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The aim of the work is to validate a simple and rapid iodometric procedure for the quantitative determination of amoxicillin in pure substance
and medicinal preparation using potassium caroate as analytical reagent.

Materials and methods. The procedure involves the use of potassium caroate (KHSO,) as an oxidant. The assay is based on the quantitative
penicillin oxidation by KHSO, to the corresponding S-oxide. The interaction between amoxicillin and analytical reagent is stoichiometric.
Indirect iodometric method is used for the quantitative determination of amoxicillin main substance. The validation procedure was performed
according to the State Pharmacopeia of Ukraine.

Results. The precision, accuracy, limit of detection (LOD), and limit of quantitation (LOQ) are accepted over the concentration range of
80-120 % with a correlation coefficient of 0.999. LOD and LOQ were found to be 4.91 % and 14.73 % for amoxicillin pure substance
respectively. The precision calculated as the relative standard deviation (RSD) was less than 0.8 % and accuracy (9, relative error) was
better than 0.4 %. The proposed method was validated statistically and through recovery studies. For Amoxicillin medical preparation
RSD 21.93 % and 6 2 1.62 %.

Conclusions. The obtained data showed acceptable agreement with the certificate results, so the proposed procedure can be used for
the assay of amoxicillin in medicinal preparation.

Key words: analysis, validation, amoxicillin, potassium caroate.
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Banigauis nogoMeTpUYHOI METOAUKM KiNbKICHOTO BU3HAYEHHS aMOKCULMAiHY B CyGCTaHLil Ta nikapcbkoMy npenapari
tO. tO. Cepptokosa, O. B. Konichuk, T. O. Tomaposcbka, C. M. MNonysH, 3. B. Woskoga, O. I. MorocsH

Meta po6oTu — Banigauis NpocToi Ta LWBKMAKOI A0AOMETPUYHOT METOAMKN KiNlbKICHOTO BU3HAYEHHS! aMOKCULMIiHY B cy6cTaHLii Ta nikap-
CbKOMY npenaparti 3 BAKOPUCTaHHSM Kanii kapoaTty sk aHaniTM4HOTO peareHTy.

Matepianu Ta meToau. Metoauka nepeatavyae BukopucTanHs kanin kapoary (KHSO,) sik okucHMKa. AHaria 3acHOBaHUI Ha KinbKicHOMY
OKMCHeHHI newiuuniy KHSO, ao signosigHoro S-okcuay. OKMCHO-BiAHOBHA B3a€EMOAISA € KirlbKiCHOK Ta CTexioMeTpuyHot. Henpsama
NofoOMeTpUYHa MeToAMKa BUKOPUCTaHa AN KiflbKICHOrO BU3HA4YEHHS! OCHOBHOI pe4OBUHM amokeuuumniHy. Mpoueaypy Banigawii BukoHanm
BignogigHo ao [epxasHoi ®apmakonei YkpaiHu.

PesyniraTtn. TouHICTb, BiATBOPIOBaHICTb, MEXy BuABNEHHs (MB) i Mexy kinbkicHoro BusHadeHHs (MKB) BcTaHOBMOBaNu NpUNHATHUMM
B AianasoHi koHueHTpauii 80-120 % i3 koediuieHTom kopensuii 0,999. MB i MKB — 4,91 % T1a 14,73 % ans amokcuumniny cyberaHuii
BiANOBIQHO.

BigTBOpPOBAHICTD, LLIO pO3paxoBaHa K BiGHOCHE CTaHAapTHe BiaxuneHHs (RSD), ctaHoBuna meHwe Hix 0,8 %, a TouHicTb (O, BiAHOCHa
noxubka) — 0,4 %. 3anponoHoBaHUIN METOZ NPOBanifoOBaHO CTAaTUCTMYHO. [Ins amokeuuumniny nikapebkoro npenapaty RSD > 1,93 % i
021,62 %.

BucHoBku. Pe3ynsratin manu BiporigHy kopensuito 3 gaHuMu ceptudikata. OTxe, 3anponoHOBaHy METOAMKY MOXHa BUKOPUCTOBYBATM
[NS KiNbKICHOTrO BU3HAYEHHS aMOKCULMNIHY B NiKapCbKOMY npenapari.

Knrouogi cnoga: aHani3, Banigauis, aMOKCULMIIH, Kanii kapoar.
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OpueiHarbHi QoCiOXeHHs

Banupaums iiofomMeTpUYecKoil MeTOAUKM KONUYECTBEHHOIO onpeaeneHus aMOKCULMNTNHA B CyGCTaHLmMM
U NeKapCcTBEHHOM npenapare

tO. 0. CeppatokoBa, E. B. KonecHuk, T. A. Tomaposckas, C. M. MNMonysH, 3. B. LWoskosas, E. I'. MorocsH

Llenb pabotkl — Banuaaums NpocToi 1 6bICTp0I71 MOLOMETPUYECKON METOAMKMN KONUYECTBEHHOTO OMNpeaeneHns aMoKCULMnMHa B Cy6-
CTaHUMn 1 nekapCTBeHHOM npenapaTe C UCNoNb30BaHNEM KapoaTta Kanna B Ka4eCcTBe aHanuTU4eCKoro peareHTa.

