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Pazpa0oTKa BOJIbTaMIIEPOMETPHUUYECKON METOANKN
KOJIMYECTBEHHOTO OIIpeiejeHuA 0eHAa30/1a THAPOXJI0puaa
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Development of the voltammetric method for the quantitative
determination of bendazole hydrochloride

Zherebtsova E.Yu., Terentyeva S.V., Ivanovskaya E.A., Shinko T.G.

Novosibirsk State Medical University

AHHOTAIIUA

B cBs13U € IUPOKO# 061aCThIO TPUMEHEHU T OeH/1a3071a THAPOXJIOPH/IA B METUIIMHE U €0 UCIIOJIb30BAHUEM B COCTA-
Be KOMOMHUPOBAaHHBIX JIEKAPCTBEHHBIX IIPENapaToB TpebyeTcs oreHKa 3(GEKTUBHOCTH MOJIYUEeHHbBIX JIEKApPCTBEHHBIX
dbopm u onpenesenne hapMakOKNHETHYECKHUX IapaMeTPOoB. /171 9TOro HeoOX0IUMO IOJIyYeHYe JaHHbBIX O KOHI[EHTPa-
[IMH HCCJIeZyeMOro IIpernapara B GM0JIOTHUECKUX KUJKOCTAX. 11es1b HacTOAIIero uccieoBaHus — pa3paboTKa BOJIbTaM-
IIepOMETPUYECKON METOTUKYU KOJTMUECTBEHHOTO OIIpeiesieHn s OeH1a301a Tuipoxsopuia. B xoze uceaeoBanus sxcne-
PUMEHTAJIBHO YCTAHOBJIEHBI OIITUMAJIbHBIE YCJIOBUSA 3JIEKTPOJIN3a: OTeHI1aa —1.8 B, Bpems 15 ¢, CKOPOCTD pa3BePTKU
noTeHnuasaa 50 MB/c. OnrumasnpHoe 3HaueHue pH 111 aekTpostusa 6eH1a3o1a ruipoxaopuaa 6—-7. Ilpeanaraemas me-
TOAMKA BaJHUUPOBAHA 110 TeCTaM: CIEeNU(PUUIHOCTU U JIMHEHHOCTH, IIpesiesia 0OHAPY KeHU; OlIpe/iesieHa aHAJIUTHYe-
cKkas 06J1acTbh METO/TUKH, €€ IPEIM3UOHHOCTD. TakuM 06pa3oM, pazpaboTaHHasI METOTUKA MOXKET IIPUMEHATHCS A5 KO-
JINYECTBEHHOTO OIIpe/ieIeHust OeH/1a3071a TUAPOXJIOpH/Ia B (papMaIieBTUYECKUX CyOCTaHITUAX.

Karoueswvte crosa: BOJIbTaMIIEPDOMETpPUA, 6eH/:(a3011a TUAPOXJIOPUM, 3JIEKTPOJIN3, 3JICKTPOJ, BaInJallus.

ABSTRACT

In connection with the wide field of application of bendazole hydrochloride in medicine and its use as a part of
combined drugs, an assessment of the effectiveness of the novel dosage forms and the determination of pharmacokinetic
parameters are required. For this purpose, it is necessary to obtain data on the concentration of the studied drug in bio-
logical fluids. The aim of this research is to develop a voltammetric method for the bendazole hydrochloride quantifica-
tion. In the course of the study, the optimal electrolysis conditions were established: potential was —1.8 V, time 15 s, and
potential sweep rate 50 mV/s. The optimum pH value for electrolysis of bendazole hydrochloride is 6—7. The proposed
method is validated by tests: specificity and linearity, detection limit; the range of the procedure and its analytical pre-
cision were determined. Thus, the developed method can be used for the quantification of bendazole hydrochloride in
pharmaceutical substances.

Keywords: voltammetry, bendazole hydrochloride, electrolysis, electrode, validation.

INTRODUCTION

Bendazole hydrochloride, a synthetic medici-
nal product, is one of the few successful Russian
developments that has been presented on the phar-
maceutical market for over 65 years. It has shown
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pbIHKe yike Oosiee 65 yer. OH 3apeKoMeH/I0BaI ceOst
Kak 3(pdexkTuBHBIA U 6e30MacHbIN JIEKAPCTBEHHBIN
npemapat [1]. [lepBoHauasbHO MpeTHABHAYEHHBIN
JUIS JledeHUsl MOBPeXIeHU! mnepudepruyecKux He-
PBOB, 6eH/1a301a THAPOXJIOPU/, ITOJIYYIT IPU3HAHNE
TaKkke B KauecTBe CIa3MOJIUTHYECKOTO, THIIOTEH3UB-
HOTO, UMMYHOCTHMYJIUPYIOIIET0 U aJallTOT€HHOTO
cpencrBa [2—4].

B cBA3U ¢ HIUPOKO# 0071aCTHIO IPUMEHEHUs OeH-
Jla30J1a THIPOXJIOPU/A B MEIUIIMTHE M €r0 UCTIO0JIb30-
BaHHEM B COCTaBe KOMOWHHPOBAHHBIX JIEKAPCTBEH-
HBIX IIpenaparoB TpedyeTcs oreHKa 3O GEeKTUBHOCTH
IIOJIyYeHHBIX JIEKAPCTBEHHBIX (POPM U OTIpeieIeHIe
(papMaKOKIHETHYECKIX IIapaMeTpoB. /171 aToro He-
00XOZIIMBI IaHHBIE O KOHIIEHTPAI[UH HCCIIEyEMOTO
mpemnapaTa B GMOJIOTHYECKUX JKHUIKOCTSX [5].

