aHann3a AaHHbIX.

O6pasisl npemnaparos / Drug samples

Mccneposano 11 npenapatos AMITIC (Taén. 1), ons kax-
[I0r0 U3 KOTOPbIX cobupanu Tpn o6pasua, 3aKynieHHbIX
B MHTEPHeT-Mara3uHe'. 3akas fieNanm 4yepes CaiT OHNaiiH-
anTekun (arperatop) v Nonay4anu npu noceweHnn ognaiH-
anTekun. B n3y4eHHbIx o6pasuax npoBOAWUAN ONpeaeneHune
nosiHoro npocpunsa 72 M3 (anementos Li, Be, B, Na, Mg, Al,
Si, C, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge,
As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, Sn, Sb,
Te, I, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm,
Yb, Lu, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, TI, Pb, Bi, Th, U), 3a-
TEM BbINOMHANN YCPEeAHEHNE N PacCYMTbiBaNN AUCTEPCUN
COAePXKaHMA KaXX0ro aJieMeHTa.

OnpeaeneHHe MUKPO3JIEMEHTHOTO COCTaBa /
Determining microelement composition

ONEeMEHTHbI aHanu3 06pa3LoB BbINOMHANM Ha 6a3e Ka-
heapbl KNNHNYECKOIA 1 nabopaTopHOIi gnarHoctuku ®rAQY
BO «Poccuinckmii HaLunoHanbHbIii MccneaoBaTeibCkuini Me-
ONUMHCKMIA yHuBepcuteT um. H./. Muporosa» Munusgpasa

Ta6auna 1. VicCeioBaHHbIC TPETAPATHI ATHIME THITH/IPOKCUITUPUANH CYKITMHATA

Table 1. Studied ethylmethylhydroxypyridine succinate preparations

Mpenapart / Preparation ®opma / Form
T™-1/TM-1 PacTBop Ana unbekunin (amnynbl) 50 mr/ Injection solution (ampoules) 50 mg
T™M-2/TM-2 PacTeop ana unbekunin (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
TM-3/TM-3 PacTeop ana unbekunin (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
T™M-4/TM-4 PacTeop ana unbekunin (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
TM-5/TM-5 Pacteop ana unbekunin (amnynel) 100 mr/ Injection solution (ampoules) 100 mg
TM-6/TM-6 PacTBop ana unbekunnn (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
T™-7 /TM-7 PacTBop ang unbekunnn (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
TM-8/TM-8 PacTBop ana unbekunin (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
T™-9 (M-1) / TM-9 (M-1) Pactsop ans nHbekumii (amnynel) 50 mr/ Injection solution (ampoules) 50 mg
T™-9 (M-2) / TM-9 (M-2) Pactsop ansa nHbekumii (amnynsl) 50 mr/ Injection solution (ampoules) 50 mg
T™M-9 (M-3) / TM-9 (M-3) Pactsop ans nHbekumnii (@amnynsl) 50 mr/ Injection solution (ampoules) 50 mg

IIpumeuanue. TN — mopzosasn mapia; I1 — npoussooumes.

Note. TM — trademark; M — manufacturer.

' https://apteka.ru.
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Poccun ¢ noMoLLbio aTOMHO-39MUCCUOHHOM CNEKTPOMETPUM
C WHOYKTUBHO-CBA3AHHON Nia3MOii COrfiacHo MeToAMKam,
N3N0XeHHbIM B pekomeHgaunsax PT. Torysosa n A.10. Bon-
koBa (2009 r.) [12]. Bbi6paHHbIiA MeTo 06ecneynBaeT npa-
BUJIbHOCTb M XOPOLUY BOCNPON3BOAMMOCTb Pe3y/bTaTos,
[JOCTaTOYHbIA npefen o6HapyXeHUs, n36UpaTesibHOCTb
1 NPOM3BOAUTENIbHOCTD.

O6pasubl ynapusanu npu t=105 °C B TeyeHne 10-12 4
B CyLIMNbHOM wkady. Mocne 3T0ro npoBOANM B3BELLINBA-
Hue Ha aHanuTuyeckux secax PerkinElmer AD-6 Autobalance
(PerkinElmer, CLUA) ¢ To4HocTbio Ao 0,1 mr. HaBecku mate-
puana nepeHocunu B aBTOKJaB (TedIoHOBbLIN cocyq Becce-
ns) n go6asnsann 1 mn 70% a30THON KNCNOTbI BbICOKOW Hi-
CTOTbI, NPOLLEALLIEN BTOPMYHYIO NeperoHKy. 3aTeM aBTOKNaB
nomeLlany B MUKPOBOJTHOBYO CUCTEMY NPO6ONOATOTOBKN
MD-2000 (CEM, CLLUA), o6ecne4nBaroLLyto BbICOKIUE AaBne-
HWE N Temnepartypy KuneHus. flocne oxnakaeHns nony4eH-
HbIX PaCTBOPOB B Te4eHUe 60 MUH OT HUX OTOUpanm obpas-
bl B 06beMe 1 MNT B NNACTUKOBbIE COCYAbI 1 pa3baBnsamn
B 5 pa3 6uaNCTUNANPOBAHHON 1 IENOHM3NPOBAHHON BOAOM.
B KayecTBe BHYTpPEHHEro CcTaHAapTa B pacTBOPbI BBOAWUM
WHAWIA B KOHLIEHTpauumu 25 MKr/n.

lMony4eHHble pacTBOPbI AHANU3MPOBASIM HA MACC-CMNEKTPO-
MeTpe C WOHW3aumen B NHAYKTUBHO-CBA3AHHON nnasme VG
Plasmaquad PQ2 Turbo Plus (VG Instruments, Benuko6puta-
HUS), C pabo4eil MOLLHOCTbIO FreHepaTopa CBEPXBbICOKOYACTOT-
HOro uany4enus 1,3 kBT, pacxogom nna3moo6pasytoLLero rasa
(aproHa) 14 n/muH, pacxoaoM TPAHCMOPTMPYIOLLEro rasa
0,89 mn/MuH. MpoBOAMAM TPU 3KCNO3MLIMM KAXXA0r0 06pasua,
BPEMS WHTErpMpoBaHMA curHana coctasuno 60 c. Pesynbra-
Tbl aHANN3a «X0/10CTO NPO6bLI» aBTOMATUHECKM BbIYUTANNACD.
EanHnubl namepeHns — MKr/kr (ppb).

