ISSN 1562-7241

NEWS OF PHARMACY 1(81)2015 21

Recommended by Doctor of Chemistry, professor M. Ye. Blazheyevskiy

UDC 547.732: 543.242.3: 543.42.062: 543.257

VOLTAMMETRIC DETERMINATION OF CEFOTAXIME
USING POTASSIUM PEROXOMONOSULFATE

Yu.Yu.Labuzova

National University of Pharmacy

Key words: voltammetry, cefotaxime,; potassium peroxomonosulfate

The presented article is devoted to development of a new procedure for quantitative voltammetric
determination of Cefotaxime powder for preparing the solution for injection in the form of the corre-
sponding S-oxide in a weak acidic medium using potassium hydrogenperoxomonosulfate (KHSO;)
as an analytical reagent. Voltammogramms of Cefotaxime S-oxide solutions for different concentra-
tions of cephalosporins have been scanned. There are two peaks on the voltammetric curve of the
Cefotaxime S-oxide solution: at -0.65 V (that corresponds to potassium peroxomonosulfate) and -1.3 V
(the peak height was rising proportionally to Cefotaxime concentrations increase) that has been cho-
sen as analytical. The calibration curve method can be easily applied. Linearity has been studied
over the drug concentration range from 1-10#to 1-10° mol L-". The correlation coefficient is r = 0.999.
Precision and accuracy have been studied by analyzing five replicates of the sample solutions at
three concentrations levels. The relative standard deviations calculated were below 1.75%, §<-1.1%
indicating the excellent precision of the procedure proposed. The Limit of Detection (LOD) and the
Limit of Quantification (LOQ) were calculated (LOD = 1.2-10°°* mol L'" and LOQ = 4-10° mol L"'). The
voltammetric method proposed is sensitive enough, accurate, precise, replicable and linear to enable
determination of lower amounts of a drug. These advantages encourage the application of the method

in the routine quality control of Cefotaxime in control and research laboratories.

Cefotaxime (CFTM), which structure is presented
in Scheme, is the second generation cephalosporin de-
rivative widely used in clinical therapy of severe infec-
tions. Chemically, it is (6R,7R,Z)-3-(Acetoxymethyl)-
7-(2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetamido)-
8-0x0-5-thia-1-azabicyclo[4.2.0] oct-2-ene-2-carboxylic
acid [5].

Extensive literature survey reveals that a lot of ana-
lytical methods are reported for analysis of Cefotaxime
like HPLC [13, 14], Capillary electrophoresis [6], Spec-
trophotometry [1, 11, 12] and Spectrofluorimetry [10].

Polarography, especially differential pulse polaro-
graphy, and other voltammetric techniques become in-
creasingly important when determining compounds of
biological and pharmaceutical significance [8, 9].

Literature dealing with the electroactivity of cepha-
losporins and resulting analytical applications can be
divided into two parts: papers concerning the direct po-
larographic activity of cephalosporins and papers deal-
ing with polarography of their degradation products af-
ter intensive acidic, or alkaline hydrolysis [2-4, 7]. The
main electrode reaction responsible for the direct polaro-
graphic activity of cephalosporins has been shown to be
reduction of the A* double bond of the cephem nucleus,
which is dependent on the presence and nature of the
substituent at position 3 [15]. So, Cefotaxime belongs to
cephalosporins with a reducible group in the side-chain
on C-7 and R' in 3-CH,R". But the indirect method of
determination of cephalosporins as the corresponding
derivatives requires special conditions (heating, inten-
sive alkali or acidic medium) and are long-lasting. It
is supposed that the method of cephalosporin deriva-

tives produced by S-oxidation reactions determination
1s more informative. So, voltammetric determination of
Cefotaxime by the reaction of S-oxidation by means of
potassium peroxomonosulfate in a weak acidic medium
was optimized and proposed for the first time.

Materials and Methods

Reagents and Chemicals

All materials were of the analytical reagent grade, and
the solutions were prepared with double-distilled wa-
ter. Cefotaxime, powder for injection, 1.000 g, was pro-
duced by “Pharmaceutical company “Zdorovie” (Khar-
kiv, Ukraine) Ltd, batch No. 41008.

