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BCTVYII

Jlikapchbki 3aco0Ou, $IKI MICTATh aMIHOKHMCIIOTH, MAaloTh OOIIUMPHY 00JIacTh
BUKOPUCTaHHS B Cy4yacHId MEIMIMHI K JJIsl IArHOCTUKH, JIKyBaHHA, TaK 1 JJIs
Npo(UIAKTUKK BEIMKOI KUIBKOCTI 3axBoproBaHb. CyMapHO B O10JIOTIUHHMX pIIUHAX
BMICT 0.-aMIHOKHUCJIOT 3HAXOJUThCA HA HE3MIHHOMY DiBHI. SIKIIO BMICT BUIBHUX O-
aMIHOKHCJIOT 3MIHIOETHCS B CHPOBATIll Ta IUIa3Mi KpoBl abo B cedi, 1€ € O3HAKOIO
nopyueHHs: QyHKIIIT BHYTPIIIHIX OpraHiB, HAPUKJIAA MMEYIHKH, HUPOK. buiblicTs a-
aMIHOKHUCJIOT MPOSIBIISIIOTH BEJTMKE PI3HOMAHITTS 010J10T14HOT akTUBHOCTI. Hanpuknan,
aMIHOKHUCJIOTH MOXYTh OYTH JIKEPEJIOM €HEeprii Ha KIIITUHHOMY PiBHI (TJIyTaMiH, BaJliH,
neinuH). JIi3uH, TIOyTamiH, TUPO3WH, apriHiH € PEYOBHHAMH 3 SIKUX CHHTE3YIOThCS
TrOPpMOHH, (epMeHTH, aHTHUTLIA TOMIO. O-AMIHOKHCIOTH MPHAMAIOTh y4acTh B
MeTaboi3M1 OpPraHiuHUX KHUCIOT Ta LYKpIB (alaHiH), COPUSIOTh 3HUKEHHIO PIBHS
XOJIECTEpUHY B KpOB1 (METIOHIH, TpunTodaH, Ji3UH, apriHiH), pOCTy TKaHUH Ta ix
BIJTHOBJICHHIO (130JICUIIMH, TPOJIiH, JEHIUH, TaiuH). Jleski aMiHOKHCIOTH HaBiTh
CIIPUSIOTh BUBEJCHHIO BAXKKMX METAJIIB 3 OpTraHi3My (METIOHIH, ITUCTETH).

['myTamiHoBa KUCJIOTa HE BITHOCUTHCS 10 HE3aMIHHUX aMiHOKHCIIOT, aje JyIs
CUHTE3y BEJUKOI KUTBKOCTI (P1310JIOTTYHO aKTUBHUX PEYOBHH, 1110 € HEOOXITHUMH IS
iATPUMKH KUTTEAISIILHOCTI OpraHi3My, BOHA € OCHOBOIO. [ TyTaMiHOBa KHUCIOTa MOXKE
3IaTHA CIYTyBaTH 3aXUCHUM (DaKTOpPOM IPH PI3HUX OTPYEHHSAX IMEUIHKUA 1 HUPOK,
HMiATPUMYBATH TIOCTIHY PEaKIlilo CepeJOBHINA, MOCHUIIOBATH (PapMaKoOJIOTIUHY IO
OJIHMX JIKapChKUX 3acO0IB Ta MOCIA0MIOBaTH TOKCHYHICTH iHImuX [2]. Came i
BJIACTUBOCTI € MIATIPYHTSAM O 3aCTOCYBaHHS TIyTaMIHOBOI KHCJIOTH ISl JIIKYBaHHS
BEIIMKOi KUIBKOCTI 3aXBOpIOBaHb. B MemuyHiil MpakTHIll TIyTaMiHOBY KHCIOTY
3aCTOCOBYIOTh TPHU JIIKyBaHHA eminerncii (B OCHOBHOMY MajMX HamamiB),
COMATOTCHHUX, IHBOJIOMINHMX, 1HTOKCHKAIlIMHMX IICHX031B, PCAKTUBHHUX CTaHIB 3
SBUILAMHU JIeTIpecii, BUCHAXXCHHs; NMpPU 3aTPUMIIl ICUXIYHOTO PO3BUTKY Yy MIITEH,
xBopoO1 JlayHa, mpw auTAUMX T1epeOpaNbHUX Mapaiivyax, MOJIOMIENITI, Tpu

MPOrpecyroUil MIiONarii, Il YCYHEHHS 1 MONEpPe/KEHHS] HEUPOTOKCUYHUX SIBUIIL, 110
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MOXXYTh BHHHMKHYTH MpPU 3aCTOCYBaHHI 130HIa3uJy Ta IHIIMX MpenapariB Tpymnu
ripa3uy 130HIKOTUHOBOI KUCIOTH [1].

Axmyanvnicms: llomyk HOBUX  METOAMK  KUIBKICHOTO  BHU3HAYEHHS
[JIyTaMIHOBOT KUCJIOTH B TBEPJIUX JIIKAPCHKUX (POopMax.

Mema: po3poOUTH METOJUKY KUTbKICHOTO BU3HAYEHHSI ITyTaMiHOBOI KUCJIOTH Y
TBEpAUX JiKapchkux (opmax  I'myraminoBa kwucinora (BupoOoHuk KuiBchkuit

BiTaMiHHU# 3aBojI, YKpaina) ta Glutamic acid (Swanson, CIILA).

3aeoannsa:

1. [IpoananizyBaTu JiTepaTypHi JpKepeia 010 3aCTOCYBaHHS ITyTaMiHOBO1
KHUCIIOTH, 11 (hapMaKoJIOTIYHI BIACTUBOCTI, (PI3UKO-XIMIUHI BJIACTUBOCTI Ta MEXaHI3M
i

2. [IpoananizyBat  BiIOMI  METOAMKM  KUIBKICHOTO  BU3HA4Y€HHS
TIyTaMiHOBO1 KUCIIOTH. PO3p0oOUTH METOAUKY KUTbKICHOTO BU3SHAUYCHHS ITyTaMiHOBO1
KACIOTH Y TBEpAUX JiKapchbkux Qopmax ['myraminoBa kucinora (KuiBchkuii
BITAMIHHHI  3aBOjJ) Ta Glutamic acid (Swanson, CIIA) wetomom
NOTEHIIOMETPUYHOTO TUTPYBaHHS.

3. IIpoBectn Bamigaliro METOJMKH KUTBKICHOTO BU3HAYEHHS TIyTaMiHOBOI

KHACJIOTH METOJOM MOTEHIIIOMETPUYHOTO TUTPYBaHHS.

Ilpeomem 00Ci0NHCEeHHA: Meton KHCIIOTHO-OCHOBHOTO Ta
MOTEHI[IOMETPUYHOTO  TUTPYBAaHHS A KUIBKICHOTO BH3HAYEHHS TIyTaMiHOBOI

KHUCIIOTH Y TBEPAMX JIKapChKUX (hopmax.

Hoesu3na ma 3nauenns 00eprcanux pe3yibmamie: pe3yibTaToM poOOTH € HOBA
CydJacHa aJbTEepPHATHBHA METOJMKA KUTHKICHOTO BU3HAYEHHS TIyTaAMiHOBOI KUCIIOTH Y

TBEPAMX JIKapChKUX (hopmax.
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OCHOBHA YACTHHA. Pozain 1. T'myramiHoBa KHCJI0Ta, MeETOAH

BHU3HAYCHHA.

1.1. Poab riayrTaMiHOBOI KMCJI0TH B OPraHi3mi.

['myraminoBa kucinoTa Oyna Bigkputa B 1866 poui Himenpkum ximikoM Kapiom
I'enpixom PirTxay3eHoMm. Bin kuil oOpoOMB KJIEHMKOBMHY NIIEHUI CYJb()aTHOO
KHACTIOTO0. 3B1JICH 1 MiNUIa Ha3Ba riayTaMmiHoBOi kucioTu. Ili3Hime, Ha moyaTky XX
CTOJITTS yXe AnoHchkuit pocninHuk Kikynae Ikena 3mir ineHTH(]IKYBaTH KpHUCTaIH
KOPHYHEBOT'O KOJIbOPY, IO YTBOPUJIUCH IiCIIsS BUIAPOBYBaHHS OYIbHOHY KOMOY, SIK
riyTaMiHoBY kucioty. Ilicis Toro, sik BiH cnpoOyBaB Ha CMak Ii KpUCTaldd, BOHH
3/1aJTUCh HOMY JIy’Ke€ CMAaYHUMH 1 MaJld CMaK JyXe 3HaOMMUIA, SKUM BiH y>Ke€ BlIUyBaB
B 0araThbOX MPOAYKTaX XapuyyBaHHs, OCOOIMBO B MOPCHKHX BoOJoOpocTsX. Llei
cmak Ikena Ha3BaB ymami. [li3Hie BIH 3amaTeHTyBaB METOJ BUPOOHUIITBA
KPUCTAIIYHOI COJIl TJIyTaMiHOBOT KMCIIOTH, IITyTaMary Hatpiio [4].

I'nmyraminoBa kucinora ((S)-2-amiHomeHTaH-1,5-1ukapOoOHOBa KHCIIOTa) —
amidaruyHa JTuKapOOHOBA KUCIIOTA — € B OPraHi3Mi B JOCTATHBO BEJIUKIN KIIBKOCTI (10
25%) B ckiaai OUIKIB Ta 1HIIUX PEYOBHH, & TAKOXK B BUIBHOMY (HE3B'A3aHOMY) CTaHI.
Bona ckiiamae mpu6M3HO 4eTBEPTY YaCTUHY BiJ 00'eMY BCIX (3aMIHHHMX 1 HE3aMiHHUX )
aMIHOKHCJIOT B OpraHi3Mi Ta BUKOHYE JTyKe BXIIMBI QyHKIIT [5].

Xo4ya TJIyTamMiHOBY KHCJIOTY BBa)XalOTh 3aMIHHOIO  aMiHOKHCJIOTOIO,
JOCITIHPKCHHS]T MUHYJIMX POKIB TOKAa3ald, MO JJI JCSIKAX OpraHiB JIOJWHUA BOHA €
HE3aMIHHOIO 1 11 He MOKHA 3aMIHUTH Ha JKOJHY 1HIITY aMiHOKHUCIIOTY.

OcHoBHI (yHKIIIT TITyTaMiHOBOI KHCIIOTH B OpraHi3Mi:

- YTBOPEHHS IHIMUX AaMIHOKUCIOT (Y-aMiHOMACJISIHOI KHCJIOTH, TiCTUIUHY,
OpHITHHY 1 IPOTiHYi T.11.);
- Oepe ydacTh B CHHTE31 BYTJIEBO/IIB, HYKJICTHOBUX KUCIIOT, (DEPMEHTIB;

- Oepe ydacTh y CHHTE31 CepOTOHIHY (uepe3 TpunTodan);


https://uk.wikipedia.org/wiki/%D0%A3%D0%BC%D0%B0%D0%BC%D1%96

- 3HENIKOJKYE€ aMOHIaK, YTBOPEHUW TMpU po3Maji aMiHOKUCIOT, OLIKIB,
aMiHOMYpiHIB (YyTBOPIOETHCS IITyTaMiH); [6]
- Oepe ydacTp y JIMIIHOMY OOMIHI;
- Mae aHaOoJIITUYHY A1I0;
- 0Oepe y4acTb B MiHEpAJIbHOMY OOMIHI —MIJIBUIIY€E MPOHUKIUBICTh M’ A30BUX
TKaHUH 70 10HIB KaJio;

- Mae HelpoMmeaiaTopHy (QYHKITIIO.

