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AHHOTAIIA

IIpencraByieHbl pe3ybTaThl CPABHUTEIBHOI'O UCCJIEJOBAHUA METOAUK KOJIMYECTBEHHOTO OIIpe/ieJIeHUs aKTUB-
HoU (apmarnieBTuueckou cyberannmuu (A®C) BucmyTa cybcanuiuiaara MetogaMu Y®O-crneKTpopoTOMETPUU U UH-
BepcHOHHOH BosibTamiepomerpun (MBA). IIpoBesieHa yacTHUYHASA BaJHAlUs CPABHUBAEMBIX METOIUK IO CJIENLY-
IOIIUM XapaKTePUCTUKAM: JINHEHHOCTB, IIpeJiesl OOHApYIKeHU s, IIpeJiesl KOJINYeCTBEHHOTO OIpe/IeJIeH s, IPaBUJIb-
HOCTb. B Xo/ie olleHKHU JINHEHHOCTH yCTaHOBJIEHBI 3HaUeHU:A KoadduinenTa Koppeasanuu MeTOAUK — 0.9987 1
V®-cnexkTpodoromerpun u 0.9982 111 UBA. Ilpenesn o6HAPYKEeHUS U IPeiesT KOJTUUEeCTBEHHOTO OIIpe/ieJIeHUs] IPU
Y®-cnekTpodoTOMETPUN PABHAJIUCH 2.35 U 7.12 MKT/MJI COOTBETCTBEHHO, TpU IBA — 1.16 1 3.52 MKT COOTBETCTBEH-
HO. [IpaBUJIBHOCTD OIIPeieIsIach 10 CBOOOTHOMY UJIEHY YPaBHEHUS JIUHEHHOCTH, KOTOPHIN ObLJI paBeH 3.34 % OT
3HAUEeHUs CepeINHbI UHTEePBaJjia IPU aHaIn3e MeTosioM YP-cnekTpodoTtomerpun u 1.93 % — meToziom M1BA.

Takum 06pazom, 06e METOAUKH MOTYT HCIIOJIb30BATHCSA AJIsI KOJTMYeCTBeHHOTO onpezieneHus ADC BucMmyTa cy6-
caJIdIujIaTa, OJHAKO, B CBA3HU C TEM, YTO B JIAHHOM CJIydae IIPeuMYIleCTBEHHO OllpesiesieTcs cofiepKaHue BUCMYTA,
Metoz IBA saBaseTca 6oJiee IpeAIOYTUTETbHBIM, TaK KaK II03BOJISAET AHAJIU3UPOBATh UMEHHO 3TY YaCcTh MOJIEKYJIBI.

Karoueewvte ca08a: KOJIMUECTBEHHOE OIIPe/Ie/IEHHEe, BUCMYyTa cybcamumuiaT, Y P-crieKTpodhOTOMETpHsi, HHBEPCUOHHAS
BOJITAMIIEPOMETPHS.

ABSTRACT

The results of a comparative study of methods for the quantitative determination of the active pharmaceutical
substance (APS) bismuth subsalicylate by UV-spectrophotometry and stripping voltammetry (SV) are presented. Par-
tial validation of the compared methods was carried out according to the following characteristics: linearity, detec-
tion limit, limit of quantification, accuracy. In the course of linearity assessment, the values of the correlation coeffi-
cient of the methods were established — 0.9987 for UV-spectrophotometry and 0.9982 for SV. The detection limit and
the limit of quantification for UV-spectrophotometry were 2.35 and 7.12 ug/ml respectively, for SV — 1.16 and 3.52 ug
respectively. The accuracy was determined by the constant term of the linearity equation, which was 3.34% of the
interval’s middle value when analyzed by UV-spectrophotometry and 1.93% by SV.

Thus, both methods can be used for the quantitative determination of the APS of bismuth subsalicylate; however,
due to the fact that the content of bismuth is mainly determined in this case, the SV method is more preferable since
it allows analyzing this particular part of the molecule.

Keywords: quantification, bismuth subsalicylate, UV-spectrophotometry, stripping voltammetry.
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BBEJAEHMUNE

