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Heob6xonuMocTh MOOTBEPKAECHUS MMOMIMHHOCTY AECMCTBYIOIINX WIM BCIIOMOIATeIbHBIX BEIIECTB MHOTOKOMIIOHEHTHBIX JIe-
KapCTBEHHBIX CPEACTB, B TOM YHMCJIEe C MCITOJIb30BAaHMEM Ka4eCTBEHHBIX Peakllvii, BJieYeT 3a co00il HeoOXOIMMOCTh TTPOBe-
JEHUsI UCCIIEIOBAHUIA 110 BEIOOPY peakiMil U YCIOBUI UX IIPOBEAEHUS C YIETOM MEIIAIOIIEr0 BIMSHUS IPYTUX KOMIIOHEHTOB
JIEKapCTBEHHOTO CPENCTBA M KOJMYECTBA MCITONb3yeMoro oopasia. Ilens padoTel: pa3paboTKa METOI0JOTMYECKOro IMOaxXoaa
K TUTAHUPOBAHMIO DKCIIEPUMEHTA TIPU BHIOOPE KAYeCTBEHHBIX PEaKIUil JIJIST TTONTBEPKIEHUS TIOJUIMHHOCTU OTIPEAeISIEMOTO
KOMIIOHEHTA JIEKAPCTBEHHOI'O CPEICTBA HA OCHOBAHUH PE3YJIBTaTOB MCCIEI0BAHII BO3MOXKXHOCTH HMCITOIb30BaAHUS N3BECTHBIX
KavyeCTBEHHBIX peakiiMii (Ha IpuMepe aCKOPOMHOBOM KUCIOTH B MHOTOKOMITOHEHTHOM JIeKapCTBEHHOM cpenctBe — (0,4 Mr
acKopOMHOBOM KMCIOTHI / 100 Mr comepXuMoro (prakoHa) ¢ yIeTOM MEIAIOLIETr0 BIUSHUS APYTUX KOMIIOHEHTOB JIEKAPCTBEH -
HOTO CPeNCTBAa U KOJMYECTBA MCIOIb3yeMOro oopasiia. MaTepuajbl M METOBI: B KaueCTBe 0OBEKTa MCCIIEIOBAaHUS ObLIO BbI-
OpaHO MHOTOKOMIIOHEHTHOE JIEKAPCTBEHHOE CPEACTBO — JIMOMDUIM3AT Ul IIPUTOTOBIEHUSI PACTBOPA Ui BHYTPUBEHHOIO
M BHYTPMMBIIIIEYHOTO BBEACHUS C JIEKAPCTBEHHBIM BEIIECTBOM, 00JIadaloIvM IPOTUBOBOCIAIUTEIbHBIM IeICTBUEM, B CO-
CTaB KOTOPOTO BXOIWT aCKOPOMHOBAST KMCJIOTa B KaUueCTBe CTabmiIM3aTopa (aHTUOKCHIAaHTa). B pe3ynbrate aHanmm3a qaHHBIX
JIATEPATYPhl BHIOpAHBI KAYeCTBEHHbIE PEaKLIMK IJIsI IIPOBEAECHMS UCCIEIOBAHMI BO3MOXHOCTU MX MCITOJIb30BAHUS ISl IO~
TBEPXICHUST TTO[UTMHHOCTH aCKOPOMHOBOM KUCIIOTHI B M3y4aeMOM JIeKapCTBEHHOM cpencTBe. [IpoBeneHa aKCIepUMEHTalb-
Hasl IIPOBEPKA peakiiil, OCHOBAHHBIX Ha KMCJIOTHBIX M BOCCTAHOBUTEIbHBIX CBOICTBaX aCKOPOMHOBOM KMC/IOTHL. Pe3yabrarsi:
YCTaHOBJICHO, YTO B U3y4a€MOM MHOTOKOMITOHEHTHOM JIEKAPCTBEHHOM CPEICTBE ISl ITOATBEPKACHMS ITOITMHHOCTH acCKOpOu-
HOBOU KUCJIOTBI MOTYT OBITh IPUMEHUMBI HECKOJTLKO M3BECTHBIX KAUECTBEHHBIX PeaKIIVii: peakIuy 00pa3oBaHUsI aCKOpOMHaTa
JKeJie3a M BOCCTaHOBJIEHUSI HUTpaTa cepedpa 10 MeTaUIMYECKOro cepedpa mocJie IpeaBapUTeIbHOrO OTAeIeHIsI aCKOPOMHOBOM
KWCJIOTBI OT IPYTMX KOMITOHEHTOB JIEKAPCTBEHHOTO CPEICTBA, a TaKXKe peakKIlns oOpa3oBaHUsT OEpIMHCKOM Jla3ypu, OmHast
mpo0a ¥ peakiys C paCTBOPOM IepMaHraHaTa Kajusi, He TPeOyIOolIe JOIOJHUTEIbHONM IPOOOITOAroTOBKY. McIionbp3oBaHne
peaxiiMii ¢ paCTBOPOM METHJICHOBOTO CHHEro U peakThBoM MerHra MPUMEHUTEBHO K TaHHOMY JIESKAPCTBEHHOMY CPEICTBY
Helesiecoobpa3Ho, TaK KakK pe3yJIbTaT yKa3aHHBIX PeakilMii ¢1abo BhIpaxkeH. BbIBoAbI: Ha IpUMepe MHOTOKOMITOHEHTHOTO Jie-
KapCTBEHHOI'O CPeICTBa pa3paboTaH METOA0IOTMYECKUI MOAX0I K BRIOOPY KaueCTBEHHBIX PeaKIIMii /15T TOATBEPKACHUST IO/~
JIMTHHOCTU OJHOTO M3 KOMITOHEHTOB JIEKAPCTBEHHOTO CPEICTBa (HAIpUMeEpP, aCKOPOMHOBOU KUCJIOTHI). AJITOPUTM NeHCTBUI
BKJIIOYaeT B ce0s1 BIOOp peaklinii, OmpeneeHrue MX YyBCTBUTEIIBHOCTHU U LIEJIeCO00Pa3HOCTH MPUMEHEHUS )1 KOHKPETHOTO
JIEKapCTBEHHOTO CPENCTBa, U3yYeHHUE BIWSHUS JIPYTHUX €r0 KOMIIOHEHTOB Ha pe3yJibTaT XMMHUYECKOW PeakllMM, a TakKe He-
00XOIMMOCTh WJIM OTCYTCTBUE JAOIOJHUTEIbHO ITPo0ormoarotoBku. COBOKYITHOCTh IIPOBEAEHHBIX CCAEI0BAHUI IIO3BOJISIET
cenaTh BBIOOP KaYeCTBEHHBIX PeaKIUid M ONTUMAJIbHBIX YCIOBUI MX MPOBEACHUS ISl JOCTHMXKEHMS TOCTaBICHHOM LI —
TTOATBEPKICHNSI TIOJTMHHOCTH OTIPE/IeIISIEMOTO BEIeCTBa.