OmnpenesieHne GeHAA30J1a THAPOXIOPU/IA IIPO-
BO/IAT HECKOJIBKUMU MeToziamu. [IIupoko mpesicTas-
JIEHBI TUTPUMETPUUYECKHE METOABI KOJINYECTBEHHO-
ro ompenesieHus (HEBOJHOE TUTPOBAHUE, apTeHTO-
MeTpU, alUIUMETPHS, AJIKAJTUMETPH), OCHOBHON
HEJIOCTATOK KOTOPBIX COCTOUT B TOM, UTO OHU He-
MIPUMEHUMBI IS OMOJIOTUYECKUX YKUJIKOCTEH BBH-
Jly HEJTOCTaTOYHOTO IIpefiesia obHapyxeHus [6]. 13-
BECTHBI CIIEKTPO(MOTOMETpUUECKHE CIIOCOOBI OIpe-
ZeneHus 0eH1a3051a TUAPOXIIOPH/IA C IPUMEHEHHEM
0.1 M pacTBOpa KUCJIOTHI XJIOPUCTOBOIOPOTHOM [7].
BricokoaddekTruBHAA KUJIKOCTHASA XpoMaTorpadus
(B22KX) Takske MpUMEHSIETCS JIJIS OTIPEIeJIEHUS JTU-
6azosa. MeToz mpeArnosaraeT HCIOJIb30BAHHE He
TOJIPKO XJIOPHOU KUCJIOTHI, HO ¥ alleTOHUTPIJIA B Ka-
yecTBe ayr0eHTa [8].

VHTepec npezicTaBiseT MeTO/] BOJIbTaMIIEpOMe-
TPUU, [JIABHBIMH MIPEUMYIIIECTBAMU KOTOPOTO SIBJISI-
FOTCS JIENIeBU3HA TPUOOPHOU Oa3hl U PACXOHBIX Ma-
TEPUAJIOB B COUETAHUU C CEJIEKTUBHOCTBIO U IIpefie-
JIOM OOHapy»KeHusI, cormoctaBuMbIMu ¢ BAXKX [9, 10].

IHEJIb NCC/IEJOBAHUA

PaspaboTka BOJIBTAMIIEDOMETPUYECKONH METO-
JIUKM KOJIMYECTBEHHOTO OIpe/iesieHns OeHpmasosia
THAPOXJIOPHUAA.

MATEPUWAJIBI 1 METO/AbI

B kauecTBe 00bEKTa HCC/IENOBAHUA JJIS 000~
pa ONTUMAJIbHBIX YCIOBUM 3JIEKTPOJIN3A HCIIOTIh30-
Bastu cybcrannuio 6enymasona [2-(Penuamern)-1H-
OeH3UMUIa30J1a TUAPOXJIOPU/T], MOJIAPHOH Maccoi
244.73 T/MOJIb, C COZEPKAHUEM JIEHCTBYIONIETO Be-
mecTBa He MeHee 99.0 % (AO «Ycombe-CuOUpPCKUM
xuMmdapm3aBos»). IKCIEPUMEHTAIbHbIE JIAHHBIE
MOJIy4eHbl Ha IIOJIyaBTOMATHYECKOM aHaJIN3aTope
TA-2 (OO0 «HIIIT «Tombanaaut», . Tomck). B pa-
60Te UCIO0JIb30BAIH CTEKJIOYTJIEPOIHBIN DJIEKTPO/ B

itself to be an effective and safe drug [1]. Original-
ly designed for the treatment of peripheral nerve
damage, bendazole hydrochloride has been also
recognized as an antispasmodic, hypotensive, im-
mune stimulating, and adaptogenic agent [2—4].

Owing to the wide field of application of ben-
dazole hydrochloride in medicine and its use as a
part of combined drugs, an assessment of the novel
dosage forms’ effectiveness and the determination
of pharmacokinetic parameters are necessary. This
requires data on the concentration of the studied
drug in biological fluids [5].

The identification of bendazole hydrochloride
is carried out by several methods. Titration meth-
ods of quantitative determination (non-aqueous
titration, argentometry, acidimetry, alkalimetry)
are widely presented, the main disadvantage of
which is that they are inapplicable for biological
fluids due to the insufficient detection limit [6].
There are spectrophotometric methods for the
bendazole hydrochloride assay using a 0.1 M so-
lution of hydrochloric acid [7]. High-performance
liquid chromatography (HPLC) is also used for the
determination of dibazol. The method involves the
use of not only perchloric acid but also acetonitrile
as an eluent [8].

The method of voltammetry is of interest. Its
main advantages are the low cost of the instrument
base and consumables in combination with the se-
lectivity and detection limit comparable to HPLC
[9, 10].

AIM OF THE RESEARCH

To develop a voltammetric method for the
quantitative determination of bendazole hydro-
chloride.