AxTuBHas  (apManeBTHUeCKasd ~ CyOCTaHIIHSA
(A®C) BucMmyTa cybcamunuaaT aKTHBHO HCIIOJIB3Y-
eTcs B MeuIMHe ¢ Hadaia XX B. KaK CPEACTBO IIPHU
Pa3JIMYHBIX HApYMIEHUsAX GYHKIUHA KeIyZ0IHO-
KHUIIIEYHOTO TpakTa [1, 2]. B Bemymux papmakonesx
MHPA MPUCYTCTBYIOT YACTHBIE CTAThU KAK OT/IEJIHO
0 CyOCTaHIIUM, TAaK U [0 PA3JIMYHBIM JIEKAPCTBEH-
HBIM IIpeliapaTaM BHCMyTa CyOCAIUITHIIATA C OIKCa-
HHeM ITOKa3aTesIed KOHTPOJIsSI KauecTBa M HOPM B OT-
HOIIIEHUH STHX IOKazaTesel [3, 4]. OguuM u3 Hau-
00Jee BOYKHBIX 3TAIOB (papMaIeBTHIECKOTO aHAIU-
3a SIBJISETCS KOJIMUECTBEHHOE OlpeiesieHne. Pe3ysib-
TaThl KOJIMUECTBEHHOTO OIpeesaeHus Qapmares-
THUYECKOU CyOCTAaHIIMU HAINPSIMYI) BJIMSIOT Ha IIPO-
MU3BOJICTBO JIEKAPCTBEHHBIX IIPENAapaToB, TaK Kak
IIPY BBEJIEHUH B COCTAB JIEKAPCTBEHHOTO IIperapara
A®C craHOBHTCA JEUCTBYIOIUM BelecTBOM. Kpo-
Me TOTO, JOCTOBEpHAsi METOJUKA KOJNYECTBEHHOTO
OTIpe/ie/IeHUsI TIO3BOJISIET MPOBOJIUTDH (hapMareBTH-
YecKylo pas3paboTKy, BaJUAAIIUIO IIpoliecca IIPOU3-
BOJICTBA, MCCJIEJIOBAHUS CTAaOMIJIBHOCTUA CyOCTaHIIMH
C ompesieJIeHNeM ONTHMAJIbHBIX YCJIOBUN XpaHEHUS
U IpyTHE UCCIIeI0BATEIbCKIE PAOOTHI IIPU IIOATOTOB-
Ke K (hapMarieBTHIecKOMy IIPOu3BOACTBY. [Ipu pas-
paboTKe METOAUKHU BaXKHO YIUTBHIBATH U COITYTCTBY-
omye HaKTOpbl — IIPOCTOTY M CKOPOCTH BBITOJIHE-
HUs1, GUHAHCOBYIO ¥ PU3UUECKYIO IOCTYITHOCTb 000-
PYZOBaHUA, PEAKTUBOB U PACXOAHBIX MATEPHAJIOB,
Tak Kak OHA IIpeJlHa3HauYeHa [ PyTHHHOTO IIPOBe-
JIEHUs aHAJIN3a B YCJIOBUAX MPOMBIIIIEHHOTO IIPO-
HU3BOJICTBA.

B yactHbIX crathsax mo ADPC BucmyTta cybcanu-
[IWJIAT TPUCYTCTBYIOT METOAUKH KOJUYECTBEHHOTO
ompeziesIeHUsT METOJJAMU TUTPUMETPUH U CIIEKTPO-
¢oromerpun [3, 4]. HecmoTps Ha TO, UTO 3T METO-
UKW BOCIIPOU3BOAUMBI, Y HUX €CTh P OTPAHHYe-
HUH, 00YCIOBJIEHHBIX DUBUKO-XUMUYIECKUMU CBOM-
CTBaMU JIAaHHOTO coeuHeHUs. BucmyTa cybcanmumu-
JIaT, IPaKTUYECKU He PACTBOPUMBIN B BOJIE U STUJIO-
BOM CIIHIPTE, PACTBOPSIETCA B MHHEPAIHHBIX KHCJIO-
Tax c pasyoxkenueM [3]. Iloaromy /i1 iepeBoa Be-
II[ECTBA B PACTBOPEHHOE COCTOSTHYE TPEOYIOTCSA Kpaki-
He JKeCTKUe YCJIOBUS, TaKWe KaK CKUTAaHHE B My-
(esrpHON UM MM HATPEBAHME C PACTBOPAMY CUJIb-
HBIX KUCJIOT, UTO 3HAYUTEJIbHO 3aTPYAHSIET IPO0Oo-
IIO/ITOTOBKY U He IO3BOJISIET UCIOJIb30BaTh (papma-
KOIlelHble METO/IVKH JIJISI SKCIIPecc-aHaAIN3a.

B HacTosIIeM HCCIeTOBAHUM PACCMOTPEHBI JIBE
METOJIUKU KOJIMUYECTBEHHOTO OIIPEIeJIEHUs BUCMY-
Ta cyOcasmuiaaTa ¢ IpUMeHeHHeM MeTo/loB YO-
CHeKTpo(OTOMETPUM U UHBEPCUOHHOU BOJIbTaMIIE-
pomerpuu. Cnexrpodoromerpus B yiabTpaduoie-
TOBOW U BUJVUMOU O0JIACTH CIEKTpa — 3TO dapma-

INTRODUCTION

The active pharmaceutical substance (APS)
bismuth subsalicylate has been actively used in
medicine since the beginning of the 20th century as
a remedy for various disorders of the gastrointesti-
nal tract [1, 2]. In the leading pharmacopoeias of the
world, there are individual monographs both for the
separate substance and for various medicinal prep-
arations of bismuth subsalicylate with a descrip-
tion of quality control indicators and standards for
these indicators [3, 4]. One of the most important
stage of pharmaceutical analysis is quantification.
Results of the quantitative assay of a pharmaceu-
tical substance directly affect the manufacture of
medicinal preparations since, when introduced into
the formulation composition, the APS becomes an
active ingredient. In addition, a reliable quantifica-
tion technique allows to perform pharmaceutical
development, production process validation, sub-
stance stability studies with determination of opti-
mal storage conditions and other research work in
preparation for pharmaceutical production. When
developing a method, it is important to take into
account the accompanying factors — simplicity and
speed of execution, financial and physical availabil-
ity of equipment, reagents and supplies since it is
intended for the routine analysis under industrial
manufacturing conditions.