[laHHbIN MeTOn SBNSETCA HAUMBONEe TOYHbIM M NPOU3-
BOANTENIbHbIM, OH NO3BONAET TOYHO ONPeaenaTb Konuye-
CTBEHHOE CoaepXaHne 60MbLLEN 4YaCTN ANEMEHTOB TabNULbI
O.W. MeHaeneesa ¢ MUHUMAabHON HaBecKoii [12]. B n3y4eH-
HbIX 06pa3uax npenaparoB ONpeAeneHo cofepxaHme 72 xu-
MUYECKNX 3NEMEHTOB.

KiacrepHusiii ananxu3 / Cluster analysis

B xoae aHann3a AaHHbIX CKPUHUHIA UCNONb30BaHbI HO-
Bble MaTemaTU4ecKue Noaxoabl 4S19 YCTAHOBJIEHUS Kfia-
CTEpoB (METPUYECKMX CTYLLEHMIA) B MPOCTPAHCTBE Napa-
meTpoB M3-cocTaBa n NOCTPOEHUS MeTpUYecknx Kapt [13,
14]. TlpuMeHsnn MeTo[, 0CHOBAHHbIN HA (DYHAAMEHTANIbHON
KOHLeNuun MeTpukn (B MateMaTuke MeTpuka — oyHKLMA
N3MEpPEHNs PacCTOAHNA MexXay To4Kamu, KoTopas yao-
BNIETBOPSET aKCcoMme TpeyronbHuka) [15, 16]. Habop To4ek
C 33[1aHHOW METPUKON Ha3bIBAETCA METPUYECKON KOH(DM-
rypauuei. iamepsas nonapHble paccTOAHUA MeXAY 3TU-
MU TOYKAMU, MOXXHO YCTAHOBUTb METPUYECKIE CrYLLEHMA
(knactepbl 6/IM3KONEXALLNX TOYEK) U 3aTeM NOCTPOUTL
METPUYEeCcKMe KapTbl (MPOEKLNN METPUYECKUX KOHGUTYpa-
LM HA NJI0CKOCTb), KOTOPble ABAAKOTCA HArMAAHBIMW AMna-
rpammamu, 0Tpa)kaloLmmy BeCb MacCMB NCCNEeA0BaAHHbIX
KOppensaumuin.

B Ka4yecTBe «TO4YeK» paccmaTpuBanu uccnenyemble npe-
napatbl, U PACCTOAHUS MEXAY HUMW BbIYUCIIANMN HA OCHO-
BaHUn ux M3-coctasa. Takum 06pa3oM Nony4yeHa MeTpuye-

anunencus n NapokcnamMasibHble COCTOSAHUS

cKas kapTa npenapatoB. «MuKpoanemMeHTHOE paccToAHMe»
dp(i, J) Mexzy npenaparamu / 1 j BbIMUCNIANN B COOTBETCTBUK
C onpefeneHnem eBKINAOBON METPUKK ANA N MUKPO3ne-
MEHTOB:

d (i, j) = \/ > (Fm,) -F(m,)F
k=1..n

rne m,, — cofepxanue k-ro M3 B i-m npenapare; m,; — co-

nepxaHxue k-ro M3 B j-m npenaparte, F,: R* — [0,...,1] — om-

nupuyeckas QYHKUNUS pacnpegeneHns 3MepeHHbIX 3Ha4e-

HWii k-ro M.

Takxxe onpeensanu paccTosHua mexay napamu M3 ¢ no-
nyveHnem meTpuyeckoi kaptel M3. PaccTostme d,,(/, /)
onpeaensnm Kak KoauumneHT Koppensauum Mexay cogep-
XaHuem M3 B uccneaoBaHHbIX Npenaparax.

[lna noucka MeTpU4eCcKMX CryLieHnii (knactepos) Ha no-
NYYEHHbIX METPUYECKUX KOHQIUTYPALMAX NPUHNMAETCS, 4TO
HaJl HEKOTOPbIM MHOXECTBOM X = {X,...,X,}, COCTOSALLUM 13
N To4ek, 3afaHa MeTpuka p, = p(x, X)), OnpeAeneHHas Ha
BCeX napax To4ek u3 X. MeTpuyeckum cryuieHnem HasblBa-
€TCA MHOXECTBO 6/1M3KNX (B CMbIC/e 3alaHHON METPUKN)
TO4YeK, 06pa3yoLMX KOMNAKTHble 06n1acTu. Mony4YeHHbIe
B pabotax [15, 16] TeopeTnyeckne pe3ynbTatbl NO3BOMNIIMN
OnpenennTb CEMENCTBO HOBEILLINX anirOPUTMOB NoOMCKa Cry-
LLEHWIA (MK TaK Ha3bIBAeMbIX aNroOpUTMOB KfiacTepusaasim),
KOTOpble OCHOBAHbI Ha «BOCCTAHOBJIEHMI>» MHOXXECTBA N0
KOMMOHEHTAM ero NMpPOoeKuun Ha 0CU MEeTPUYECKO KOHMDU-
rypauuu. lMapameTpamu NpoOM3BONIbHOIO anropuTma 3 3Ton
rpynnbl ABASOTCS CNOCOO BbIYUCIIEHUS 3HAYEHUIA METPUKK
p, Y pacnpezenexne 0. ANropuTMbl MOTYT OTN4ATLCS APYT
0T Apyra ucnoJsib3yembIiM onpejeneHneM 060061 eHHON NNoT-
HOCTW N, CNOCO60M NOCTPOEHNS HeNpepbIBHbIX NPeAcTaB-
NeHUR i-cnekTpos {y°(r)} (0CYLLEeCTBISEMbIM C TOYHOCTbIO
[0 0), CNoco60M BbI6OPA OKPECTHOCTM TOYKW NPU aHaNn3e
CTYLLEeHWIA, cnoco6oMm BbI6GOpa rpaHnL, CryLweHunii (Uunu, Ha-
060pOT, Pa3pexxeHnit), KpUTepUAMIU OLEHKN KavecTBa Habo-
pa cryweHuin n gpyrumm napameTpamu. MeTpuyeckas kapta
npejcTaBnseT co60i NPOEKLNI0 METPUYECKON KOHUrypa-
LMK HA NNOCKOCTb HA OCHOBE PACCTOAHUIA TOYEK p-CeTU OT
0CTanbHbIX TO4EK METPUYECKOI KOHDUTYypaLuu.

