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Development of a novel kinetic spectrophotometric method for
the quantitative determination of Cefuroxime using Caro’s acid

Development of new simple and economically profitable methods for the quantitative determination of Cefuroxime
substance is of a great interest.

Aim. To study the reaction of Cefuroxime with Caro’s acid and develop a new method for the quantitative determi-
nation of Cefuroxime based on the product of S-oxidation and perhydrolysis.

Materials and methods. To determine Cefuroxime substance the triple potassium salt of Caro’s acid was used as
an oxidizing agent. The procedure was developed as a kinetic spectrophotometric method.

Results and discussion. The initial rate method can be easily applied to determine Cefuroxime substance. The data
obtained showed good results in accuracy, precision, LOQ and LOD. The RSD for the substance was 1.53-2.35 %,
0 = 0.55-1.40 %. The direct linear dependence was observed in a wide range of concentrations 1-7 yg-mL™".

Conclusions. The possibility of Cefuroxime analytical determination by the biologically active part of the molecule,
reproducible results and accuracy are the advantages of the method proposed. The data obtained are in good agree-
ment with the standard pharmacopoeial HPLC method.
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O. 0. CepatokoBa, C. . JleoHora, HO. C. KonicHuk

Po3po6ka HOBOI KiHETUKO-CNEKTPOMOTOMETPUYHOT METOAUKM KiNlbKiCHOro
BU3HaYeHHs LedypoKkcumy 3a gonomororo kucnotu Kapo

Po3pobka HOBUX MPOCTMX i EKOHOMIYHO BUFOHUX METOAMK KiNbKiICHOrO BU3HaYeHHS LedypokcuMy cybcTaHLii
CTaHOBUTb BEMUKUI iHTEpPEC.

MeTa gaHoi po6oTu nonsrae y BUBYEHHI peakuii uedypokcnmy 3 kucnototo Kapo Ta y po3pobui HOBOT MeToauku
KiNbKICHOrO BU3HAYEeHHS LedypOoKCUMY 3a NPOAYKTOM S-OKMCHEHHS Ta Neprigponiay.

MaTtepianu ta metoau. lNMoTpiiHa kaniesa cinb kncnotn Kapo 6yna BMkopucTaHa sik OKUCHWK ANS BU3HAYEHHS
cybcTaHUii uedypokcumy. Metoanka po3pobneHa y KiHETUKO-CNeKTPOOTOMETPUYHOMY BapiaHTi.

Pe3synbraTy Ta ix o6roBopeHHs. MeToq no4aTkoBOi LWBMAKOCTI MOXe OyTW 3aCTOCOBaHWIA AN BUSHAYEHHS Le-
dypokecumy cybcTaHuii. OTpumaHi fobpi pesynsTaTi ToYHOCTI, BigTBOptoBaHocTi, LOQ Tta LOD. RSD gnsa cy6eTaHuii
craHoBuTb 1,53-2,35 %, & = 0,55-1,40 %. Mpsama niHiiHa 3aneXHiCTb CNOCTEPIraeTbCsl y LUMPOKOMY Aiana3oHi KOHLEHTpa-
uin 1-7 mMkr/mn.

BucHoBKkU. MOXNMBICTb aHaniTMMHOIO BU3HA4YeHHS LiedpypokcMMy 3a BionoriyHO akTUBHOK YaCTUHOK MOMEKynu,
BiATBOPIOBAHICTL | TOYHICTb € NepeBaraMmu 3anponoHoBaHol MeToaukn. OTpumaHi AaHi oOpe y3roaxyTbes 3i cTaH-
JapTtHot cdapmakonenHoto BEPX meTtoaunkoto.

Knrovoei crnioea: LedypokcuM; KIHETUKO-CNEKTPOOTOMETPUYHIUIA METOA,; KiflbKiCHE BU3HaYeHHs; knucnota Kapo

O. O. CepatokoBa, C. I. JleoHoBa, 0. C. KonecHuk

Pa3paboTka HOBOM KUHETUKO-CNEKTPOOTOMETPUYECKON METOAUKN KONMMYECTBEHHOIO
onpegeneHuns Luedgypokcuma ¢ nomoLlbio Kucrnotbl Kapo

Pa3paboTka HOBbIX MPOCTbIX Y SKOHOMUYECKMN BbIFOAHBIX METOAMK KONMYECTBEHHOTO onpeaeneHns Ledypokcmma
cybCcTaHumMm npeacTaBnsieT O0OnbLUOW MHTEPEC.