KiioueBbie cj10Ba: METOMIOJIOIMYECKMIA MTOAXO; KaYeCTBEHHbIE peakKIMi; YCIOBUs MPOBEACHUST UCIBITAHKS; aCKOpOMHOBAsI
KWCJIOTa; aHTUOKCUIAHT; MMapeHTepalbHbIC JIEKAPCTBEHHBIC CPEICTBA
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A Methodological Approach to Designing Experiments when Dealing with Identification
Tests for Medicinal Product Components (as Illustrated by Ascorbic Acid)

Yu. B. Purim, M. L. Kruglyakova, L. N. Bulanova, M. V. Agapkina, L. A. Stronova,
T. N. Bokovikova®“, E. P. Gernikova
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The need for identification testing of active substances or excipients in multi-component medicinal products, including the use
of qualitative tests, calls for research substantiating the choice of tests and test conditions with due regard to interference effects
caused by other components of medicinal products and the amount of the sample used. The aim of the study was to develop a me-

BenoMocTti HayyHoro LieHTpa aKcnepTM3bl CPescTB MeanLMHCKOro npuMeHenus 2018. T. 8, N2 3 193
The Bulletin of the Scientific Centre for Expert Evaluation of Medicinal Products 2018. V. 8, No. 3

w
(58]
|
(]
—
[=
=<
|
=T
—
(4=
[=
(=]
S~
=
-0
—
=T
—
(]
(58]
a
==
=0
=
=<
==
=
—_
=
(=9
(=]



mailto:Bokovikova@expmed.ru

w
(58]
-
(]
—
[~
=T
-
=T
—
(4=
[= 4
(=]
S~
=
-0
—
=T
—
(&)
(58]
o
==
=0
=
=T
==
=
—_
=
(=9
(=]

{0. B. Mypum u gp.
Yu. B. Purim et al.

thodological approach to designing experiments while selecting qualitative reactions for identification testing of a medicinal prod-
uct component based on the results of studies investigating the possibility of using known qualitative tests (as illustrated by ascorbic
acid in a multi-component product — 0.4 mg of ascorbic acid per 100 mg of the vial contents) with due regard to interference on
the part of other medicinal product components and the amount of the sample used. Material and methods: the study focused on a
multi-component medicinal product — lyophilisate for solution for intravenous and intramuscular injections containing an anti-
inflammatory active substance and ascorbic acid as a stabilizing agent (antioxidant). The analysis of literature sources helped to
determine qualitative tests that were assessed for potential use for identification testing of ascorbic acid as a component of the ana-
lysed medicinal product. The study involved experimental testing of the qualitative reactions based on acidic and reducing proper-
ties of ascorbic acid. Results: it was demonstrated that several well-known qualitative tests could be used for identification testing
of ascorbic acid as a component of the analysed medicinal product, namely, the reaction of ferrous ascorbate formation and the
reaction of silver nitrate reduction to metallic silver after preliminary separation of ascorbic acid from the other medicinal product
components, as well as the reaction of Prussian blue formation, iodine test and reaction with a potassium permanganate solution,
which do not require additional sample preparation. It is not practicable to use the reaction with a methylene blue solution and
the Fehling’s reagent reaction for this particular medicinal product, since their results are feeble. Conclusions: the analysis of the
multi-component medicinal product helped to develop a methodological approach to choosing qualitative reactions for identifi-
cation testing of one of the medicinal product’s components (e.g., ascorbic acid). The suggested algorithm includes the choice of
reactions, determination of their sensitivity and applicability for a particular medicinal product, analysis of the other components’
effects on the results of the chemical reaction, and the need for additional sample preparation. The whole complex of the studies
performed helped to determine qualitative reactions and optimal conditions for identification testing of the analysed substance.
Key words: methodological approach; qualitative reactions; test conditions; ascorbic acid; antioxidant; parenterals
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IMapenTepanbHble JeKapcTBeHHbIe cpeactBa (JIC)
MPEICTaB/SIOT COOOM TBEPAbIE U XUIKKUE CTePUJIbHBIC
JIEKapCTBEHHBIE (DOPMEI, CTAOMIBHOCTH KOTOPBIX JIO-
CTUTaeTCsl KaK CTPOTMM COOJIIOIEHUEM aCENTUYECKMUX
YCIIOBHIT MX TIPUTOTOBJICHMS, TAK W MCITOJIb30BAaHHEM
crabunuzaTopos [1, 2] — BelecTB, MO3BOSIIONINAX CO-
XpaHATh PU3UKO-XMMUYECKKE CBOIMCTBA U (hapMaKOoJIo-
TUYECKYIO aKTUBHOCTD, MIPETyCMOTPEHHbIE TPEOOBaHM -
aIMH (apMaKoIled WM HOPMATUBHON JOKYMEHTAIIUH
(HM), B TeueHMe yCTAHOBJIEHHOTO CPOKA FTOJHOCTH.

Okoio 90 % neKapCTBEHHBIX BEIIECTB, BXOMSIIINX
B cocTaB MHBEKIMOHHBIX JIC, TpeOyioT MpUMeHEeHUS
CTa0MJIM3aTOPOB WJIM OCOOBIX YCJIOBUI IPUTOTOBICHMUS,
TaK KaK B pe3yjbraTe XMMMYECKUX peakiuili OHU MO-
TYT TpeTeprieBaTh pa3IMJHbie M3MEHEHUS: TUIPOIIH3,
OKHCJIEHUE-BOCCTAHOBJIEHUE, TTOJUMEPU3aLnio, POTO-
XUMMYIECKYIO IEeCTPYKIIHUIO 1 JIp.

MexaHu3Mm AeiucTBusl CTaOUIN3aTOPOB CBOJIUTCS
KaK K YJIYYIIEHHIO PACTBOPUMOCTU JIEKapCTBEHHBIX
BEIEeCTB (COMOOMIN3alMN), CO3MAaHUIO OIpelesieH-
Horo 3HadyeHMsT pH cpenbl, Tak M TpeAyIpeXIcHUIO
OKMCJIUTEIbHO-BOCCTAHOBUTENbHBIX MpolieccoB. [1pu
3TOM BEIEeCTBA, MPUMEHSIONINECS B KaUeCTBEe CTaOM-
JIN3aTOPOB, TOJDKHBI OBITH 0€30ITaCHBIMU KaK B YUCTOM
BUIE, TaK U B COCTaBe JIEKAPCTBEHHOIO IIpernapaTta 1
paspelieHbl K MPUMEHEHUI0 B MEIUIIMHCKON MpaKTU-
Ke. CTabuan3aTophbl JOJIKHBI BBIIOJHATH (PYHKIINO-
HaJlbHOE Ha3HaueHWe — obecrneynBaTh YCTOMUYMBOCTh
JIC. KommmuecTBO m00aBIISIEeMOTO CTaOMIM3aTopa yKa-
3piBaetcs B HJI [1, 2].