CrarucTudecKkuii ananu3 / Statistical analysis

[na ctaHpapTHON 06pabOTKM pe3ynbTaToB UCCEea0-
BaHWA MCNOJIb30BANN METOAbl MaTeMaTU4eCKON CTaTu-
CTUKW, BKJIIOHAIOLLNE PACHET YUCNOBbIX XapakTepucTuk
CNyYaiHbIX BEJINYNH, MPOBEPKY CTATUCTUYECKUX TUNOTE3
C NPUMEHEHNEM NapaMeTpPUYeCKINX N HenapaMmeTpru4ecKnx
KpUTEpueB, KOPPenaunoHHOro 1 AUCNEPCUOHHOTO aHa-
nu3a. CpaBHeHNEe NPOBOAMUIIN C MOMOLLLIO KpUTEPUSA %2,
T-kputepus BunkokcoHa—MaHHa-YutHu n Tecta CTbtofeH-
Ta. Micnonb3oBanu npuknagHyo nporpammy Statistica 6.0
(StatSoft, CLLA) n anekTpoHHble Tabnumubl Microsoft Excel
(Microsoft, CLLA).

PE3YJIBTATBI / RESULTS

Mepen Tem Kak nepeiTn K aHanuady ocobeHHocTen M3-
COCTaBa KaXx0ro U3 nccnefoBaHHbIX NpenapaTos, paccmo-
Tpum 60n€ee 06LLYI0 KAPTUHY, MONYYEHHYIO NOCPEACTBOM
KNacTepHOro aHann3a AaHHbIX.
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MeTrpuueckue kapTsl / Metric maps

Ananus metpuyeckoi kaptol M3 (puc. 1) nokasan Hanu-
4yme Tpex KNacTepoB MUKPO3SIEMEHTOB, COAEPXaHMe KOTO-
pbIX KOPPENMpoBaio B UCCNIELOBAHHbIX MpenapaTtax: Kna-
CTep peAKo3eMesibHbIX 1ieMeHToB-naHTaHounaos (La, Ce, Nd,
Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, Lu), knactep «H1no6ui — BOSb-
dpam — yupkoHuin» (Nb-W-Zr), knactep «HaTpuin — aniomu-
Huii — 60p» (Na-Al-B). Hanu4ne atux knactepoB no3BonseTr
aHanM3npoBaTh KOPPENSALUM MEX Y COAePXXAHNEM pas3nny-
Hbix M3 B uccnepoBaHHbix npenapatax AMITIC (cm. panee).

Mony4eHHble npodunu M3-cocTaBa No3BOANIIN NOCTPO-
UTb COOTBETCTBYIOLLYHO METPUYECKYIO KapTy, OTPaXKaroLLyio
cTeneHb 65m3ocTn M3-cocTaBa UcciieJ0BaHHbIX NpenapaTos
(puc. 2). Ee aHann3 metogamu noncka MeTpUYeckmx cryuie-
HWIA yKazan Ha Hanu4ne eAUHCTBEHHOMO KnacTepa, BKJ0-
yarlLero amnynbHble popmbl npenaparta TM-1, npenapara
TM-5, a Takxe npenapaToB TM-9 pa3nuyHbix NpOn3BOAMUTE-
nei. 3To [aeT BO3IMOXXHOCTb CAeflaTb BECbMA BaXKHbI Bbl-
BofA: M3-cocTaBbl (a cnefoBaTeNibHO, U CTENEHb O4YNUCTKM,
1 onpefesieHHble CTagun NPOU3BOACTBA) CYLLECTBEHHO OT-
nuyatoTea y 6onblunHcTea npenapatos AMITIC.

Knactep
peaKo3eMeNbHbIX
3/1EMEHTOB

D Cs
Knactep Na-Al-B

CopeprkaHHe TOKCHYHBIX 371eMeHTOB / Content
of toxic elements

[Tony4eHHble fJaHHble NO3BOSIUIN NPOBECTM aHANN3 CO-
JepPXaHNA TOKCUYHbIX U YCIIOBHO TOKCUYHbIX 3/IEMEHTOB
B COCTaBe npenapara (Taén. 2) B cpaBHeHWU C YCTAHOB/EH-
HbIMK B Poccuiickoin @efepaumny ypoBHAMMN NpefesbHO 40-
NycTUMbIX KOHUEeHTpauui (MAOK)? no KaxxgoMy 311eMEHTY.

