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Simple methods for oxidimetric determination of antibiotic Cefuroxime in the substance and in the
powder for solution for injection, which are based on the S-oxidation reaction by potassium hydro-
genperoxomonosulphate in a weak acidic medium to S-oxide with the subsequent determination of
the residual oxidising agent by the iodometric method, have been developed. A triple potassium salt
of Caro’s acid, 2ZKHSO,~KHSOK,SO, was used as an oxidising agent. Quantitative oxidation of the
Sulphur atom completes during the period that is less than 1 min. The mean recovery of the active
ingredient in the substance of cefuroxime was 98.67%, RSD = 0.57% (6 = 0.33%). The mean recovery
of the medicine “Cefuroxime”, 750 mg, is 782.8 mg, RSD = 0.97% (6 = 0.91%), which should be 680-
900 mg calculated with reference to dried substance. The LOQ is C = 0.05 mg mL™". The advantages
of the method proposed are the ability of analytical determination of cefuroxime by the biologically
active part of the molecule, namely alicyclic Sulphur, good precision and accuracy of the results. The
validation data obtained meet the requirements of the State Pharmacopoeia of Ukraine, they indicate
the possibility of its introduction in the practice of analytical laboratories analysis, application during
the stepwise control process of drug manufacturing or the quality control during equipment washing.
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Cefuroxime (Cefuroxim), (6R,7R)-3-{[(aminocarbo-
nyl)oxy]methyl}-7-({(2E)-2-furan-2-yl-2-[(methyl-
oxy)iminoJacetyl}amino)-8-oxo-5-thia-1-azabicyclo
[4.2.0]oct-2-ene-2-carboxylic acid, is a derivative of 7-ADCC
and belongs to semisynthetic cephalosporin S-lactam anti-
biotics of the II generation. The EPh and BP recommend to
determine cefuroxime using the method of HPLC [3, 6].
The classical iodometric titration method is long lasting
and unreliable [1]. The extensive literature survey reveals
several procedures of cefuroxime determination in medi-
cines using liquid chromatography [12], capillary electro-
phoresis [8], polarography [2], and spectrofluorimetry [9].
A lot of spectrophotometric [4, 5, 11] and titrimetric [10, 7]
methods for quantitative determination of cefuroxime
have been developed.

The aim of the study was to develop a new method for
quantitative determination of cefuroxime in the substance
and the powder for solution for injection by oxidimetry
using potassium hydrogenperoxomonosulphate as an ana-
lytical reagent (KHSO;).

Materials and Methods

A triple potassium salt of Caro’s acid, 2KHSO,*KHSO,
K,SO, (the trade name — “Oxon®” manufactured by DuPont),
was used as an oxidising agent. The active substance is
potassium hydrogenperoxomonosulphate, KHSO,. The
choice of the reagent was determined by its rather high
oxidative activity, E, = 1.84 V, availability, and satis-
factory solubility in water.

1. Potassium hydrogenperoxomonosulphate solu-
tion, 0.02 Mol L. Dissolve 0.615 g of 2KHSO,*KHSO,*
K,SO, in 50 mL of distilled water in a 100 mL volu-
metric flask. Dilute the solution to the volume with wa-
ter at 20°C.

The content of KHSO; in the solution prepared was
determined by iodometric titration [3].

2. Sodium thiosulphate solution, 0.02 Mol L. Pre-
pare 0.1 Mol/L"! of the sodium thiosulphate solution from
the standard titre fixanal. Pipette 20 mL of the solution
obtained and transfer into a 100 mL volumetric flask.
Dilute to the volume with water at 20°C.

3. Potassium iodine solution, 5%. Dissolve 5.0 g
of the sample weight of potassium iodine in 50 mL of
distilled water in a 100 mL volumetric flask. Dilute to
the volume with water at 20°C.