JlekapcTBeHHbBIE BeIIeCTBA, MMEIOIIME B CBOEH
MOJIEKYJIe CIMPTOBbIC, (DEHONbHbIE, KapOOHWJIbHBIC
paguKaibl U Ipyrue GyHKIIMOHAIbHEBIE TPYIIITLI C IO -
BVKHBIM aTOMOM BOJIOPO/Ia, JIETKO pa3jararoTcs, OKMC-
JISISICh TION BO3IeiicTBHEeM Kuciaopoma Bosmyxa. C 1re-
Jb1o cradbunm3anuy JIC MCIoab3yl0oT aHTUOKCHUIAHTEHI,
OKUCJISIONIECS 3HAYMTEIBHO Jierde ITOHOOHBIX Jie-
KapCTBEHHBIX BEILIECTB, TEM CaMbIM MpeaoTBpalias ux

okucieHue. K ynciy aHTUOKCHMIAHTOB OTHOCUTCSI, Ha-
npuMep, acKoporHoBas1 Kucaora [1].

IIpu crabunuzauum JIC, KaKk mpaBujao, UCIOJIb3Yy-
eTCsl KOMIUIEKCHBIN TIOIXOH, OCYIIECTBISIEMBIN ITyTeM
BBEICHUS Pa3IMIHOTO THIIA CTAOMIM3aTOPOB, HAIIPH-
Mep: HECKOJIBKUX IPSMBIX aHTHOKCHUIAHTOB; IIPSIMOTO
M KOCBEHHOTro (KOMILIEKCO00pa3oBaTessi) aHTMOKCH-
JAHTOB; aHTMOKCHUIAHTa U BellleCTBa, 00ecIieurBalolie-
ro pH cpenpl; aHTHOKCHIAaHTa W KOHCepBaHTa (aHTH-
MUKpOOHAas CTaOUIU3aLUs).

Takum o6pazom, mIst CTaOMIN3ALUN OKUCIISIONIX-
Ccsl COSAMHEHUI HEOOXOAMMO CO31aTh ONTUMAJIBHBIC
3HaueHus1 pH pacTBopoB, UCKIIOUUTD BIUSHUE Ha Jie-
KapCTBEHHOE BEIISCTBO KMCJIOpPOAa U KaTaau3aTOpOB
B IIpoliecce MPUTOTOBJEHMS, CTEPUIN3ALIMU U XPaHe-
HUSI JIEKapCTBEHHOTO TIperapara.

IIpumepoM Takoro cmocoda cradbmmm3annu JIC
SIBJIICTCSI MHOTOKOMITOHEHTHBINM mpenapat (JTuoduim-
3aT JJISI IPUTOTOBJICHUST PacTBOpPA ISl BHYTPMBEHHOTO
¥ BHYTPUMBIIIIEYHOIO BBENEHUs) C JIEKapCTBEHHBIM
BEILIECTBOM, O0JIAAAIOIIMM ITPOTUBOBOCTIAIMTEILHBIM
(06e300MBaOIIUM, KapOMOHWXAIOIIMM) IeiUCTBUEM
¥ BCIIOMOTATEJIbHBIMU BEIIeCTBAMMU: MAHHUTOJ, TUHA-
TPpHUS 3ETaT, aACKOPOMHOBAS KMCI0Ta, TPOMETaMOJI, Ha-
TpUS TUAPOKCHUI / XIOPUCTOBONOPOAHAS KHCJIOTA.

Hna uneHTMOUKAIIMA U KOJWYECTBEHHOIO OIlpe-
neneHuss ackopouHoBoil kuciotel (ACK) wu3BeCTHBI
W IIMPOKO WCITONB3YIOTCS pa3IMYHBle XUMHWYECKUE,
dmsmdyeckre U (GU3NKO-XUMUIECKIE METONbI aHAIN3a,
HaIlpuMep: paMaHOBCKasI CIIEKTPOMETPHS WIM IPYIHe
CIEeKTpaJIbHbIE METOMIbI aHAIM3a B UHDPAaKPaCHOM U yJIb-
TpaduoeToBOoI obacTu criekTpa [3, 4]. g odHapyxke-
HUST aCKOPOMHOBOI KUCJIOTHI IPUMEHUMBI pa3HbIE BUIbI
xpomaTtorpaduu (xpomarorpacdusi B TOHKOM CJIO€ COp-
0eHTa, BEICOKOA(P(EeKTUBHAST KUIKOCTHAS I Ta30Bast
XpOMaTo-Macc-CIIeKTpoMeTpusi). B nmTeparype mpen-
CTaBJICHBI Pe3yJIBTaThl UCCENOBaHUI IO pa3padoTKe Me-
TOAMK TPOOOMOATrOTOBKM 00pa3uoB, coaepxKaimux ACK;
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TOKAa3aHO BJIMSTHUE COCTaBa IMOABVIKHEIX (pa3 Ha XpoMa-
torpaduueckue xapakrepuctuku ACK mpu ucnosb3o-
BaHWH BHIIIICYKa3aHHBIX METOIOB aHam3a |3, 5—7].

Lens paboThl — pa3paboTKa METOHOJIOIMYECKOIro
MoaXoaa Mpy MIaHUPOBAaHUM 9KCIIEPUMEHTA ISl BBIOO-
pa peakiuii, MOATBEPKIAIOIIMX MTOMIMHHOCTh OIpe/e-
JIIeMOTo KOMIIOHeHTa B uzydyaeMoM JIC, oCHOBaHHOTO
Ha pe3yJbraTtax MUCCIeqOBaHWI BO3MOXHOCTU WCITOJb-
30BaHUS N3BECTHHIX KAUeCTBEHHBIX PCaKIIHIA.

B ocHoBe kauectBeHHoro aHanu3a ACK, kak mpa-
BUJIO, JIEXKAaT €€ KUCJIOTHbIE M BOCCTaHOBMTEJIbHBIC
cBoiicTBa. B pe3ysbrare peakiivii MosiBASETCS WIN UC-
Yye3aeT OKpalllMBaHUE, a TAKXKe MOXeT 00pa30BbIBAThCS
ocanok [8—11].

K peakmustM KMCIIOTHOTO XapaKTepa OTHOCHTCS pe-
aKIIMs C COJIBIO IBYXBAJICHTHOTO XeJjie3a ¢ 00pa30oBaHM-
€M TeMHO-(HO0JIETOBOrO OKpaIllMBaHUsI — aCKOpOWHA-
Ta XeJje3a, KOTopoe ucuye3aeT Mpu 100aBJeHUU CepHOM
KMCJIOTHI [12].

YKazaHHasI KaueCTBeHHAasI peaKlys ITepBOHAYAIb-
HO ObIIa IpoBemeHa ¢ BOXHBIMM pacTtBopamu ACK
pa3Hoii KoHUIeHTpaunu. CBetsioe (GUOJIETOBOE OKpa-
IIMBaHUE OBLIO MOJYYEHO ¢ 2 MJI pacTBOpa, CoaepKa-
mero 1 mr/mn ACK, nocie npubdasiaeHus K Hemy 0,1 r
rugpokapooHaTta HaTpusg u okosio 0,02 r xxenesa (II)
cyabdara (Mpu CTOSHUM OKpalllMBaHUe OJeAHENO).
BrIpaxxeHHOE (DHOJIETOBOE OKpaIlllMBaHME, MCUE3ar0-
1iee npu A00aBJIeHUU CEPHOM KUCIOTHI pa3BeJeHHOM
16 %, OBUIO MOJYYEHO TOJILKO IPU YBEIMYCHUU KOH-
neHTtpauu pacrBopa ACK B aBa pasa.