B ronoBHOMY MO3Ky BaXJIHMBE TIyTaMiHOBa KHCJOTa IMEPETBOPIOETHCS B Y-
aminoMacnaHy kuciioty (I'TAMK). Bona Oepe ywyacTb B LUIOMY psifi peakilid Ta
B3a€EMOJIi€ 3 MPOAYKTaMH IHKIY TPUKApOOHOBUX KHCIOT. [JyTamiHOBa KHUCIIOTa €
MOTNIEPEHUKOM Y-aMiHoMacsiHOT kuciotu [4]. Hapasi Bimomo, mo '”AMK 6Gepe y4acthb
y 6arath0X OOMIHHHX TpoIlecax MO3KOBOI TKaHWHU. BoHa BIUIMBaE Ha TPaHCIOPT Ta
YTHII3AI[iI0 TJIFOKO3U, AUXaHHS Ta okucHe (ochopuiitoBaHHs, MeTab0I13M OCHOBHUX
JOKEpeIT eHeprii, 6epe ydacTh y peryJisilii OCMOTHYHHX MPOIECiB, MA€ aHTUTIMOKCUYHY
T1O.

biocuHTe3 BYTiieBOIIB 3 IIIyTaMIHOBOI KUCIOTH YK€ BaXJIMBUH SIK pe3epBHUIM
MEXaHI3M IMOCTaYaHHs TJIIOKO3HW JI0 MO3KY IIPH HeCcTadl BYTJIEBOJIIB y Xap4yyBaHHI a0o
IpU MOCWICHNX (I3MYHUX HaBaHTaKCHHsX. [ JTyraMiHOBa KHCIOTa HE JIMINE 3/1aTHA
camMa TEPEeTBOPIOBATHCH HA TJIOKO3Y, ajl€ 1 MPUCKOPIOE YTBOPEHHS TIIIOKO3U
(TTTIIOKOHEOTeHE3) 3 THIIMX PEUOBHH y MEUIHIl Ta HUPKAX, 3aBJISKA YOMY ii Ha3UBAIOTh
IJIFOKOHEOTE€HHOI0 aMIHOKHCIIOTOIO.

['myraminoBa KHcCIOTa 3/aTHA MEPETBOPIOBATUCH B HE3aMIHHY aMiHOKHCIOTY
TpuntodaH, 3 AKOI CHHTE3YEThCS CEPOTOHMH, IO € OJHUM 13 TaJbMIBHHX
HEHpOMEIaTOpiB IEHTPAIbHOI HEPBOBOI CHCTEMH Ta BUKOHYE aHAOOJITHYHY
b yHKITIFO.

YTBOpeHa B Oprafi3Mi riyTaMiHOBA KUCJIOTA PO3MAJAETHCS B OpPTraHi3Mi OJHUM
i3 HacTymHUX croco0iB [13]. Ile abo TpancaminyBaHHS — (IIPH IEOMY YTBOPIOETHCS 0 -

KeToriayrapar 1 acmaprar, abo  OKWUCHE  Je3aMmiHyBaHHA (i — JTi€rO
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[JIyTaMaTIeTiIPOTeHAa3u PO3KIAJAEThCS B MEUIHII 3 BUAUICHHSIM aMOHIaKy, SKUi
NOTpaIUIsie B IIMKJI CEYOBHUH, a00 JeKapOOKCUIIOBaHHS ((pepMEHTOM TiyTamar-

nekapOokcuazoro 3 yreopenusm ['AMK).

Jlxepenamu riayTaMiHOBOT KUCIIOTH € COsl, M'ICO, TITUIlS, pubda, SIS 1 MOJIOYH1
Ta KUCJIOMOJIOYHI NPOAYKTH. bararo ii 1 B pOCIMHHIN iXKi: 3€JIeHOMY TOPOLIKY, OYpsIKY,
KyKypy/3i, MOPKBI, IIMOYJIi, mmuHAaTiI 1 11 [14].

HatpieBa cinb riiyTaMiHOBOT KHCJIOTH Ma€ CMak M'sca 1 B 0araThox KpaiHax
BUPOOJISIETHCS 1 BHKOPUCTOBYETHCS K MPUIIPaBa. 3 POKY B PiK 3pOCTaE BUKOPUCTAHHS
HATpilo TIIyTaMary JIJs HaJlaHHs BUpoOaM M'ICHOTO cMaKy [4].

['myTaMiHOBY KHCJIOTY YaCTO BUKOPUCTOBYIOTH TP BUPOOHHUIITBI CIIOPTUBHOTO
XapuyBaHHS Ta Ai€THYHUX 100aBok (JI1).

B MenuuuHi 3acTOCOBYIOTH 1i MpU MOpPYUIEHHI pOOOTH HEPBOBOI CHUCTEMHU
(;TikyBaHHS pO3YMOBOI BiICTAJIOCTI, €MIICIICIT, MICIs TPABM MO3KY, IICIIs IEPEHECCHUX
KPOBOBWJIMBIB a00 MpU 3alaJbHUX 3aXBOPIOBAHHSAX TOJOBHOTO MO3KY, JIIKYBaHHS
M'si30B01 aucTpodii, xBopoou Ilapkincona). Takoxk TriyramiHOBa KHCJIOTa 3HUXKYE
IPOIIECH TIEPEKUCHOTO OKHCJICHHS JIMiAIB 1 MiABUIIYE €()EKTUBHICTh JIIKyBaHHS
XBOpHX Ha OpOHXIAIBHY aCTMY, OCOOJIMBO B TTOEAHAHHI 3 TJIFOKOKOPTHKOinamu [14].

I'myraMid 3acTOCOBYIOTH TpH Jenpecii, Oe3COHHI, IpaTiBIMBOCTI, XBOPOOi
Kpona. ¥V HenoHOIIEHHX HEMOBJISIT a00 JITEH 3 HU3bKOI Barow MIpH HApOJKEHHI
rIIyTaMiH BUKOPHUCTOBYETHCS ISl 3HMKEHHSI 3aXBOPIOBAHOCTI 1 CMEpTHOCTI [7].

['myTamiHoBa KHCIIOTa YTBOPIOETHCS y 3M0pPOBOMY OpraHi3Mi B JOCTaTHIM
KUIBKOCTI, aJie, KOJIU 3'IBIISIIOTHCS Pi3HI XBOPOOU Ta 13 30UTBIICHHSAM BiKY JFOIWUHH, ii
piBEHb MOKE 3MEHIITYBAaTHCh. TOMY, B TAKUX BUIAKAX MOTPIOHO TOAATKOBO IPUMMATH
TIIyTaMiHOBY KHCJIOTY. AOO momaBaTH y pailioH MNPOAYKTH, SIKIi MICTATH OaraTto

TITyTaMiHOBOT KUCJIOTH, a00 MpUHMAaTH y BUTJISAI IBETUYHHUX 100aBOK [8].
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1.2. Bbynosa, ¢pizuko-xiMi4Hi BJ1aACTHBOCTI TAa OTPUMAHHS [JIyTaAMiHOBOI
KHMCJIOTH.

['myramiHoBa kucioTa - (S)-2-aminonenTan-1,5-1ukapOoHoBa kuciota (puc.1) —
0e30apBHUI KpUCTaIIYHUI MOPOLIOK 200 KPUCTATIYHUIA MOPOUIOK OUIOro KOJbOpY,
AKUN JIETKO PO3UYMHSIETHCS Yy KUIUISIYIM BOJI, aji€ MOraHO PO3YMHSAETHCA y XOJOJHIN
BoAl. Maiike He PO3UMHSIETbCS B alETaTHIA KHUCIOTI, €Tepi, €THJIOBOMY CIUPTI,

areToHl.

O
OH

O
HO

&

fc—QH—CHE—CHE—q
NH,

Puc.1. I'myraminoBa kuciora

MonekynspHa popmyna — CsHgNO4
Momnsipna maca — 147,13 r/monb
Temneparypa miasieHus - 160°C
Temneparypa kumiaas - 205°C
I'yctuna — 1,4601 /1 (20 °C) [2].

I'myramiHoBa kwuciiota - Iie¢ TuUmoBa amidaTuyHa o-aMiHOKHCIOTa. BoHa
B3aEMOJII€ 3 KYNPyM Cyib(paToM, YTBOPIOUM TPU I[OMY CTIHKY TEMHO-CHHIO
KOMIUICKCHY crioiryKy. [Ipu HarpiBaHHI BOHA NIEPETBOPIOETHCS Ha MIpOTIIyTaMiHOBY (2-
HippoITiOH-5-KapOOHOBY) KUCIIOTY. B yTBOpPEHHI MENTUIHKUX 3B'I3KiB Oepe y4acTh o-
KapOOKCHIIbHA TPYIIa, JCKOIHU — Y-aMiHoTpyma [2].

Moske TakoX BimOyBaTHCS EKapOOKCHIIOBAHHS 3a MiICIIEM KapOOKCHIBHOI
rpynu  (pepmeHT TiyTamatAekapOokcmiaza). B pesympTari mporo mporecy
YTBOPIOETHCS yY-aMIHOMAC/IsTHA KHCIIOTa. XapakTepHi sl TIIyTaMiHOBOI KHUCIOTH

TaKOXX peakiii ie3aMiHyBaHHS Ta MEepeaMiHyBaHHS, B PE3YyJbTaTl SIKUX YTBOPIOETHCS
11



OypIITHHOBA Ta O-KETOTJyTapOBa KHUCIIOTH, SIKI BIIICPAIOTh BaXKJIMBY pOJib B OOMIHI
MPOTCTHOTCHHUX aMIHOKHCIOT, a TakoXX Yy 3a0€3MeueHH] peakiid IUKIy
TpukapOoHOBUX KucoT [9].

['myramiHOBa KHUCJIOTa BXOJIUTH A0 CKJIaay OaraThoX OUIKOBHX pPEYOBHH:
MIO3UHY, Ka3eiHy, 0-JIAKTOTJIOOYJiHY 1 T.A. Y JOBOJI1 BEJIUKIN KUIBKOCTI BOHA
3HaXOJUThCS y OlTKax MO3Ky, 3imakax [10].

MeToau OTpUMaHHS TJIyTaMiHOBO1 KUCIOTH.