Matepuansi n metoakl. MeTofuka npegnonaraet ucnonb3osaxue kapoara kanus (KHSO,) B kadecTse okucnuTens. AHanma OCHOBaH Ha
KOrM4eCTBeHHOM OKucneHun neHnuunnuia KHSO, no cooteetcTytolLiero S-okenaa. OKUCnUTeNbHO-BOCCTAHOBUTENbHOE B3AUMOAENCTBIE
SBMNSETCS KONMWYECTBEHHBIM 1 CTEXMOMETPUYECKUM. [INsi KONMYECTBEHHOW OLEHKM OCHOBHOIO BELLECTBA aMOKCULMIMMHA Obln ucnonb-
30BaH MEeTOA HEMPSIMOro MOLOMETPUYECKOro TUTpoBaHust. Npoleaypa Banuaauuy npoBoaunack B COOTBETCTBUM C [OCY[apCTBEHHOM
dapmakoneeit YkpanHbl.

Pesynkratkl. TO4HOCTb, BOCMPOW3BOAMMOCTb, Npefen obHapyxenus (MO) n npeaen konudecteeHHoro onpegenenus (MKO) 6binu npu-
emrnembl B avanasoHe KoHueHTpauuin 80-120 % ¢ koadpcuumerTom koppensaummn 0,999. MO un NKO coctasunmn 4,91 % v 14,73 % ans
aMOKCULMNNMHa cybCcTaHLmMM COOTBETCTBEHHO. BOocnpon3BoaMMOCTb, paccunTaHHas Kak OTHOCUTENbHOE CTaHAapTHOe oTknoHeHue (RSD),
cocrasuna meHee 4em 0,8 %, a TOUHOCTb (O, OTHOCUTENbHas norpelwHocTb) — 0,4 %. MpeanoxeHHas MeToaMka NpoBanuaMpoBaHa cTa-
TcTuyeckun. ins amokeuumniuHa npenapara RSD 2 1,93 % 1 6 2 1,62 %.

BbiBoab!. nOﬂy‘-IeHHbIe pesynbratbl UMeNn OCTOBEPHYIO Koppenauuto ¢ JaHHbIMKU cepTugumkara. CnepgoBartenbHo, npegnoxeHHaa me-

TOAMKA MOXET ObITb MCNOMb30BaHA AN KONMMYECTBEHHOTO onpeneneHna aMmokCuumnnMHa B fieKapCTBeHHOM npenapare.

KntoyeBble cnoga: aHanus, Banuaaumns, aMOKCULMINIINH, KapoaT Kanums.

AkTyanbHble Bonpochl hapMaLeBTUYECKON M MeaMLMHCKON Hayku U npakTuku. 2022. T. 15, Ne 1(38). C. 19-24

Penicillin is widely used in nowadays treatment of various
diseases. It belongs to a f-lactam group of antibiotics. The
modern literature reveals the following procedures proposed
for quantitative analysis of Amoxicillin assay in bulk and
medicinal preparation. There are chromatography procedures
[1,2]. The techniques are accurate and precise but require
long-lasting preparation and expensive reagents. The titri-
metric procedures [3] are developed for some penicillins.
A blank determination is required. Voltammetric [4,5],
spectrophotometric [6,7], and chemiluminescence [8,9]
procedures are also described in modern research results.
They are sensitive enough, show precise and repeatable data.
The proposed methods the require application of additional
equipment which is not suitable for small laboratories. HPLC
is a pharmacopeial method recommended for the penicillin
assay [10-12].

The reverse iodometric titration is used for the quantita-
tive determination of penicillins. The titer of the procedure
depends on temperature and should be corrected each time.
The experiment performance is approximately 40 min [13].

So, the titration procedures can be appliable for Amoxi-
cillin assay because of their simplicity, economic profit, and
duration.

One of the advantages of the developed procedures is
the usage of one oxidation reagent for the determination of
different f-lactams. This reagent is nonpoisonous, low-cost,
stable while stored storage for a long time. Potassium caroate
as an analytical reagent meets all of the requirements.

That is why validation of Amoxicillin pure substance and
medical preparation reverse iodometric titration quantitative
determination by means of potassium caroate is of great
interest.

Aim
The aim of this work is the investigation a reaction of Amoxi-
cillin with potassium caroate and validation of the deve-

loped iodometric procedure for pure substance and medical
preparation.