ITpu Bocripon3BeIeHUY OITMCAaHHOM peaKIIuy HElo-
CpenCTBEHHO ¢ BOMHBIM pacTBopoM JIC, comepkanimm
1 mr/mi1 ACK (comepxuMoe matH (hJIaKOHOB pacTBOPSI-
JI B 2 MJI BOIBI), XapaKTepHOe (PHOIETOBOE OKpAIIIBa-
HUE He 00pa30BHIBAJIOCH, a HAOII0IAT0Ch KOPUUYHEBOE
OoKpalMBaHMUe (CO BpeMEeHEM BbINagal 0CaJoK KOpHY-
HEBOTO 1IBETa), ¥ ITOCJIe TPUOaBIEHUS CEPHOI KUCIOTHI
pasBefieHHOM 16 % HMKaKMX U3MEHEHUN He MPOMCXO0-
muo. IIpoBemeHMe peakiIMM C MCIBITYeMBIM pPacTBO-
poMm OoJibliieii KOHLIEHTpalu1 ObLIIO HelleJecoo0pa3Ho.

CrenylolnyM 3TaroM HallluX UCCIeI0BaHUI OBLIO
U3y4eHUEe BOZMOXHOCTH MPOBEACHUST JAHHOW peakluu
¢ pactBopoM ACK mocie oTneaeHus: Ipyrux KOMIIO-
HeHToB JIC. JI1s1 aTOro comepxxumoe MITU (hJJaKOHOB
JIC BcpsixuBanm B TedeHue 3 muH ¢ 2 M1 0,1 M pactBo-
pa XJIOPUCTOBOIOPOIHOI KUCIIOTHI, IIOCIE YeT0 CMeCh
eHTpudyrupoBanu B TedeHue 3 muH mpu 3000 06/mMuH,
HalOCaJOUYHYI0 KUAKOCTh OT(MWIBTPOBBIBAIU Yepe3
GUIBTp «CUHSISL JIeHTa», K IIOJydeHHOMY (UiIbTpa-
Ty TPUOABISIA 2 MJI METWJICHXJIOPUIA, BCTPSIXUBAIU
¥ CHOBa IeHTpudyrupoBanu. [1pu mpoBeacHNN NCITHI-
TaHUSA ¢ TTOJydeHHBIM 3KcTpakToM ACK Habmonanoch
TeMHO-cepoe okpaiuBaHue. C yBeIMYeHUEeM KOHIICH-
Tpauun ACK BIBOe pacTBOp OKpalllMBajiCs B TEMHO-
(GUoNEeTOBLIN LIBET, KOTOPBII McUe3an Iociie Jo0aBiie-
HUS 5 MJT CepHOM KUCJIOThI pa3BeneHHON 16 %.

Mg moaTrBepxkxaeHus nommHaHocty ACK yatie nc-
TOJIB3YIOTCSI  OKMCIMTEIbHO-BOCCTAHOBUTEIBHBIE pe-
aKIMy, YeM peaklMi, OCHOBaHHBIC Ha €€ KMCIOTHBIX
cBoiicTBax. ACK jilerko oKucisieTCs B CBSI3M C HaTMurueM
B MOJIEKYJIE €HIVOJIBHOM TPYIIIMPOBKHU C MOIBVKHEI-
MM aToMaM¥ Bopopoaa. OKucIeHue MOXEeT TPOXOIUTh

B JIBE CTaJMM: C OOpaTUMBIM MPOILIECCOM OKHCIEHUS,
npu kotopoM ACK okuchsiercss 10 neruapoackopou-
HOBOIT KHUCJIOTHI (KeTOHHAS (hopMa), CITOCOOHOI CHO-
Ba BoccTaHaBnuBatbes 10 ACK, mim 6onee rimyookum
OKMCJIeHUeM (BTopasi CTagusl) ¢ pasJioKeHUeM JIeTh-
JIPOACKOPOUHOBOM KUCIOTHI [12].

H o H 0.
CH,OH o OKHUCJICHHE CH,OH (0]
OH — OH
HO ol BOCCTaHOBJICHHE S o ( 1)
acKOpOMHOBAs JIETUIPOACKOPOMHOBAS

KHCJIOTa KHUCJIOTa

Oxucnenue ACK Jierko MpoucXOquT B HEUTpasb-
HO M IIEJI0YHON cpene, OHO KaTaIM3NPyeTCsl HOHAMM
TSDKEJIBIX METAJUTOB (MeIu, XeJie3a, cepedpa), IIpyu 3TOM
COJIM OKHMCJIOB METaJJIOB BOCCTAHABJIMBAIOTCS B COJIU
3aKMCH, a B ILIEJOYHON cpele, HAIpUMep, COJIU MeIu
U cepedpa BOCCTaHABIMUBAIOTCS O METAJIIOB. B Kucioit
cpelie BOCCTaHABJIMBAIOIIME CBOWCTBA aCKOPOMHOBOWA
KHCIIOTHI BBIpaskeHBI 3HAYNTEILHO ciadee [12].

M3ydyeHa BO3MOXHOCTb MNOATBEPXKICHUS TMOMJIVH-
Hoctu ACK mo peakiiiu ¢ pacTBOpoM HUTpaTa cepedpa,
B pe3yJbTare KOTOPOUl IPOMCXOOUT BOCCTAHOBJICHUE
MOHOB cepebdpa 10 MeTajinueckoro cepedpa. Ilpu mo-
OaBJieHUU K TIpode, conepxaiteii 4 mr ACK, 0,5 mi ce-
pe6pa HUTpaTa pactBopa 1 % (cepebpa HUTpaTa pacTBOP
2 % pa36aBJIsii BOIOI BABOE) BhIIAAal 0CafoK TEMHO-
ceporo 1Bera.

C 1IeJIbI0 YMEHBILEHUS BIMSHUS APYTUX KOMIIO-
HEHTOB IpernapaTa Ha pe3yJIbTaT yKa3aHHOM KaueCTBEeH-
HOI peakiluy OIpeneicHre MTPOBOAIN C SKCTPAKTOM
ACK wu3 pactBopa JIC, mociie yero moBommiu pH cpenbr
0 HEOOXOMMMOM BEJIMIMHBI (OKOJIO 8) aMMHMaka pac-
tBOopoM 10 % (1—2 karu). PacTBop, comepxaiiuii 2 Mr
ACK, npuobpeTan cBeTs0-cepyio okpacky. I1pu yBenu-
yeHuu cogepxanusi ACK no 4 Mr pacTBop cTaHOBUJICS
TEMHO-CEPOTo 1IBETa, CO BpEMEHEM BbIIIa1al 0CaIOK ce-
poro 11BeTa (cepedpo).