['myTamMiHOBY KHCIIOTY MOKHAa OTPHUMATH TiIpOJIi30M OUIKIB, a TaKoX 3a

JIOTIOMOTOI0 CHHTE3Y — XiMi4HOTro, (hepMEHTaTUBHOIO, Mikpobionoriunoro. Ii MoxHa

OTPUMATH 3 aKPUJIOHITPHUITY i alleTHIaMiIHOMAJIOHOBOTO ectepy [2]:

(l'oo('_.n(

H,COCHN—CH H,C=CH—CN

AKPUIOH T PIY

COOC.H.
SHCTHIAM EIHOMATONORMN
cup
COOC.H.
P > . g g H.0
~ H,COCHN—C—CH,—CH,—Cm=N ————
COOC.H. Sestiap
COOH
P—— 'l\‘—(‘_(‘“—'(‘ll—(‘—w —‘—(—)’
COOH
COOH COOH
—— H,N—CH =0 H,N—CH
CH,—CH,—C==N CH,—CH.—COOH

FAVIaMIHOBS KIC1oTa

Ha croromni HaitO1IbIII MOKIMBOCTI B OTPUMAHHI TITyTaMIHOBOI KHCIIOTH Ma€
MikpoOiojoriunuii cuHTe3. Moro Haifuacriiie 3acTOCOBYIOTH Y MPOMHCIIOBOCTI
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BUKOPUCTOBYIOUM Taki OakrepianbHi KynbTypu: Micrococcus, Brevibacterium,
Microbacterium, Corynebacterium (mamuukononiOHi, rpaM TMO3UTHBHI, HEPYyXOMi
Oakrtepii). ['myTamMiHOBY KHCIIOTY, KpiM BYTJIEBOJIIB (TJIOKO3, HAMPHUKIAL), MOXKHA
n00yBaTH TaKOX 3 BYTJIEBOJIHIB MPUPOJTHOTO razy (MEeTaH, €TaH), apOMaTHYHUX CIIOJIYK
(OeH3mIOBU CHUPT, MIPOKATEXIH Ta 1H.), mapadiny. MoXXyTb BHKOPHUCTOBYBAaTHUCH
TaKOX ra3oiliib, OI[TOBA, AMIHOMACJIsIHA, ()yMapoBa KUCJIOTH Ta iHII peuoBrHH [11].
Hapasi npomuciioBuid MeToj ojiep>KaHHs TIIyTaMIHOBOT KUCIOTH B10OYBAa€ThC

MIKpOO10JIOTTYHUM CHHTE30M 3 0-KETOTIYyTapOBOi KMCIIOTH 3a CXeMOIo [2]:

0 NH

2
/\)J\ bk /\)\
HOOC COOH HOOC COOH

IIpu oTpumaHHI TIyTaMIHOBOi KHCIOTH 3a JOTIOMOTOIO TiapoJiizy OiJKiB

BUKOPHUCTOBYIOTH OLTKM TBAPUHHOTO Ta POCITUHHOTO IMOXOKeHHs. Hampukima, Mo)kHa
BUKOPUCTATH JJIS IIHOTO KJICMKOBUHY IMIIIEHUI[], MOJIOKO, BIIXOH BiJ M'ICOKOMOIHATIB,
BIIXO/IM ITyKPOBUX KOMOIHATIB, CIIMPTOBUX 3aBOJIB. [JIyTaMiHOBY KHCJIOTY MOKHa
OTPUMATH TAKOX IMPU TepepoOIrl MeJsICH, TpH SKiid 700yBarOTh ITYKpOBI CHPOIH, a
TaKO’K OeTaiH, XO/IIH Ta 1HIIII.

CuHTE3yBaTH IITyTaMiHOBY KHUCIIOTY MOYKHA TaKOX (pepMEHTATUBHUM CIIOCOOOM
3 O-KETOTIyTapoBOI KUCIOTH. /{7151 IbOr0 BUKOPUCTOBYIOTH (PEPMEHTH TPAHC aMijia3H
abo TiIyTamaTAerifporeHasn. BUKOPUCTOBYIOTh TPH IIHOMY MIKPOOpPTaHi3MH, SKi
MOXXYTh YTBOPIOBATHU O-KETOTJIYTAPOBY KHUCJIOTY 3 IHIIOI CHPOBUHH, HAIMPHUKIA]

Psedomonas, Esherichia, Kluyverd citrophila [2].

1.3. Metoau inenTudikauii rimyraMiHoBoi KHCJIO0TH

3rigao 3 JJ®VY [12] riayramiHOBY KHCIOTY iACHTH(]IKYIOTh 3a 3HAYCHHSIM

nuroMoro obeprtanss; 3a [Y-crekTpoMm mochipkKyBaHOi CyOCTaHIlli, SIKMM Mae
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BIJIMOBIIATH CHEKTPY (apmakoneitHoro crangaptHoro 3paszka (PC3); meromom
ToHKOIIapoBoi xpoMarorpadii (THIX), BUKOPHCTOBYIOUM PEAKIIiIO 3 HIHTIAPUHOM Ta
THIX mnnactuHku 3 mapom cuiikarento. llle oaun ¢dapmakoneitHuilt MeTon
11IeHTH(IKALll TIYyTaMiHOBOiI KHUCJIOTH — pEaKilisl 3 HaTpllo TIAPOKCUIOM IpHU
olaBaHHI po3unHy (enondraneiny ta Qopmanpaeriny, Ae 3arajibHuil 00’ €M
PO34YUHY T1APOKCHUIY, IO BUTPATUBCS Ha peakilito, Mae Oyt 4,0 — 4,7 miL.

Jlo HedpapmakonelHUX METOJIB 1leHTU]IKALll TIyTaMIHOBOI KHUCJIOTH
BITHOCUTBCSI KOJIbOPOBA pPeakKilis 3 PE30PLHUHOM Yy MPHUCYTHOCTI KOHIIEHTPOBAHOT
cynbdarnoi kucinotu. [Ipu aii koHuentpoaHoi HSOs4 Ha riyTamiHOBY KHCIOTY
BIIOYBA€ThCSI BHYTPILIHBOMOJIEKYJISIpHA peakiss Jeriipartanii Ta yTBOPIOETHCS
HipoJIiIOHKapOOHOBA KUCIIOTA, KA KOHACHCYETHCS 3 PE3OPIMHOM 3 YTBOPEHHSIM
CIUIAaBY YEpPBOHOTO KOJIbOPY, KM PO3KIAJAETHCS B PO3YMHI aMOHIAKy 1 CTae
4epBOHO-(10JIETOBUM 3 3ejieHOI0 (hayopuctenitiero [10].

[Ile omna peakiisi, ssKa HE BIAHOCHUTBCS 10 (hapMaKOMEHHUX — peakiis 3
KynpyM CyJib(}aToM y JIYKHOMY CEpelOBHUILl, B PE3yJbTaTl SIKOI YTBOPIOETHCS

KOMITJICKCHA CIOJIyKa TEMHO-CHHBOTO Koitbopy [10].

‘) 2NaOH
CuS0, + 2R-C-COOH -

NH,

H O NH,
= R-C-C-0-Cu-0-C-C-R +Na,SO, + 2H,0
NH, 0O H

MokHa BUKOPHUCTATH CHEKTPOPOTOMETPUYHHN METOA iAeHTH]IKAIIl, SKHi
TPYHTYETHCS Ha B3aEMOJIII TUIYTaMIHOBOI1 KHCJIOTH 3 aJOKCAHOM Y CEPEIOBHII BOA-

auMmetuiapopmamin [2]:
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COOH o N
b NH  DMFA m =~ “NH
& 'H: + o~ /k\ T '1 k A
CH, 07 °N7 o 0% & ,./
H s H "o
' NH, 0

AN
COOH +CO, + HO + /C —(.'H:,—C"‘—COOH

H

1.4, MeToau KiJIbKiCHOr0 BU3HA4Y€HHSI TJIyTAMiHOBOI KUCJIOTH
1. 3rino 3 DY [12] ta 3rizHo 3 €Bponeiicbkoro (apmaxomneero (Ph.Eur. )
(Jomatox 1.) rayTamiHOBY KHCJIOTY BHM3HA4YalOTh METOJOM KHCIOTHO-OCHOBHOTO
TUTPYBAHHSI PO3YMHOM HATPIIO TiAPOKCHIY, BUKOPUCTOBYIOYH B SIKOCTI 1HIMKATOPa
pPO3YMH OpPOMTHUMOJIOBOTO CUHBOTrO (iHTepBan mepexoxy 6,0 — 7,6). TurpyBaHHS

HPOBOJIATH 70 MEPEX0y 3a0apBIICHHS Bi )OBTOro a0 OiakutHoro [10].

P R
C\
(+\OH ONa
L W eNaOH NF;  +H,0
O// \O_ O// \O_
2. Meron neiTpanizaiii, popmonbae TutpyBaHHs (Meton Cepencena). CroyaTky

JOJTAI0Th PO3YMH (popMalIbJIETiNy, KU HelWTpamizoBaHuil 3a denondraneinom. [lpu
IbOMY YTBOPIOEThCS a3oMmeTuH (N-meTwiuaeHoBa TmOXigHA), SKHH THUTPYIOTH

po3unHOM JTyTy [2]

L CH,
NH., N

HGG:‘NJ\EGDH+EHED R Y HGGG/\/]\CDDH EE_?_I'L
N{,EH?

/\__/J\
MNaQOC COOMa
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3. BuszHnaueHHs opraHiuyHO 3B’513aHOTO HITpOreHny - meroa K’ enpaas.

L1 MeTomMKa CKIIAMAEThCS 3 NEKUTbKOX eTamiB. Cro4aTKy po3KiIalaloTh IIIyTaMiHOBY
KHUCJIOTY MPU HarpiBaHHI 3 KOHLEHTPOBAHOWO cylib(paTHOIO KUCI0TOW 10 NH4HSO4,
BUKOpHUCTOBYIOUM K00y K’enppans, mapoyrBopioBad. [loTiM po3kiaaaroTh aMOHI
rizpocynbdar HaTpii TIAPOKCHUIOM 10 AaMOHIaKYy 1 BIATaHAIOTh HOro y KoJaoy-npuiimad,
Jie BiH B3a€MOJIi€ 3 OOPHOIO KHCJIOTOIO, YTBOPIOIOYM aMOHIM TeTpariapokcodopar. I Ha
OCTaHHBOMY eTami THUTPYIOTh aMOHIH TeTparigpokcodopaT PO3YMHOM XJIOPUAHOI
KHCJIOTH.

4. Peakiiis TiryTaMiHOBOT KHCIIOTH 3 KYIIPYM CYIb(PaTOM BHUKOPHUCTOBYETHCS IS
KyIpUMETPUYHOTO TUTPyBaHHSA. [OHHM TigporeHy, SKi TpHU I[OMY BHIUISIOTHCS,
HeHTpani3ytoTh ¢ochataum abo 6opatHuM OydepHuM pozunHOM. Hammuiok ioHIB
KyIpyMy BHJIAJSIOTh Y BHIJISA1 OCaAy IMOTaHOPO3YMHHOI coJii abo TiAPOKCHUAY.
BuszHavaroTh KUIbKICTh KYIIPYMY B YTBOPEHOMY KOMIUIEKCI 3 aMiHOKHCIIOTOIO.

S. DOTOKOIOPUMETPUYHE BU3HAYCHHSI TITyTaMIHOBO1 KUCIOTH. BUKOpUCTOBYETHCS
KOJIbOpOBa peakiiss 3 amokcaHoM. CrodaTtky OTpUMYIOTh 3a0apBlieHI CTaHIApTHI
PO3YMHU TIEPEBIBIIM iX y aMOHIEBI COJI MypHypoBOi KHUCIOTH Ta OyIyrOTh
KamoOpyBadpHUNM TpadiKk 3aJIEKHOCTI I1HTEHCUBHOCTI TIOTJMHAHHS 3a0apBIICHUX
pO3uuHIB Bix iX KoHmeHTpalii. IIpoBoasTs BUMIpIOBaHHS ONTHYHOI TyCTHHHU
JOCIIJDKYBAaHOTO PO3YMHY Ta 3a KamiOpyBaJbHUM TrpadikoM BHU3HAYAIOTh HOTO

KOHIICHTpaIlito [2].

1.5. 3acrTocyBaHHS IJIyTaMiHOBOI KHCJIOTH
Jlikapceki 3aco0u, sIKi y CBOEMY CKJIaAl MICTATHh TJIyTaMIHOBY KHCIIOTY,
3aCTOCOBYIOTh JUIS JIIKYBaHHSI 3aXBOPIOBaHb IeHTpaiabHOI HepBoBoi cuctemu (L{HC)
TaKWUX K CUHApOM JlayHa, 3aTpuMKa TICUXi4HOTO po3BUTKY y mited, LI, eminencis,

mu30¢GpeHis, ICUX03U, HACTIAKY eHIedaniTy 1 MeHIHTiTY, O€3COHHS Ta 1HIITI.
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BpaxoByroun BIUIMB MpenapaTiB 3 TIyTAMIHOBOIO KHUCJIOTOIO HAa HEPBOBY
CUCTEMY, BOHH HE MPU3HAYAIOTHCS MPU BAriTHOCTI a00 rOAYBaHHI IPYIII0, a TAKOX
CJIIJT 3 BEJIMKOIO O0EPEXKHICTIO 3aCTOCOBYBATH iX MPHU KEPYBaHHI TPAHCIIOPTOM abo npu
po0oTi 3 iHIITUMHU MeXxaHi3Mamu [1].