BaxkHO pa3obpatb, KakuM 06pa3om CreayeT MHTepnpe-
TMpoBaTh npesbiweHne 3HaveHns MOK. Mokasatenu MOK,
npueogumble B CanluH, nogpasymeBatoT, 4TO 4€N0BEK Bbl-
nuBaeT B eHb 1-2 N BoAbl U Npu 3TOM npesbiwenmne MOK,
HOCALLEE XPOHNYECKNIA XapakTep, AENCTBUTENILHO MOXET
CTUMYNNPOBAaTb OTPaB/iIEHNE COOTBETCTBYHOLINMN TOKCU-
4eCcKMMUN dnieMeHTamMu. B To )Ke Bpems npu ncnonb30BaHUN
nepeyncneHHbIX npenapatos 1 i pacteopa u3 amnynbl 6y-
[eT ynotpe6naThCcs 3a ropasgo 60nee AanNTeNbHbIA CPOK —
He meHee 3—4 Hea. Moatomy npesbiweHue MOK BoBCe He
nofpa3ymeBaeT CKOJIbKO-HMOYb 3HAYMMOI0 TOKCUYECKOro
ahekTa. Tem HE MeHee YPOBHM TOKCUYECKMX 3NTEMEHTOB
B COCTaBe NnpenapaToB NO3BONAOT CAeNaTh ONpPeAesieHHbIe
BbIBO/bl O TEXHONIOTMI UX MPOM3BOACTBA.

Knactep
Nb-W-Zr

ODTe

Qv

PucyHOK 1. MeTprueckas KapTa MUKPO3IEMEHTOB, IOCTPOEHHAS B PE3Y/IBTATE AHAIN32 MUKPOJIEMEHTHOTO COCTABA IIPEMAPATOB
STUIMETHITHIPOKCUITHPH/INH CYKIIMHATA. PACCTOSHIE MEXTY KaXKIO0M ITAPOI TOUEK HAa METPHUYECKOH KapTe MPOIOPIIHOHATBEHO
K03(D(DUITHEHTY KOPPENAIN MEK/Y COAECPKAHNEM MAPBI COOTBETCTBYIOMINX MUKPOIJIEMEHTOB. AHAJII3 METPUIECKOL KAPTHI
TIO3BOJIAET C/IETATD JOTIOTHUTEIBHEIE BEIBOABI O CBOMCTBAX «CUIBHO B3AMMO/ICHCTBYIOMIX> TOKA3aTENeH MUKPO3IEMEHTHOTO

COCTAB4 IPCIIAPATOB

Figure 1. A microelement metric map based on analyzing microelement composition of ethylmethylhydroxypyridine succinate
preparations. The distance between each pair of points on the metric map is proportional to the correlation coefficient between
the level of the corresponding pair of microelements. Analyzing it further extends conclusions about the properties of “strongly

interacting” indicators related to microelement composition of preparations

2 CanlNuH 2.1.4.1074-01 «MnuTbeBas BoAa 1 BOAOCHAGXKEHNE HACENBHHbIX MECT».
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OpuruHanbHble ctatbm / Original articles

@ TM-6

CopeprxkaHue HATpHUA U xja0pa / Content

@TM-4 of sodium and chlorine
Ba)XKHbIMK noKasaTensgMu 3NeMeHTHOro cocTaea fBns-
eTCA COLepXKaHue HaTpMs W X0pa B UCC/IeJ0BAHHbIX Npe-
napartax 1 ux cooTHoweHue (Tabn. 3). Bo-nepsbix, cneayert
OTMETUTb, YTO KOHLEHTpauum aTnx asyx M3 cywecTBeHHO

@TM-2

@ TM-7 0T/IM4atoTCa (Ha 2—3 nopsAaKa) AN pasnnyHbIX Npenaparos.

Bo-BTOpPbIX, UX COOTHOLLEHME TAKXKE 3HAYUTESbHO Bapbupy-

@TM-9 (N-3)  @TM-9 (I, eTC4, T.e. YPOBHU cofepxaHus atux M3 no 60sbLLUEl 4acTu
@TM-3 He 3aBUCAT ApYyr 0T Agpyra.

Bbicokas BapuabenbHOCTb U HE3aBUCMMOCTb NoKasare-

neli copepXxaHnsa HaTpusa 1 xaopa Apyr T Apyra ykasbiBawT

Ha BO3MOXHbIE OTNINYUA B TEXHONOrMM NPOM3BOACTBA Npe-

@TM-8 naparos. VI3BeCTHO, 4TO Ana cTaHgapTuaauum pH ucnonsb-
3YIOTCA PACcTBOPbI LLEeS104el (Mpy N36bITOYHO KMCNOTHOCTH
CTaHOapTM3MPYyeMOoro pacTBOpa) UK pacTBOPbI KACNOT (Npu
136bITOYHON LLETOYHO peakLum CTaHaapTU3MpyeMoro pac-

PucyHOK 2. MeTpryecKas KapTa IIpernapaTos
ATWIMETWITMAPOKCUIIUPUIUH CYKLIMHATA. bonee
GJIN3KOE PACCTOSTHUE MEXK/TY TOUKAMU HA KAPTE O3HAYAET

BOMBITYIO 6IM30CTH MUKPO3IEMEHTHOI'O COCTABA. TBOpa). B Ka4YecTBe LLeN04YM Hanbosee 4acTo NPUMEHAIOTCS
VKa3aH €JIMHCTBEHHBII KJIACTED IPENAPaToOB, HAUGOJIEE PpacTBOpbI FTMAPOKCKAA HATPUA, & B KA4ECTBE KUCNOTbI — pac-
GIIMBKUX JIPYT K IPYTY IO MUKPOSJIEMEHTHOMY COCTABY. TBOPbI CONAHON KMCNOTbI.