M3zydyeHa BO3MOXHOCTb HCIIOJIb30BaHUSI OKUCIIM-
TEJbHO-BOCCTAHOBUTEJBHON peakilMhd ¢ pPacTBOPOM
METWJIEHOBOI'O CUHETO JIJIs1 TOATBEPKACHUS MOJTUHHO-
ctu ACK, B pe3yjbTaTe KOTOPO METUEHOBBIN CUHMIA
BOCCTaHABJIMBACTCS Y TICPEXOIUT B OECIIBETHYIO JICHKO-
dopmy [12].

acKkopOuHOBas
KHCIIoTa

METHJICHOBBIN CUHUI

2

CH, CH,
\ \

\

M

JICIKOMETUIIEHOBBIA CUHUI
B xadecTBe UCITBITYEMOTO pacTBOPA MCITOIB30BAIN
2 mut akcTpakTta ACK (1 Mr/min) ¢ mobasieHueM 1 Kam-
JIK METUJIEHOBOTO CMHEro cnmupToBoro pactsopa 0,05 %
(MeTHIEHOBOTO CMHETO CNUPTOBOI pacTBop 0,1 % pas-
GaBisiin BOBoe ciuptoM 96 %). McrbiTyeMblil pacTBOp
rmocJe 100aBIeHUs MHIWKATOpa UMeEJT TOTyOOoH 11BET.

JIETHAPOacKOPOHHOBAs
—_—
KHCIIOTa
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JIsi CpaBHUTENIBHOM OLIEHKM pe3yJibraTa peak-
WU OTIpesie/ieHre TTPOBOAWIIN MapajlIeIbHO C PacTBO-
pOM CpaBHEHMSI U KOHTPOJIBHBIM pacTBopoM. PacTBop
CpaBHEHMSI — TOT XK€ 00BEM HCIBITYEeMOTO PacTBOpa
(TIpakTUYeckn OECUBETHBIN PAaCTBOp C €ABa 3aMETHBIM
JKEJITOBAThIM OTTEHKOM); KOHTPOJIbHBIN pacTBop (ro-
Jiy6oro 1Beta) — cmech 2 mu 0,1 M pacTBOpa Xj1opu-
CTOBOJIOPOTHOM KMCJIOTHI U | Karuim MeTWJIEHOBOTO
cuHero crnuproBoro pactsopa 0,05 %. Bce pactBopbl
MOABEPrajJii HarpeBaHUIO Ha BoasgHoM OaHe mpu 40 °C
B TeueHUe 3 MUH, MOCJe Yero UBET UCIBITYyeMOTO pac-
TBOpa MpakTUYECKU He u3MeHsuics. Ilpu mpoBeneHun
JAHHOM peaklMu B TeX XXe YCIOBMUSIX C 2 MJI BOIHOTO
pactBopa ACK (1 Mr/mi) pactBop oOecIBEeUMBAaJICS.
HoIoTHUTEeIPHO OBLIN IMPOBEICHBI MCITBITAHUS C pa3-
0aBJICHHBIM B IISITh Pa3 PaCTBOPOM METUJICHOBOTO CH-
HEro, HO U B 3TUX YCJIOBMSIX MCIIBITYEMbIl pacTBOpP He
obecLBeunBascs (MMea roayooit OTTEHOK).

Hpyras kauecTBeHHas peakiust Ha ACK ¢ peakTu-
BoM DeHTa OCHOBaHA Ha BOCCTAHOBJIECHUM OKMCHOM
menu (CuO) mo 3aKMCHO# MeIy KpaCHOTO IIBeTa (CuZO).

IIpu nposenenun peakuuu ¢ 4 M peaktusa Pe-
JuHra U 2 MJa BomHoro pactBopa JIC, comepxalero
1 mr/mn ACK, ucnbITyeMblil pacTBOp MpuoOpeTan BU
CTYIIEHUCTOI MacChl OMPIO30BOTO IIBETa C XKEJITOBa-
TBIMM pa3BogaMu (TIpU JUIMTEIBHOM OTCTaMBaHUM Ha-
Omromanu 00pa3oBaHIE HE3HAUYMTEIBHOTO KOJMYECTBA

{0. B. Mypum u gp.
Yu. B. Purim et al.

ocajgka opaHxkeBoro 1Beta). Beinenenue ACK u3 pac-
tBopa JIC cyllecTBEeHHO HE TOBJIUSIIO Ha Pe3YJIETaT
peakunu. [IpoBemeHMe WMCIBITAHWS C 2 MJI BOTHOTO
pactBopa ACK (1 Mr/mi) moka3zajo, 4To ColepKaHHe
ACK B peakLIMOHHOI CMeCH HeIOCTaTOUYHO (PpacTBOpP
MYTHeJN, Tpuodperasi OypoBaTo-3eieHblii uBeT). [lpu
yBeauueHuu coaepxanusg ACK B aBa paza pacTBop cTa-
HOBUJICS XEJITOBATO-3¢JICHOTO 1IBeTa, W JIMIIb CO Bpe-
MEHEM BEITIafal OPaHKEBBIN 0CAIOK, TO €CTh IS TTOJY-
YEHMST XapaKTePHOTIO pe3ysIbraTa OMMUCAHHON peakIInu
HeoO0XoaMMoO HMcnonb30BaTh pacTBOpbl ACK Oonbiieit
KOHIIleHTpaluu. B paMkax Halux ucciaeAoBaHMN 3TO
HelleJaecoo0pa3sHo, TaK KaK TpeOyeT MCIOJBb30BaHUS
6osbioro konunyectna JIC ¢ yueToM Manoro coaepxa-
Hus B HeM ACK.

g moarBepxaeHus nommHHoctT ACK Takke
ObUTa MCMOJIb30BaHa peaklivs oOpa3oBaHUs OepJIMH-
ckoit nazypu (ypaBHeHus (3) u (4)), B pe3yabrate Ko-
TOPOII B IIEJIOYHOM Cpelie IPOUCXOINUT BOCCTAHOBJICHUE
deppuumMaHuaa Kaaus (KeJae30CUHEePOANCTOro Kajus)
oo deppolraHuIa Kauus (KeJIe3NMCTOCHHEPOINCTOTO
Kajysi), KOTOPBIM IIPU B3aUMOICUCTBUM C XJIOPHBIM
xkene3oM (I11) B kucoii cpeae oopasyeT II0X0 pacTBO-
PUMYIO B BOIIe COJIb TPEXBAJIEHTHOTO XXeje3a (pacTBOp
OKpallIBaeTCsI B CHHUI IIBET, 3aT€M BBINTaTaeT TEMHO-
CHMHHI 0CaloK, IIBET KOTOPOTO MPW OCTOPOXHOM Ha-
CJIanBaHUY BOIBI CTAHOBUTCS 00JIee OTUYCTIIMBEIM) [12].