4. Sulphuric acid solution, 0.1 Mol L. Prepared
from the standard titre fixanal in a 500 mL volumetric
flask.

The method for studying the S-oxidation reaction
kinetics. Pipette 10.0 mL of 0.02 Mol L™ potassium hydro-
genperoxomonosulphate solution, transfer in a 100 mL
volumetric flask, add 10.0 mL of 0.01 Mol/L-!' cefuro-
xime solution and switch on a stop watch. Dilute to the
volume with distilled water and mix thoroughly. At spe-
cific time intervals pipette 10 mL of the mixture obtai-
ned, transfer in a flask for titration, acidify with 1 mL of
0.1 Mol/L"! sulphuric acid solution and add 1 mL of 5%
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potassium iodine solution. Titrate the iodine liberated
with 0.02 Mol/L™! of the titrated solution of sodium thio-
sulphate in the presence of starch.

The medicine Cefuroxime, powder for solution for
injection, 0.75, manufactured by “Lekchim-Kharkov”,
the batch 10712230412 was used.

The titrant volume was measured using a 10 mL micro-
burette with the accuracy of £0.01 mL.

Assay for cefuroxime in the powder for preparing
the solution for injection. Dissolve 0.43 g (accurate weight)
of the powder of the medicine with the known moisture
content (w, %) in 70 mL of distilled water and dilute the
volume to 100.00 mL. Transfer 10.00 mL into a 100 mL
volumetric flask, add 10.00 mL of 0.02 Mol/L"! KHSO;
solution, dilute to the volume with distilled water, mix
thoroughly and leave for 1 min. Then transfer 10.00 mL
of the solution obtained into a flask for titration, add 1 mL
of 0.1 Mol L sulphuric acid solution and 1 mL of 5%
potassium iodine solution. Titrate the iodine liberated
with 0.02 Mol/L"! of sodium thiosulphate solution (¥, mL).

Simultaneously the control experiment was carried
out under similar condition (without cefuroxime with the
same amount of 0.02 Mol/L"! of KHSOj solution (¥, mL).

The content of cefuroxime in the powder for solution
for injection X (g) was calculated by the formula:

X = (%, - V)-K-T-m-100-100-100
2-m,-(100-w)-10-10

where: V;, — is the volume of the standard 0.02 Mol/L™!
sodium thiosulphate solution used for titration in the cont-
rol experiment, mL; V' — is the volume of the standard
0.02 Mol/L! sodium thiosulphate solution used for titra-
tion in the experiment with cefuroxime, mL; K — is the
correlation coefficient of the concentration for the stan-
dard 0.0200 Mol/L"! sodium thiosulphate solution; 7'— is
the cefuroxime weight corresponding to 1.00 mL of the
standard 0.0200 Mol/L"' sodium thiosulphate solution,
g/mL"; 100 and 10 — are the volumes of the volumetric
flask and aliquots of the solution taken for analysis, mL;
m,, — is the sample weight, g; m — is the average weight
of the vial, g; w—is the moisture content in the medicine, %.

1.00 mL of the standard 0.0200 Mol/L! sodium thio-
sulphate solution correspond to 0.004244 g of cefuroxime
(C,H,,N,O,S), the medicine should contain 0.68-0.90 g
calculated with reference to dried substance.

Results and Discussion

The peroxiacidic method proposed is based on the
reaction of Cefuroxime oxidation by the excess of KHSO;
with quantitative formation of the corresponding S-oxide
in the acidic medium. The KHSO, excess was determi-
ned by the method of iodometric tirtation.

It has been determined that the redox interaction bet-
ween cefuroxime and potassium hydrogenperoxomono-
sulphate occurs quantitatively and stoichiometrically: 1 Mol
of KHSO; per 1 Mol of the medicine.

Quantitative oxidation of the Sulphur atom comp-
leted during the period that did not exceed 1 min by the
method of iodometric titration.

The scheme of the S-oxidation reaction of cefuroxime
using potassium hydrogenperoxomonosulphate is given in Fig.
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Fig. The scheme of the S-oxidation reaction of cefuroxime using
potassium hydrogenperoxomonosulphate.

Table

The results of quantitative determination of cefuroxime
in the substance and in the powder for solution for
injection (P = 0.95)

Taken | Found | Metrological characteristics
Cefuroxime substance, %
X =98.67
99.10 $=0.57
99.10 S;_z 0.253
99.00% 99.10 Ax=0.703
98.07 RSD=0.57%
98.07 e=0.71%
6=-0.33%
Cefuroxime, powder for solution for injection, 0.75 g
0.7705 x=0.7828
0.7705
$=0.0759
0.7869
0.7869 S;_= 0.0027
0.7900 ’ Ax =0.0064
0.7869
RSD =0.97%
0.7869
£=0.82%
0.7869 5 =0.91%
0.7869 —UIR

*The content of the active substance was determined by the HPLC
method given in the certificate.