TM — TOproBas Mapka; I1 — IPOM3BOIUTEIb Takum 06pasom, MOXHO cAenatb BbIBOA, 4TO NpM Npo-

13BOACTBE MCCNEN0BaHHbIX 06pa3L0B aMnyfbHbIX hOPM
npenapatos TM-3, TM-4, TM-5, TM-6 nony4aemble pacTBo-
pbl OTAINYAKOTCS U36LITOYHOI KUCIIOTHOCTLIO, 4TO 03Ha4aeT
HEe0bX04MMOCTb HeiTpanm3aunm nocpescTBOM PacTBOPOB
rmapokcmaa Hatpus. B To ke Bpems npu npon3BoOACTBE am-

Figure 2. Metric map of ethylmethylhydroxypyridine
succinate preparations. Closer distances between points

on the map denotes higher similarity in microelement
composition. A single cluster of preparations with the closest
microelement composition is indicated

TaGauua 2. AHAIN3 COAEPKAHMS TOKCUYHBIX U YCIOBHO TOKCHYHBIX 3JIEMEHTOB B COCTABE UCCIIEJOBAHHBIX IIPEIAPATOB
STHIMETHITHIPOKCUITUPUINH CYKITUHATA, MKI/KI

Table 2. Analyzed content of toxic and conditionally toxic elements in composition of the studied ethylmethylhydroxypyridine
succinate preparations, ug/kg

Mpenapar / Preparation Be Ni As Nb Cd Ba ([} Hg Tl Ph Bi
T™M-1/TM-1 0,000 | 0,303 | 0,072 | 0,015 | 0,411 | 0,094 | 0,102 | 0,057 | 0,032 | 0,325 | 0,054
T™-2/TM-2 0,105 | 0,363 | 0,235 | 0,003 | 0,710 | 0,082 | 0,129 | 0,006 | 0,000 | 0,033 | 0,005
T™M-3/TM-3 0,001 | 1,961 | 0,001 | 1,461 | 0,008 | 0,455 | 4,889 | 0,234 | 0,001 | 0,005 | 0,003
T™M-4/TM-4 0,017 | 0,444 | 0,124 | 0,001 | 0,400 | 4,655 | 0,185 | 0,076 | 0,001 | 0,036 | 0,008
TM-5/TM-5 0,000 | 0,134 | 0,085 | 0,004 | 2,258 | 0,069 | 0,146 | 0,028 | 0,006 | 0,023 | 0,135
TM-6/TM-6 0,000 | 1,193 | 2,604 | 0,003 | 0,360 | 2,687 | 0,179 | 0,011 | 0,002 | 0,265 | 0,001
T™M-7 / TM-7 0,017 | 0,037 | 0,015 | 0,026 | 0,512 | 0,071 | 0,145 | 0,003 | 0,001 | 0,137 | 0,039
T™M-8/TM-8 0,023 | 0,274 | 0,303 | 0,003 | 0,371 | 0,013 | 0,385 | 0,675 | 0,002 | 0,131 | 0,004
T™-9 (N-1) / TM-9 (M-1) | 0,000 | 0,151 | 0,065 | 0,010 | 0,470 | 0,085 | 0,094 | 0,027 | 0,033 | 0,342 | 0,045
T™™-9 (N-2) / TM-9 (M-2) | 0,000 | 0,192 | 0,091 | 0,005 | 2,277 | 0,077 | 0,163 | 0,040 | 0,001 | 0,831 | 0,094
T™-9 (N-3) / TM-9 (M-3) | 0,087 | 0,340 | 0,176 | 0,001 | 0,315 | 0,112 | 0,036 | 0,078 | 0,001 | 0,028 | 0,004
NAaK, mkr/n // MPC, pg/| 0,200 |100,000| 50,000 | 10,000 | 1,000 [100,000| 50,000 | 0,500 | 0,100 | 30,000 |100,000

IIpumeuanue. TM — mopzosasn mapra; IT — npouseooumens; [/JK — npeoensro 0onycmumas KoHyeHmpauus. 3a 0CHOB) 634m
nepeuerb XUMUMECKUX INLeMeHmos, npueeoeritviti 6 CanlluH 2.1.4.1074-01 dlumvesas 600a 1 6000CHAONEHUE HACCACHHBLX MECI».
TIpeocmasiervL CO0PICANUC MUKPOINEMEHINOB 8 UCCIeO0BAHHBLX OOPASUAX U NPEOCAbHO OONYCIMUMbLE KOHUCHMPALULL 015
COOMBEMCMBYIOULUX ICMEHINOE 8 NUIMBEEOLL 600e. [102heunocms onpeoeneHus Karoo20 muxpoanemerma cocmasuna 10-20%
om cpeore20 3HaeHUus. IIONYHCUPHBIM UPUDIMOM OMMeHeHbl. HAUOOIee BbICOKUE SHAUCHIU COOCPICAHU INNCMEHINOE N0 CPACHEHUIO
C OpyzumL npenapamamil; KPACHoLM 1Bemom 6bl0eneHbl 3HaveHUs, Onusxue k snaveruro ITIK unu npessiuaruiue ee.

Note. TM — trademark; M — manufacturer; MPC — maximum permissible concentration. The list of chemical elements provided in
SanPiN 2.14.1074-01 “Drinking water and water supply in populated areas” was used for analysis. The microelement content in

the tested specimens and the maximum permissible concentrations for the corresponding elements in drinking water are presented.
The error in determining each microelement comprised 10—-20% of average value. The peak element level compared to other specimens
is marked in bold; values close to or exceeding MPC are bighlighted in red.
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nynbHbIX Gopm npenapatos TM-8, TM-9 (1-3) nony4aemas
cpefa OT/INYAeTCA M3ObLITOYHON LLESTOYHON peakumen, 4To
06YCII0BNNBAET UCMONb30BAHNE COMAHON KMCNOTbI. B cny-
yae npenaptoB TM-3 n TM-8, 1na KOTOPbIX ObIN HAWAEHbI
BbICOKWNE 3HAYEHUSA U HATPUA, N XJ1I0pa, MOXXHO NpPeanono-
XUTb NCNONb30BAHNE MHOTOYMCIIEHHbIX NOC/e0BaTEb-
HbIX LUKMNOB HEWTpanu3aymm 10 KUCNOTOM, TO LLEJI0YbI0.
Y octanbHbix npenaparos (TM-1, TM-2, TM-7, TM-9 (I1-1),
TM-9 (M-2)) cogep>xanune n HaTpUs, 1 xJiopa 6b110 JOCTATON-
HO HW3KMM, YTO YKa3blBAeT HA MUHMMAJIbHOE MCMNONb30Ba-
HWe PacTBOPOB MMAPOKCMAA HATPUS U CONAHON KUCNOTbI
Anst Hopmanuaauuu pH.