JETUapo-

AckopounoBas , 2Ks;Fe(CN)g 2K4Fe(CN)s
KHCJIOTa M depprnnanu + 2KOH — ackopOuHoBas + (eppounannz + 2H;0 &)
KaJust KHCJIOTa KaJIust
3K4Fe(CN)s + 4FeCl; — Fey[Fe(CN)s]s + 12KCl 4)

(eppormaHu] Kanus

Peakinio TmpoBoAMIM KaK HEMOCPEACTBEHHO
¢ pactBopoM JIC, tak u ¢ skcrpaktoM ACK. Comep-
XKMUMOe omHoro (rakoHa pacTBOpsuid B 10 MJI BOIBI.
K 2 mn monydyeHHoro pactBopa mpubaBasau 0,1 mi
Kajus ruapokcuna pactsopa 10 %, 0,2 mut kanus dep-
pULIMaHuaa pacTBopa 5 % v 9HEPTUYHO BCTPSIXUBAJIN;
rmocjie 4ero mo0aBisuii 1 MJI XJIOPUCTOBOAOPOIHOMN
kuciotel pactBopa 10 % u 0,1 mu xenesa (111) xaopu-
na pactBopa 1 %. MrHoBeHHO OOpa30BBLIBAIOCH MH-
TEeHCUBHOE CMHee okpainvBaHue. [1py B30aaTbIBAaHUU
pacTBOp MNpuUOOpeTan CHUHE-3eJeHOe OKpalllMBaHUe
(UBET MOPCKOIA BOJIHBI); CO BpEMEHEM BhITaall 0CaloK
TEMHO-CUHEro 1iBeTa (OepJMHCKas Ja3dypb) U 0Cal0K
JKeJITOro 1BeTa (meiicTBylomiee BemecTBo). Ilpu 1po-
BemeHuu peakiuu ¢ 2 mi akctpakta ACK (1 mr/mi)
00pa3oBBIBAJIOCH XapaKTEPHOE CHUHE-3eJIeHOe OKpa-
IIMBaHKWE U BbIMagal TEeMHO-CUHMI OCaloK, IIBET KO-
TOPOTO MPU OCTOPOXHOM HacJlanBaHWUU BOJIbI CTAHO-
BUJICS 00Jiee OTUYETIVBBIM.

Nonnast npo6a Ha ACK U peakuust ¢ pacTBOpOM
TepMaHraHaTa Kajusl, TIpM KOTOPBIX TOJIKHO IIPOUC-
XOIUTh OOECILIBEUMBaHUE MPUOABISIEMBIX IO KaIlIsaM
peakTuBOB, ObUIM MpoBeAeHbI ¢ pacTBopoM JIC (comep-
xumoe 1 akoHa pacTBOPSUIM B 2 MJT BOMBI) U C 2 MJ
skcrpakta ACK (1 mMr/mi).

OepIHHCKas J1a3ypb

IMocne mpubaBiIeHWsT OMHOM KaTuti 1iofa pacTBopa
0,05 M wim Tpex Kareslb Kajaus IIepMaHTaHaTa pacTBO-
pa 3 % x pactBopy JIC okpacka OT pubaBIsieMbIX pe-
aKTUBOB 00€CIIBEYMBajach, MPU 3TOM OKpacKa CaMOro
HCITBITYEMOTO pacTBOpa (>KeJITOBATOrO 1iBeTa) MepBOHA-
YyajbHO He M3MeHsUIach (IpY AaJIbHeuIeM mpubdasiie-
HUHN YKa3aHHBIX PEaKTUBOB UCITBLITYEMbIil pacTBOP IIPH-
o0peTalt OpaHKeBBIii, a 3aTeM KOPUIHEBATHIN OTTCHOK).
IIpu npoBenennu peakuuii ¢ skcrpakroM ACK pH pac-
TBOpa JOBOAWJIN OO0 BEIUUYMHBI 7—8 mpubOaBiIecHUEM Ka-
st runpokcuaa pacteopa 0,5 % (Kanusl TUAPOKCUAA
pactBop 10 % paz6asisiiu Bogoii B 20 pas). [pubasisie-
MBbI€ 10 KaTUTsSIM PacTBOPHI i10/1a U TIepMaHTaHaTa Kaiust
00eCIIBeUNBAINCh (MCIIBITYeMBIIA pPacTBOpP OCTaBaJICS
MPAKTUIECKH OECIIBETHBIM).

SAKNOYEHUE

B pesynbrate mpoBedeHHBIX WMCCIEIOBAaHWI Ha
npumepe ACK mpeninoxkeH MeETOHOJOIMYECKUid IO~
XOJ K BBIOOPY KAa4eCTBEHHBIX pEaKLMid JJIsI UIAECHTH-
¢dukanum ogHOro U3 KoMnoHeHToB JIC. Aroputm uc-
ClIeIOBaHUI BKIIIOYAET B ceOsl ompeneieHue mepeyHst
BO3MOXHBIX XUMHMYECKHUX peakINii W YCTaHOBIICHUE
WX YYBCTBUTEJIIBHOCTH, OIpEIeICHWEe BIUSHUS APY-
rux KommnoHeHTOB JIC Ha moJiydeHHE OXUAAEMOIO
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pe3yJibTaTa peakiliM, a Takke pa3padOoTKy KOHKpET-
HBIX YCJIOBUI BHIOpAHHBIX peakuuit 1yt nanHoro JIC,
VIUTHIBast, B Ciydae HEOOXOOWMOCTH, IIPOBEACHME
JIOTIOJIHUTEIbHOI MpPOOOIOATOTOBKU. YCTaHOBJIEHO,
YTO B M3y4yaeMoOM MHorokomioHeHTHoM JIC mjs mom-
TBepXKaeHUS ogauHHOCTU ACK MOTryT ObITh ITpUMeE-
HUMBI HECKOJIBKO M3BECTHBIX KaUeCTBEHHBIX peaKIINi
Ha ACK: peakiiuu o6pa3oBaHus acKopOUHaTa xeje3a
W BOCCTAHOBJICHUSI HUTpaTa cepebpa JO MeTaurmie-
CKOro cepebpa (1mmocJe mpeaBapruTeIbHONM 3KCTPAKIIUKI
ACK u3 pactBopa JIC), a Takke peakiiusi o0pa3oBaHUsA
OCepJIMHCKOI J1a3ypH, omHas Npoda U peaklus ¢ pac-
TBOPOM TIepMaHTaHaTa KaJusl, He TPeOYIOIIKe T0TOI-
HUTeJbHOW mpobomoaroroBku (otaeneHus ACK ot
npyrux kommoHeHToB JIC). Mcnionb3oBaHme peakiuii
C pacTBOPOM METIJICHOBOTO CHHETro 1 peakTuBoM PDe-
JIMHTa, TIPUMEHUTeNbHO K gaHHomy JIC, Heueneco-
o0pa3Ho, TaK KaK pe3yJbTaT YKa3aHHbBIX peakInii cia-
00 BBIPaXEH, YTO OTYACTU MOXHO OOBSICHUTH Majioi
koHueHTpauueir ACK B ucnbITyeMbIX pacTBopax WU
MEIAOMKM BIMAHUEM JpPYTUX KommoHeHToB JIC.
B cayyae BKITIoUeHMSI B HOPMATUBHYIO TOKYMEHTAIINIO
Ka4eCTBEHHBIX peaKnil AJIsI MOATBEPXKACHUS TTOJTUH-
HOCTU ompenejisieMoro kKommnoHeHTa JIC MeTomuku
JIOJDXHBI OBITh BaJIMIUPOBAHBI B COOTBETCTBMU C TpeE-
6oBanusamMu OPC.1.1.0012.15 TocymapcTBeHHOI (hap-
Makomnen Poccuiickoit @enepanmm X111 s,

BbaaronaprocTu. PaboTa BhinojiHeHa B paMKax rocy1apcTBEH-
Horo 3amanust ®I'BY «HIIDCMIl» MwunsnpaBa Poccun
Ne 056-00023-18-02 Ha mpoBeaeHHE IPUKIATHBIX Hayd-
HBIX KCCIIeOBaHUIl (HOMep rocynapctBeHHoro yyeta HUP
AAAA-A18-118021590049-0).