Llenb gaHHom paboTbl 3akntoyaeTcs B U3ydeHun peakuum Ledypokcrma ¢ kucnotorn Kapo n B paspabotke HOBOW
MeTOAMKM KONMYECTBEHHOTO onpeaeneHuns Ledypokcuma, OCHOBaHHOW Ha NMPOAYKTe S-OKMCIeHNs 1 nepruaponuaa.

Matepuanbl n metoabl. TpoHas kannesasi conb kMcnoTbl Kapo Gbina ncnonb3oBaHa B Ka4eCTBe OKUCIUTENS
Ans onpefenexns cybetaHuum uedypokerma. Metoavka 6eina paspaboTraHa B KUHETUKO-CNEKTPOGOTOMETPUYECKOM
BapuaHTe.

Pesynbrathl n nx obecyxpeHune. Metoa HavanbHOW CKOPOCTUM MOXET ObITb MPUMEHEH ANs onpeferneHns ue-
dypokcuma cybcTaHumu. MonyyeHsl xopowme pedynbraTtbl TOYHOCTU, Bocnpoussoammocti, LOQ n LOD. RSD ans
cyberaHumm coctaenset 1,53-2,35 %, & = 0,55-1,40 %. Mpsimas nuHelriHas 3aBMCMMOCTb HabNAaeTcs B LLUMPOKOM
AmnanasoHe KOHLUeHTpauun 1-7 mkr / mn.

BbiBoAbl. BO3MOXHOCTb aHannTU4yeckoro onpegenexns LedypokcrMma no 6nonornyecky akTMBHOM YacTu Mose-
KyIbl, BOCMPOM3BOAMMOCTb M TOYHOCTb SBMSIOTCA NPeMMyLLecTBaMu NpeanaraemMmon MeToauku., MNonyyYeHHble AaHHble
XOPOLLO COrnacykTcs co cTaHgapTHon hbapmakonenHon BOXKX metogumkon.

Knroyeenie crosa: yegypokcum,; KUHemMUKo-criekmpogomomempuydeckuli Memod,; Koriu4yecmeeHHoe
onpedeneHue; Kucrnoma Kapo
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The quantitative determination of drugs becomes more
and more important. The control of the quality and quan-
tity is one of the obligatory steps of drug production.
Therefore, development of new simple and economical-
ly profitable methods is of a great interest. The methods
for the quantitative determination of Cefuroxime are dif-
ferent.

Classical iodometric method is provided for the as-
say of most of the pharmacopeial B-lactams, for which
iodometric titration is particularly suitable [1, 2]. The
iodometric method is insensitive as all antibiotics, the
initial substances for their production, as well as their
degradation products, are oxidized by iodine. It is the-
refore not suitable for the purity control of antibiotics
of this group [3]. Usually titration is a rapid and easy
procedure, but unlikely to this, iodometric titration of
cephalosporins is a long-lasting procedure (approxima-
tely 40 min) [4]. The intensive literature review has found
the application of methods of chromatography [5, 6],
spectrophotometry [7-9], voltammetry [10], oxidimetry
[11], spectrofluorimetry [12], chemiluminescence [13].
The SPhU and BrPh describe HPLC for the cephalo-
sporin determination, which is surely the best method,
but has a longtime preparation, expensive and compli-
cated in performance. The kinetic spectrophotometric
method belongs to modern and prospective ones. It can
be applied by using a proper oxidation analytical rea-
gent that should meet all requirements to analytical rea-
gents. Potassium Caroate (KHSO;) refers to such rea-
gents. Its powder is commercially available and stable
in the form of solution used in the experiment.