In individual monographs on the APS bismuth
subsalicylate, there are such quantitative tech-
niques as titrimetry and spectrophotometry [3, 4].
Despite the fact that these techniques are reproduc-
ible, they have a number of limitations due to the
physical and chemical properties of this compound.
Bismuth subsalicylate, practically insoluble in wa-
ter and ethyl alcohol, dissolves in mineral acids
with degradation [3]. Therefore, to transfer a sub-
stance to a dissolved state, extremely harsh condi-
tions are required, such as combustion in a muffle
furnace or heating with solutions of strong acids,
which complicates sample preparation significantly
and does not allow for the pharmacopoeial meth-
ods of express analysis.

This study considers two methods for the
quantitative determination of bismuth subsalicy-
late using UV-spectrophotometry and stripping
voltammetry (SV). UV-visible spectrophotometry is
a pharmacopoeial method that is widely used in the
analysis of drugs and allows to identify and quan-
tify many organic and inorganic compounds. Strip-
ping voltammetry is an electrochemical method
based on the plating of the analyte on the electrode,
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KOIIEWHBIA METO/I, MOJIyYUBIINH IIHMPOKOE IpHMe-
HeHUe B aHaJIu3e JIeKApCTBEHHBIX CPe/ICTB U I103BO-
JIAIONIUHN TPOBOAUTH aHAJIN3 MOJJIUHHOCTU U OIpe-
JleJIATh KOJIMYeCTBO MHOTUX OPTaHMYecKUX U Heop-
raHUYEeCKUX coeflMHeHnH. [IHBepCHOHHAas BOJIbTaM-
niepometpust (IBA) — 51€KTPOXMMUYECKUN METO/T,
OCHOBaHHBIU Ha KOHIIEHTPUPOBAHUU OIIPEJIEIIAEMO-
'O BelleCTBa Ha 3JIEKTPO/Ie C IIOC/IelyIOIIUM eTo pac-
TBOPEHUEM U perucrpanuei Toka pacrsopenus. He-
CMOTPS Ha TO, YTO MHBEPCUOHHAsA BOJIbTaMIIEpOMe-
Tpus He fABsAeTCS HapMaKONEeHHbIM MeTO/I0M, OHA
YacTo MpUMeHAETCA /I aHAIN3a TUIIEBBIX IPOAYK-
TOB, IIOYBBI, CTOYHBIX BOJ U T.ZI. Hasiuuue B CTPYKTY-
pe KaTuOHa BUCMYTA II03BOJIAET IIPEATIOIO0XKUTD, YTO
STOT METOJ, MOXKET YCIEITHO MPUMEHATHCA I KO-
JIMYECTBEHHOTO OIIpe/ieIeHNs CyOCTaHIINH DU IO/ -
60pe ONTUMAaIBHBIX YCIOBUN aHAIN3A.

IOEJDb NCCJIEJOBAHUA

CpaBHeHMe MeTOMK KOJIMYECTBEHHOTO ONpesie-
nennsa AOC BucMyTa cybcayummiar mMetogamu Y ®-
CneKTpopOTOMETPUN U MHBEPCHOHHON BOJIBTaMIIe-
pOMeTpHUHU MIOCPEICTBOM IIPOBE/IEHU YaCTUYHOHN Ba-
JIUIATAY JJ1S1 TJTbHEHUIIEero UCII0Ib30BAHMA B OIIEH-
Ke HOBOTI'O JIEKAPCTBEHHOI'O CPeJICTBa.

MATEPHUAJIBI 1 METO/bI

B xauecTtBe 00BEKTa HCCIIEOBAHUIN ITPUMEHS-
Jjach CyOCTaHITAS BUCMYyTa CyOcaUIUIaTa ITPOU3-
BozictBa ®I'BYH MHCTUTYT XMMUU TBEPAOTO Tejla U
mexanoxumuu CO PAH (HoBocubupck, HOMep ce-
puu 000001).