MATERIALS AND METHODS

The substance of bendazole [2-(Phenylmethyl)-
1H-benzimidazole hydrochloride], with a molar
mass of 244.73 g/mol, with an active ingredient
content of at least 99.0% (Usolye-Sibirskiy Khim-
farmzavod JSC, Russia) was used as an object of re-
search for the selection of optimal electrolysis con-
ditions. The experimental data were obtained on
a TA-2 semi-automatic analyzer (NPP Tomanalyt,
Tomsk). We used a glassy carbon electrode as an in-
dicator and silver chloride (Ag/AgCl) as a reference
electrode. Polarization curves served as a source of
information.

For the quantitative determination of the ana-
lyte in standardized test solutions, the standard
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KadyecTBe WHJIUKATOPHOTO M XJIopcepeOpsHbIi (Ag/
AgCl) kak syekTpon cpaBHeHUs. VICTOYHUKOM WH-
opMmanum cIy:KUIN MOJAPHU3AMOHHbIE KDUBBIE.

JI711 KOJIMYeCcTBEHHOT'O OIpe/ieJIeHNs aHaJIU3U-
PYeMOTo BelecTBa B MOZIETBHBIX PACTBOPAX UCIIOJIb-
30BaJIM MeTO/I CTaHJAPTHBIX 006ABOK, COIVIACHO KO-
TOPOMY KOHIIEHTPALUA OIpesesseMOro BellecTBa
paccunTeiBaeTcs Mo ¢hopmysie

_ CCT'VL[06 . Ix ,
* (VO+V)106) (Isum_]x)

rae C, — KOHLEHTPaI|sA ONPEEIAeMOro BellecTBa,
r/MT;

C, — KOHIEHTpalMs CTaHAApPTHOTO PacTBOpa,
r/mu;

V. — 00beM /J00aBKK CTaH/@PTHOTO PAaCTBOPA,
MUT;

V, — obbem pacTsopa B ’ueliKe, MIT;

I — BesJIMUMHA CHTHAJIA OIIPEJIEJIAEMOTO Belle-
CTBa, MKA;

I — BeIMYMHA aHATUTHYECKOTO CUTHAsA JI0-
0aBKHU CTAaHAAPTHOTO PAaCTBOPA, MKA.

Kak/ioe 13 npuBe/IeHHBIX MUMPOBHIX 3HAUEHUN
SIBJISIETCS CPEHUM U3 TpeX uaMepeHui. CTaTuCTHYe-
CKyH0 00pabOTKy MOJIy4EHHBIX JAHHBIX BBITTOTHSIIN
cormtacao O®C 1.1.0013.15 «Cratucruueckas obpa-
00TKa pe3y/IbTaTOB KOJIUYECTBEHHOTO aHaIu3a» [11].

PE3YJIBTATBI 1 OBCY2KJIEHUE

[IpuHUMas BO BHUMAaHUE JIUTEPATYPHBIE JaH-
Hble 00 BJIEKTPOXMMUYECKOH AKTUBHOCTU Pa3/Idd-
HBIX (DYHKIIMOHAIBHBIX TPYIII, MbI [TPEAIIOIOMKIIIH,
YTO UMHUA30JbHOE KOJIBI[O B CTPYKTYPE MOJIEKYJIBI
OeH/a3071a TUIPOXJIOPHA HAuOOoJIee DIIEKTPOXUMHU-
YeCKHU aKTUBHO. YUUTHIBAsA, YTO KMUIA30JIbHOE KOJIb-
IO COJIEPKUT JIBA aTOMA a30Ta, KAKIBIH M3 KOTOPHIX
“MeeT CBOOOIHYIO Iapy SJIEKTPOHOB, MbI IIPEIIIOU-
JIM BapUaAHT KaTOIHOM BoJbTamiepoMerpuu. OnTH-
MaJIBHBIM 3JIEKTPOIOM ObLI TPU3HAH CTEKJIOyTJIe-
POZIHBIM, TaK KAaK TOJIBKO HA HEM ObLT BHISBJIEH CHUT-
Hau1 6eHytazona (puc. 1).

B xauectBe (POHOBOTO BJIEKTPOJIUTA BBHIOpa-
JI pacTBOP KaJus XJIOPU/Ia, KOTOPBIH 0becreurnBat
IIAPOKYIO 00J1aCTh, XOPOIIYI0 3JIEKTPOIIPOBOIHOCTD
U HeOoOXOAUMYIO IUIOIIAb i1 00pabOTKU CUTHAIA,
OB MPOCT B MPUTOTOBJIEHUH, TaK KaK SIBJISIETCS OJI-
HOKOMIIOHEHTHBIM, KPOME TOTO, MMEJ IIPOOJIKHU-
TEJILHBIN CPOK rofHOoCTH. ONTUMAaIbHAS KOHI[EHTPA-
ust GOHOBOTO BJIEKTPOJIUTA COCTABIIIA 0.01 MOJIb/JI.
B 6os1ee KOHIIEHTPHUPOBAHHBIX PACTBOPAX HE HAOJIIO-
JlaJId TIPUPOCTA OT JA0OABKU MIPU HAJTUYUHU OOJIBIIO-
T'O OCTAaTOYHOTO TOKA, TOT/Ia KaK pa3baBJieHHe ITPHUBO-
JIAJTO K CHUYKEHUIO [TPEIU3UOHHOCTU. BpiOpaHHas ke

addition method was used, according to which the
concentration of the analyte is calculated by the
formula

Cst i Vadd U

Cx —_— . X b
(VO +Vadd) (Isum _Ix)

where C_ is the concentration of the analyte, g/ml;

C,, is the concentration of the standardized
solution, g/ml;

V, is the volume of solution in the cell, ml;

V . 1s the volume of the standard solution
added, ml;

I is the value of the analyte signal, pA;

I 1isthe value of the analytical signal of a
standardized solution’s additon, pA.