Tako> B11OMI 1 1HII MPOTUIIOKA3aHHS 10 3aCTOCYBAHHS ITyTaMIHOBOI KUCIIOTH.

JIo HUX BITHOCSTBHCS MCUXOTUYHI peakilii, BUpa3KkoBa XBOpoOa IIJIyHKA, IiJIBUILIECHA
30yJIMBICTh, HUPKOBAa  HENOCTaTHICTh, HEPPOTUYHUI  CHHIPOM,  BHpa3Ka
JBAHAISATUNIANOL KUIIIKY, 3aXBOPIOBAHHS OpraHiB KPOBOTBOpPEHH:, aHeMid. [loTpioHO
MOJIOCKATH POTOBY MOPOKHHUHY CJHaOKMM PO3YMHOM XapyoBOi coAau (HaTpii
rigpokapOOHATy) MICNs MPUHOMY Mpenapary, 0 MICTUTh TJIyTaMiHOBY KHUCIIOTY, Ta
pPEryJspHO TPOBOJUTH JOCTIDKEHHS CE€4Yl Ta KPOBI MaIlleHTaM, SKI MPUHAMaIOTh
rIIyTaMiHOBY KucloTy. [lpemapatu, y ckiaal SIKMX € TJIyTaMiHOBa KHCJIOTa, € Y
BUILHOMY MPOJQXY B allTEYHUX MEPEkKax, a TAKOK Ha PI3HOMAHITHUX calTax Mepexi
Intepuer [15].

[lepenik mpenapatiB, 10 CKIa1y SKUX BXOJUTh IIIyTaMiHOBa KUCIIOTA:

- I'myramiHoBa Kucnora,

- AMIHOIUIa3Mab,

- T'myramesir,

- KaGiBen nepudepuynui,

- KaGiBeH neHTpaibHuH,

-  Hyrpudnexc

- IlepeGpouizar,

- Enranmn,

- Glutamic acid Touro.

1.6. dapmakoaumHamika.
I'myramiHOBa KHCI0Ta — 1€ aMiHHA aMIHOKHCIIOTA, sika Oepe y4acThb y OLTKOBOMY

O0OMiHI, a TAaKOX Yy BYTJI€BOJHOMY 0OMiHI. BOHa CTUMYIII0€ OKMCHIOBaIBHI IPOLECH, &
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TaKOX JI0IIOMAarae 3HEeIIKOJIUTH Ta BUBECTH 3 OpraHi3My amoHiak. Bona 6epe y4yacTs y
nepeamMiHyBaHHI AMIHOKUCIOT B OpraHi3Mi, CHpHUSE CHUHTE3Y aleTHIXOJIHY Ta
aneno3untpudocdary (ATD). Takoxxk riayTaMiHOBA KHCJIOTa JIOMIOMAara€e OpraHizMmy
OyTH CTIMKIIIUM JI0 TIMOKCIi, CIYTye MEPEHECEHHIO 10HIB Kajilo, IPa€e BEJIUKY POJib Yy
JISUTBHOCTI CKENETHUX M'sI31B. [ IyTaMiHOBa KMCIOTa CTUMYJIIOE Nepeaady 30y IKeHHs
y CHHamcax LIEHTPajJbHOI HEPBOBOi CUCTEMHU OCKUIBKM  BIZHOCHUTBCS [0
HepoMeTlaTOpHUX aMiHOKUCIOT [1].

1.7. dapmaxokiHeTHKA.

['myraminoBa kucnoTa, KOJIU i NpUMMaTH BHYTPILIHBO, J0OpPE BCMOKTYETHCS Ta
IMIBUAKO E€NIMIHYEThCA 3 KpoBl. Hakomuuyerbcsi BoHa 34e0UIbLIOrO y M'A3ax Ta
HEPBOBII TKaHUHI1, HUPKaX, eviHIl. BoHa 31aTHa mpoHUKAaTH Yyepe3 MeMOpaHu KIIITHH.
[leBHOIO MIpOIO ITyTaMIHOBA KUCJIOTa MEPEAMIHYEThCA MiJ Yac BCMOKTYBaHHS, MPH
IbOMY YyTBOpIO€ThCs anaHiH. [lim Jgi€r0 riyramaekapOOKCHIIa3sM y MO3KYy BOHA
[EPETBOPIOETHCS HA raMMa-aMIHOMACIIIHY KUCIIOTY, sika € MeaiaropoMm. [Tpubnusno 4
- 7 % rayTamMiHOBOI KUCJIOTH Y HE3MIHEHOMY BUTIJIS1 BUBOJIUTHCS 3 cevero, a 93 — 96

% — BUKOPUCTOBYETHCS TPU META0OTIUYHUX MEPEeTBOPEHHSX [1].

1.8. KucjoTHO-OCHOBHE THTPYBaHHs (MeTO/ HelTpatizamii)

KucnorHo-ocHoBHE TUTpYBaHHS (METOJ HEHTpasti3allii) - KUIbKICHHA 00’ eMHUI
METOJl aHall3y, B SKOMY JUIS THUTPYBaHHS BHKOPHUCTOBYIOTH THUTPAHTH (poOoui
PO3YHMHM) CHJIBHHX KHCJIOT a00 CHUJIBHUX OCHOB. llpu TUTpyBaHHI O PO3YHHY
aHaTI30BaHOT PEYOBHHM (AHAJITY) JOJIAI0Th TUTPAHT (POOOUUIA PO3UUH) TOTH, JJOKU HE
OyZe mocsArHyTa TOYKa €KBIBAJCHTHOCTI (KOJM KITBKOCTI BU3HAYYBaHO! PEYOBHHHM 1
TUTpaHTa OyIyTh €KBiBaJiecHTHUMH) [16].

MeToau KUCIOTHO-OCHOBHOTO TUTPYBAaHHS MOIUISIOTH HA JBI TPYIIH:

a) amKamiMeTpii — BHKOPUCTOBYIOTh THUTPAHT CHIJIBHOI OCHOBH (JIyTy),

nanpukiag NaOH, KOH, Ba(OH); Ta ix.;
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0) auMaUMeTpiss — BUKOPUCTOBYIOTh THUTPAHT CHJIBHOI KUCJIOTH, HaNpUKIAM]
XJIOPUIHOT KHCIOTH, CYIb(paTHOT KucioTH, iepxyopatHoi kuciaotu (HCIO,) Ta in [3].

MeTonamMu KHCIIOTHO-OCHOBHOT'O TUTPYBAaHHSI KUTbKICHO BH3HAYaIOTh KUCJIOTH,
OCHOBH, a TaKOX JICSAKI COJII.

B Meronax HeiTpanizamii A7 BUSHAYCHHsI KiHIS TUTPYBaHHS BUKOPUCTOBYIOTh
KHCJIOTHO-OCHOBH1 1HAUKatopu. Komip iHAMKAaTOpa 3alIeKUTh Bl KOHIIEHTpaLii y
PO3YMHI 10HIB T1IPOTreHy. 3a Cy4acHOIO TEOPIEI0 1HIUKATOPU METOY HEeUTpaizalii €
CIa0KMMHU OpPTraHIYHUMHU KHUCIOTaMH ad0 OCHOBaMHM, MOJIEKYJspHa QopMma SKUX Mae

iHIIe 3a0apBIieHHS, HiX 10HHA hopma [17].

1.9. TloreHuioMmeTpryHe TUTPYBAHHS

VY MOTEHI[IOMETPUYHOMY TUTPYBaHHI KiHIIEBY TOYKY THTPYBaHHS BU3HAYAIOTh
3a JIONOMOT'0F0 BUMIprOBaHHs enekTpopyiriiiHoi cuin (EPC) raapBaHIYHOTO €JIEMEHTA,
SKHH CKJIAZIA€ThCS 3 IHAMKATOPHOTO EJIEKTPoAa Ta enekrposa nopiBHsHHs [3]. Tlpu
IbOMY BHOMPAIOTh TaKUW I1HAMKATOPHUU €JIEKTPOJA, AJIA SIKOrO HOro IMOTEHIiad
3QJIEKUTH BiJl KOHIIEHTpAaIlll BU3HaUYyBaHOI PEUOBUHHU a00 BijJ KOHIICHTpAIlll TUTPAHTA
Yi OpOAYKTY peakuii. [ns enexTpoja MOpiBHSHHS MOTEHINAN MiJ] 4ac TUTPYBaHHS
MOBUHEH 3aJTUIIATHCS TOCTIHHUM.

Enextpoan BCTaHOBIIOIOTH 3a3BHYail Oe3MOCepeIHRO B aHAII30BAHUM PO3YHH.
[Tix yac MOTEHIIOMETPUYHOIO TUTPYBAHHS JO aHAJII30BAHOTO PO3YMHY JOAAIOTh
TUTPAHT HEBEIMKUMHU TOPLIAMH, Ticis 4doro mjopasy BuMiptooTs EPC. Tlo6mm3y
TOYKH €KBIBAJICHTHOCTI TUTPAHT AOJAIOTh KPAaIISIMU, MPOJOBKYIOYM BUMIPIOBATH
EPC micns nonmaBanHs koxkHOI mopiii Ttutpanta. EPC 3amexuTs Bil MOTEHIIATY
IHIMKATOPHOTO EIEKTPO/Ia i OIS TOYKH €KBIBAJCHTHOCTI Pi3K0 3MiHIOETRCS [3, 16].

3a OTpUMaHUMH JaHUMU OYJIyIOTh KPUBY MOTEHI[IOMETPHUYHOTO TUTPYBAaHHS, 3

SKOT BU3HAYAIOTh 00'€M THTPAHTa B TOYIIl €KBIBAJICHTHOCTI.
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KprBa nOTEHIIOMETPUYHOrO TUTPYBaHHA — 1€ 3aJEXKHICTh MOTEHIATY
IHAUKATOPHOTO  €JeKTpojga  Big  o0'emy  momaHoro  TtuTpaHTta.  Kpubi
MOTEHIIIOMETPUYHOTO TUTPYBaHHA OyYIOTh Y PI3HUX KOOpAHHATAX:

— kpuBi TuTpyBaHHi B koopamHatax E — V(T) (ix nmexoim Ha3uBaroTh
IHTErpalIbHUMU KPUBUMH TUTPYBAHHS);

— nudepeHIiagbHi KpUB1 TATPYBAaHHS OyAYIOTh Y KOOpJAUHATAX

2
9 _yr)i LE
dv dv

-V(T);

— KpHUBI TUTPYBaHHS 3a MeTooM ['paHa — y KOOpAMHATaX E V(T), ne,

V(T) — o0'em momanoro tutpanta, AE 3miHa MoTeHIiaay IHIUKATOPHOTO €ICKTPO/a,
1o Bignosinae mopiii AV tutpanta [3].

MeTo TOTEHI[IOMETPUYHOTO THUTPYBaHHS MOXKHA 3aCTOCOBYBaTH ISt
BU3HAUCHHS TOYKHM €KBIBAICHTHOCTI (KIHIIEBOT TOYKM THUTPYBaHHS) Yy BCIX
TUTPUMETPUYHUX METOHaX. /{151 KO)KHOro METOy — CBIM IHIUKATOPHUI €JIEKTPO/.