AHajIn3 METOZIOM HWHBEPCUOHHOHW BOJIbTAMIIE-
POMETPUU OCYIIECTBIIAICSA Ha DJIEKTPOXUMUIECKOM
anaimuzatope TA-4 (OO0 «HIIII «TompaHamUT»,
r. ToMCK) ¢ MCTI0Tb30BaHKEM IIPOTPAMMHOT0 obecrie-
uenuss VALabTX, mocrapisieMoro B KOMILIEKTe. 13-
MEpEHHUsI MPOBOJIWINCH B JIBYX3JIEKTPOJTHOU sTUEH-
Ke, B KauecTBe PabOUero 2yIeKTPojia UCIOIb30BATICS
PTYTHBIN TIEHOYHBIH 3JIEKTPOA (aMasIbraMHBIH), B
KayeCTBe 3JIEKTPO/Ia CPAaBHEHUS — XJIOpCePeOPSHBI.

CrHexTphl TOIJIOMIEHWSI W 3HAYEHUs OINTHYe-
CKOH IIJIOTHOCTHU TIOJIyYeHbl HA OJHOJIYIEBOM aBTO-
MaTU3UPOBAaHHOM crekrpodoromerpe CP-56 (OO0
«OKBb Cnexkrp», r. Cankr-IleTepOypr) mnpu JjuHe
BOJIHBI MaKCHMyMa IOTJIONIeHUs A = 312 HM. MeTo-
JIUKA CIIEKTPOGOTOMETPUIECKOTO AHATI3A SIBJISETCS
ajamnTaiyell MeToiuku, npezoxkennoi N.S. Shinde
et al. [5], ¢ UBMeHeHUEM YCIJIOBUU IPUTOTOBJIEHUS
pacTBOpOB.

Bce mpuMeHsieMble peaKTUBbI UMETN KBATUDU-
KaIlii0 «XUMHYECKH YKCThIe» (X.4.) MJIH «UHCTBIE
JUis aHaynmza» (4.7.a.). B KauecTBe pacTBOpHTEJIS
JUIA TIPUTOTOBJIEHUST PACTBOPA BUCMYyTa CyOCATUIIU-

followed by its dissolution and registration of the
dissolution current. Although stripping voltamme-
try is not a pharmacopoeial method, it is often used
to analyze food, soil, wastewater, etc. The presence
of a bismuth cation in the structure suggests that
this method can be successfully used for the quan-
titative determination of a substance when choos-
ing the optimal analysis conditions.

AIM OF THE RESEARCH

Comparison of methods for the quantification
of the APS bismuth subsalicylate by UV-spectro-
photometry and stripping voltammetry by means of
partial validation for further use in the evaluation
of a new medicinal product.

MATERIALS AND METHODS

As an object of research, we used a bismuth
subsalicylate substance produced by the Institute
of Solid State Chemistry and Mechanochemistry
(Novosibirsk, batch number 000001).

The analysis was carried out on a TA-4 electro-
chemical analyzer (Tomanalyt LLC, Tomsk) using
the VALabTx software supplied with the kit. The
measurements were carried out in a two-electrode
cell, a mercury film (amalgam) electrode was used
as a working electrode, and a silver chloride elec-
trode — as a reference one.

Absorption spectra and optical density values
were obtained on a single-beam automated SF-56
spectrophotometer (OKB Spectr LLC, Saint-Pe-
tersburg) at the maximum absorption wavelength
A =312 nm. The spectrophotometric analysis tech-
nique is an adaptation of the technique proposed
by N.S. Shinde et al. [5], with a change in the con-
ditions for the preparation of solutions.

All reagents used had the qualification “chemi-
cally pure” (purissimum) or “pure for analysis” (pro
analysi). An aqueous solution containing 0.2 M
nitric acid and 0.2 M sodium nitrate was used as
a solvent for preparing a solution of bismuth sub-
salicylate and the main supporting electrolyte. For
spectrophotometric analysis, the solutions were
prepared in a 0.5 M hydrochloric acid solution; the
same solution was used as a compensating solution.

Within the framework of the study, a partial
validation of analytical procedures was carried out
in accordance with the General Pharmacopoeia
Monograph (GPM) 1.1.0012.15, Validation of Ana-
lytical Procedures, according to the following char-
acteristics: linearity, detection limit, limit of quan-
tification, accuracy [5].
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JlaTa ¥ OCHOBHOTO (POHOBOTO 3JIEKTPOJIUTA IIPHMe-
HsJICSL BOJHBIN pacTBOp, coiep:kamuii 0.2 M a3oT-
HOHI KUCJIOTHI U 0.2 M Harpus HuTpara. s cuek-
TPOPOTOMETPUUECKOTO AHAIN3A PACTBOPHI OBLIN
IIPUTOTOBJIEHBI B PAaCTBOpPE XJIOPHUCTOBOIOPOHOM
KHUCJIOTHI 0.5 M, BTOT ke PacTBOpP HCIIOJIb30BAJICS B
KadecTBe KOMIIEHCUPYIOIIETO.