Each of the given numeric values is the aver-
age of three measurements. Statistical processing
of the obtained data was carried out according to
general Pharmacopoeia monograph 1.1.0013.15
“Statistical processing of the results of quantitative
analysis” [11].

RESULTS AND DISCUSSION

Taking into account the literature data on
the electrochemical activity of various functional
groups, we assumed that the imidazole ring in the
structure of the bendazole hydrochloride molecule
is the most electrochemically active. Considering
that the imidazole ring contains two nitrogen at-
oms, each having a free pair of electrons, we pre-
ferred the option of cathodic voltammetry. The
glassy carbon electrode was found to be the optimal
one since the bendazole signal was detected only on
it (Fig. 1).

We chose a potassium chloride solution as
the background electrolyte which provided a wide
range, the high electrical conductivity and the
required area for signal processing, was easy to
prepare being one-component, in addition, it had
a long shelf life. The optimal concentration of the
background electrolyte was 0.01 mol/l. In more
concentrated solutions, no gain from the addition
was observed in the presence of a large residual
current, while dilution led to a decrease in preci-
sion. The chosen concentration provided the mini-
mum residual current and the maximum value of
the analytical signal.

When determining the optimal pH value of
electrolysis, we found that a pronounced and re-
producible signal of bendazole hydrochloride is
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Cusa Toka, MKA / Amperage, pA
o
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1-107°r 6eHZ[aBOJ'Ia TUApOXJiopyujaa B BHeKTPOJIHTH‘{eCKOfl sIerKe

Ww NN

1-10°° g of bendazole hydrochloride in the electrolytic cell

- 107 T 6eH/1a30J1a TH/IPOXJIOPU/IA B BJIEKTPOJTUTUYECKOH sUeiike
-10°° g of bendazole hydrochloride in the electrolytic cell

- 107° r 6eH/1a30J1a TUAPOXJIOPUIA B BIIEKTPOIUTUYECKOM AYEKe
-10°% g of bendazole hydrochloride in the electrolytic cell

Puc. 1. BosprammeporpamMmma Jijisi pacTBOpa CTaHAapTHOTO 06pasia 6eH/1a30J1a THAPOXJIOPU/A B KOHIIEHTPAIHH 0.1 MT/JI
IIPH [10/1T00PAHHBIX YCIOBUAX (MHIUKATOPHBIN 3JIEKTPOJT — CTEKJIOYTIIEPOIHBIN; (OHOBBIN 3JIEKTPOJIUT — PACTBOP KAJIHS
XJIOPH/IA B KOHIIEHTPAIUU 0.01 MOJIb/J1)

Fig. 1. Voltammogram for a standardized sample of bendazole hydrochloride solution at a concentration of 0.1 mg/1
under selected conditions (indicator electrode is glassy carbon; background electrolyte is a potassium chloride solution
at a concentration of 0.01 mol/I)

KOHIIeHTpaIys obecrieynBasia MUHUMAJIBHBIA OCTa-
TOYHBIA TOK ¥ MAaKCHMAaJIbHYIO BEJIMYUHY aHAJIUTHU-
YeCcKOro CUrHasa.

[Ipu ompejiesieHUH ONTUMAJIBHOTO 3HAYEHUS
pH saekTposr3a yecTaHOBJIEHO, UTO BHIDAYKEHHBIN U
BOCIIPOU3BOIUMBIN CUTHA O€H/1a3071a TUIPOXIOPH-
J1a Haburroaerest mpu pH 6—7, Torja Kak B KUCJION U
IEJIOYHOU CpeJiax P Mo 00PaHHBIX YCJIOBUAX aHA-
JINTUYECKHI CUTHAJ 3HAYUTEIbHO CHIKAJICA. Takum
00pa3om, MPHUIILIH K 3aKJII0YEHHIO O I1eJIeCO00Pa3HO-
CTH HCITOJIH30BaHUsI (POHOBOTO HJIEKTPOJIUTA 6€e3 10-
6aByenus 6ypepHbIX pacTBOPOB npu pH 6—7.

IKCIIEPUMEHTAIBHBIM IIyTEM YCTAaHOBWIH U
JIPyTHe YCJIOBUs BJIEKTposin3a OeH/ia301a TUIPOX-
Jiopuzia. OnTUMabHOE 3HAUEHHE TOTEHIINAIA AJIeK-
Tposimsa cocTaBwio —1.8 B (puc. 2), cmeleHue Ko-
TOPOTO B 60JIEe MOJIOKUTETHHYIO I 60JIee OTPHUIa-
TeJIbHYIO 001aCTh IPUBOJAWIIO K YMEHBIIIEHUIO BETH-
YUHBI PETUCTPUPYEMOTO TOKA.

observed at pH 6-7, while in acidic and alkaline
media under the selected conditions, the analytical
signal significantly decreased. Thus, we concluded
that it is advisable to use a background electrolyte
without adding buffer solutions at pH 6-7.