OCO0EHHOCTH MHKPO3JIEMEHTHOTO COCTABA
npenapatos / Features of drug microelement
composition

CoBMECTHbIN aHann3 pe3ynbTaToB onpegeneHns M3
(TOKCMYecKuMX, HaTpus, Xaopa 1 Ap.), Knactepusauuu npe-
napatos no M3-cocTaBy (cM. puc. 1) n Koppenauunii mexxay
M3 (cm. puc. 2) no3sonseTt caenatb JOMNONHUTENbHbIE Bbl-
BOAbl 0 B3aumocea3n M3-cocTaBa cO CTENEHbIO YNCTOThI
npenapara.

OcobeHHoCcTM M3-cocTaBa MCCieJ0BaHHbIX NpenapaTos
(Tabn. 4) nokasbiBatoT, 4TO U3 Npenapatos Knactepa TM-9
(CcM. puc. 2) HaMbONbLUEA CTENEHbID OYUCTKN OTIMYAETCA
TM-9 (M-3): 0H COAePXXNUT LOCTOBEPHO MOBbILWEHHbIE YPOB-
HW TOJIbKO XN0pa M eBPONUS — NPAKTUYECKN HETOKCUYHbIX
M3. B 10 xe Bpems, Hanpumep, TM-5 xapakTepuayeTcs no-
BbILLEHHbIMI OTHOCUTESIbHO CPeHEero 3Ha4eHus no BbI6op-
ke yposHamu Cd, Bi, a npenapat TM-1 — HECKOJIbKO NOBbI-
LUEHHbIM ypoBHEM Pb.

Ta6auna 3. CopieprkaHye HATPUS 1 XJIOPA B UCCIICIOBAHHBIX
NpenapaTax dTUIMETWITHPOKCUTIMPU/IUH CYKITUHATA,
MKI/KI'

Table 3. Sodium and chlorine content in the studied
ethylmethylhydroxypyridine succinate preparations, ug/kg

OcTanbHble NpenapaThbl TAKXe UMEKT YHUKANbHbIA M3-
coctas. Hanpumep, TM-3 n TM-7 0TAn4a0TCA NOBbILLEHHbIM
COJIEP>XAHMEM MHOTO4YMCeHHbIX M3 13 «peko3emMeNnbHOro
knactepa» (cm. puc. 1). TM-3, kpome TOro, XxapakTepmayer-
CS MOBbILEHHbIMW YPOBHAMM PTYTM N 3NEMEHTOB KnacTepa
Nb-W-Zr (cm. puc. 1). Takoro pofia KiacTepHble Koppensuumn
Mexnay coaepxaHuem mHorux M3 (B 4acTHOCTU, peakose-
MeJIbHbIX 3/IEMEHTOB) YKa3bIBAeT HAa MCNONb3YEMYIO MpK
NMPON3BOACTBE BOAY KaK BO3MOXHbIA NCTOYHUK 3TUX M3.

Mpenapatbl TM-4, TM-6 u, ot4actu, TM-8 xapakTepusy-
tOTCS NOBbILLIEHHbIM COIEPXKAHWEM 3/1IEMEHTOB U3 KnacTepa
Na-Al-B (cm. puc. 1). [JaHHble npuMecyu MOryT ABNATLCA pe-
3yNbTaTOM MCMOJSIb30BAHNSA LLEN0Yn (TMAPOKCUAA HATPUS)
TOr0 WM UHOTO NPOM3BOANTENA HA CTAAUMN PerynnpoBku pH
npenaparos.

1 HakoHeL, cregyeT OTMETUTb eLle 0JJHO 04YEHb BaXKHOE
HabnoaeHme: npenapaTbl C NOBbLILLIEHHbIM COAEPXXaHUEM Ha-
Tpus (TM-3, TM-4, TM-5, TM-6, TM-8) oTnn4atoTcs Takxe
MoBbILEHHbIM ypoBHeM M3-npumeceii: o1 5 (TM-5, TM-8)
[0 20 (TM-3). B 10 e Bpems npenapart ¢ NOBbILLIEHHbIM
YPOBHEM X710pa, HO He HaTpus (TM-9 (I1-3)) umeeT nuLwb ABe
JONONHNTENbHbIE MPUMECU — MOBbILWEHHbIE YPOBHW HU3KO-
TOKCMYHbIX XJ10pa 1 eBPONMS.

Takum 06pa3om, ctenedb M3-4uctotsl npenapata IMITIC
MOXET 6bITb CYLLECTBEHHO NOBbILIEHA, ECNI B NPOLLECCE ero
CMHTE3a NoAJAepXNBaeTcs cnabollenoyHas cpeaa, a «o-
BOJKa» pH 00 HENTPasbHbIX 3HA4YEHWIA OCYLLLECTBNAETCS NO-

Ta6auma 4. OCO6EHHOCTH MUKPOJIEMEHTHOTO COCTABA
IPENAPATOB THIMETHITUAPOKCUITHPUIUH CYKI[UHATA

Table 4. Microelement composition in
ethylmethylhydroxypyridine succinate preparations

Mpenapart / Preparation Na Cl
T™M-1/TM-1 216,2790 12,6161
T™-2 /TM-2 16,7214 15,3161
T™M-3/TM-3 1724,8800 643,0970
T™M-4/TM-4 1421,2800 15,2809
TM-5/TM-5 1227,9000 12,5167
TM-6/TM-6 1990,8600 165,1650
T™-7 / TM-7 1,8957 52,2287
TM-8/TM-8 2019,0000 2372,2300
T™M-9 (M-1) / TM-9 (M-1) 6,4375 12,4606
T™M-9 (N-2) / TM-9 (M-2) 118,1580 12,0592
T™M-9 (N-3) / TM-9 (M-3) 14,9969 1347,7900

IIpumeuanue. TN — mopzosasn mapia; I1 — npouseooumerns.
TIonyncuproim wpudmom ommenersvt Haubdoaee blCoKLUe
3HAMEHUS COOCDICANUA HAMPUS U XJI0PA (N0 CPABHEHUIO

¢ Opyzumu npenapamamit).