Materials and methods

All used reagents were of a chemical purity.

Potassium caroate (KHSO,) solution was used as an ana-
lytical reagent. Caro acid is commercially available under
the trade name “Oxon”. The 0.02 mol L' solution of potas-
sium caroate is stable enough (the oxidation activity remains
constant during 30 days). It is nontoxic and not expensive.

1. Preparation of 0.02 mol L' potassium caroate solution.
0.615 g (the precise weight) of KHSO, are dissolved in 100
mL of distilled water at 293 K. The reverse iodometric ti-
tration is used for blank determination of potassium caroate
content.

2. Preparation of 0.02 mol L' sodium thiosulphate solution.
The standard titer fixanal was used for preparation of the
0.1 mol L' sodium thiosulphate solution at 293 K.

3. Preparation of 5 % potassium iodide solution. 5.0 g of
potassium iodide was dissolved in 100 mL volumetric flask
in distilled water.

4. Preparation of 0.1 mol L'sulfuric acid solution. The
standard titer fixanal was used for the preparation of the solu-
tion.

The microburette with the £0.01 mL accuracy was used
for iodometric investigation.

Amoxicillin pure substance was used as received. The
content of the main substance was determined independently
by the method of HPLC and given in the quality certificate,
together with the moisture. Amoxicillin medical prepara-
tion was used in the form of capsules (0.5 g, produced by
TEVA, France). The quality certificate data were obtained
by the HPLC method (the content of Amoxicillin is 0.491 g).

The procedure of Amoxicillin assay using HPLC method. Liquid
chromatography (2.2.29) as described in the test for related
substances with the following modifications. Mobile phase
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Initial composition of the mixture of mobile phases A and
B, adjusted where applicable. Injection Test solution (a) and
reference solution (a). System suitability Reference solution
(a): — repeatability: maximum relative standard deviation of
1.0 percent after 6 injections.

Calculate the percentage content of C H /N,O,S from
the declared content of amoxicillin trihydrate CRS [10—12].

Investigation of S-oxidation reaction of Amoxicillin with
potassium caroate. 10.0 mL 0of 0.02 mol L' of potassium caroate
solution and 10.0 mL of 0.01 mol L penicillin solution
were pipetted into 100 mL volumetric flask and brought to
the mark with distilled water. After the addition of Amoxicil-
lin, the stopwatch was switched on. The volume was mixed.
After certain periods of time 10 mL of the obtained mixture
were taken for titration into flask containing 1 mL of sulfuric
acid solution and 1 mL of potassium iodide solution. The 0.02
mol L' sodium thiosulphate solution was used for titration
of isolated iodine in the presence of starch.

The procedure of Amoxicillin pure substance determination
using potassium caroate. 0.35 g of penicillin were dissolved
by heating in 10 mL of DMFA 100.00 mL volumetric flask.
After the complete dissolution, the volume was brought to
the mark with distilled water. Further like in the S-oxidation
reaction of Amoxicillin.

The blank investigation was performed in the same condi-
tions paralleled (without Amoxicillin with the same amount
of KHSO, 0.02 mol L™ solution).

The procedure of Amoxicillin medical preparation determi-
nation using potassium caroate. The content of the capsule
was dissolved in 10 mL of DMFA by heating in 100.00 mL
volumetric flask and brought to the mark with distilled water.
Further like in the Amoxicillin pure substance.

Method Validation. The method was validated according
to the State Pharmacopeia of Ukraine article “Validation of
analytical methods™ [14]. The following criteria were analyz-
ed: specificity, accuracy, precision, linearity, range, detection
limit, quantitation limit. Microsoft® Excel 2010 was used for
the calculation of regression parameters.

Results

The procedure is based on the reaction of amoxicillin S-oxi-
dation using potassium caroate in acidic medium. The scheme
of the hypothetic reaction is assumed from literature survey
and our investigations and is shown in the Fig. /.

The excess of potassium caroate was determined by reverse
iodometric titration.

Each one mL of sodium thiosulphate 0.01 mol L' solution
is equivalent to 0.001827 g of amoxicillin preparation.

The recommended range of titration procedure is the in-
terval from 80 % to 120 %. The straight linear dependence
was investigated for five working solutions with the concen-
trations 80 %; 90 %; 100 %; 110 % and 120 %. The titration
was repeated three times for every concentration. The results
obtained were analyzed by the least square method for
the straight linear dependence: Y =b-X + a. They are shown
in Table 1. The linearity was studied in the normalized coor-
dinates and is proposed in Fig. 2.
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Fig. 1. The scheme of chemical interaction between amoxicillin and
potassium caroate.
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Fig. 2. Straight linear dependence of sodium thiosulphate volume on
concentration of amoxicillin.