Other conditions for electrolysis of bendazole
hydrochloride were also established experimen-
tally. The optimum value of the electrolysis poten-
tial was —1.8 V (Fig. 2), the shift of which to a more
positive or more negative area led to a decrease in
the value of the recorded current.

The electrolysis time was 15 s since a decrease
in this indicator led to a linear decrease of the an-
alytical signal. With an increase in the electroly-
sis time for more than 15 s, the saturation of the
deposit on the electrode occurred, and the ana-
lytical signal of bendazole also linearly decreased

(Fig. 3).

58

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2021-1-55-64

Zherebtsova E.Yu. et al. / Journal of Siberian Medical Sciences 1 (2021) 55—64

En
=}

3-5
3.0
2.5
2.0
1.5
1.0

0.5

Cwta Toka, MKA / Amperage, HA

[0}

20 1.8 1.6 14 1.2

1.0 0.8 0.6 0.4 0.2

0 -0.2-0.4-0.6-0.8 -1.0-1.2 —1.4 —1.6 —1.8 —2.0

ITotennuan, B / Potential, V

Puc. 2. I'paduik 3aBUCHMOCTH BBICOTHI AHAJTUTUIECKOTO CUIHAIA GeH/Ia30J1a THPOXIOPU/IA OT HOTEHIINATIA HAKOTLJIEHUS
(KOHIIEHTpAIKs PACcTBOPA CTAHAAPTHOrO 06pasna 6eH/1a301a THAPOXJIOPHU/A B BJIEKTPOIUTHUECKOH sTuelKe 1.0 - 1075T/71)
Fig. 2. Dependency graph of the height of the bendazole hydrochloride’s analytical signal on the accumulation potential
(the concentration of a standard sample solution of bendazole hydrochloride in the electrolytic cell is 1.0 - 1075 g/1)

Bpemsi a1eKTposii3a COCTaBUIIO 15 C, TTOCKOJIb-
Ky YMEHbIIIEHIEe JAHHOTO M0Ka3aTesis IPUBOAIIO K
JIMHEHHOMY CHI)KEHWIO aHATUTHYECKOTO CHUTHAJIA.
[Ipu yBeIMUeHUU BPEMEHH 3JIeKTposin3a 6osee 15 ¢
IIPOUCXOIMIJIO HACBIIIEHNE OCajiKa Ha BJIEKTPOJE, U
AHAJIMTUYECKUN CUTHa/I OeH1as30s1a TakKe JIMHEHHO
cHmkascs (puc. 3).

JlJ1s1 oTipefiesieHHs ONITUMAaJIbHON CKOPOCTH Pas-
BEPTKHU MMOTEHIIWAJIA MCIIOJIb30BAIM 3HAUEHUA JaH-
HOTO [TapaMeTpa B IMana3oHe ot 10 710 150 MB/c. BbI-
cOoTa CUTHaJIa Bo3pacTaja MPOIOPIMOHAIBLHO YBEIH-
YEHUIO0 CKOPOCTH Pa3BEPTKH /0 50 MB/c, mocturas
MIPYU 3TOM MAaKCUMAaJIbHBIX 3HAUYEHUH BEJIUYUHBI pe-

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5

1.0 o

To determine the optimal potential sweep rate,
we used the values of this parameter in the range 10
to 150 mV/s. The signal height grew up in proportion
to the increase in the sweep rate to 50 mV/s, reaching
the maximum values of the recorded current, howev-
er, with a further increase in the sweep rate, a notice-
able decrease occurred, which negatively affected the
detection sensitivity of the test substance (Fig. 4).

Thus, it was possible to reveal the optimal pa-
rameters of the electrolysis of bendazole hydrochlo-
ride for its quantitative determination. Further, the
statistical processing of the obtained results was
carried out.

Cua Toka, MKA / Amperage, LA

0.5
0

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115 120 125130

Bpems Hakomienus, ¢ / Accumilation time, s

Puc. 3. I'paduk 3aBUCUMOCTH BHICOTHI aHAIUTHUECKOTO CUTHATIA O€H/1a301a THAPOXIOPUZA OT BPEMEHH JIEKTPOIN3a
(KOHIIEHTpanus PacTBoOpa CTaHAAPTHOTO 06pasiia 6eH/1a301a THAPOXIOPUA B SIEKTPOJITUTHIECKOH AUelike 1.0 - 1075T/J1)
Fig. 3. Dependency graph of the height of the bendazole hydrochloride’s analytical signal on the time of electrolysis
(the concentration of a standard sample solution of bendazole hydrochloride in the electrolytic cell is 1.0 - 1075 g/1)
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Cua Toka, MKA / Amperage, pA

10 20 30 40 50 60 70 80 90

100 110 120 130 140 150

Ckopocts pa3BepTkH, MB/c | Sweep rate, mV/s

Puc. 4. I'paduk 3aBUCHMOCTH BBICOTHI aHAJIUTHUECKOTO CUTHAJIA GEH/1a3071a THAPOXIIOPUA OT CKOPOCTH Pa3BEPTKU
(KOHIIeHTpanus PacTBopa CTaHAapPTHOTO 006pasia 6eH/1a301a rHIPOXJIOPHAA B SJIEKTPOJIUTHIECKOH AUeiike 1.0 - 1075T/J1)
Fig. 4. Dependency graph of the height of the bendazole hydrochloride’s analytical signal on the sweep rate
(the concentration of a standard sample solution of bendazole hydrochloride in the electrolytic cell 1.0 - 1075 g/1)

THCTPUPYEMOTO TOKA, OHAKO IIPHU IAJIbHEHIIIEM YBe-
JINYEHUH CKOPOCTU Pa3BEPTKHU IIPOUCXO/IUIIO 3aMET-
HOe CHUKEHHe, YTO OTPHUIIATETHHBIM 00pa30M CKa-
3bIBAJIOCh HA UYBCTBUTEJIHHOCTH OIIPEZEIEHUS KC-
cJIelyeMoro BelecTsa (puc. 4).