B pamkax mcciezoBaHuA IPOBOINIACH YACTHY-
Has BINJANNSA AQHAJTUTUYECKUX METOAUK B COOT-
BETCTBHH ¢ 00111el dhapmakoreiHoi cratbeir (ODC)
1.1.0012.15 «Baymjanusa aHAIUTHYECKUX METO/IHK»
0 CJIEAYIONIUM XapaKTEPUCTUKAM: JIMHEHHOCTD,
npezies1 OOHAPY:KEHUs, NpeZes KOJIUIECTBEHHOTO
OIpeJiesIeHusI, TPaBUILHOCTD [5].

JIMHEHHOCTh OIleHMBAJIaCh HA OCHOBAHUU pe-
3yJIbTATOB aHAJIN3a CEPUH PacTBOPOB. bputn moctpo-
€HbI I'PAGUKHU 3aBUCUMOCTH AaHATUTUYECKOTO CUTHA-
sa (omTuyecKas IJIOTHOCTB, BBICOTA ITHKA) OT KOH-
[EHTPAIUU PACTBOPA, OIIPEEIeHbI 3HAUEHU KO3(]-
(uryenTa KOppesANUY ' IO METOAY HaWMEHBIINX
KBaz[paToB (r = 0.99).

ITpenen obuapyxenus (I10) u npezaen xormae-
crBerHoro onpeznenerusa (IIKO) 6butH paccYnuTaHBI
10 BEJTMYMHE CTAH/IAPTHOTO OTKJIOHEHUsI CUTHAJIA U
yrioBoMy K03dduiireHTy rpaduka JHHEHHOH 3aBU-
cuMocTy (KaymbpoBoYHOTO TpadrKa) 10 ypaBHEHU-
am (1) u (2):

33 - S_ (1)

10 b~ S, (2)
r7ie S — cTaHJapTHOe OTKJIOHEHUE aHATUTHYECKOTO
CHUTHAJIa;

b — xo3dduIueHT UyBCTBUTEIBHOCTH, IMPE/-
CTaBJIAIONMN CcOOOW OTHOIIEHHE aHAJIUTHYECKOTO
CUTHQJIA K OIpe/ieisieMOl BesimurHe (TaHTeHC yria
HAKJIOHA KAJTUOPOBOYHOMN KPUBOM).

1151 oleHKH NMPaBUIBHOCTH NMPUMEHSICS IO/~
XOJl, OCHOBAaHHBIM Ha OIIEHKE Pe3yJIbTaTOB H3yue-
HUSA JJUHEHHOCTU BUIHANPYEMOIN METOAUKU — €CJTH
CBOOOIHBIH WIEH YPaBHEHUS CTATUCTUIECKH JIOCTO-
BEPHO HEe OTJIMYAETCS OT HYJIfA, TO HCIIOJIb30BAHUE
METOAUKHN 00ecreurnBaeT IOJIyYeHUe pPe3yJIbTAaTOB
6e3 cucremaTuyeckon omubku. Bel1 BeIOpaH Kpu-
TEPHUi, 10 KOTOPOMY YPOBEHb 3HAUUMOCTH OBLT pa-
BeH 5 %.

ITKO =

PE3YJ/IBTATDI 1 OBCY2KIAEHUNE

Jlunetinocmb. KanubpoBouHble rpaduku, IO-
JIydeHHbIE JJIsI PACTBOPOB BHCMYyTa CyOCaTHIUIaTA
[IPU UCIIOJIB30BAHUY METO/IOB CIIEKTPO(MOTOMETPHH

Linearity was assessed based on the results of
analysis of a series of solutions. The graphs of the
dependence of the analytical signal (optical density,
peak height) on the concentration of the solution
were constructed, and the values of the correla-
tion coefficient r were determined using the least
squares method (r = 0.99).

The detection limit (DL) and limit of quantifi-
cation (LoQ) were calculated from the signal stan-
dard deviation and the slope of the linear depen-
dence (calibration curve) using equations (1) and

(2):

DL =22 ", ()

Log = 22 5 (2)
b
where S — the standard deviation of the analytical
signal;

b — the sensitivity coefficient, which is the
ratio of the analytical signal to the determined val-
ue (the slope of the calibration curve).

To assess the accuracy, an approach was used
based on the statistical evaluation of the results of
studying the linearity of the validated method — if
the constant term of the equation does not differ
significantly from zero, then the use of the method
provides results without bias. The criterion was
chosen according to which the level of significance
was equal to 5%.