Hampuknaa, 1HIMKAaTOPHUMHU e€JIEKTpOAaMU MOXYTh OyTH: TUIATMHOBHMA
EJIEKTPOJ JUIsl METO/IIB OKCUAMMETPIi, CKISIHUNA €JIEeKTPOJ — JJI1 KUCIOTHO-OCHOBHOTO
TUTPYBaHHS, I0HOCETIEKTUBHI €JICKTPOIN — JISI KOMIUIEKCOHOMETPIl 1 T.JI.

MeTon MOTEHIIOMETPUYHOTO TUTPYBAHHS Ma€ JOCTATHHO BUCOKY TOYHICTH Ta
JI03BOJISIE TIPOBOJIMTH aHAJI3 B MYTHUX Ta KOJIOBOPOBUX po3unHax. Hum mosxHa
BU3HAYUTH JICKUIbKA KOMIIOHEHTIB B 0araTOKOMIIOHEHTHOMY aHaJII30BaHOMY PO3YHHI,
Hampukiaa. MerogamMu TOTEHIIOMETPUYHOTO TUTPYBaHHS aHANI3yIOTh Oaratro

JTIKapChKUX PEUYOBUH 1 BiH 9acTO 3ycTpivaeThes B crarTsax JOV [3].
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Pozain 2. ExcnepumeHTa/IbHA YaCTHHA.

[Ipaktnyna yactruHa poOOTH Oysa BUKOHAHA HA Kadeapl aHaNITUYHOT, (PI3UYHOT
Ta kouoiguoi ximMii HMY imeni O.0O. boromosblis.

2.1. Marepiajau Ta MmeTOaH.

2.1.1. Meta gociaigxenHsi. MeToro po6oTH € po3poOKa METOJUKH KUTbKICHOTO
BU3HAYEHHS TIYyTaMIiHOBOi KHCIOTH Yy TBEPAUX JIKapChKUX (opMax METOA0M

MOTEHI[IOMETPUYHOTO TUTPYBAHHS.

2.1.2. O0 €KTH D0CTiIKEHHS.
Jlnst po3poOku MeTo UK Oyiio oOpaHo TBepi Jikapebki popmu Glutamic acid
(3pasok 1, BupooHux Swanson, CIITA) ta I'myraminoBa kuciora (3pa3ok 2.,

BupoOHUK AT «KuiBchkuil BiTaMiHHU# 3aB0», KuiB, Ykpaina).

\X 14 -{
) o ?
SWANSON |

Meﬂ_.!qry and Brain Suppott

| s o

"TARYSUPPLEMENT | 60 VEGGIE

3pa3ok 1.
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3pa3ok 2.

TBepni nikapcbki (GOpMH peani3yloThCs anTekaMu y BUTIIANI TabneTok abo
KaricyJ Ta MaroTh CKJIA:

3pa3ok 1.

Jitoya pedoBHMHA TIiIyTaMmiHOBa Kuciota, 1 kancyna wmictute 500 wmr
TJTyTaMiHOBOT KUCJIOTH.

JlomoMikH1 pEYOBHHU: TITPOMEII03a, MIKPOKPHUCTAIIYHA 11eJTF0J103a, L- neiiuH,
JIOKCHJT KPEMHIIO.

3pa3ok 2.

Jlitoua pedoBHMHA TIyTaMiHOBa KucioTa, 1 TabneTka, BKpuUTa OOOJIOHKOIO,
MicTuTh 250 MT TJTyTaMiHOBOi KHUCJIOTH.

JlomoMixkHI PEYOBUHU: IIEJI0JIO3a MIKPOKPHUCTATIYHA, TOBIOH, KaJbIIIIO
cTeapar;

Oo6omnonka: cymim s miiBkoBoro mokputTs Opadry II Blue: rimpomenosa,
JAKTO3W MOHOTIAPAT, MOJIETHICHIIiKONb, TUTaHy miokcua (E171), imauroxapmin

(E132), xinoninoswii sxoBTHii (E104) [1].

2.1.3. Tlocyn Ta 06,1aJHAHHS.
1. Mipuwmii mocyx kmacy Tounocti A (Jlomatoxk 2.).

2. Cxugaku xiMiuHi, MicTkicTio 100 M.
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3. Baru naGopatopHi aHaniTuuHi 3 noxuOkoro umiprosanns 0,0002 r Radwag®
AS220.R2, 3aBoacekuit Ne502964, inBentapuuii Ne104769236, cB1i01ITBO PO
kanmiopysanss Ne 3816 Big 30.05.2019 p.

Enexrpruuna rumrka.

pH-metp pH-150 MI (Honatox 3.).

EnexTpoxiMiuyHa KOMipKa 31 CKISIHUM Ta XJIOPCPIOHUM €JIEKTPOAAMH.

N o g &

MaruiTHa MiIajka.

2.1.4. PeakTuBH.

1. dapmaxoneitnuii crangaptHuil 3pazoxk [PV ['myramiHoBa KucioTa,
karanoxxuuii Homep G0181, peecrpariitnuii Homep 56-86-0.

2. JlucTuianroBaHa BOJA.

3. Hatpiii rizpokcu XiMi9HO YUCTUH (X.4.).

4. BpoMTUMOJIOBUH CHHIM YACTHH I aHami3a (4.71.).

5. NaOH.

6. Kaniopysanbai 6ydepni pozunsau 3 pH 9.18, 6.86, 4.01, 1.65.

2.1.5. IlpuroryBaHHsi pO34uHiB
KinpkicHu#t ckimag TIyTamMiHOBOI KHCIOTH B (papMarieBTUYHUX Iperaparax
BU3HAYAJIN METOJIOM MOTEHIIOMETPUYHOTO TUTPYBAHHS Ta, JUIsl IIOPIBHAHHS, METOJ0OM

KHCIIOTHO-OCHOBHOTO THUTPYBaHHH.
2.1.5.1. Po3umn HaTpiii rigpokcuay 3 MOJSPHOI0 KOHIIEHTPaUi€cI0
ekBiBasienTa 0,1 MoJib/J1.

2 r NaOH mnepenocsats B MipHy KoJ0y 00'eMoM 500 mul, TOAArOTh HEBEIHKY
KUTBKICTh JUCTHUJIHOBAHOI BOJM, TEPEMIITYIOTH IO TMOBHOTO PO3YMHEHHS YTy Ta
TOBOJATH O0'€EM PO3YMHY 10 MITKH KOJOM JIHCTHIIBOBaHOIO Bojoro. CrapaHHO

nepeMinryroTh. AGO TOTYIOTh PO3UHH 3 (iKCaHAITY.
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2.1.5.2. Boanmuii po34uH iHAMKATOPAa OPOMTHMOJIOBOI0 CHHBOTO.
HaBaxky 0,02 r 6pOMTUMOJIOBOT'O CHHBOT'O MIEPEHOCATH B MIpHY KOJIOY 00'eMOM
50 mn, ponaroth 0,3 mi pazuuny NaOH 3 momnspHoro koHueHtpainiero 0,1 Monw/m,
JOBOJSATh 00'eM PO3UHHY hi (0] MITKH KoJ10u OXOJIOIKEHOIO
CBIKOMPOKHUIT'STYEHOI0 BOJIOIO.
2.1.5.3. IIpobGomiaroroBka.
Bwmict Bikpuroi kancynu 3pazka 1 abo po3repTy TableTKy 3pa3ka 2 moMIlalTh
y MipHy KoyI0y emHicTi0 50 MJ, 10Aa0Th CBLKOMPOKHUIT'AYEHOT BOAM Ta IPIIOTh Ha
BOJISIHIN OaHl mpoTsroM 25 xB. npu temneparypi 60 °C (onTumanbHy TeMOEpaTypy
miA10paiu MicHs AEKUTBKOX eKCIIEPUMEHTIB), IOBOSATH 00'€M PO3UMHY 10 MITKH KOJIOU
JUCTHIIBOBAHOIO BOJIOI0. PO3UYMH OXONOMKYIOTH 0 KIMHATHOI TeMrepaTypu. Ko

HEOOXI1JTHO, TO PO3YUH (PUIBTPYIOTh OJUH a00 JCKIIbKa pa3iB.

2.2. MeToauKka KHCJIOTHO-OCHOBHOTO TUTPYBAHHS
[Ticns mpoGOMiArOTOBKY BiIOUPAIOTh MIPHOIO IMIMETKOI 5 MJI MPUTOTOBJICHOTO
aHaJIi30BaHOTO PO3YMHY, JOAAOTH 15 M AWCTUIHOBAHOI BOAM, 5 Kpameidb PO3UHHY
IHAUKaTOpa OPOMTHMOJIOBOTO CHHBOTO. THUTPyrOTh pobounM po3zunHoM NaOH 3
MOJISIPHOIO KOHIIeHTparli€to 0,1 MOJb/11 10 3MiHU 3a0apBJIEHHS 3 )KOBTOTO 10 OJJAKUTHO-
3eneHoro [12].
Bwmict rayramiHoBoi kucioTH B mpemnapari (m) OOYMCIIOIOTH 32 TaKOI

dbopmyioro

_ (Cu-Vr.e.)NaOH - Me(r.k.) Vk
m= 1000 Va''

Jle CH — MOJIsipHA KOHIIGHTpaIlis ekBiBasieHTa po3unny NaOH (HopManbHICTB),
MOJIB/JI;

VT.e. — 00'eM TUTpaHTa B TOUI[l €KBIBAJICHTHOCTI, M,
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Me (T.k.) — MomsipHa Maca €KBIBaJEHTa rIIyTaMiHOBOI KHUCJIOTH, I/MOJIb;
Vi — 00'eM K0JIOH, MIT;

V., — 00'eM aJlIKBOTH, MII.

2.3. MeTonuka noTeHlioMeTPUYHOT 0 TUTPYBAHHS

VYBIMKHEHHS Ta HAJIAIITYBaHHS MPUJIady TPOBOJATH BIIMOBIIHO 10 IHCTPYKIIi
70 TIpHIIady.

[lepen npoBeneHHsIM aHali3y 000B'AI3KOBO MPOBOASTH KallIOpYBaHHS €JEKTPO/IIB
3a I0MOMOTror 0y(pepHUX pO3UHHIB 3a BITOMOIO METOIUKOIO.

[Ticist mpoOOMIATOTOBKU 5 MJT aHATI30BaHOTO PO3YUHY TMEPEHOCSTh y CKISHKY,
J0JTAI0Th HEBEJIMKY KUIBKICTh BOJW TaKUM YHMHOM, 100 €JIEKTPOaAM OYyJu 3aHYpeHi B
po3unH Ha 1.5-2 cm. [lpu mocriiiHOMY mepeMmilllyBaHHI pO3YMHY (3a JOMOMOTOIO
Mar”iTHOI MillIaJIK1) BUMIPIOIOTh MoYaTKoBY Benuuuny pH. Jlani nonaroTs 3 GropeTku
nopiisiMa  pobounii po3unH NaOH Ta Bumiprorote pH micias momaBaHHS KOXHOT
J0JIaHO1 MOPIli pO3YUHY Jyry. TaKUM YHHOM TUTPYIOTh, JOJAI0YU PO3YUH TUTPAHTY
nopirisimu 1o 0,5 mit.

ITo pizkiii 3miHi pH BU3HA4at0Th CTPUOOK TUTPYBAHHS, IKUH BIAIOBiIa€ 00J1acTi
TOYKH €KBIBaJEHTHOCTI. [loTiM BHKOHYIOTH THUTPYBaHHS 3 HOBOIO AQJIIKBOTHOIO
YaCTHUHOIO JIOCTIIKYBAaHOTO PO3YMHY 32 THX XK€ YMOB, NPU LIBOMY IMMOOIU3Y AUISHKH
ctpubka pH pobGounii po3unH noaaroth nopiismu 1o 0,1 M. TutpyBaHHS 3aKIHUYIOTh
TOJIi, Koy pH Maiixke mepecTane 3MIHIOBATUCH (4-5 TOYOK).