Takum 06pa3oM, yAasoch YCTAHOBUTH OIITH-
MaJIbHBIE TIapaMeTpPbhl 3JIeKTposin3a OeHja3osia r'u-
JIPOXJIOPHU/IA I €r0 KOJIMYECTBEHHOTO OIIpezieie-
Hus. Jlasiee TOJydyeHHbIE PE3YJIbTATHI IIOJIBEPIIIN
CTAaTUCTUYECKOH 00paboTKe.

JInHEeHHOCTh METOAUKH B aHAJTUTHYECKOH 00J1a-
CTU IIPOBEPSIIH SKCIIEPUMEHTAIILHO IpaUUecKUM U
PacYeTHBIM CIIOCOOOM.

I'paduuecknii cmocob 3aKIIOYaIcs B U3Mepe-
HUM BBICOTHl AHAJIMTUYECKOTO CHUTHAIa BEIECTBA
mpu 006aBJIeHUN PAaBHBIX 00HEMOB pacTBOpa CTaH-
JIapTHOTO 00pasna OmpefeIeHHON KOHIIEHTPAIIUN B
3JIEKTPOJINTHYECKYIO UelKy (puc. 5). I[losyueHHbIE
Pe3yJIbTaThI HATJISIAHO MPO/IEMOHCTPUPOBATH HAJU-
Yre IPSMOJIMHENHOU 3aBUCUMOCTH MEXKY KOHIIEH-
Tpanuen 6eHja301a THAPOXIIOPUIA B SJIEKTPOJIUTH-
YecKoU Aueiike U PerucTPUPYEMOU CHUJIOHN TOKA.

PacueTHbI!l cI0CO6 OLIEHKU JIMHEWHOCTH IIPHU-
MEHWIU JJIs IECSITU TPOO ¢ PA3IMIHBIMU KOJINYe-
CTBaMU OIIPeIeJIsIEMOro BelllecTBa. J{Jisi 3TOro roTo-
BIUTH JIECSITh PACTBOPOB HEIIOCPEICTBEHHO W3 CYD-
craHiu OeH/Ia30/1a THIPOXJIOPU/IA B MEPHBIX KOJI-
0ax 00bEeMOM 100 MJI, IIOCJI€ YEro BBIMOJIHSIIN KO-
JINYECTBEHHOE OIIpeZIeIeHIe UCIIBITYeMOro obpasia
B IIOJIyY€HHBIX PACTBOPAX B IIPE/JIaraeMbIX YCJIOBH-
SIX C TIOMOIIBIO BOJIBTAMIIEPOMETPUYECKON METO/IH-
ku (tabx. 1). KoadduiueHT KOPpesIun COCTaBUI
0.997, 4TO TOATBEPKIAET JIMHENHBIA XapaKTep KO-

The linearity of the methodology in the range
was determined experimentally by graphic and cal-
culation methods.

The graphical method consisted in measuring
the height of the analytical signal of a substance
when adding equal volumes of a standardized sample
solution of a certain concentration into an electrolyt-
ic cell (Fig. 5). The results obtained clearly demon-
strated the presence of a linear correlation between
the concentration of bendazole hydrochloride in the
electrolytic cell and the recorded amperage.

The calculation method for evaluating linearity
was used for ten samples with different amounts of
the analyte. For this, ten solutions were prepared
directly from the substance of bendazole hydro-
chloride in 100 ml volumetric flasks, after which
the quantification of the test sample in the obtained
solutions was carried out under the proposed con-
ditions using a voltammetric technique (Table 1).
The correlation coefficient was 0.997, which con-
firms the linear nature of the quantitative determi-
nation of bendazole hydrochloride using the pro-
posed method in the range from 1 to 10 mg. The free
term (a) tends to zero, therefore, the results are not
burdened with a systematic error.

To determine the limit of detection, samples
were tested with various known amounts (concen-
trations) of the analyte, and the minimum value was
detected, at which the result of the analysis could be
assessed visually [11]. This value was an estimate of
the detection limit (Fig. 6). The detection limit for
bendazole hydrochloride was 1 - 1079 g/ml.
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Puc. 5. 'paduk 3aBUCUMOCTH CHJIBI TOKA OT KOHIIEHTPAIIMY CTAaHAAPTHOTO 06pasiia B 3JIEKTPOIUTUYECKOH sTUeiKe TPH
MOI00paHHBIX YCJIOBUSX (KOHIIEHTPAIHSA 106aBIsIEMOTO PacTBOpa 100 MKT/JT)
Fig. 5. Dependency graph of the amperage on the concentration of a standard sample in the electrolytic cell under
the selected conditions (the concentration of the added solution is 100 pg/1)

JIMYECTBEHHOTO OTIPeJIeJIeHusT OeH1a30J1a TH/IPOXJIO0-
pHU/ia ¢ IOMOIIBIO IIPe/IyIaraeMoi METOAUKHY B JHaTIa-
30HE OT 1 710 10 MT. CBOOOIHBIN WiieH (a) cTpeMUTcs
K HYJIIO, CJIEZIOBATEILHO, PE3YJIbTAThI HE OTATOIIEHBI
CHCTEMATUYECKOH OIINOKOH.