Peroxomonosulfate (Sigma-Aldrich) was employed
as received. The solution of peroxomonosulfate was prepared
by dissolving its potassium salt (K,SO,-KHSO,-K,SO,)
in double-distilled water.

Equipment

Electrochemical behaviour of cefotaxime S-oxide
by differential voltammetry using carbositall electrode
(CE) (Russia) as an indicating (working) electrode was
studied.

Electrochemical measurements were carried out in
an ABC-1.1 analyzer (Volta, St. Petersburg) with a three-
electrode scheme by the alternating current mode with
the square wave modulation in the potential range of
—0.4...-1.8' V, W=1000 rpm, amplitude 40 mV, v =65 Hz.
CE was used as a working and an auxiliary electrode,
and Ag, AgCI/KCI (sat) electrode type EVL-1M4 as a
reference electrode.

Preparation of Standard Solution

Standard solution of Cefotaxime (1-102 mol L):
transfer 47.74 mg of cefotaxime into a 100 mL volu-
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Scheme. The mechanism of Cefotaxime chemical transformations by means

metric flask and dilute to the volume with double dis-
tilled water at 293 K.

Standard solution of hydrogenperoxomonosulfate
(2:10? mol L"): transfer 68.30 mg of 2KHSO,KHSO, K,SO,
into a 100 mL volumetric flask and dilute to the volume
with double distilled water at 293 K. The solution of
peroxomonosulfate was standardized iodometrically.

Procedure

Pipette aliquots of 0.5-5.00 mol L' of the Cefotaxi-
me test solutions studied into several 50 mL volumetric
flask containing 3.5 mL of 0.02 mol L' KHSOj, solution
and 1 mL of 0.1 mol L' Na,SO, solution (pH=3.3). Mix
the content of each flask well, transfer the electrolyser
and record the voltammetric curve.

Results and Discussion

Cefotaxime is rapidly oxidisable to its sulfoxide in
a quantitative yield by the excess of potassium peroxo-
monosulfate (KHSO;) (Scheme). Sulfoxide is reducible
at the CE with the consumption of two electrons.

of potassium peroxomonosulfate in the acidic medium.

Voltammogramms of Cefotaxime S-oxide solutions
for different concentrations of cephalosporins were scan-
ned. There are two peaks on the voltammetric curve
(Fig. 1) of the Cefotaxime S-oxide solution: at -0.65 V
(that corresponds to potassium peroxomonosulfate) and
-1.3 V (the peak height was rising proportionally to
CFTM concentrations increase). This peak was chosen
as the analytical one.

The calibration curve method is simple in proce-
dure, precise and provides a reliable way to calculate
the uncertainty of the concentration calculated from the
calibration curve (using the statistics of the least squares
line fit to the data). These advantages allow to apply the
calibration curve method for the assay results calcula-
tion (Fig. 2) given in Table.

Linearity

Linearity was studied over the small drug concen-
tration range from 1-10 to 1-10~* mol L. The correla-
tion coefficient r = 0.999 obtained for the regression
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Fig. 1. The voltammetric curve of Cefotaxime S-oxide by means of potassium peroxomonosulfate, ¢ (KHSO;) = 0.126-102 mol L,
¢ (Cefotaxime): 1=2-104, 2 = 4-10%4, 3=6-10%, 4 =8:10%4,5=1-10°mol L ; ¢ (Na,SO,) = 0.02 mol L"; pH 3.3.
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Table

Estimation of accuracy and precision of the initial rate method for determination
of Cefotaxime powder for injection

Amount taken, Amount found Recover
(mol L, 10%) (mol L, 10%) (965D RSD (%) 3 (%)
3.96 3.92+0.10 98.52+0.61 1.75 -1.01
5.94 5.95+0.12 100.18+2.00 1.61 -0.17
9.90 9.84+0.15 99.37+1.51 1.22 -0.63
1,10° A The Limit of Detection (LOD) and Limit of Quan-
10 1=000871 ¢ + 0.510° tification (LOQ) were calculated based on the standard
r=0.999 deviation of response and the slope of the calibration
or curve and expressed as:
8 L
7 LOD =3xS /b, LOQ = 10xS /b,
0 N where: S, is the standard deviation of the response;
5 b is the slope of the calibration curve.
4r LOD =1.2-10°mol L' and LOQ =4-10° mol L.
3 The characteristics of the corresponding electrode
ok reaction and its analytical parameters are presented and
;S 1 1 1 1 J discussed. Optimum pH-ranges for determination of ce-
0 2 4 6 8 10 12 fotaxime are given.
4 Py CONCLUSIONS
C,10 7, mol L