3a OTpUMaHUMU €KCIIEPUMEHTATHPHIUMH JaHUMU OYyAYIOTh KPUBY TUTPYBaHHS —
rpadik 3amexuocti pH po3zuuny Big 00'emy tutpanta NaOH. Busnauenns ob'emy y
TOYII €KBIBAJICHTHOCTI IPOBOJSATH 32 MeTooM [ 'pana [3].

BMmicT royTamMiHOBOT KMCIOTH Y JOCTIKYBAaHOMY PO3YHHI PO3PaxXOBYIOThH 3a

dbopmysoro, HaBeACHOO B 1. 2.1.6.
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Po3aia 3. Pe3yabTaT T2 iX 00roBopeHHsI.

3.1. KisibKicHe BU3HAYCHHS IVIyTAMIHOBOI KMCJIOTH Y TBEPAMX JIKAPCHKHUX
(popmax MeTO0M KMCJIOTHO-OCHOBHOI'0 THTPYBAHHSI.

BusHayeHHss BMICTY TIJIyTaMiHOBOi KHMCJIOTH Y TBEpAMX JIKapChKuX (hopmax
MPOBOJWIIM, BUKOPUCTOBYIOUH METOJ KHUCIOTHO-OCHOBHOI'O TUTPYBaHHS, METOJIUKA
SIKOro onucana y m. 2.1.6.

Janum metogoMm Oynu BiaTUTpoBaHl po3uumHu  3paskiB 1 ta 2. Ilporec
TUTPYBAaHHS MOBTOpUIM S5 pa3iB. Macy IIyTaMiHOBOi KHCJIOTH PO3PaxoBYBalIHM 3a
dbopmyroro, mpeacTaBieHoo B 1. 2.1.6. Pe3ynbTaT TUTpYBaHHS HaBENIEHI y TaOmuII
1.

Tabnuus 1. Pe3ynabTaTil KUCIOTHO-OCHOBHOI'O TUTPYBaHHS PO34MHIB 3pa3ky 1

Ta 3pasky 2.
KonmenTpariist riryTaMmiHOBOT KHCJIOTH, MT
BpPaxOBYIOUH PO3BEICHHS

No 3pazok 1 3pa3ok 2
1 425,78 223,56
2 429,44 225,68
3 422,36 225,87
4 430,54 224,14
5 429,84 225,03
Cepenne 427,59 224,86
3HAYECHHS

3rifiHO 3 THCTPYKIIIEIO A0 3acTocyBaHHA 3pa3ok 1 mictuth 500 Mr riryTaMiHOBO1

KHUCJIOTH, 3pa3ok 2 — 250 wmr.

3a pesynbTaTamMW  BH3HA4YEHb  PO3PAXOBAaHO  HACTYMHI  METPOJIOTIYHI
XapaKTePUCTUKH:

— BITHOCHE CTaHJIApTHE BiAXWJICHHS Yy BigcoTkax RSD:
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RSD (3pasok 1) = 0,81%
RSD (3pasok 2) = 0,44%
- IUCTIePCis:

s? (3pasok 1) = 11,95
s? (3pasoxk 2) = 0,98

- TOBIPUMiA 1HTEPBAJ Ta OLIHKA MPAaBUJILHOCTI PE3yJIbTATIB:

X+ Ay =427,59 £ 4,29 (3pazok 1)
OckuTbKM AOBIPYMM 1HTEpBaJ 3HAXOAUTHCS B Mexkax Bim 423,30 mo 431,88, a BMmicT
[JIyTaMIHOBOT KMCJIOTH 3T1IHO 3 IHCTPYKUIEIO JUIsl MEIUYHOTO 3acTocyBaHHs 500 mr, TO
OTpUMaHi pe3yJbTaTH HE MOJXKHA BBaXkaTW MPABUILHUMH, JaHUH METOJ] MICTHUTH
CUCTEMATHYHY TOXHOKY. Pe3ynbTaTi 3aHIKEHI.

X+ Ay =224,86 £ 1,23 (3pazok 2)
JloBipuwmii iHTEpBaI 3HAXOAUTHCS B Mexkax Big 223,63 mo 226,09, a BMICT IIyTaMiHOBO1
KHACJIOTH 3T1IHO 3 IHCTPYKLIEIO JJIsI MEAUYHOTO 3acTocyBaHHs 250 Mr, OTKe OTpUMaHi
pe3yNbTaTH HE MOKHA BBa)KaTH NPABWIBHUMHU 1 BUKOPUCTaHUM METOJ MICTHUTh
CHUCTEMATHYHY MTOXUOKY. Pe3ybTaTn TakoK 3aHUKEHI.

- BITHOCHA MOXHOKa CepeHHOTO 3HAUCHHS :
€ (3pazok 1) =1,00%

€ (3pazok 2) = 0,55%
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3.2. KiibKicHe BU3HAYEHHS IVIyTAMIiHOBOI KHCJIOTH Y TBePAUX JIKAPChKUX
(popmMax MeTOA0M NOTEHUiOMETPUYHOI0 TUTPYBAHHSI.

BusHayeHHs BMICTY TIJIyTaMmiHOBOi KHMCJIOTH Y TBEpPAMX JIKapChKUX (hopmax
MPOBOJWIIM, BUKOPUCTOBYIOUH METOJ KUCIOTHO-OCHOBHOI'O TUTPYBaHHS, METOJIUKA
SIKOro onucana y m. 2.1.7.

Janum metogoMm Oynu BiaTUTpoBaHl po3uumHu  3paskiB 1 ta 2. Ilporec
TUTPYBaHHS MOBTOPWIIN 5 pasiB.

3a pe3ynbTaTaMu TUTPYBaHHsS Oynu moOyAOBaHI KPUBI MOTEHIIOMETPUYHOTO
TUTPYBaHHS, SIK1 HABEJIEH1 Ha PUCYHKax 2 Ta 3.

[Ticas yoro metonom ['pana Oyno po3paxoBaHo 00'eM TUTpaHTa, KU MIIIOB Ha
TUTPYBAaHHS y TOYI[l €KBIBaJIEHTHOCT1 KO>KHOI KpuBOi. Macy TiyTaMiHOBO1 KHCIOTH
po3paxoByBaM 3a PopMyJI0t0, TIPEACTABICHOIO B 11. 2.1.6.

9

0 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

O06'em TUTpaHTa, M

Puc. 2. — KprBa moTeHIIIOMETpUYHOTO TUTPYBAHHS pO3YMHY 3pa3ka 1.
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7.5

Puc. 3. - KpuBa noTeHI[IOMETpUYHOTO TUTPYBAHHS PO3YMHY 3pa3ka 2

Tabnuus 2. Pe3ynbratu MOTEHIIIOMETPUYHOTO TUTPYBAaHHS PO34YHHIB 3pa3ky 1

4 5 6 7 8 9

OO6'em TuTpaHTa, M

10

Ta 3pasky 2.
KonreHnTparrist rryTaMiHOBOT KUCIOTH, MT
BpPaxOBYIOUU PO3BEACHHS

No 3pazoxk 1 3pa3ok 2
1 498,79 247,66
2 487,43 240,58
3 494,80 248,77
4 490,52 248,26
5 498,84 238,05
Cepenne 494,08 244,66
3HAYCHHS
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3a pe3ynbTaTaMM BHU3HAY€Hb  PO3PAXOBAaHO  HACTYIHI  METPOJIOTiYHI
XapaKTePUCTUKHU:

— BITHOCHE CTaHJIApTHE BIAXWICHHS Yy BigcoTKax RSD:
RSD (3pasok 1) = 1,00%
RSD (3pasok 2) = 2,00%

- TUCTIePCis:
s2 (3pasok 1) = 25,564

s2 (3pasok 2) = 24,798
- TOBIPUYMIA IHTEPBAJ Ta OLIHKA MPAaBUIBHOCTI PE3YJIbTATIB:
X + Az = 494,08 £ 6,28 (3pazok 1)
Orxe, noBipuuii iHTepBan nepedyBae B Mexax Bim 487,80 mo 500,36, kynu
BXOJINTh 3HAYEHHS BMICTY TJIyTaMiHOBOi KHCJIOTH 3TiTHO 3 I1HCTPYKIIEK s

MCIANYIHOTO 3aCTOCYBAHHA 500 wmr. 3Ha‘-II/ITB, OTpI/IMaHi pPe3yJIbTaT MOKHA BBAXKATHU

IMpaBUJIIbBHUMH, I[aHI/Iﬁ MCTOI HC MICTUTh CUCTEMATUYHOT TOXUOKH.

X+ Az = 244,66 + 6,18 (3pazok 2)
JloBipumii iHTEpBaN 111 3pa3Ky 2 nepeOyBae B mexax Bim 238,48 no 250,84,
KyId BXOAWTH 3HAYCHHS BMICTY TUIYTaMiHOBO1 KHMCJIOTH 3TIAHO 3 1HCTPYKIIIEIO IS
MEIUYHOTO 3acTocyBaHHSA 250 Mr. Omxe, OTpUMaHI pPe3yJbTaTH MOXKHA BBaXKATH

MPaBWILHUMU, BUKOPUCTAHUIN METO]T HE MICTUTh CUCTEMATUYHOT MMOXHOKH.

- BIJIHOCHA MOXHOKa CEPeTHHOTO 3HAUYCHHS:
€ (3pazok 1) =1,27%

€ (3pazok 2) = 2,53%
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Tabmuusa 3. — Jlani MOPIBHSJIBHOTO BU3HAYEHHS IJIYTaMIHOBOI KHUCIOTH Y

3pa3kax 1 Ta 2 MeToaMu KUCIOTHO-OCHOBHOT'O Ta MOTEHI[IOMETPUYHOT O TUTPYBAHHS.

OO0'exT BMicT BIAIIOBIAHO 3HaiiiIeHo, Mr
JI0 IHCTPYKIIIT 110 KucnotHo- [ToTeHIiomeTpruHe
3aCTOCYBaHHS, ML OCHOBHE TUTPYBaHHS
TUTPYBaHHS
3pazok 1 500,00 427,59 470,39
3pazok 1 250,00 224,86 237,75

OTxe, MOTEHI[IOMETPUYHE TUTPYBaHHS 3abe3medye OTpPUMAaHHS TNMPABHIBHUX

pGSYJIBTaTiB, a KUCJIOTHO-OCHOBHC TUTPYBAHHA — NAI0Th 3aHMKEHI PE3YyIIbTAaTH.

3.3. YacrtkoBa oumiHKa BajgigaliiiHUX XapaKTepUCTHK.
[IIo6 BHEBHUTHCH, IO PE3yJbTaTH, OTPUMAaHI TPH JOCTIIKEHI, TOYHI Ta
HAIMHITOTPIOHO MPOBECTH YACTKOBY BAIIAIIIO pO3pOOIEHOT METOUKH KUTBKICHOTO

BU3HAYCHHS TIIyTaMiHOBOI KHCIIOTH Y TBepIuX Jikapchbkux hopmax [19, 20].

3.3.1. Ouinka cnenugiyHOCTI METOTUKH.
BpaxoByroun Te, 1110 METOMKa KUTBbKICHOTO BU3HAYEHHSI TITyTaMIHOBOI KHCJIOTH
Oyrna anmpoOoBaHa Ha TBEPAUX JIKAPCHKUX PopMax, siKi, OKpPIM TIIyTaMiHOBOT KUCIIOTH,

MICTSITh TAKOX JTOMOMDKHI PEYOBUHU 1 OTpUMaHi pe3yabTaTH JOCTIIKEHHS 11 BMICTY
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BIJIMOBIJAI0Th HABEJICHOMY B IHCTPYKLIi O MEIUYHOT'0 3aCTOCYBaHHS, JaHA METOIUKa

MO€ BBXXATUCH CIEIU(IYHOIO.