KondymkT nHTepecoB. ABTOpbI 3asIBISIOT 00 OTCYTCTBUM KOH-
GrvkTa UHTEPECOB, TPEOYIOLIETO PACKPHITHS B IAHHOMU CTaThe.

Parenteral medicinal products are solid and liquid
sterile dosage forms whose stability is ensured by scru-
pulous observance of aseptic preparation conditions and
the use of stabilizing agents [1, 2] — substances that help
preserve physico-chemical properties and pharmacolog-
ical activity required by the pharmacopoeial monograph
or manufacturer’s specification during the established
shelf-life.

About 90 % of pharmaceutical substances that are
found in injectable dosage forms require the use of sta-
bilizing agents or special preparation conditions since
chemical reactions may produce various changes in
them: hydrolysis, oxidation-reduction, polymerisation,
photochemical degradation, etc.

The mechanism of action of stabilizing agents con-
sists in the improvement of the active substance solu-
bility (solubilisation), maintenance of a particular pH
value and prevention of oxidation-reduction processes.
In addition, substances used as stabilizers have to be safe
both when unformulated and when a part of a medicinal
product, and be authorised for medical use. Stabilizing
agents have a functional role to play — they ensure the
stability of a medicinal product. The required amount of
the stabilizing agent is indicated in the product specifica-
tion [1, 2].

Active substances whose molecule includes alcohol,
phenolic, carbonyl chemical groups and other functional

groups with a labile hydrogen atom, easily degrade as a
result of air oxidation. In order to ensure stability of such
medicinal products one may use antioxidants that are
oxidized much easier than these active substances and,
therefore, prevent their oxidation. One such antioxidant
is ascorbic acid [1].

Stability of a medicinal product can usually be
achieved by using a complex approach involving the use
of different types of stabilizing agents, ¢.g. several direct
antioxidants; a direct and an indirect (complexing agent)
antioxidants; an antioxidant and an agent ensuring the
required pH; an antioxidant and a preservative agent (an-
timicrobial stabilization).

Thus, the stability of oxidizable compounds can be
achieved by ensuring optimal pH values of solutions, and
ruling out the effects of oxygen and catalysts during prep-
aration, sterilization and storage of medicinal products.

This method of achieving stability may be illustrated
by a multi-component medicinal product (lyophilisate
for solution for intravenous and intramuscular injec-
tions) containing an anti-inflammatory (anaesthetic,
antipyretic) active substance and excipients — mannitol,
disodium edentate, ascorbic acid, trometamol, sodium
hydroxide/hydrochloric acid.

Ascorbic acid (AsA) identification and assay can be
carried out using such widely used chemical, physical
and physico-chemical methods as Raman spectrom-
etry or other IR and UV spectroscopic methods [3, 4].
Ascorbic acid can be detected by various types of chro-
matography (thin-layer chromatography, high-perfor-
mance liquid chromatography or gas chromatography-
mass spectrometry). Literature sources report results of
studies devoted to sample preparation techniques for
AsA-containing products, they also illustrate the effect
of mobile phase composition on AsA chromatographic
characteristics when using the analytical methods men-
tioned above [3, 5—7].

The aim of the study was to develop a methodological
approach to designing experiments while selecting quali-
tative reactions for identification testing of a medicinal
product component based on the results of studies inves-
tigating the possibility of using known qualitative tests.

Qualitative analysis of AsA is usually based on its
acidic and reducing properties. Chemical reactions
produce a colour change and may also lead to precipita-
tion [8—11].

Acidic reactions include the reaction with ferrous
salt, which results in dark purple coloration, caused by
ferrous ascorbate, which disappears upon addition of sul-
furic acid [12].

This qualitative reaction was first carried out with
AsA aqueous solutions of different concentrations. Light
purple colour was obtained with 2 ml of 1 mg/ml AsA
solution after addition of 0.1 g of sodium hydrocarbonate
and approximately 0.02 g of iron (II) sulfate (when left to
stand the colour turned pale). The intense purple colour
that disappeared upon addition of sulfuric acid solution
16 % was achieved only after doubling the AsA solution
concentration.

When this reaction was reproduced with the drug
aqueous solution containing 1 mg/ml AsA (the contents
of five vials were diluted in 2 ml of water), the character-
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istic purple colour was not observed, instead the solution
turned brown (and after some time a brown precipitate
was formed), and the addition of sulfuric acid solution
16 % did not produce any changes. It was considered im-
practical to carry out the reaction with the test solution of
higher concentration.

At the next stage we studied the possibility of carry-
ing out this reaction with an AsA solution after removing
all other components of the medicinal product. For that
purpose the contents of five vials were shaken for 3 min-
utes together with 2 ml of 0.1 M hydrochloric acid solu-
tion, after that the mixture was centrifuged for 3 minutes
at 3000 rpm, the supernatant was filtrated through “blue
ribbon” filter, and 2 ml of methylene chloride were added
to the obtained filtrate, then the mixture was shaken and
centrifuged once again. The reaction with the obtained
AsA extract produced dark grey colour. When the AsA
concentration was doubled, the solution turned dark
purple, and this colour disappeared upon addition of
5 ml of sulfuric acid solution 16 %.

Oxidation-reduction reactions are more often used
for AsA identification testing than acidic reactions. AsA is
readily oxidized due to the presence of the enediol group
with labile hydrogen atoms in its molecule. There may be
two stages of oxidation: when AsA undergoes reversible
oxidation to dehydroascorbic acid (ketonic form) which
can be restored to AsA, or more severe oxidation (second
stage) with decomposition of dehydroascorbic acid [12].

H (o) H O
CH,OH 0 oxidation CH,OH o
B —— OH

G oH reduction K 5 )

ascorbic acid dehydroascorbic acid

AsA is easily oxidized at neutral and alkaline pH,
oxidation is catalyzed by heavy metal ions (copper, iron,
silver), in which case metal oxide salts are reduced to
protoxide salts, and at alkaline pH, for instance, copper
salts and silver salts are reduced to metals. The reducing
properties of ascorbic acid are much less prominent at
acidic pH [12].

The present study investigated the possibility of AsA
identification testing by using the reaction with silver ni-
trate solution, which results in the reduction of silver ions
to silver metal. When 0.5 ml of silver nitrate solution 1 %
(silver nitrate solution 2 % diluted with water to half the
concentration) was added to the sample containing 4 mg
of AsA, a dark grey precipitate was formed.