The results of quantitative determination of cefuro-
xime in the substance and in the medicine are given in
Table. They show that the methods developed allow to
determine the content of cefuroxime in the substance and
the powder for solution for injection, 0.75 g, RSD =
0.57+0.97%, 6 = 0.3+0.91%.

The Limit of Quantification (LOQ) is 0.05 mg mL".

The advantages of the method proposed are the abi-
lity of analytical determination of cefuroxime by the bio-
logically active part of the molecule, namely alicyclic
Sulphur, good precision and accuracy of the results. It
does not require the use of expensive reference standards,
toxic solvents and special equipment as in the HPLC
method. It is simple and rapid in application.

CONCLUSIONS

It has been proposed to use potassium hydrogenpe-
roxomonosulphate as an analytical reagent for cefuroxime.

The methods for oxidimetric determination of the
active ingredient in the substance and in Cefuroxime,
powder for solution for injection, 0.75 g, which are ba-
sed on the S-oxidation reaction by potassium hydrogen-
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peroxomonosulphate in the acidic medium to the corres-  have been proposed and developed (RSD = 0.57+0.97%,
ponding S-oxide with the subsequent determination of & = 0.3+0.91%). The Limit of Quantification (LOQ) is
the residual oxidising agent by the iodometric method,  0.05 mg mL"".
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WOOOMETPUYHE BU3HAYEHHSA LE®YPOKCUMY 3A PEAKLIEIO 3 KAMIKO
raPOMNMEPOKCOMOHOCYIIb®ATOM

F0.FO.Cepdrokosa, M.M.leawypa, T.0.0OnekcieHko

Knroyoesi crnoea: uegpypokcum; LiodoMempuyHe mumpysaHHs; Kasito 2i0ponepoOKCOMOHOCYIbgham
Po3pobrieHi npocmi MemoduKu oKkcuOUMempUYHO20 8U3HaYeHHs Ueghypokcumy y cybcmaHryii ma y rno-
POWKY Orist pu20my8aHHsI iH’eKyili, 3aCHOB8aHI Ha peakuyji KiflbKiCHO20 OKUCHEHHST UeqhypOKCUMY Karlito
2idporepoKcoMOoHoCybthamom y Kucriomy cepedosuwyi 0o 8idrnogidHo20 S-okcudy 3 HacmyrnHUM 8u-
3Ha4YeHHSIM 3a5UWKy OKUCHUKa UodoMempuYHUM MemodoM. 5K OKUCHUK 8UKopUCmosysasu nompitHy
kanitHy cinb kucnomu Kapo 2KHSO,KHSO K,SO,. KinbKkicHe OKUCHEHHS1 amoma Cyribghypy 3 ymeo-
PEHHSIM 8i0r08i0H020 cyribghokcudy UeghasiocriopuHy 3a8epluys8arnoch 3a Yac, Wo He rnepesuulysas 1 xa.
Bmicm ocHogHOI pedosuHU y cybecmaHuii ueghypokcumy cmaHosug 98,67% RSD = 0,57% (6 = 0,33%,).
Y nikapcbkomy nipenapami «Llegpypokcum» no 750 me — 782,8 me, RSD = 0,97% (6 = 0,91%), sikoeo
8 npenapami mae bymu 680-900 me y nepepaxyHKy Ha 6€3800HY peyo8uHy. HUXHS Mexa susHady-
8aHUX KoHueHmpauit — C, = 0,05 me/mn. Nepesazamu 3arporoHo8aHO20 Criocoby 8UKOHaHHS aHa-
ni3y € Moxrnugicmp 30ilUCHEHHST aHalimu4yHO20 8U3HaYeHHs yegypokcumy 3a 6iornogidyHO aKkmueHO
4acmuHOK MOJIEKY/IU, a@ caMe 3a aiyuKIlivyHUM cynb@ypoM, a makox 3adoeinbHa 8idmeoprosaHicmb
ma ripasuribHicms pesyrnbmamie. O0epxaHi eanidauiliHi xapakmepucmuku eiornosidarome Kpumepism
npulHsmHocmi 32idHo 3 ®Y, wo ceidyumb npo MOXIUgicmb iX 8rnpoeadXeHHs 8 NpakmuKy aHa-
T3y KOHMPOrbHO-aHanmu4yHuUx nabopamopiti abo sukopucmanHs nid Jyac 30iticHeHHs1 nocmadiliHo20
KOHMPOITIO MPOUECy 8U20MO8IIeHHS JliKkapCbKUX 3acobig Yu KOHMPOIT SIKocmi 8iOMUBKU 0briaOHaHHS.

