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QUANTITATIVE DETERMINATION OF AMOXICILLIN BY SPECTROPHOTOMETRIC METHOD
USING POTASSIUM CAROATE

Despite the fact that many different physicochemical methods are used in the practice of analysis, the task of improving known
and developing new methods for quantitative determination of penicillins remains relevant in the future. Existing pharmacopoeial
methods for determining drugs of this series are quite complex, time-consuming, and require the use of sophisticated, expensive
equipment. The disadvantage of the known, fairly simple methods for spectrophotometric determination of penicillins, which are
reduced to determining the final products of their hydrolytic cleavage, is the need for prolonged heating.

Aim: development of new improved unified method for the quantitative determination of Amoxicillin (Amox).

Materials and methods. The object of the study was Amox sodium powder in vials for the preparation of an injection solution
(«Amoxicillin Sodium Salt», 1000 mg). Peroxomonosulfate acid as triple potassium salt 2KHSO-KHSO,-K SO, (Oxone®) of “extra
pure” qualification was used as oxidant. Using the method of kinetic spectrophotometric, procedure for the quantitative determina-
tion of Amox in the substance and the drug product have been developed using potassium caroate as an analytical reagent (KHSO).

Results and discussion. A unified methodology was developed and the possibility of qualitative determination of Amox in
pure substance and drug using potassium caroate was investigated by kinetic-spectrophotometry. The scheme of the chemical
transformation of Amox with the reaction of potassium caroate has been proposed. The kinetic of the conjugated reactions of
S-oxidation and perhydrolysis of Amox with potassium caroate in alkaline medium is studied by the increase of forming product
light absorbance at 296 nm. The appearance of a new wave gives the possibility of developing a new procedure for the quantitative
determination of Amox. The reaction rate was monitored spectrally and display in real time. A differential variation of the tangent
method was used to process the kinetic data.

Conclusions. Using the kinetic-spectrophotometry method, a method for the quantitative determination of amoxicillin in the
substance was developed and the drug product have been developed using potassium caroate as an analytical reagent (KHSO,).
The developed method of quantitative determination of Amox can be used to develop analytical regulatory documentation for
medicinal products, as well as in the practice of state laboratories for quality control of medicinal products and central factory
laboratories of pharmaceutical enterprises.

Key words: oxidation, kinetic-spectrophotometry, validation, potassium caroate, amoxicillin.

CeiT1aHa Kapnogsa, OJsibra AHTOHEHKO. KIVIBKICHE BU3HAYEHHA AMOKCHUIIUJIIHY
CIEKTPO®OTOMETPUYHHUM METO/IOM 3A IONIOMOTI'0OI0 KA/ KAPOATY

Hessaxcarouu Ha me, wjo 8 npakmuyi aHaizy sukopucmogyroms 6a2amo pisHoMaHimHux gisuko-ximiunux memodis, 3a80aH-
HS1 800CKOHA/IEHHS 8I00MUX MA ONPAYy8AHHA HOBUX MeMOOJUK KiNbKICHO20 8U3HAYEHHS NEeHIYUAIHI8 3aAUWAEMbC aKkmyaab-
HuM [ Hadaxi. IcHytoui papmakoneliHi Memoduku 8U3HAYeHHs npenapamis Yybozo psidy docmamHbo CKAAOHI, doszompusasi ma
8UMA2alOmMb 8UKOPUCMAHHSA CKAAJHOI sucokokowmosHoi anapamypu. Hedoaikom gidomux docmamHbo npocmux y 8UKOHAHHI
Memoduk cnekmpogomomMempu4Ho20 8U3HAYEeHHS] NeHIYUIHIB, sKi 360051mMbCsl 00 8U3HAYEHHS KIHYeaux npodykmis ix 2idposi-
Mu4HOo20 po3uwjensieHHs, € HeobxidHicmb mpuea/1020 HaA2pPiBAHHSI.

Memapo6omu: po3po6ka Ho8oi 800ckoHA/1eHOTYyHipiKoBaHOT MemoduKU KibKiCHO20 8U3HAYEHHS AMOKCUYUIIHY.