Jl71s ompesiesieHusT Tpesiesia OOHapy:KeHHUs IPo-
BOJIWJIM HWCHBITaHUs O0Opa3IoB C Pa3JIMYHBIMU W3-
BECTHBIMU KOJIMYECTBAMU (KOHIIEHTPAIUAMU) OIpe-
JIeJISIEMOTO BEINECTBA U YCTAHABJIUBAIA MUHUMAJIb-
HOe 3HaYeHue, IPU KOTOPOM pe3yJIbTaT aHAIHu3a MO-

The precision of the method was evaluated for
90 samples in three series of concentrations — 0.993,
0.0993, 0.00993 mg/1, 30 samples for each. For this,
10 ml of a potassium chloride solution at a concen-
tration of 0.01 mol/l was placed in a 20 ml quartz
beaker. The electrolysis was carried out under the
following conditions: potential was —1.8 V, time 15 s.
A voltammogram was recorded at a constant current
form a potential sweep at a rate of 50 mV/s.

Taﬁmzma 1. PacueT u cTaTucTUyecKas oleHKa ImapaMeTpoB JIMHEWHOHN 3aBUCUMOCTHU KOJIUUECTBA 6eH,aa3011a TUAPOX-

JIOPHU/IA TI0 TECTY «BBEJIEHO-HAN/IEHO»

Table 1. Calculation and statistical evaluation of the parameters of the linear dependence of the bendazole hydrochloride

amount according to the spike recovery test

Hagecka GCHHaBOJ'Ia TUAPOXJIOpUAAa, B3ATaA

PeSyJIbTaTI)I OnpeneIeHu A

PacueT 0CHOBHBIX

No o KOJIMYECTBEHHOTO
JIJIsI IPUTOTOBJIEHU ST MOJIEJTBHOM CMeCcH, MT (X) CTaTHUCTUYECKUX MapaMeTpos [11]
/1 . . cozepkanus, Mr () . . o
Weight of bendazole hydrochloride for the Bt Calculation of basic statistics
No. . . . Results of quantitative
preparation of a standardized test mixture, mg (x) a e parameters [11]
etermination, mg (y)
1 1.0 1.2 X=5.5;y =5.62;f=8;
2 2.0 2.3 b =0.995; a = 0.147;
3 3.0 2.8
4 4.0 4.2 t[(p; f) mpu / at p = 95 %] = 2.23;
5 5.0 5.1 Ab = 0.056; Aa = 0.347;
6 6.0 5.9
S%=5.175-107%;r = O.
” 7.0 73 o= 5175 997
8 8.0 8.2 Sx (mpu / atn;=1,y,=y) = 0.164;
9 9.0 94 Ax = 0.365; Ax-100 = 6.64
10 10.0 9.8 x
X 55.0 56.2
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Tok, MKA / Amperage, HA

-0.6 -0.4 -0.2 0
ITotennuan, B / Potential, V
—— ®on / Background electrolyte

0.01 - 107'° 1 GeH/1a30J1a TUAPOXJIOPHU/IA B HJIIEKTPOJIUTHIECKON sTUetKe
0.01 - 107" g of bendazole hydrochloride in the electrolytic cell

0.02 - 107° T 6eH/1a30J1a TUAPOXJIOPHUA B DIIEKTPOTUTHUECKOH AUeiKe

0.02 - 107 g of bendazole hydrochloride in the electrolytic cell

0.03 - 107 r 6eH/1a30J1a THAPOXJIOPU/IA B ATIEKTPOIUTUYECKOU sTUeiike
0.03 - 107° g of bendazole hydrochloride in the electrolytic cell

Puc. 6. Boiprammneporpamma /iuist pacTBopa CTaH/IapTHOTO 00pasia GeH/1a301a MH/IPOXJIOPH/IA B KOHIIEHTPALIH
1- 1079 r/MJI IpU TOAOOPAHHBIX YCIIOBUSIX (MHIMKATOPHBIN 3JIEKTPOJ] — CTEKJIOYTJIEPOHBIH;
(OHOBBII BJIEKTPOTIUT — PACTBOP KaJIHsI XJIOPUA B KOHIIEHTPAIIMH 0.01 MOJIb/J1)

Fig. 6. Voltammogram for a standardized sample solution of bendazole hydrochloride at a concentration
of 1- 107 g/ml under selected conditions (indicator electrode is glassy carbon; background electrolyte is a
potassium chloride solution at a concentration of 0.01 mol/1)

JKeT OBITh OIlEHEH BHU3YaJIbHO [11]. 9TO 3HAUEHUE SIB-
JISITIOCHh OIIEHKOU TMpeziesia oOHapyxeHusi (puc. 6).
IIpenen obHapy:keHUs OeHIA3051a TUIPOXJIOPHA CO-
CTaBMJI 1+ 107° T/MJL.