RESULTS AND DISCUSSION

Linearity. Calibration curves obtained for
bismuth subsalicylate solutions using spectropho-
tometry and stripping voltammetry are shown on
Fig. 1 and 2. The results of statistical processing
are presented in Table 1 and 2. The values of the
correlation coefficient r obtained using the meth-
ods of spectrophotometry and stripping voltamme-
try were 0.9987 and 0.9982 respectively. In both
cases, the result of linearity determination met the
requirements of the General Pharmacopoeia Mono-
graph (|r| > 0.99). The linearity for both meth-
ods was calculated within the optimum operating
range of the devices, the optical density values did
not exceed 1.0, and the peak height — 3.5 pA. For
this reason, as well as due to the peculiarities of the
measurement, characteristic of each method (with
UV-spectrophotometry, the optical density of the
solution in the cuvette is measured; with stripping
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Y UHBEPCUOHHOM BOJIbTAMIIEDOMETPUH, IIPEICTABIIE-
HBI Ha pHUC. 1 ¥ 2. Pe3y/IbTaThl CTaTUCTUYECKOH 06pa-
OOTKH TIpe/iCcTaBIeHbI B Ta0JI. 1 1 2. 3HAUEHUS KO3 (]-
(durrenTa KOPPEIALINH ', IOJIYIEHHBIE IIPH UCIIOJIb-
30BaHUU METOIOB CIIEKTPODOTOMETPUU U MHBEPCHU-
OHHOUM BOJIBTAMIIEPOMETPHUU, COCTABWIN 0.9987 u
0.9982 coOTBEeTCTBEHHO. B 0001X CcIydasx pe3yabTaT
OIIpe/ieIeH s IMHEHHOCTH COOTBETCTBOBAJI TPEOOBA-
HUAM 0011Iel papMaKoOTeHHOH CTaThH ( | r | > 0.99).
JIuHEeWHOCTD JIIs1 00EnX METOJIMK PACCUUTAHA B JIH-
arma3oHe ONTUMAJIBHOTO (DYHKIIMOHUPOBAHUS IIPHU-
0OpOB, 3HAYEHHUS ONITUYECKOU IJIOTHOCTU He TTPEBbI-
IIAJTH 1.0, BBICOTHI TUKa — 3.5 MKA. 1o 3To¥ mpuau-
He, a TaK’Ke M3-32 0COOEHHOCTEl MPOBEIEHUS U3Me-
PpeHUs, XapaKTePHBIX 7T KaXKA0ro Metoa (mpu Y-
CreKTpo(hOTOMETPUY U3MEPSETCS ONITUYECKAs ILIOT-
HOCTb PacTBOpPa, HAXOAIIETOCS B KIOBETE; IIPU HH-
BEPCUOHHOU BOJIPTAMIIEDOMETPHUU — BBICOTA ITHKA
pacTBOpEHUs] Ha BJIEKTPOZIE B CPeZie BJIEKTPOJINTA,
HCIIBITYEMBIA PACTBOP BHOCUTCS B DJIEKTPOXUMUYE-
CKYI0 STYEHKY aJIMKBOTAMH) HCCJIEZIOBAaHHbBIE Jiiara-
30HBI OTJIMYAIOTCS 110 BEJIUYMHAM U €UHHUIAM H3-
MepeHUs.

IIpeden obHapyceHUA U npeden KOAUHeCmeeH-
HO20 onpedeneHUss METOAUKH aHaIN3a METOIOM
CreKTpoOTOMETPUM COCTABUIIU 2.35 U 7.12 MKT/MJI
COOTBETCTBEHHO, METO/IOM UHBEPCUOHHOU BOJIBTAM-
[IepoMeTpun — 1.16 U 3.52 MKI COOTBETCTBEHHO (CM.
Tabj1. 11 2).

IIpasuavHocmb 06eUxX METOAUK KOJIUUECTBEH-
HOT'O OIp€JIeJIEHUsI YCTAHOBJIEHA B COOTBETCTBUH C
nyHKToM «B» O®C «Bamupanus aHaJIUTHYECKHUX
MeToauK». OTKJIIOHEHWe CBOOOJHOIO YjieHa ypaB-
HEHUs OT HyJIA COCTABUJIO 3.34 % IIPHU HUCII0Ib30Ba-

1.2
a
5 1.0
g
£ g
= g 0.8
[}
; S
=
% S 0.6
) -
:-1 Q‘
5 O
=)
E 0.4
o
0.2
0

voltammetry, the height of the dissolution peak at
the electrode in the electrolyte medium, the test
solution is introduced into the electrochemical cell
by aliquots), the studied ranges differ in values and
units of measurement.

The detection limit and the limit of quantifi-
cation of the analytical procedures by method of
spectrophotometry were 2.35 and 7.12 pg/ml re-
spectively, by stripping voltammetry — 1.16 and
3.52 ug respectively (see Tables 1 and 2).

The accuracy of both methods of quantitative
determination was established in accordance with
the paragraph b of the General Pharmacopoeia
Monograph, Validation of Analytical Procedures.
The deviation of the constant term of the equation
from zero was 3.34% when using the spectropho-
tometry, and 1.93% — stripping voltammetry, which
corresponds to the chosen criterion of 5%.