The aim of this work is to study the reaction of Ce-
furoxime with Caro’s acid and develop a kinetic spectro-
photometric method for the quantitative determination
of Cefuroxime based on the product of S-oxidation and
perhydrolysis. The possibilities of determination and pe-
culiarities of the reaction of S-oxidation and perhydrol-
ysis of Cefuroxime using potassium caroate as an ana-
lytical reagent were studied. The optimal conditions were
determined, and the method was statistically checked.

Materials and methods

All materials were of an analytical reagent grade, and
the solutions were prepared with double-distilled water.

The triple potassium salt of Caro’s acid was used
as an oxidizing agent, 2KHSO, « KHSO, * K,SO, (the
commercial name — Oxon® manufactured by DuPont).
The active substance is potassium hydrogenperoxomono-
sulfate, KHSO;,. The choice of the reagent was deter-
mined by its rather high oxidative activity, E, = 1.84 V,
availability, and satisfactory solubility in water.

Preparation of standard solutions

Preparation of 0.02 mol L' solution of potassium
caroate. Dissolve 0.615 g of 2KHSO, « KHSO, * K,SO,,
in a 100 mL volumetric flask in double-distilled water.
Check the concentration of potassium caroate by iodo-
metric titration.

Prepare sodium hydroxide 0.51 M by dissolving 2 g
in 100mL of double-distilled water.

The study of S-oxidation reaction Kinetics. Trans-
fer 10.0 mL of 0.02 mol L' potassium hydrogenperoxo-

monosulfate solution into a 100 mL volumetric flask,
add 10.0 mL of 0.01 mol L' Cefuroxime solution, and
switch a stopwatch on. Dilute to the volume and mix.
Further transfer 10 mL of the mixture obtained into a
titration flask using a pipette, add 1 mL of 0.1 mol L
sulfuric acid solution and 1 mL of 5 % potassium iodine
solution. Titrate the isolated iodine by 0.02 mol L' so-
lution of sodium thiosulfate in the presence of starch.

The pure substance of Cefuroxime was used.

A SF-46 spectrophotometer (LOMO) with 1 cm match
quartz cells was used for spectral measurement.

Results and discussion

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

The method proposed is based on the quantitative
determination of Cefuroxime substance by the product
of two conjugate reactions of peroxoacidic oxidation and
perhydrolysis in the basic medium using Caro’s acid as
an analytical reagent (KHSO,). The reaction mechanism
has been proposed on the basis of the literature review
and the experimental study as shown in Fig. 1.

The redox interaction between Cefuroxime and potas-
sium peroxomonosulfate in the acidic medium (pH = 3-5)
was stoichiometrical and fast: 1 mol of Cefuroxime per
1 mol of KHSO; (the observation time — 1 min) was
determined by the iodometric method.

In the basic medium Cefuroxime S-oxide undergoes
hydrolytic cleavage. Fig. 2 shows the electronic spectra
of Cefuroxime and the reaction product. The appearance
of a new band with absorption A, = 290 nm demon-
strates its formation in the reaction of alkaline hydroly-
sis of Cefuroxime S-oxide in the presence of potassium
peroxomonosulfate (the perhydrolysis reaction).

The appearance of a new band gave the possibility
of development of a new method for the quantitative
determination of Cefuroxime. To solve this problem the
optimal conditions should be determined.

The absorbance changed substantially with the in-
crease of the concentration of Caro’s acid. The maxi-
mum tangent of inclination was obtained when 2.0 mL
0f 0.02 M of Caro’s acid was used. The maximum slope
was obtained when 2mL of 1.00M NaOH was used. Over
this volume no change in absorbance could be detected.
Therefore, 2mL of 1.00 M of NaOH was used as an op-
timum value.