Note. TM — trademark; M — manufacturer. The peak sodium
and chlorine content values (compared to other preparations)
are marked in bold.

https://epilepsia.su

MukpoanemeHTbl, yPOBHU
Mpenapar / Preparation | e Sioniticantly
elevated microelements
TM-1/TM-1 Pb
TM-2/ TM-2 Be, Mo
Na, Cl, V, Zr, Nb, Ag, La, Ce, Pr,
TM-3/TM-3 Nd, Sm, Eu, Gd, Tb, Ho, Er, Yb,
Hf, W, Hg
TM-4/TM-4 Na, Mg, Al, Si, Ba
TM-5/TM-5 Na, P, Cu, Cd, Bi
TM-6/TM-6 Na, Si, Ca, As, Br, Rb, Sr, Ba, Pb
TM-7/ TM-7 P, Mo, Eu, Tb, Yb, Lu
TM-8/TM-8 Na, Mg, P, Cl, Hg
TM-9 (MM-1) / TM-9 (M-1) Cu, Pb
TM-9 (M-2) / TM-9 (M-2) Cu, Cd, Pb
TM-9 (M-3) / TM-9 (M-3) Cl, Eu

ITpumeuanue. TM — mopzosas mapra; I1 — npouseooumets.
JIns Kaxico0020 npenapama nepesucaevl MuKpOoIeMeHmsl,
cooeparcarie KomopuLx 00CMOBEPHO Bbillle OMHOCUMETILHO
cpeorezo 3nauerusa no ssibopre (P<0,05 no mecmy
Cmuwrooenma,.

Note. TM — trademark; M — manufacturer. For each drug,
sample microelements at level significantly exceeding average
value (p<0.05, Student’s I-test) are shown.
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CpefCcTBOM PacTBOPOB BbICOKOOYMLLEHHON CONAHON KNCI0-
Tbl. [Je/iCTBUTENIbHO, CTEMEHb OYUCTKM CONSHON KNCIOTbI OT
NPUMECEN MOXKET NOBbILIATHCA NPAKTUYECKN HEOTPAHUYEHHO
nocpeCTBOM MHOTOKPATHOW peKTuduKaumm (NeperoHkin) ee
pacTBopa (K0Topas € NerkocTbi MOXET ObITb OCYLLECTBEHA
B /I060W 3aBOACKON nabopaTtopuu). B cBOKO 04epeb, nony-
YeHue BbICOKOYMCTbIX PACTBOPOB MMAPOKCMAA HATPUA Tpe-
OyeT NPMMEHEHNS KpaiiHe 40POrocToALLero 060pyaoBaHNs
ANS pa3feneHns XMMn4Yecknx a51eMeHTOB U NPaKTUHECKN He
peann3yemo B YCII0BUSAX peasibHOro hapmaleBTM4eckoro
NMPOM3BOACTBA. ANbTEPHATUBHO BO3MOXXHO 1CNO/b30BaHNE
CBEPXYMCTbIX PACTBOPOB rMAPOKCUAA HATPUSA, 4TO MOXET
HECKOJIbKO MOBLICUTb CTOUMOCTb MPOM3BOACTBA.

OBCYZKJIEHHUE / DISCUSSION

KnuHuyeckue nccnefoBaHns nokasanu, Y10 UCNOJb30-
BaHne IMITIC B KOMNNEKCHOW peabunuTaunm noXubix na-
LIMEHTOB, MEPEHECLUNX OCTPYHO LepebpasnbHyto HeaocTaTou-
HOCTb, CMOCOOCTBYET YYYLWEHNIO KOTHUTUBHbLIX (OYHKLWA,
CHUKEHMIO TPEBOXKHOCTM U IeNPECcCUn, a TakXe NoBbILLEHUIO
MbILLIEYHOI CUIlbl U MoBUnbHOCTH [17].

JKCNepuMeHTanbHble TECTbl HA CTapbIX KPblCax-camuax
NUHUK Buctap npoaemoHCTpMpoBanu, 410 ANnuTensHoe npu-
meHeHune AMITIC yBenn4nBaeT NPpoOa0SIKUTENbHOCTb XKU3HMU,
yny4uwaet 06y4eHue, NoBbILLIAET CYA0POXHbIA NOPOT, Mbl-
LUEYHbIA TOHYC N KOOPAMHALMIO OBWXEHWUNA, HapYLWeHHbIe
npu ctapexun [18].

AMITIC, obnapatoLinii QHTUOKCUAAHTHBIMM 11 HEAPONPO-
TEKTUBHbIMW CBOWCTBAMU, NPUMEHSETCA B KOMMJIEKCHON
Tepanun anunencuu anas nosbileHns 3 MEKTUBHOCTM Ne-
YEHNS 1 CHKEHMS N0604HbIX 3P (EKTOB NPOTMBOCYAOPOXK-
HbIX MpenaparTos. ViccnefoBaHns NOKa3blBakoT, YTO A06AB-
neHue AMITIC K cTaHAAPTHON Tepanuu Kap6amasenuHom
yCUnmMBaeT NPpOTUBOCYAOPOXKHOE JENCTBIE N MO3BONSET
CHW3UTb J03bl NOCNEAHEr0, YTO NOATBEPXKAAETCA YMEHb-
LIeHMeM annnenTuOPMHO aKTUBHOCTU B 3KCMEPUMEH-
TanbHbIX Mogensax [19].