When evaluating the considered validation
characteristics of the two compared methods, satis-
factory results were obtained, which makes it possi-
ble to use both methods for the quantitative determi-
nation of the APS bismuth subsalicylate. But at the
same time, it is necessary to note some features of
both methods. Spectrophotometry is based on mea-
suring the absorption of light of a certain wavelength
by a substance; in this case, the absorption maxi-
mum of bismuth subsalicylate is in the ultraviolet
region (A = 312 nm). This indicates the absorption of
the organic part of the subsalicylate bismuth mole-
cule which has a complex structure, has not yet been
studied precisely [7]. In addition, the standard for
the assay of bismuth subsalicylate is usually based
on the determination of the bismuth ion, therefore,

Y = 0.0358x —0.0255
r2 =0.9987 )

15 20 25 30

KonIneHTpamus pactBopa, MKT/MJI
Solution concentration, pg/ml

Puc. 1. I'paduk TMHEHHON 3aBUCHMOCTH ONITUYECKOH IUIOTHOCTH OT KOHIIEHTPAI[UX PACTBOPa BUCMYTa CyOcahIiuIaTa
Fig. 1. Graph of the linear dependence of optical density on the concentration of a solution of bismuth subsalicylate
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BricoTa muka, MkA / Peak height,
[ )

Y = 0.1438x + 0.0506 ®

r2 = 0.9982.‘.‘ ‘

15 20 25 30

Copneprkanue, Mkr / Content, pg

Puc. 2. I'padvk TUHEHHON 3aBUCUMOCTH BBICOTHI ITUKA OT COZEPKAHUA BUCMYTa CyOCAIMIIIIIATA B TIEHKe
Fig. 2. Graph of the linear dependence of the peak height on the content of bismuth subsalicylate in the cell

HUM METO/a CIIEKTPOGOTOMETPHUU U 1.93 % — METO-
Jla MHBEPCUOHHOH BOJIbTAMIIEPOMETPHUU, UTO COOT-
BETCTBYET BHIOPAHHOMY KPHUTEPHUIO 5 %.

ITpu oleHKe pacCcMaTPUBAEMBIX BaHAIHOH-
HBIX XapaKTEPUCTUK JIByX CPABHUBAEMBIX METO/IMK
OBLITH [TOJTyYEHBI Y/IOBJIETBOPUTEIbHBIE PE3YJIBTATHI,
YTO [TO3BOJISIET UCIIOIH30BATh 00€ METOIUKH JIJIsI KO-
JmyecTBeHHOTrO onpeziesienus AOC Bucmyra cybea-
smnpuiata. Ho mpu 5T0M HE06X0IUMO OTMETHTD He-
KOTOpble ocobeHHOCTH 060MX MeTo/10B. CIeKTpo-
doromerpusi ocHOBaHAa Ha H3MEPEHHH IIOIJIOIIIE-
HUSI BEIECTBOM CBETA OIMpEIEIEHHOM JJIMHBI BOJI-
HBI, B /IAHHOM CJIy4ae MaKCHMYM ITOTJIONIEHUS BUC-
MyTa cyOcasuIuIaTa HaxOAUTCS B yJsbTpaduosie-
TOBOI o6stactul (A = 312 HM). DTO yKa3bIBaeT Ha IO-
[JIOIIEHVE OPTaHHUYECKON YaCTH MOJIEKYJIbI BHCMY-
Ta cyOCcauIiIaTa, KOTOpas UMeET CJI0KHYIO CTPYK-
TYpy, TOYHO /10 CHUX IOp He u3ydyeHHyIo [7]. Kpome

the analytical procedures by spectrophotometry in
the ultraviolet region, may not meet all the require-
ments, despite the great advantages.

When analyzed by stripping voltammetry, the
analytical signal arises from redox reactions on the
electrode surface. Metal ions enter into such interac-
tions, that is widely used in their determination in
various media, therefore, in quantitative analysis of
bismuth subsalicylate in a substance, it is the current
of bismuth dissolution that is measured. This fact, in
combination with other advantages of the technique
(simplicity of implementation, the possibility of
modifying the analysis to select optimal conditions
and simultaneous determination of several analytes
in the sample) distinguishes it as the most effective
for the quantification of the active pharmaceutical
substance bismuth subsalicylate.

Tao6suna 1. Pe3ysibTaTsl YaCTHIHON BATUAAIUHA METOIUKH KOJIMYEeCTBEHHOTO onpesiesieHuss ADPC BucMyTa cybcaTumm-

J1ata MeTO/IOM CIeKTPOGhOTOMETPHH

Table 1. Results of the partial validation of the quantitative analysis of the APS bismuth subsalicylate by

spectrophotometry
KounenTpanusa Koaddbunuent
pacTBOpa, MKI/MJI g;gf;ggfsﬂ KOppeJAnuu I10, mxr/mn ~ IIKO, mxr/mn  I[IpaBusibHOCTB, %
Solution concentration, . g Correlation DL, ug/ml LoQ, pug/ml Accuracy, %
Optical density .
ug/ml coefficient
16 0.539
18 0.624
20 0.695
22 0.764 0.9987 2.35 7.12 3.34
24 0.825
26 0.903
28 0.977
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Ta6una 2. Pe3ypraThl YaCTUYHOU BaJTHAIIMU METOAUKU KOJTHYECTBEHHOTO onpenesienust AOC BucMyTa cybcaTuiu-