MOOOMETPUYECKOE ONPEOEJNIEHVE LLE®YPOKCUMA MO PEAKLIUK

C r’MoPOMNEPOKCOMOHOCYIIb®ATOM KAIUA

10.K0.Cepdrokoea, M.H.Ueawypa, T.A.AneKkceeHKoO

Kirrouesnie crnosa: yeghypokcum,; iodomempuyeckoe mumposaHue, 2UOpPOonepoOKCOMOHOCYbgham Karnusi
PaspabomaHbi npocmbie MemMOOUKU OKCUOUMempUYecKoao orpedenieHuUs: ueghypokcuma 8 cybecman-
yuu u rnopouwke O11si MpuaomoenieHuUs UHbeKUUU, KOmopble 0CHOBaHb! Ha peakyuu Koru4yecmeeHH020
OKUCeHUs1 ueghypokcuma audpornepoKCOMOHOCYIbthamoMm Karnus 8 Kucroli cpede 0o coomeemcmey-
roweeao S-okcuda ¢ rnocrnedyrouwum onpedesieHUeM ocmaimka oKucrumesiss G00OMemMpPUYECKUM MEMo-
Oom. Kak okucrnumerib UCrornb308ariu mpoUHyro Kauesyro corib Kucriomsi Kapo 2KHSO,KHSO #K,SO,.
KoruyecmeeHHoe oKucrieHuUe amoma cepbl ¢ 0bpa3ogaHUeM Coomeencmeyrouezo cyrbghokcuda yegharo-
CropuHa 3aKkaH4yusaemcsi 3a 8peMsi, Kompoe He rpesbiwarsno 1 MuH. CodepxxaHue 0CHOBHO20 8eue-
cmea 6 cybcmaHyuu uyegypokcuma cocmaerisino 98,67%, RSD = 0,567% (6 = 0,33%). B nekapcmeeHHoOM
npenapame «Ljeghypokcum» no 750 me — 782,8 me, RSD = 0,97% (6 = 0,91%), komopozo e npena-
pame dormkHo 6eimb 680-900 me e nepecyeme Ha 6be3sodHoe sewecmeso. [Npedern Konu4yecmeeHHo20
onpedeneHusi — C, = 0,05 me/mn. Npeumyujecmeamu npedrioxeHHO20 criocoba 8bINMoHeHUs1 aHanu3a
58/151€MCs1 603MOXHOCMb OCYWECMBIIeHUs] aHaIumu4eckoeo ornpederneHusi yegypokcuma rno buo-
JloeuYecKU akmugHoU Yacmu MOeKyrbl, @ UMEHHO M0 anuyuKiIu4yeckol cepe, a makxe ydoernem-
gopumeribHasi 80CrpPoU3800UMOCMb U MpasuibHoCcMb pesyrbmamos. [lofyyeHHble eanudauuoHHbIe
XapakmepucmuKu COOm8emcmayom KpumepusiM rnpuemnemocmu coanacHo @Y, komopsie ceude-
mesibcmeayrm 0 803MOXHOCMU 8HEOPEHUSI €€ 8 MPaKmMuUKy aHanu3a KOHMPOSIbHO-aHanumu4yecKux
n1abopamopudl unu ucrosib308aHusi 80 8PEMST OCywecmeareHusi nocmaduliHoeo KOHMPOJIs fpoyecca
MpU20MOoBIeHUsI NIeKapCMBEeHHbIX cpedcms, Uriu KOHMPOIIS Ka4ecmea OmMbIeKU 060py0o8aHUs.