The precision and ruggedness of the proposed procedure
were studied by measuring five different concentrations with
three times repetition. Accuracy and convergence were stu-
died using the same working solutions. The obtained results
were analyzed statistically. The received data were compared
to the SPhU criterion. The results are shown in Table 2.

The results of Amoxicillin capsules quantitative determi-
nation using potassium caroate as an analytical reagent by
the iodometric procedure are given in Table 3. The inves-
tigation was performed for 3 different concentrations and
robustness was studied for two days.

Discussion

The S-oxidation reaction between Amoxicillin and potassium
caroate is quantitative and stoichiometric: 1 mol of potassium
caroate goes per 1 mol of Amoxicillin. Amoxicillin S-oxide is
the product of redox interaction. The duration of interaction
is not more than 1 min [3].
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Table 1. Characteristic parameters of the linearity of amoxicillin assay using potassium caroate (Y = b-X + a)

Standard deviation (SD) | Statistical uncertainty criterion (< 1.21-SD) | Practical acceptability criterion

a 14735 |S,=1.465 |a]<2.25 corresponds
b 0.9850 [S,=0.015 | b-1|<0.146 corresponds
S ou 0.465 <0.48 corresponds
R 0.99969 20.99959 corresponds
LD 491 %

LoQ 14.73 %

Table 2. The results of validation parameters analysis for Amoxicilline iodometric determination using potassium caroate

No. of working solution Nominal x, % | Titrant volume (V, - V,), mL
1 1.14

Actual y, (%)

Actual in compare with nominal, % Z,= 100 (Y, / X)

78.95 98.69
2 80.00 117 77.59 96.99
3 1.16 79.63 99.53
4 1.30 90.03 100.03
5 90.00 1.29 89.34 99.27
6 1.31 90.72 100.80
7 143 99.03 99.03
8 100.00 1.43 99.03 99.03
9 1.44 99.73 99.73
10 1.61 111.50 101.36
1 110.00 1.59 110.11 100.10
12 1.60 110.81 100.74
13 1.75 121.20 101.10
14 120.00 1.74 120.50 100.42
15 1.74 120.50 100.42
Mean 99.82
Relative standard deviation 0.82
Relative confidence interval 0.44
Systematic error +0.02
Statistical insignificance of systematic error 6 < A, 0.01<0.47 Performed
Statistical insignificance of systematic error 6 < max & 0.01<0.67 Performed

Table 3. Quantitative determination of Amoxicillin capsules 0.5 g results using potassium caroate as analytical reagent

I L

Level 0.500 0.400 0.300 0.500 0.400 0.300

1 0.475 0.375 0.295 0.495 0.389 0.280

2 0.489 0.385 0.280 0.495 0.392 0.285

3 0.485 0.385 0.285 0.489 0.377 0.289

4 0.485 0.387 0.285 0.479 0.389 0.289

5 0.489 0.392 0.287 0.485 0.385 0.295

Mean, g 0.485 0.385 0.286 0.489 0.386 0.288

RSD, % 1.18 1.61 1.91 1.40 1.50 1.93

5, % 1.01 1.15 1.62 0.41 1.15 1.52
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Straight linear dependence is significant in the range of
80-120 % investigated concentrations. The linear equation
is used for the calculation of amoxicillin pure substance
quantitative determination using reverse iodometric titration.
The equation of the calibration curve is Y = (1.47 £ 0.15)X
with a correlation coefficient r = 0.99. The obtained results
of linearity dependence meet the requirements of the SPhU
article for validation of analytical procedures such as titration.
The values received correspond to obligatory for evaluation
of the proposed procedure.

The limit of detection (LOD) and the limit of quantification
(LOQ) are less than 32 % and do not influence the quantita-
tive determination of amoxicillin in the pure substance-using
calibration curve method.

The method was successfully applied for the determination
of amoxicillin in pure substance for five different concentra-
tions with percent recoveries of 99.82 %. The statistic pa-
rameters meet the standards of the requirement investigation.

The procedure of amoxicillin quantitative determination
using potassium caroate was performed for amoxicillin
capsules. The precision, accuracy, and robustness were de-
termined. Under three concentrations within two days, RSD
did not exceed 1.93 % (6 = 1.62 %).

Conclusions

The reaction of Amoxicillin and potassium caroate was
studied and the possibility of its application in the phar-
maceutical analysis was shown. The developed procedure
had statistical results that allow determining the content of
Amoxicillin content in pure substance and medicinal prepa-
ration. For Amoxicillin in bulk and capsules RSD = 0.82 %,
0=0.44 % and RSD =1.93 %, 6 = 1.62 %, correspondingly.
LOD=4.15 %, LOQ =12.46 %. The investigated procedure
of Amoxicillin assay using potassium caroate by reverse
iodometric titration can be provided into the analysis as an
alternative to pharmacopeia.
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