ITpenu3nOHHOCTh METOAUKHA OLEHWIN I 90
po6 B TPeX cepusiX KOHIEHTPAIUKA — 0.993, 0.0993,
0.00993 MT/J1, IO 30 P06 A1 Kaxkaou. /i aToro
B KBapIEBbIH CTAKAHUYMK EMKOCTHIO 20 MJI IIOMeEIa-
JIX 10 MJI pacTBOPA KIS XJIOPHIA B KOHI[EHTPAIUU
0.01 MOJ1b/J1. [IpOBOIMIIN BIEKTPOJIU3 TIPH CIIEAYIO-
IUX YCAOBUSAX: TOTeHIuan —1.8 B, Bpems 15 c. Pe-

Statistical processing of the results was carried
out (Table 2) [11].

The calculated Student’s coefficients for three
series of concentrations do not exceed the table val-
ue, which indicates the absence of the method bias
and the suitability of this method for the quantifi-
cation of bendazole hydrochloride.

CONCLUSION

In the course of the development of a method
for the voltammetric determination of bendazole
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Tab6uauna 2. MeTpoJsioruyeckue XapakKTepUCTHKHU pa3pab0TaHHON METOUKU KOJIUUYECTBEHHOTO OIIpe/iesieHu s OeHja-
30J1a TUAPOXJIOpHU/A (YUCII0 CTeneHel cBo6OAb! f — 19; JoBepUTEIbHAS BEPOATHOCTD P — 95 %; 3HAUEHUE (-KPUTEPU

CrpiofeHTa — 2.09)

Table 2. Metrological characteristics of the developed method for the bendazole hydrochloride quantification (number of
degrees of freedom f — 19; confidence interval p — 95%; Student’s t-test value — 2.09)

- Koaddumnuent
HctunrHOE Cpennee Hucnep- CranpapT- [Tonymupuna OTHOCP(I,/TeJIbHaH rorpert CTm((i))g)eHI"lra
3HAYCHHE BEIOOpOU-  cus S? HOE OTKJIO-  JloBepuTens- — LOC¢TD, 70 . o lequHb;ﬁ
U3MepAeMOl HOe X The vari- HeHue S HOTO UHTEP- Relative error, % pacueTHBIM
BEeJIMYUHBI  Sample ance S* Stapda}rd Basia Ax OTAEJBHOH  CpeHero nyTem ¢
(mr/im) p mean value deviationS  Half-widthof . _ BeI
- PUAHTBI € PpE3YJIbTa Student’s

True value of x the confidence ST = .
th _ - 1 Ax O,f indi . Tae coefficient
an?ll?nelas/lll)r 1nterva vidual vari- ofmean®  ptained by

A ance.e calculation T,
0.993 9.927-107' 3.226-107 5.679-107% 1.187-1073 1.19 0.27 1.93
0.0993 9.929-102 7.116-107° 2.668-105 5.575-107° 0.56 0.12 2.01
0.00993 9.928-103 1.169-10™" 3.419-10°  7.147-107° 0.72 0.16 0.67

THCTPUPOBAIN BOJIBTAMIIEPOTPAMMY IIPH ITOCTOSH-
HOTOKOBOH (popMe pa3BepTKH MOTEHIIHAIA CO CKOPO-
cThio 50 MB/c.

ITosyueHHbIE PE3YABTATHI TOABEPIJIN CTATUCTH-
yeckou obpabotke (Tabs. 2) [11].

Paccunrtannsbie koadduiireHTs CThIOEHTA JJIs
Tpex cepuil KOHIEHTPAIUi He MPEBBINIAOT TabIuu-
HO€ 3HAaU€HUe, YTO TOBOPHUT 00 OTCYTCTBUU CHUCTEMA-
THYECKOU ONIMOKHA METO/Ia ¥ IIPUTOJHOCTH JAHHOTO
MeTozia JJ1A KOJTUUECTBEHHOTO OIpezieieHus: OeHa-
30J1a TUZPOXJIOPU/IA.

3AK/IIOYEHUE

B xoze pa3pabOTKU METOIUKHU BOJIBTAMIIEPO-
METPHYECKOTO OIIpeziesieHns GeH/1a301a TH/IPOXIIO-
puia B MOZETBHBIX PACTBOPAX HKCIEPUMEHTAIHHO
YCTaHOBJIEHBI ONITUMAJIbHBIE YCIIOBUS 3JIEKTPOJIN3A:
moTeHIUANI —1.8 B, Bpems 15 ¢, CKOPOCTh pa3BepTKHU
50 MB/c. B kauectBe (HDOHOBOrO 3JIEKTPOJIUTA OBLI
BBIOpAH PacTBOP Kajus XJIOPH/A ¢ KOHIIeHTpanuei
0.01 MoJtb/J1. O'THMasIbHOE 3HaueHue pH 71 sek-
Tposn3a 6eH/1a3071a TUAPOXIIOPHUIA COCTABUIIO 6—7.
ITpensaraemas MeTOAMKA BATUAUPOBAHA 110 TECTAM:
cnenupUIHOCTH U JIMHEHHOCTH, Tpejieyia oOHapy-
JKeHHSA; OIpeJieJieHa aHAINTHYecKas 00JIacTh Me-
TOJIMIKY, ee IPelIU3NOHHOCTh. Takum obpasom, pas-
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