The effect of the Cefuroxime concentration

Pipette 1 mL, 3 mL, 4 mL, 5 mL, 6 mL, 7 mL of
1 - 107 mol L™ solution of Cefuroxime into 100 mL volu-
metric flasks containing 2 mL of 0.02 mol L' KHSO;
solution and 2 mL of 1.00 mol L' NaOH solution. Mix
the content of the mixture of each flask well and re-
cord the increase in absorbance at 290 nm as a function
of time for 15 min against the reagent blank (Fig. 3).
It shows the dependence of absorption of Cefuroxime al-
kaline solutions on time at 290 nm and the acid concent-
ration. They have linear dependence for the first 10-15 min.
The corresponding plot is given in Fig. 3.
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Fig. 1. The scheme of chemical transformations of Cefuroxime using Caro’s acid

As it is seen from the plot, the tangent of inclination
depends on the Cefuroxime concentration. The kinetic
curves show that the slope increases proportionally with
the increase of the Cefuroxime concentration. Thus, the
initial rate method can be successfully applied for de-
termination of the content of Cefuroxime substance in
the conjugated reaction between Cefuroxime and Caro’s
acid in the alkaline medium using the kinetic spectro-
photometric method.

The validity of the method proposed was studied by
performing recovery studies. Precision and accuracy were
studied by analyzing five replicates of the sample solu-
tions at three concentration levels. The relative standard
deviations calculated were all below 2.2 %, indicating
the excellent precision of the method proposed.

Fig. 2. Electronic spectra of Cefurixime absorption (1) and the
product of conjugated reactions of S-oxidation and perhydrolysis
with Caro’s acid (2). C (Cefuroxime) = 5 x 10 mol L";

¢ (KHSO;) =4 x 10* mol L-1; ¢ (NaOH) = 0.02 mol L

The procedure is as follows: place 0.42 g (accurate
weight) of Cefuroxime in a 100 mL volumetric flask,
dilute to the volume with double-distilled water. Further
dilute 1 mL of this solution to the volume of 100 mL
with double-distilled water at 20 °C. Transfer 10.00 mL
of the solution obtained into a 100 mL volumetric flask
containing 2 mL 0f 0.02 mol L' KHSO; solution and 2 mL
of 1.00 mol L' NaOH solution. Shake the content, and
finally, dilute to the volume with double-distilled water.
After addition of NaOH solution switch a stopwatch on.
Transfer the solution obtained to a 1 cm cell to measure
the absorbance at the wavelength of 290 nm for first the
15 min every 2 min against water.

The kinetic dependence curve of absorbance A on
time (min) was obtained. The calculation was performed
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Fig. 3. The calibration plot for the kinetic determination of
Cefuroxime pure substance. ¢ (KHSO;) =4 - 10 mol L,
¢ (NaOH) =2.00 - 102 mol L
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Table Dbel claim was determined. The results of calculations
The results of calculations of Cefuroxime are given in Table.
accuracy and precision The LOD and LOQ were calculated based on the stan-
dard deviation of response and the slope of the calibration
Add?d' , Four:d, , Mea1n, , Recovery, | RSD, 5,%| curve. Itis expressed as LOD =3 x S /b, LOQ =10 x S,/b
mol L710°| mol L1 10° | mol L7 10 % % where S, is the standard deviation of response, b is the
2.98 slope of the calibration curve.
2.98 LOD =0.38 pg/mL, LOQ = 1.2 pg/mL.
3.00 2.98 3.03 101.00 |2.35(1.00 CONCLUSIONS
3.11 1. The possibility of the Cefuroxime analytical de-
3.11 termination by the biologically active part of the mole-
515 cule (alicyclic sulfur and B-lactam ring), reproducible
4.96 results and accuracy are the advantages of the method
proposed.
>00 4.96 >07 101:40 12051140 2. The initial rate method can be easily applied to
5.15 . . .
determine Cefuroxime substance, providing advantages
215 during the experiment.
6.97 3. The method developed has a good specificity and
6.97 allows determining the content of the Cefuroxime main
7.00 7.10 7.04 100.55 | 1.53]0.55 component avoiding impurities.
7.19 4. The results of accuracy and precision are in good
6.97 agreement with the results obtained in the reference

using the initial rate method (a differential variant). Five
replicate estimations were done in a similar way. The
content of Cefuroxime capsules was calculated, and la-

method. For the pure substance RSD = 1.53-2.35 %,
6=0.55-1.40 %. LOD = 0.38 ug/mL, LOQ = 1.2 ug/mL.
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