Mamepiaau ma memodu. 06’ckmom docaidnceHHss 6y8 nopowok Hampitl AMOKCUYUAIHY Y PAaKOHAX 0151 NPU20My8aHHs
PO3YUHY 04151 UH'ekyili («Amokcuyuainy Hampiega cinby, 1000 m2). Ik OKUCHUK BUKOPUCIMO8Y8A1U NEPOKCOMOHOCYAbhamHy Kuc-
sn0my y euzaa0i nompitinoi kaiesoi coai 2KHSO -KHSO,-K,SO, keanigpikayii “extra pure” (Oxone®). Bukopucmosysanu memod
KIHemuko-cnekmpogomomempii 0451 po3po6.1eHHSI MeMOOUKU KINbKICHO20 8USHAYEHHS AMOKCUYUAIHY 8 cy6cmaHyii ma aikap-
CbkoMy 3aco6i 3 GUKOPUCMAHHAM KaAlll Kapoamy K aHaaimuyvHozo peazenmy (KHSO).
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Pe3zyibmamu ma ix o62o08opeHHA. Po3pobaeHo yHigikoeaHy memodukKy ma 0ocaiddceHo MOoxcaugicmb KiabKiCHO-
20 BU3HAYeHHS1 MemodoM KiHemuko-cnekmpogomomempii amokcuyuainy 8 wucmiill peyosuHi cy6cmanyii ma npenapami 3
BUKOPUCMAHHAM Ka/ill kapoamy. 3anponoHO8aHO cXeMmy XIMI4YH020 nepemeopeHHs1 AMOKCUYUIIHY 3 peakyierw kapoamy Ka-
air. Kinemuky cnpsisiceHux peakyili S-oKUCHeHHs1 ma nepzioponizy amMoKCuyuaiHy 3 Kaaill Kapoamom y AYHCHOMY cepedosu-
wi docaidsicyroms 3a 36in1bWEHHAM NO2AUHAHHSA €8ImAa NpodyKmoM, wo ymeopioemucs, hpu 296 um. [losea Hoeoi xsuai dae
MoxcaAugicms po3pobumu Hogy npoyedypy KiAbKICHO20 BUSHAYEHHS aMOKcuyuainy. llleudkicms peakyii KOHMpoA08aAU CNEK-
mpa/sbHo ma 8ido6paxcanu 8 pexcuMi peaabHo20 Yacy. [l1s1 06pobku KiHemu4HUX daHux sukopucmosysaau dugpepeHyianbHy
eapiayiro maHzeHyiliHo2o memody.

BucHogku. Bukopucmogyryu Mmemod KiHemuko-cnekmpogomomempii, 6ya1a po3pobieHa Memoduka KiabKICHO20 8U3HAYEH-
Hsl AMOKCUYU/IHY 6 cy6cmanyii ma Aikapcbkomy 3acobi 3 BUKOPUCMAHHAM KaAill kapoamy sk aHaaimuunozo peazenmy (KHSO,).
Po3pobaeHa memoduka KinbKiCHO20 BU3HAYEHHS AMOKCUYUAIHY MOxce 6ymu euKopucmaua 041 po3pobKku aHaaimu4Hoi Hopma-
mueHoi doKyMeHmayii Ha AiKapcbki 3acobu, a makoxc y npakmuyi depicasHux 1a6opamopiil 3 KOHMpoJ1o AKocmi AIKapcbKux

3aco6ie ma yeHmpa/abHUX 3a800CbKUX 1a60pamopill papmayesmu1HuUx nionpuemMcma.
Kamouoei caosa: okucHeHHs, KiHemuko-cnekmpogomomempis, eaaidayis, kaili Kapoam, AMOKCUYUIH.

Introduction. Amoxicillin is a widely utilized beta-
lactam antimicrobial drug approved by the U.S. Food
and Drug Administration (FDA) for use in the primary
care setting. Amox is an aminopenicillin created by add-
ing an extra amino group to penicillin to battle antibi-
otic resistance. Amox is effective against a wide range
of gram-positive bacteria, offering additional cove-
rage against some gram-negative organisms compared
to penicillin. This activity delves into the indications,
mechanism of action, administration, contraindica-
tions, and adverse event profiles associated with Amox.
This activity equips clinicians with a comprehensive
understanding of amoxicillin to optimally enhance their
ability to manage infectious diseases in patients [8].