Fig. 2. The calibration graph for voltammetric determination of
Cefotaxime in a pure substance. ¢ (KHSO;) = 0.126-102 mol L;
¢ (Na,S0O,) = 0.02 mol L"; pH 3.3.

line showed a good relationship between the I, pA and
the molar concentration of Cefotaxime (Fig. 2).

Accuracy, Precision Limit of Detection and Quan-
tification

The validity of the method proposed was determined
by performing recovery studies. Precision and accuracy
were studied by analyzing five replicates of the sample so-
lutions at three concentrations levels. The relative stan-
dard deviations calculated were all below 1.75% indica-
ting the excellent precision of the procedure proposed.

For the first time voltammetric determination of Ce-
fotaxime by the reaction of S-oxidation by means of po-
tassium peroxomonosulfate in a weak acidic medium
has been optimized and proposed.

The calibration curve method can be easily applied
for determination of Cefotaxime in the powder for in-
jection that does not require the elaborate treatment and
expensive materials. The method proposed is sensitive
enough to enable determination of lower amounts of
a drug; these advantages encourage the application of
this method in the routine quality control of Cefotaxime
in control and research laboratories. Finally, the method
provides advantages of improving selectivity, it is quick
and easy in performance.
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BONbTAMNEPOMETPUYHE BUBHAYEHHA LEDPOTAKCUMY 3A YHACTIHO KATIHO
rAPOrEHOMEPOKCOMOHOCYIIb®ATY

F0.F0.J1aby308a

Knrovoei crioea: sonbmamrepomempis; yeghomakcum, Karsil 2idpo2eH0ornepoKCoOMOHOCYMbgham
Poboma npucesiyeHa po3pobui HO8OI 8oribmamnepoMempuyHOi MeEMOOUKU KillbKICHO20 8U3Ha4YeHHS
uegomakcumy 8 rnopowKy 051 npu20myeaHHs1 PO34UHy O iH’ekuid 3a rnPodyKmMOoOM nepoKCOKUC-
JIOMHO20 OKUCHEHHS1 y 8uearnisidi S-okcudy 8 criabkokuciomy cepedosulli 3 BUKOPUCMAaHHSAM Kasil
eidpoeeHornepokcomoHocynbhamy (KHSO,) sik aHanimu4Hoeo peazeHma. bynu 3Hsmi eornsmamrie-
pozpamu posquHie S-okcudy uegomarkcumy Oris pi3HUX KOHUeHmpauil ueganocropuHy. KamodHa
einka sonbmamrepozpamu po3quHy S-okcudy yegomaxcumy mae 0ea niku: rpu -0,65 B (w0 sidrnosidae
Kanit eidpoeeHornepoKkcoMoHocynbthamy) ma -1,3 B (gucoma niky 3miHioganacst npornopuyitiHo 3MiHi
KOHUeHmpauii yegbomakcumy), ioeo obpaHo sk aHanimuyHul. byna nokasaHa MoXugicme 3acmo-
cyeaHHs1 Memody kanibpysasnbHoeo epaika. JliHitiHicmb 6yna eusyeHa 6 Oiana3oHi KOHUeHmpauit
8i0 1-10* 0o 1-10° monw/n. KoegpiyieHm kopensuii r = 0,999. ToyHicmb ma eidmeoprosaHicme 8u-
8YEHI WAXOM M’'SMUKpamHo20 ro8mopeHHs1 aHanidy Ors mpbox KOHUeHmpaujid. Po3paxosaHe cmaH-
OapmHe 8i0xuneHHs 0ns ycix KoHueHmpauiti 6yno meHwe 1,75%, 8<-1,1%. Mexa susieneHHsi (MB) i
Mexxa KirnbKicHo2o susHavyeHHs (MKB) 6ynu po3paxosaHi (MB = 1,2-10° mons/nn i MKB = 4-10° monb/n).
BcmaHoeneHo, ujo 3anpornoHogaHa 80/ibmamMiepomMempuyHa Memoouka O0nsi BUSHaYEHHS JlikapCbKO20
npenapamy y HU3bKil KOHUeHmpauii € docums 4ymiiueor, MOYHOH, PasusibHOK, 8i0MEOPHBaHON i
niHiGHor. Lli nepesazu do38onsitomb 3acmocosysamu il 01151 KiflbKiCHO20 8U3HaYeHHS ueghomakcumy
8 KOHMPOIIbHO-A0CTIOHUX Tabopamopisix.