In order to minimize the effect of the other medici-
nal product components on the result of the above-men-
tioned test, the reaction was carried out using an AsA
extract obtained from the medicinal product solution
whose pH value was adjusted as required (to about 8)
by ammonia solution 10 % (1—2 drops). The solution
containing 2 mg of AsA turned light grey. When the AsA
concentration was increased to 4 mg, the solution
turned dark grey, and after some time a grey precipitate
was formed (silver).

The study investigated the practicability of AsA iden-
tification testing by using the oxidation-reduction reac-
tion with a methylene blue solution, which results in the

{0. B. Mypum u gp.
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reduction of methylene blue to colourless leucomethyl-
ene blue [12].

CH CH,
ascorbic acid + 2 H3c/N\©iS\:©/N\CH3 cr
—
N

methylene blue
(@)

CH, CH,
dehydroascorbic ‘ ‘
— +2, N S Necy. + 2HCI
=N
)
H

leucomethylene blue

The test solution was prepared by adding 1 drop of
methylene blue alcohol solution 0.05 % (methylene
blue alcohol solution 0.1 % was diluted to half the con-
centration by alcohol 96 %) to 2 ml of the AsA extract
(1 mg/ml). The test solution turned blue after the addi-
tion of the indicator.

In order to perform comparative assessment of the
reaction outcomes, parallel tests were carried out with
the blank solution and the reference solution. The blank
solution was represented by the same volume of the test
solution (practically colourless solution with a very slight
yellowish tint); and the reference solution (blue solu-
tion) was a mixture of 2 ml of 0.1 M hydrochloric acid
solution and 1 drop of methylene blue alcohol solution
0.05 %. All the solutions were heated in the water bath at
40°C for 3 minutes, and the colour of the test solution did
not show any changes. When the same reaction was per-
formed for 2 ml of the AsA aqueous solution (1 mg/ml),
the solution was discoloured. Additional tests were car-
ried out using a methylene blue solution diluted to one
fifth of its concentration, but even after that the test solu-
tion did not lose its colour (it still had a blue tint).

Another AsA identification test using Fehling’s rea-
gent is based on cupric copper (CuO) reduction to red
cuprous copper (Cu,0).

As a result of reaction with 4 ml of Fehling’s reagent
and 2 ml of drug aqueous solution containing 1 mg/ml
of AsA, the test solution turned into a jelly-like turquoise
substance with yellowish stains (when it was left to stand
for a long time a small amount of orange precipitate
was observed). The removal of AsA from the medicinal
product solution did not have any significant impact on
the result of the reaction. The reaction with 2 ml of the
AsA aqueous solution (1 mg/ml) demonstrated that the
AsA content in the reaction mixture was insufficient (the
solution grew turbid and acquired a brownish-green col-
our). When the amount of AsA was doubled, the solution
turned yellowish-green, and only after some time an or-
ange precipitate was formed, which means that solutions
with higher AsA concentrations should be used in order
to obtain a representative result of the reaction in ques-
tion. This is not practical for this study, since it requires
the use of a large amount of the medicinal product, which
contains a rather small amount of AsA.

AsA identification testing was also performed using
the reaction of Prussian blue formation (formulas (3)
and (4)), which leads to the reduction of potassium
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ferricyanide at alkaline pH to potassium ferrocyanide
which upon interaction with iron (IIT) chloride at acidic
pH forms a ferric salt poorly soluble in water (the solu-

tion acquires blue colour and forms a dark blue precipi-
tate whose colour becomes more intense upon accurate
overlaying with water) [12].

Ascorbic 2K;3Fe(CN)g Dehydroascorbic |, 2K4Fe(CN)s
acid + Potassium +2KOH — acid + Potassium +2H,0 (3)
ferricyanide ferrocyanide
3K,Fe(CN),  + 4FeCl; — Fey[Fe(CN)g]; + I12KCI @)

Potassium ferrocyanide

The reaction was carried out using both the medicinal
product solution and the AsA extract. The contents of one
vial were diluted in 10 ml of water. Two ml of the obtained
solution were mixed with 0.1 ml of potassium hydroxide
solution 10 % and 0.2 ml of potassium ferricyanide solu-
tion 5 % and shaken vigorously; after that 1 ml of hydro-
chloric acid solution 10 % and 0.1 ml of iron (III) chloride
solution 1 % were added. An intense blue colour was in-
stantly observed. Upon stirring the solution it acquired a
blue-green (sea-green) colour; after some time a dark blue
precipitate (Prussian blue) and a yellow precipitate (active
substance) were observed. When the reaction was carried
out using 2 ml of the AsA extract (1 mg/ml), a character-
istic green-blue colour and dark blue precipitate were ob-
served; the colour of the precipitate became more intense
upon accurate overlaying with water.

The iodine test and the reaction with a potassium per-
manganate solution, that should result in discoloration of
reagents added by drops, were carried out using the me-
dicinal product solution (contents of 1 vial diluted in 2 ml
of water) and with 2 ml of the AsA extract (1 mg/ml).

Upon addition of one drop of 0.05 M iodine solu-
tion or three drops of potassium permanganate solution
3 % to the medicinal product solution, the reagents be-
ing added lost their colour, and the (yellowish) colour of
the test solution did not change (upon further addition
of the reagents the test solution turned orange and then
brownish). When carrying out this reaction with the AsA
extract, pH of the solution was adjusted to 7—8 by adding
potassium hydroxide solution 0.5 % (potassium hydrox-
ide solution 10 % diluted 20 times with water). The so-
lutions of iodine and potassium permanganate added by
drops were discolored (the test solution remained practi-
cally colourless).

CONCLUSION

The present study used AsA to illustrate the develop-
ment of a methodological approach to the selection of
qualitative reactions for identification testing of a me-
dicinal product component. The suggested algorithm
includes the choice of potential chemical reactions, de-
termination of their sensitivity, analysis of the other com-
ponents’ effects on the expected results of the chemical
reaction, and planning of specific conditions for the
reactions chosen for a particular medicinal product, in-
cluding, where necessary, additional sample preparation.
It was demonstrated that several well-known qualitative
tests could be used for identification testing of AsA as a
component of the analysed medicinal product, namely,

Prussian blue

the reaction of ferrous ascorbate formation and the re-
actions of silver nitrate reduction to metallic silver (af-
ter preliminary extraction of AsA from the medicinal
product solution), as well as the reaction of Prussian
blue formation, iodine test and reaction with a potas-
sium permanganate solution, which do not require ad-
ditional sample preparation (i.c. separation of AsA from
the other medicinal product components). It is not prac-
ticable to use the reaction with a methylene blue solu-
tion and the Fehling’s reagent reaction for this particular
medicinal product, since their results are feeble, which
can be accounted for by low AsA concentration in the
test solutions and interference on the part of the other
medicinal product components. In case manufacturers
include qualitative reactions aimed at identification test-
ing of medicinal product components into their product
specifications, all the test methods have to be validated
according to monograph OFS.1.1.0012.15 of the State
Pharmacopoeia of the Russian Federation, 13th edition.
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