AmoxshowninFig.1ischemicallyknownasbyIUPAC
Name (2S,5R,6R)-6-[[(2R)-2-amino-2-(4-hydroxyphe-
nyl) acetyl] amino]-3,3-dimethyl-7-oxo0-4-thia-1-azabi-
cycloheptane-2-carboxylate.

Fig. 1. Chemical structures of Amoxicillin

The quantitative determination of drugs penicillin
series becomes more and more important. The con-
trol of the quality and quantity is one of the obligatory
steps for manufacturing medicines. The number of
medicines produced increases from year to year and
the quality of the drugs have to be controlled. There-
fore, the development of new procedures that are
easy to perform and cost-effective is of great interest.
The procedures proposed should be unified, selective,
sensitive, and precise, and they should be validated
by the monograph “Validation of analytical methods” of
the State Pharmacopeia of Ukraine (SPhU). European
Pharmacopoeia (EPh) penicillin quantitative deter-
mination is performed by high performance liquid

chromatography (HPLC).International Pharmacopoeia
recommends to determine penicillin summary in semi-
synthetic penicillin by neutralization method after
preparation hydrolysis by excess of sodium hydroxide
titrated solution at heating [6].

The analysis of literary data shows that a promising
direction of scientific research is to find out the possi-
bility of carrying out the analysis of penicillins. The me-
thods that are currently used to determine penicillins
in pharmaceutical preparations have been reviewed.
They include analytical measurement and appli-
ance, equipment designed to perform a specific task
in dependency of detection methods.

Well, described in scientific articles methods of
potentiometry titration, amperometry, high-perfor-
mance liquid chromatography (HPLC), voltammetry,
polarographic analysis, micelle electrokinetic capillary,
spectrophotometry, chemiluminescense, iodometry
and others [1-5, 7, 9-11] for the quantitative determi-
nation of penicillin drugs.

The issue of quantitative determination of peni-
cillins does not lose its relevance. Most of the known
methods for the quantitative determination of penicil-
lins are reduced to the determination of the final pro-
ducts of their hydrolytic cleavage, which are obtained
at the previous stage of analysis. They are long-lasting
and require heating.

The methods for determining Amox developed by us
have a number of advantages over the already known
ones: they allow determining Amox in much smaller
quantities, do not require long-term heating of the reac-
tion mixture simple and faster.

The developed spectrophotometric method is
time saving, simple, accurate, economic, sensitive and
reproducible, can be used in quality control labora-
tories. Also, the principal advantages of the present
method are that it is rapid and enough precise compa-
ring with other methods of assay.

Thus, this article is devoted to the search for an
analytical reaction and finding out the optimal condi-
tions for its course, which can be used as a basis for the
quantitative determination of Amox using potassium
caroate [12-15].
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Materials and methods. All the materials were of
analytical reagent grade, and the solutions were pre-
pared with double-distilled water.

For the research, Amoxicillin sodium salt of phar-
macopoeial purity, a dry sterile powder in vials
(1000 mg) for inejction «Amoxicillin Sodium Salt»,
CAS Number 34642-77-8, Catalog Number A-551-1,
Jiangxi Bolai Pharmacy Co. Ltd, China. Potassium
caroate was obtained from commercial sources and
used as an oxidant in the form of a triple potassium salt
(2KHSO.KHSO,K,SO,, “Oxone”) of “extra pure” grade
with an active oxygen content of 4.5%. The choice of the
reagent was due to its availability, fairly good solubi-
lity and stability in aqueous solutions, and a relatively
high oxidizing ability. The reagent is used due to its
availability, good solubility and stability in water, also
its relatively high oxidation ability. Standard electrode
potential for semireaction

HSO_ +2H*+2¢& - HSO, + H,0

is1.81 V.

Working  solution of potassium caroate,
2x1072 mol-L-1. A weighed portion of 0.6148 g
of the salt was dissolved in 100.0 mL of double-distilled
water at 20 °C. The solution concentration was cont-
rolled by iodometric titration.

As a standard sample of Amoxicillin sodium salt, we
used the substance of Amox of pharmacopoeial purity
with the content of the main substance of 98.5%.