JlaTa MeTOA0M PIHBepCPIOHHOfI BOJIbTaMIIEpPOMETPUN

Table 2. Results of the partial validation of the quantitative analysis of APS bismuth subsalicylate by stripping

voltammetry
BHecenHOe KOJITUECTBO BhICOTA IIHKA Koadduruent
BHCMYyTa CyOCaNUITHIaTa, MKT MKA i KOppeJIAuu I10, mxr IIKO, mxr  IIpaBuyibpHOCTB, %
Introduced amount of bismuth ] Correlation DL, ug LoQ, ug Accuracy, %
: Peak height, pA -
subsalicylate, pg coefficient
10 1.510
12 1.764
14 2.008
16 2.308
18 2.619 0.9982 1.16 3.52 1.93
20 2.926
22 3.101
24 3-542
26 4.174
TOr0, HOpMa KOJIMYECTBEHHOI'O OIpe/esIeHUus BUC- CONCLUSION

MyTa cyOcanunuaaTa oObIYHO OCHOBAaHA Ha OIpesie-
JICHUW WUMEHHO WMOHA BHCMYTA, IO3TOMY METOJIMKA
aHaIN3a METOZOM CHEKTPOMOTOMETPUU B YJIBTPA-
(uoseToBoii obacTu, HeCMOTpsA HA GOJIbINIKE TIPe-
HMMYIIECTBA, MOXKET HEe OTBEYATh BCEM IpPEAbIBIIsIE-
MBIM TPeOOBAHUIM.

IIpu aHaM3€e METOZ0OM UHBEPCUOHHON BOJIBT-
aMIIEPOMETPUU AHATUTUYECKUN CUTHAJI BOSHUKAET
3a CYeT OKUCIUTEIbHO-BOCCTAHOBUTEJIPHBIX PEaK-
U Ha MOBEPXHOCTH 3J1eKTpozia. B mosjobHbIe B3a-
UMOJIECTBUS BCTYMAIOT HOHBI METAJJIOB, UTO IIIH-
POKO TNIpHMeHsIeTCA IPU WX OIpPeeeHUH B pas-
JIMYHBIX CpefiaX, I03TOMY IPH KOJHMYECTBEHHOM
ompeziesIeHUH BUCMyTa cybcamumuiara B cyocTaH-
OUU U3MepPseTCs] UMEHHO TOK PacTBOPEHUS BHUC-
MyTa. DTOT PaKT, B COBOKYIHOCTH C APYTHUMHU IIpe-
UMYIIECTBAMH METOIUKH (IIPOCTOTA BBIMOJIHEHUS,
BO3MOXKHOCTh MOAUGUKAIINY aHAIN3A I 10700~
pa ONTUMAIBHBIX YCJIOBUH M OHOBPEMEHHOTO HC-
CJIeIOBaHUS HECKOJIBKUX AaHAJTU3UPYEMbIX BEIECTB
B mpobe) BbIZeJIsIET ee Kak Hambosee spderTun-
HYIO /I KOJINYEeCTBEHHOTO OIpesieIeHUs aKTUB-
HOU dapMaIeBTUUECKOH CyOCTaHITUHN BUCMYyTa Cy0-
cayarumiara.

SAK/TIOYEHUE

IIpoBeneHHOE CpaBHUTENIBHOE HCC/IE0OBAaHUE
JIByX METOAWK KOJIMUeCTBEHHOTO omnpezeneHusa AOC
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quantitative determination of the APS bismuth sub-
salicylate by UV-spectrophotometry and stripping
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1. Both methods can be used for quantification
the APS.

2. Stripping voltammetry is more preferable
since in the quantitative determination of bismuth it
allows to analyze precisely this part of the molecule.
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BHCMyTa cyOcaiuuiara metogaMu Y ®O-crekTpo-
¢goToMeTprY 1 UTHBEPCUOHHOU BOJIBTAMIIEPOMETPUU
TIO3BOJIAET C/IeJIaTh CJIEAYIOIHE BBIBOJbL:

1. O6e MeTOJUKH MOTYT OBITh MCIIOJIH30BAHBI
JUIsT KOJIMYECTBEHHOTO ompeiesieHus JanHon AD®C.

2. MeTos MHBEPCHOHHOU BOJIBTAMIIEPOMETPHH
00Jiee TPEANOYTHUTESIEH, MOCKOJIBKY IPH KOJIHUYe-
CTBEHHOM OIIpeJieJIEHNH BUCMYTa MO3BOJIAET aHAIHU-
3UPOBATh UMEHHO 3Ty YaCTh MOJIEKYJIbI.

Kondaukr nuHTEpecoB. ABTOPHI 3a5BJIAIOT 00
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