3.3.2. llpeumsiiiHicTb Ta POGACHICTD.

[Ipenu3iiiHicTh BU3HAYATACH IS CEPIl BUMIPIOBAHb HA PI3HUX MPOOAX OJHOTO 1
TOTO X 3pa3ka. BoHa xapakTepusye 01M3bKICTh a00, HABMAKH, PO301KHICTh OTPUMaHUX
pe3yabTaTIB 1aHOT METOJUKHA 1 O0OYMOBJIIOETHCS BUIMAIKOBUMH mmomuiikamu [18]. Mu
OI[IHIOBAIM MPEUMU3INHICTh IS METOJUKH KUIbKICHOTO BU3HAYEHHS TIyTaMiHOBOI
KHACJIOTU METOJIOM MOTEHI[IOMETPUYHOIO TUTPYBAHHS Ha PiBH1 301KHOCTI. [[71s1 omiHKH
TOTYBaJIM TPU PO3YUHU 3 TPHOX HABAKOK 1 JIJIT KOXKHOTO 3 IUX PO3IYMHIB TIPOBOIUIH
110 TPHU BU3HAYCHHS METOOM MOTCHI[IOMETPUYHOTO TUTPYBAHHS Ta BU3HAYAIU BMICT
[IyTaM1HOBOT KUCIIOTH B 3pa3Kax.

Konu BU3HAYaM onTHUMalIbHI YMOBH JIJISI IPOBEACHHS KUTBKICHOTO BU3HAYCHHS
TJIyTaMIHOBOT KHCJIOTH METOJOM TMOTEHLIOMETPUYHOIO TUTPYBAHHS, OLIHIOBAIH 1
poOACHICTh METOJIMKH TMPOBOSYU JOCTIIKEHHS 3pa3KiB y pi3Hi aHI. Pe3ymbpraTn
OtpumaHuX JaHUX HaBeneHi B Tabmuipgix 4 Ta S.

Tabmums 4. PesynbTaTH KUTBKICHOTO BU3HAYEHHS TJYTaMIiHOBOI KHCJIOTH

METOJIOM TOTEHIIIOMETPUYHOTO TUTPYBaHHS y 3pa3ky 1.

Hens 1 | Henp 2
BMmicT rimyTaMiHOBOT KUCIIOTH, MT

1 471,79 470,68
2 469,43 472,51
3 470,80 469,17
4 470,52 471,63
5 469,84 471,34

CepenHe 3HAaYCHHS 470,48 471,07

O06’eqHaHe cepeHe 470,77

Bignocue CTaHJapTHE 0,228

BinxwieHHs (%)

Koedimiear CrhroeHTa 2,2622

(95%, 9)
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BigHocuui JOBIpUMt 0,52
inTepBai (%)
Kputnune 3HaueHHs aist 0,52% < 2%
301KHOCTI1 pe3yJIbTaTIB

Tabmuus 5. Pe3ynbratu KUIBKICHOTO BU3HAUEHHSA TIYyTaAMIHOBOI KHCJIOTH

METO/IOM MOTEHI[IOMETPUYHOTO TUTPYBaHHA y 3pa3Ky 2.

Henb 1 ‘ Henb 2
BMicT riyTaMiHOBOi KMCIIOTH, MT

1 237,66 236,32
2 237,58 236,78
3 236,77 235,47
4 238,26 237,21
5 238,05 236,11

CepenHe 3HAUCHHS 237,66 236,38

O6’eqHane cepeHe 237,02

Bignocue CTaHJapTHE 0,377

BigxuiaeHHs (%)

Koedimienr CrhroneHTa 2,2622

(95%, 9)

Bignocuui TOBIpYH I 0,85

iHTepBai (%)

Kputnune 3HadueHHs 11 0,85% < 2%

301KHOCT1 pe3yJIbTaTiB

TakuM  9YMHOM  MIATBEP/KYETHCS ~ BHYTpIITHbOIAOOpaTOpHa  TOYHICTH
3aIpOIIOHOBAHOI METOJMKH, OCKUIBKM BEJIMYMHA BITHOCHOTO JOBIPYOro iHTEpBAIY
BIJIMOBIZIa€ KPUTEPII0 MPUUHATHOCTI (HE TMEPEBUIYE MAKCUMAIbHY TPUIYCTUMY

HEBH3HAUYCHICTh aHami3y (2,0%).
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BUCHOBKH

3a macyMKaMH BUKOHaHOI poOOTH OyJI0 OTPUMAHO TaKl pe3yJbTaTu:

- [IpoananizoBaHo JdiTepaTypHi JAaHl I[IOAO XIMIYHUX BJIACTHBOCTEU
[IIyTaMIHOBOT KUCJIOTH, ii (papMaKoJIOriuyHoi1 A1l Ta poii sl OpraHi3My JIFOJAUHH.

- Ha ocHoBI npoBeneHnX JOCIKeHb Oyra 3alpornoHOBaHa Ta arpodoBaHa
METOJIMKAa KUIbKICHOTO BU3HAYEHHS TJIyTaMIHOBOI KHCJIOTH Yy TBEPAMX JIIKAPCHKUX
dopmax I'myraminoBa kucimora (KuiBchkmii BiTaminHHi 3aBoj) Ta Glutamic acid

(Swanson, CIITA) MeTo/10M MOTEHI[IOMETPUYHOTO TUTPYBAHHSI.

YacTkoBO OIIHEH1 BajiAalliiHl XapaKTepUCTUKH PO3pOOJIEHOT METOIUKU
3a creurdiuHICTIO Ta MPEUU3IHHICTIO Ta pOOACHICTIO, SIKI BIAMOBIAAIOTH KPUTEPIsM
npuitHaTHOCTI (3a JIDY), 3BiAKM MOXKHa 3pOOUTH BHCHOBOK, IO JIaHY METOIUKY
MOKHAa BUKOPUCTOBYBATH JJI KUIbKICHOTO BHM3HAYEHHS TJIyTaMIHOBOi KHCJIOTH Y

TBEPIUX JIIKAPCHKUX opmax.
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Glutamic acid

EUROPEAN PHARMACQOPOEIA 8.0

acid R, 20 mL of decolorised fuchsin solution R1 and 2.0 mL
of a 0.5 per cent V/V solution of formaldehyde R. Allow to
stand for 30 min.

Measure the absorbance (2.2.25) of the 2 solutions at the
absorption maximum at 583 nm using for both measurements
a solution prepared in the same manner using 10.0 mL of
water R as the compensation liquid. The absorbance of the
test solution is not greater than that of the reference solution.
Chlorides (2.4.4): maximum 125 ppm.

Dilute 4 mL of solution S to 15 mL with waler R.

Sulfates (2 4. 13): maximum 200 ppm.

Dilute 7.5 mL of solution 5 to 15 mL with distilled water R.

Arsenic (2.4.2, Method A): maximum 1 ppm, determined on
1.0g.

Barium. To 10 mL of solution 5 add 1 mL of dilute sulfuric
acid R. When examined immediately and after 1 h, any
opalescence in the solution is not more intense than that in a
mixture of 1 mL of distilled water R and 10 mL of solution S.

Calcium (2.4.3): maximum 200 ppm.
Dilute 5 mL of solution S to 15 mL with distilled water R.

Lead (2.4.10): maximum 0.5 ppm.

Water (2.5.12): 7.0 per cent to 9.5 per cent, determined on
0.50 g.

Sulfated ash: maximum 0.1 per cent,
Dissolve 5.0 g in 5 mL of water R, add 2 mL of sulfuric acid R,

evaporate to dryness on a water-bath and ignite to constant
mass. If necessary, repeat the heating with sulfuric acid R.

Pyrogens (2.6.8). If intended for use in the manufacture

of large-volume parenteral preparations without a further
appropriate procedure for the removal of pyrogens, the
competent authority may require that it comply with the test
for pyrogens. Inject per kilogram of the rabbit’s mass 10 mL
of a solution in water for injections R containing 55 mg of the
substance to be examined per millilitre.

01/2008:0750
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GLUTAMIC ACID
Acidum glutamicum
M NH
HO-;C/.\"}\CO;H

C.H,NO, M, 147.1
[56-86-0]
DEFINITION

Glutamic acid contains not less than 985 per cent

and not more than the equivalent of 100.5 per cent of
(25)-2-aminopentanedioic acid, calculated with reference to
the dried substance,

CHARACTERS

A white or almost white, crystalline powder or colourless
crystals, freely soluble in boiling water, slightly soluble in cold
water, practically insoluble in acetic acid, in acetone and in

alcohol.

IDENTIFICATION

First identification: A, B.

Second identification: A, C, D.

A. Specific optical rotation (see Tests).

B. Examine by infrared absorption spectrophotometry

(2.2.24), comparing with the spectrum obtained with
glutamic acid CRS. Examine the substances prepared as

discs. If the spectra obtained show differences, dissolve

the substance to be examined and the reference substance
separately in the minimum quantity of water R, evaporate to
dryness at 60 °C and record new spectra using the residues.

C. Examine the chromatograms obtained in the test for
ninhydrin-positive substances. The principal spot in the
chromatogram obtained with test solution (b) is similar
in position, colour and size to the principal spot in the
chromatogram obtained with reference solution (a).

D. To 2.0 mL of solution § (see Tests) add 0.1 mL of
phenolphthalein solution R and 3.0 mL to 3.5 mL of 1 M
sodium hydroxide to change the colour of the indicator to
red. Add a mixture of 3 mL of formaldehyde solution R,

3 mL of carbon dioxide-free water R and 0.1 mL of
phenolphthalein solution R, to which sufficient I M sodium
hydroxide has been added to produce a pink colour. The
solution is decolourised. Add 1 M sodium hydroxide until
a red colour is produced. The total volume of 1 M sodium
hydroxide used is 4.0 mL to 4.7 mL.

TESTS

Solution S, Dissolve 5.00 g in 1 M hydrochloric acid with
gentle heating, and dilute to 50.0 mL with the same acid.

Appearance of solution. Solution § is clear (2.2.1) and
colourless (2.2.2, Method IT).

Specific optical rotation (2.2.7): + 30.5 to + 32.5, determined
on solution § and calculated with reference to the dried
substance.

Ninhydrin- positive substances. Examine by thin-layer
chromatography (2.2.27), using a TLC silica gel plate R.

Test solution (a). Dissolve 0,10 g of the substance to be
examined in 5 mL of dilute ammonia R2 and dilute to 10 mL
with water R,

Test solution (b). Dilute 1 mL of test solution (a) to 50 mL
with water R.

Reference solution {a). Dissolve 10 mg of glutamic acid CRS in
water R and dilute to 50 mL with the same solvent.

Reference solution (b). Dilute 5 mL of test solution (b) to

20 mL with water R.

Reference solution (c). Dissolve 10 mg of glutamic acid CRS
and 10 mg of aspartic acid CRS in water R and dilute to 25 mL
with the same solvent.

Apply to the plate 5 pL. of each solution. Dry the plate in a
current of air for 15 min. Develop over a path of 15 ¢cm using
amixture of 20 volumes of glacial acetic acid R, 20 volumes of
water R and 60 volumes of butanol R, Allow the plate to dry
in air, spray with ninhydrin solution R and heat at 100-105 °C
for 15 min. Any spot in the chromatogram obtained with test
solution (a), apart from the principal spot, is not more intense
than the spot in the chromatogram obtained with reference
solution (b) (0.5 per cent). The test is not valid unless the
chromatogram obtained with reference solution (c) shows 2
clearly separated spots.