Kpome TOro, KnuHu4eckne HabnoaeHns CBUAETENIbCTBY-
10T 0 nonoXxutenbHom BansaHum IMITIC n kap6amaszenmHa Ha
TeyeHne papmMakope3NCTEHTHON NapLuanbHOi anunencum,
CHVKAs 4acToTy 3NUIIENTUYECKMX MAPOKCM3MOB 1 yyyLuas
nokasartenu anekTpoaHuedanorpadgum [20].

Mpodunb cogepxanma M3 aBnseTcs 04HUM U3 YHUBEP-
CaJibHbIX TEXHOJIOMMYECKUX MAPKEePOB CTEMNEHN 04UCTKN
M CTaHAapTu3aymm papmaLeBTMYeCKUX npenaparos, no-
3BOJIAOLLMM MPOBOANTL CPABHUTESIbHbIE AHANN3bI CTENEHN
o4ncTku npenapatos [11, 21, 23]. JaHHblii N0AX0A K OLEH-

Ke CTENEeHU YNCTOTbl U CTAHAAPTM3ALMUN NIEKAPCTBEHHbIX
CPeACTB NPaKTUYECKN HE3aMeHUM B CIlyHae NpenaparoB Ha
OCHOBE NPMPOLHOTro cbipbsi [24-26]. AHanu3 M3-npoduns
MO3BOMSET TAKXKe YCTAHABNMBATb HOBbIE, HEOXWNAHHbIE
CBOWCTBA Npenaparos [24, 27, 28].

KomnnekcHbIx nccnemoBanmnii M3-coctaBa npenapartos
9MITIC paHee He NpoBOAMNOCKL. B Hallei paboTe BNepBbie
MONYyYeHbl YHUKANbHbIE Pe3yNbTaTbl, N03BONAIOLLNE HE TOMb-
KO 060CHOBAHHO NPEANONOXNUTb OTAENIbHbIE TEXHNYECKNE
AeTann nNpom3BOACTBA KOHKPETHbIX 06pa3uoB IMITIC, Ho
1 yKasaTb Ha Hambosiee BEPOSATHbIE NOAXOAbI K CYLLECTBEH-
HOMY ynydLleHno Kavyectsa M3-041UCTKM NPU MX M3rOTOB-
neHnn. Takxxe BbISIBIEHbI NpenapaTbl, 0TAMYaoLWNecs Hau-
NYYLLUEN CTeNeHb0 0YUCTKM, HTO YKa3bIBAET HA OCTATOYHO
COBPEMEHHbIE YCI1I0BMA UX NPOU3BOLCTBA.

3AK/IIOYEHHUE / CONCLUSION

MpoeeneH aHanu3 M3-coctaBa 11 npenapatos IMITIC.
MeTo40M aTOMHO-3MUCCMOHHOW CNEKTPOMETPUN C UHAYK-
TUBHO-CBA3AHHOM NNa3mMon B KakaoM o6pasue onpefe-
NEHO cofiepXaHne 72 3N1eMEHTOB NepUoANYeCcKon Tabnm-
ubl O.W. Mengeneesa. M3-npocunun IMITIC pasnuyatoTes,
npu4Yem Jaxke npenapartbl OJHOV TOProBO MapKK 1N OHON
cbopMmbI BbIMyCKa (PacTBOP A5 UHLEKLWIA) MOTYT COAepXaTb
pasHblil M3-coCTaB, B T.4. TOKCUYHbIE U YCITOBHO TOKCUYHbIE
M3 B konimyecTBax, 6nu3kux unu npesbiwarowmx MNAK.

M3-npumecu B cocTaBe npenapaToB MOryT NOCTynaTh U3
BOAbI, TMAPOKCMAA HATPUSA N CONSAHOI KUCNOTbI, UCMNOMb3Ye-
MbIX Npn Npou3BoacTee. Mpegnonaraercs, 410 M3-ka4ecTBo
npenapaTta MOXeT ObITb CYLLECTBEHHO NOBbILIEHO, eCNN ANs
HopMmanuaauum pH ncnonb3yrTcs pacTBOPbI CONAHON KUC-
NOTbl, OYNLLEHHbIE B pe3ynbTaTe NpoBeAeHNs nocneaoBa-
TEeNIbHON pekTUdmKaLnm.

C BO3pacTOM CHWXXAKOTCS BbIBOASALLNE PYHKLMU NeYe-
HW 1 MOYeK, 3aMeanseTcs meTabonn3m nekapcTs, 6bICTpee
HakannuBawTca ToKCU4Hble M3, noaToMy npenapaThl Ha
ocHoBe AMITIC WMPOKO NPUMEHSAIOTCA B FTEPOHTONOM MK
6narofaps He TO/IbKO CBOMM HEMPONPOTEKTUBHbLIM W aHTK-
OKCWAAHTHbIM CBOWCTBAM, HO 11 04€Hb HU3KOW TOKCUYHOCTH.
Mpw anunencuu IMITIC MoryT HazHa4aTbCa N0 NOKa3aHU-
M B COCTaBe KOMMEKCHON Tepanun BMeCTe C aHTUKOH-
BynbcaHTamn. AHanua npodgunein M3-coctaBa 06pa3LoB
IMITIC ykasan Ha npenapaTbl, KOTOPbIe NEPCNEKTUBHO UC-
nosib30BaTh A5 NOBbIWeEHUS 3 DeKTUBHOCTM 1 6e3onac-
HOCTU (bapmakoTepanuu 3NUNencun CoCyancToro reHesa
MOCPELCTBOM TOPMOXXEHUSA TNyTamMaTHON 3KCANTOTOKCUY-
HOCTM, aHTUOKCUAAHTHOIO U @HTUTUMOKCAHTHOrO AeACTBMSA.
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