Standard sample solution of Amox, 1x10-2 mol-L™.
0.3874 g of Amoxicillin sodium was diluted in dou-
ble-distilled water in a 100 mL flask at 20 °C.

Working solutions of Amox. Seven aqueous solu-
tions of the following concentrations (%): 60; 80; 100;
110; 120; 130; 150 were prepared in 100 mL volu-
metric flasks; the corresponding portions of 0.2324;
0.3099; 0.3874; 0.4261; 0.4649; 0.5036; 0.5811 of the
Amox substance were weighed (g).

Sodium hydroxide solution, 5.5x107% mol-L™.
The sodium hydroxide solution was prepared accord-
ing to Hillebrant by diluting the saturated solution with
freshly distilled water.

Spectrophotometry. The spectra of solutions of
Amox and its oxidation products were recorded, and
the light absorption of solutions in a quartz cuvette
per 1 cm was measured on an Evolution 60S UV-Visible
Spectrophotometer Thermo-Scientific (USA) against
the solution without Tic or double-distilled water
(compensation solution).

Kinetic Spectrophotometric Method. Close
50 mg (accurate weight) of the powder of the Amox
sodium salt studied was transferred into a 100 mL
volumetric flask, dissolved in 50 mL of distilled
water, the solution was diluted to the volume, and the
content was mixed. 5.00 mL of the solution obtained
was transferred into a 50 mL volumetric flask, 4.0 mL

of a 2x10? mol-L™* KHSO, solution and 4.0 mL of
NaOH with the concentration of 5.5x1072 mol-L™! was
added. The resulting solution was exposed to pho-
tometric measurements for 10 min in a 1 cm quartz
cuvette at 296 nm using distilled water as a compen-
sation solution.

Results and Discussion. The effect of Caro’s acid.
1 mL of 1x10-2 mol-L-1 solution of Amox was pipetted
into 100 mL volumetric flasks containing 1 mL, 2 mL,
3mL, 4 mL, 5 mL and 7 mL of 2x10-% mol-L* KHSO,
solution and 1 mL of 5.5x10-2 mol-L-! NaOH solution.
The content of the mixture of each flask was mixed well,
and the increase in absorbance at 296 nm was recorded
for 30 min against the reagent blank as a function of
time. It showed the dependence of absorption at
296 nm of Amox alkaline solutions against time as a
function of the acid concentration. A linear dependence
was observed for the first 30 min. The maximum slope
was obtained when 4.0 mL of 2x102 M Caro’s acid
was used. Thus, 4 mL of 2x10 M Caro’s acid was
chosen as the optimal value.

The effect of the Sodium Hydroxide concen-
tration. 1 mL of 1x10-2 mol-L-1 solution of Amox was
pipetted into 100 mL volumetric flasks containing
0,5 mL 1mL, 2 mL, 3 mL, 4 mL, 5 mL and 7 mL of
5.5x1072 mol-L™* NaOH solution of 2x10-* mol-L™* KHSO,
solution. The content of the mixture of each flask was
mixed well, and the increase in absorbance at 296 nm
was recorded for 30 min against the reagent blank as a
function of time. It showed the dependence of the absorp-
tion at 296 nm of Amox alkaline solutions against time as
a function of the acid concentration. A linear dependence
was observed for the first 10-15 min. The maximum
slope was obtained when 4 mL of 5.5x10-2 mol-L* NaOH
was used. Thus, 4 mL of 5.5x10? mol-L* NaOH was cho-
sen as the optimal value.

The effect of the Mezlocillin concentration.
Without KHSO, under the above conditions, no reac-
tion product was formed for 30 min. The necessary
excess of KHSO, can be explained by the influence of
further hydrolytic decomposition of S-oxide Amox
in the alkaline medium (nucleophilic catalysis of the
hydrolysis of the -lactam and thiazolidine cycles).
Due to the alpha effect, KHSO, is a stronger nucleop-
hile than hydroxide ion by many times (Fig. 2). PMS-
induced oxidation of f-lactam antibiotics was pro-
posed to proceed through a non-radical mechanism
involving direct two-electron transfer along with
the heterolytic cleavage of the PMS peroxide bond.
The product analysis indicated oxidation of f-lactam
antibiotics to two stereoisomeric sulfoxides.