Chlorides (2.4.4). Dissolve 0.25 g in 3 mL of dilute nitric
acid R and dilute to 15 mL with water R. The solution, to
which 1 mL of water R is added instead of dilute nitric acid R,
complies with the limit test for chlorides (200 ppm).

Sulfates (2.4.13), Dilute 5 mL of solution 5 to 15 mL with
distilled water R. The solution complies with the limit test for
sulfates (300 ppm).

Ammeonium (2.4.1). 50 mg complies with limit test B for
ammonium (200 ppm). Prepare the standard using 0.1 mL of
ammonium standard solution (100 ppm NH ) R.

Iron (2.4.9). In a separating funnel, dissolve 1.0 g in 10 mL of
dilute hydrochloric acid R. Shake with 3 quantities, each of

10 mL, of methyl isobutyl ketone R1, shaking for 3 min each
time, To the combined organic layers add 10 mL of water R
and shake for 3 min. The aqueous layer complies with the
limit test for iron (10 ppm).
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Glutathione

Heavy metals (2.4.8). 2.0 g complies with test D for heavy
metals (10 ppm ). Prepare the reference solution using 2 mL
of lead standard solution (10 ppm Ph) R.

Loss on drying (2.2.32). Not more than 0.5 per cent,
determined on 1.000 g by drying in an oven at 105 °C.
Sulfated ash (2.4.14). Not more than 0.1 per cent, determined
onl0g,

ASSAY

Dissolve 0.130 g in 50 mL of carbon dioxide-free water R with
gentle heating. Cool. Using 0.1 mL of bromothymol blue
solution R1 as indicator, titrate with 0.1 M sodium hydroxide
until the colour changes from yellow to blue.

1 mL of 0.1 M sodium hydroxide is equivalent to 14.71 mg
of C;HNO,.

STORAGE
Protected from light.

04/2008:1670
GLUTATHIONE
Glutathionum
SH
o} _.H H
HOAC )/\)\ Ao M coH

H NHy L
C,H,.N,0,8 M, 307.3
[70-18-8]
DEFINITION

L-y-Glutamyl-L-cysteinylglycine.
Fermentation product.
Content: 98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS

Appearance: white or almost white, crystalline powder or
colourless crystals,

Solubility: freely soluble in water, very slightly soluble in
ethanol (96 per cent) and in methylene chloride,

IDENTIFICATION

A. Specific optical rotation (see Tests),

B. Infrared absorption spectrophotometry (2.2.24).
Comparison: glutathione CRS.

TESTS

Solution 8. Dissolve 5.0 g in distilled water R and dilute to
50 mL with the same solvent.

Appearance of solution. Solution § is clear (2.2.1) and
colourless (2.2.2, Method I1).

Specific optical rotation (2.2.7): = 15,5 to = 17,5 (dried
substance),

Dissolve 1.0 g in water R and dilute to 25,0 mL with the same
solvent.

Related substances. Capillary electrophoresis (2.2.47).
Prepare the solutions immediately before use.

Internal standard solution (a). Dissolve 0.100 g of
phenylalanine R in the electrolyte solution and dilute to

50.0 mL with the same solution.

Internal standard solution (b), Dilute 10,0 mL of internal
standard solution (a) to 100.0 mL with the electrolyte solution.
Test solution {a). Dissolve 0.200 g of the substance to be

examined in the electrolyte solution and dilute to 10.0 mL
with the same solution.

Test solution (b). Dissolve 0.200 g of the substance to be

examined in internal standard solution (b) and dilute to

10.0 mL with the same solution.

Reference solution (). Dissolve 20.0 mg of the substance to

be examined in internal standard solution (a) and dilute to

10.0 mL with the same solution.

Reference solution (b). Dilute 5.0 mL of reference solution (a)

to 50.0 mL with the electrolyte solution.

Reference solution (c). Dissolve 0.200 g of the substance to be

examined in 5 mL of the electrolyte solution. Add 1.0 mL of

internal standard solution (a), 0.5 mL of a 2 mg/mL solution

of L-cysteine R (impurity B) in the electrolyte solution, 0.5 mL

of a 2 mg/mL solution of oxidised r-glutathione R (impurity C)

in the electrolyte solution and 0.5 mL of a 2 mg/mL solution

of L-y-glutamyl-L-cysteine R (impurity D) in the electrolyte

solution. Dilute to 10.0 mL with the electrolyte solution.

Capillary:

- material: uncoated fused silica;

- size: length to the detector cell = 0.5 m; total length = 0.6 m;
@ =75 pm.

Temperature: 25 °C,

Electralyte solution. Dissolve 1.50 g of anhydrous sodium
dibydrogen phosphate R in 230 mL of water R and adjust to
pH 1.80 with phosphoric acid R. Dilute to 250.0 mL with
water R. Check the pH and, if necessary, adjust with phosphoric
acid Ror dilute sodium hydroxide solution R,

Detection: spectrophotometer at 200 nm.

Preconditioning of a new capillary: rinse the new capillary
before the first injection with 0.1 M hydrochloric acid at

138 kPa for 20 min and with water R at 138 kPa for 10 min;
or complete equilibration, condition the capillary with the
electrolyte solution at 350 kPa for 40 min, and subsequently at
a voltage of 20 kV for 60 min.

Preconditioning of the capillary: rinse the capillary with the
electrolyte solution at 138 kPa for 40 min,

Between-run rinsing: rinse the capillary with water R at

138 kPa for 1 min, with 0.1 M sodium hydroxide at 138 kPa
for 2 min, with water R at 138 kPa for 1 min, with 0.1 M
hydrochloric acid at 138 kPa for 3 min and with the electrolyte
solution at 138 kPa for 10 min.

Injection: test solutions (a) and (b), reference solutions (b)
and (c) and the electrolyte solution (blank): under pressure
(3.45 kPa) for 5 s.

Migration: apply a voltage of 20 kV.
Run time: 45 min,

Relative migration with reference to the internal

standard (about 14 min): impurity A = about 0.77;

impurity B = about 1.04; impurity E = about 1.2;

impurity C = about 1.26; impurity D = about 1.3,

System suitability:

- resolution: minimum 1.5 between the peaks due to the
internal standard and impurity B in the chromatogram
abtained with reference solution (c); if necessary, increase
the pH with dilute sodium hydroxide solution R;

- peak-to-valley ratio: minimum 2.5, where H, = height
above the baseline of the peak due to impurity I and
H, = height above the baseline of the lowest point of the
curve separating this peak from the peak due to glutathione
in the chromatogram obtained with reference solution (c);
if necessary, lower the pH with phosphoric acid R;

- check that in the electropherogram obtained with test
solution (a) there is no peak with the same migration time
as the internal standard (in such case correct the area of the
phenylalanine peak).

Limits: test solution (b):

— correcied areas: divide all the peak areas by the
corresponding migration times ;

General Notices (1) apply to all monographs and other texts
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Jlonatok 2.

MipHnuii mocyy kinacy A.

39



JlongaToxk 3.
pH-metp pH -150 MI

OCHOBHI TE€XHIUH1 XapaKTEPUCTUKU:

Hiamazon PH 1,00 — 14,00
HuckpetHicts 0,01
[Toxubka nmeperBoproBaya * 0,02

[Toxubxa nmpunaay + 0,05
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Jlonatok 5.

Ceptudikat yuacHUKa KOHPEPEHIIIi.

HALJOHANBHUI MEOUYHUI YHIBEPCUTET IMEHI 0.0. BOrOMOJ1bLIA

C E PT M ¢ I K AT N2 2023-1101- 5508998-100118

LM MOCBIAYYETBCH, LLO

KPABYYK K.C.

BPAB(/1A) YYACTb Y HAYKOBO-MPAKTUYHIN KOH®EPEHLIIT
3 MDKHAPOLIHOIO YYACTIO, MPUCBAYEHIN 25-PI4Y10 DAPMALLEEBTUYHOIO ®AKY/IbTETY

OAPMALEEBTUYHA OCBITA, HAYKA TA NMPAKTUKA:
CTAH, NPOBJIEMWU, NMEPCIMNEKTUBU PO3BUTKY

ik ';.’"'s
a n'nnnc;,
ORI

T,
6,*

0

RN

Y04

rOJTOBA OPTAHI3ALLIMHOIO KOMITETY,
PEKTOP HALLIOHATbHOIO MEAUYHOIO
YHIBEPCUTETY IMEHI O.0. BOroMOJibLA
OCBITU HMY IMEHI O0.0. BOroMOJibLig,
YNEH-KOPECNOHAEHT HAMH YKPAIHMU,
O.ME[.H., MPO®ECOP

IOPI KYYMH

LUINbOBA AYOUTOPIS: AHANITUYHO-KOHTPONbHA GAPMALIIA, SATANTbHA ®APMALLIA, KNTIHIYHA ®APMALLIA, OPTAHI3ALLIA | YIIPAB/IHHA ®APMALLIEIO, OPrAHIBALIA |
YMPABSIHHA OXOPOHOIO 300POB'A, DAPMALIEBTUYHA KOCMETO/NOr A, DAPMALIEBTUYHA TOKCUMKONOTIA

19-20 rpyoHA 2023 poky
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Introduction. Glutamic acid, although considered a nonessential a-amino acid,
cannot be replaced by any other amino acid for some human organs, as it performs a
number of important functions. These include neurotransmitter function, the formation
of other amino acids, participation in the synthesis of serotonin and in the synthesis of
nucleic acids and enzymes, and the neutralization of ammonia, among many others.
Therefore, glutamic acid is used in the treatment of a large number of diseases, such as
epilepsy, various types of psychosis, reactive states, exhaustion, polio, cerebral palsy,
and others. The search for new, accurate methods for the quantitative determination of
glutamic acid is an urgent task for analysts.

The aim of the study is to develop a method for the quantitative determination
of glutamic acid in solid dosage forms by potentiometric titration.

Results. Glutamic acid is determined by the method of acid-base titration with
sodium hydroxide solution in accordance with the SPS and the European
Pharmacopoeia. As an indicator, a solution of bromothymol blue is used until the color
changes from yellow to blue (transition interval 6.0 - 7.6). Other methods of its
guantitative determination are also known, namely: formal titration (Serensen method),
Kjeldahl method - determination of organically bound nitrogen, cuprimetric titration,
photocolorimetric determination using a color reaction with alloxan.

For potentiometric titration, the analyzed solutions of solid dosage form samples
and the standard solution were prepared from exact sample weights and the
pharmacopoeial standard sample of DFU (Glutamic acid, G0181, registration number

56-86-0), which were placed in a conical flask, added water and heated in a water bath
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until the drug sample was dissolved. The volume of the solution was made up to 50 mli
with distilled water and cooled to room temperature. An aliquot was taken with a 5 ml
measuring pipette, transferred to a beaker, diluted with a small amount of water so that
the electrodes were immersed in the solution by 1,5-2 sm. Potentiometric titration was
performed with a sodium hydroxide solution with a molar concentration of 0.1 mol/I,
using a pH meter pH-150 MI with glass and silver chloride electrodes.

Based on the titration results, potentiometric titration curves were obtained for
each solution. The volume of sodium hydroxide used for titration at the point of
equivalence of each curve was calculated by the Gran method and the mass of glutamic
acid in the analyzed samples was determined. The results of the quantitative
determination of glutamic acid in the samples of solid dosage forms taken for the study
and in the standard solution completely coincide with the content of glutamic acid
specified in the instructions for medical use.

Conclusions. As a result of the study, a method for the quantitative determination
of glutamic acid in solid dosage forms by potentiometric titration was developed and
tested.
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