BONBTAMINEPOMETPUYECKOE ONPEQENEHUE LE®OTAKCUMA C YYACTUEM KANUA
rTMOPOMNEPOKCOMOHOCYIIb®ATA

FO.FO.J1aby308a

Knroveesnle crioea: sorismamnepomempusi; ueghomakcum; Kausi 2u0p0o2eHONepoOKCOMOHOCYIbgham
Paboma nocesieHa paspabomke HOB0U 80rIbMaMnepoOMempu4ecKoll MeMOOUKU KOITUYECMBEHHO20
ornpedenieHuUs yeghomakcuma 8 ropowke 0715 npu2omoesieHuUs1 pacmeopa 07151 UHbeKyul ro npo-
AyKmy repOKCOKUCITIOMHO20 OKUCeHUs 8 sude S-okcuda 6 criabokucrioli cpede ¢ ucrnonb3o08aHUueM
audpornepokcomoHocyrbthama Kanusi (KHSO;) kak aHanumuyeckozo peageHma. bbiru cHMbI 8071bM-
ammnepoepaMmMbi pacmeopos S-okcuda yeghomaxcuma 0718 pasnuyHbIX KOHUeHmpauul yeghanocro-
puHa. KamodHasi eemka eonilbmamnepozpambl pacmeopa S-okcuda ueghomakcuma umeem 08a rnuka:
npu -0,65 B (umo coomeemcmeayem a2udponepoKCOMOHOCynbghamy Kanusi) u -1,3 B (ebicoma nuka
MeHsi1acb MponopUUOHanbHO USMEHEHU KOHUeHmpauyuu yegomakcuma), Komopsbil ebibpaH Kak
aHanumudeckul. bbina nokasaHa 803MOXHOCMb MpUMEHEHUs Memoda Kanubpo8oyHoO20 epagpuka.
JluneliHocmeb 6bina udydeHa e duanal3oHe KoHueHmpauut om 1-10# do 1-103 mons/n. KoaghcbuyueHm
Kkoppenauyuu r = 0,999. ToyHoCcmb U 80CMPOU3B0OUMOCMb U3YHEHb! MymeM MSmuKpamH{Hoa0 nosmo-
peHuUs1 aHanu3a 015 mpex KoHUeHmpauut. PaccdyumaHHoe cmaHOapmHOe OmMKIIoHeHUe Or1s 8CeEX KOHUEH-
mpauyut 6b11o meHbwe 1,75%, 8<-1,1%. Npeden obHapyxeHus (I10) u npedes Konu4eCmM8eHHO20
onpedeneHusi (MKO) bbinu paccyumansi (MO = 1,2-10° monwk/n u MNKO = 4-10° mornb/n1). YemaHoerneHo,
4Ymo rpedsioxeHHasi 8ofibmamMrnepomempuyeckass Memoduka Os1s1 orpedesieHUs IeKapCmeeHHO20
npenapama npu HU3KoU KOHUeHmpayuu si8/isiemcs 4yecmeumesibHoU, moYyHoU, npasusibHou, 80C-
rpou3eo0uMoU U TUHelHOU. Amu npeumMywecmeaea no3eossom NPUMeHsIMe ee 07151 KOUYeCMBEHHO-
20 onpederieHust yeghomakcuma 8 KOHMPOIrbHO-UCcCc1iedo8amesibCKUX labopamopusix.