Plotting a calibration graph. Using a microbu-
rette, 0.50; 2.50; 3.00; 4.00; 5.00; 6.00 mL samples of
the standard Amox solution were added to 50 mL volu-
metric flasks followed by 4 mL of 2:10-?mol-L-* KHSO,
solution put to each flask, and the content was shaken
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Fig. 2. The scheme of coupled reactions of peroxyacid oxidation
and perhydrolysis of sulfon Amox with the formation of a substituted derivative
of N-acryl-B-penicylamine sulfate

thoroughly. 4.0 mL of 5.5x10-2 mol-L-! NaOH solution
were sequentially poured into each flask; the solution
was diluted to the volume with distilled water and thor-
oughly mixed. After adding alkali to the solution, the
stopwatch was started. The resulting solutions were
photometered in a quartz cuvette with a thickness of
1 cm at 296 nm against distilled water (compensation
solution) for 10 minutes every minute at 20°C, and
kinetic curves of the dependence of the optical density
on time were plotted. According to the slope of the lin-
ear sections of the kinetic curves, a calibration depen-
dence of tga on the concentration of Amox (c, pg-rmL™1)
was constructed.

Fig. 3 shows a calibration graph for determining
Anmox, according to which, the dependence of concen-
tration on tga is linear in the range of 5 to 50 pg-mL.
This makes it possible to determine the quantitative

tga, 10-3,
min-1
60,0

content of Amex in the given concentration range
by the standard method.
The content of C,;H,,N.O.S, in mgin one vial, (Xamox)

was calculated by the formula:

g *tgo-a-w

XAmox - a- tgast
where: a_ - is the mass of a standard sample of Amox
sodium salt, mg;

tga_ - is the tangent of the angle of the slope of the
kinetic curve in the study with the standard solution
of Amox sodium salt, min;

w - is the content of C, H,;]N,O.S Amox sodium salt
in the standard sample of Amox, in mass fractions;

a - is the weighed portion of the powder of Amox
sodium salt studied, mg;

y=1,0011x + 1,3607

50,0
40,0
30,0
20,0
10,0

0,0
25

R*=0,9859

35 45 55

¢, ugxmL-1

Fig. 3. The calibration graph for the quantitative determination of Amox,
c(NaOH) = 5.5x10"? mol-L%; ¢(KHSO,) = 2.0x107? mol-L™*
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Table 1

Results of the quantitative determination of Amoxicillin by the Kinetic-spectrophotometric method
in the Amox drug according to the reaction with potassium caroate (P =0.95,n =7)

F d i
Amoxicillin taken, mg oun Results of processing
mg % statistical data
945.2 94.5 ¢ 9423 (94.2%
X =942. 2%
952.4 95.2 S=+ 793549
949.3 94.9 S, =+2.99933
935.08! 937.7 93.8 AX = + 7.34836
928.3 92.8 RSD =+ 0.84%
e=+0.78%
941.2 94.1 8 = +0.78%
942.1 94.2

Note: [a] The Amox content indicated in the quality certificate (1); [b] 6 = (X - 1) x 100% x p .

a - is the average weight of the drug in the vial, mg;

tga - is the tangent of the angle of the slope of the
kinetic curve in the study with the test solution of Amox
sodium salt, min.

The results of the analysis of the Amox drug by kinetic
spectrophotometric method are shown in Table 1.
The relative standard deviation did not exceed 0.84%
(6=+0.78%).

Conclusions. The possibility of analytical deter-
mination of Amoxicillin by the biologically active part
of the molecule (alicyclic sulfur and B-lactam ring) is
shown, the proposed methods give reproducible and
accurate results. The developed methods have good
specificity and allow determining the content of the

main component of Amoxicillin, avoiding the influence
of impurities. The results of accuracy and precision
are in good agreement with the results obtained by
the reference method. Using the kinetic-spectropho-
tometry method, a method for the quantitative deter-
mination of amoxicillin in the substance was devel-
oped and the drug product have been developed using
potassium caroate as an analytical reagent (KHSO,).
The developed method of quantitative determination
of Amoxicillin can be used to develop analytical regu-
latory documentation for medicinal products, as well
as in the practice of state laboratories for quality con-
trol of medicinal products and central factory labora-
tories of pharmaceutical enterprises.
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