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Abstract

The search for new analytical reactions and finding out the optimal conditions for their course, which can be used as the
basis for quantitative analytical determinations of penicillins, is a very urgent task.

Aim. To develop methods for the quantitative determination of Oxacillin.

Materials and methods. The study object was Oxacillin sodium salt powder in vials for preparing a solution for injections
(0.5 g). Peroxomonosulfate acid as triple potassium salt 2KHSO,-KHSO,-K,SO, (Oxone®) of “extra pure” grade was used as an
oxidant. The methods of kinetic spectriphotometry and redox titration were used.

Results and discussion. A simple procedure for the quantitative determination of the Oxacillin pure substance by the kinetic
spectrophotometry and redox titration methods using potassium hydrogen peroxomonosulfate (KHSO;) has been developed.
The results of the drug analysis obtained by newly developed and current methods are in good agreement with each other;
6 (correctness) = (0.45-0.86) %.

Conclusions. Using the methods of kinetic spectrophotometric and redox titration, two independent procedures for the
quantitative determination of oxacillin in the substance and the drug product have been developed using potassium hydro-
gen peroxomonosulfate as an analytical reagent (KHSO,). A relative standard deviation RSD = (1.24-2.17) %.
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KinbKicHe BU3HaYeHHA OKcauuaiHy meToaamm KiHeTUKO-cneKTpogdoTomeTpii Ta OKUCHO-BiAHOBHOTO
TUTPYBAHHA

AHoTauinA

MerTa. MoLWyK HOBUX aHANITUYHUX pPeaKL,ii Ta 3’aAcyBaHHA ONTUMAIbHMX YMOB iX nepebiry, siki MoxKyTb 6yTW NoOKNageHi B OCHOBY
KiNIbKICHWX aHaNiTUYHUX BU3HAYEHb NEHIUUNIHIB, € BE/IbMUW aKTya/lbHMM 3aBAaHHAM. MeToto Liel poboTn 6yno po3pobutu
METOAMKM KiNbKICHOrO BU3HAUYEHHA OKCALMUIHY.

Martepianu Ta metogu. O6’ekTom aocnigxeHHs b6ys OKcaLW/IiH— MOPOLIOK HATPiN oKcauuniHy y dnakoHax a1a npuroTyBaH-
HA PO34MHY ANA iH ekl (0,5 r). AK OKMCHUK BUKOPUCTOBYBAAW NOTPIHY Kaniesy cinb 2KHSO4-KHSO,-K,SO, kBanidikauii “ex-
tra pure” (Oxone®). Y gocnigeHHi 6yno 3a4isHO MeToAM KiHeTUKO-CNeKTPOPOTOMETPIi Ta OKUCHO-BiAHOBHOMO TUTPYBaHHSA.
Pe3ynbTaTtu Ta iXx 06roBopeHHsA. Po3pob1eHo npoLeaypy KibKiCHOro BUSHaUYEHHSA OKCaLuaiHy METOA4aMM KiHETUKO-CNEeKTPO-
doTomeTpii Ta NOLOMETPUYHOIO TUTPYBAHHA 3 BUKOPUCTAHHAM Kanil risporeHnepokcomoHocynbdaty. Pe3ynbtati aHanisy
npenapary, oAeprKaHi 33 HOBOONPALLbOBAHMMM Ta YUHHUMUN METOAMKAMM, [06pe y3roAKyTbcsa MiK coboto; & (MpaBuab-
HicTb) = (0.45-0.86) %.

BMCHOBKM. 32 JONOMOrO0 MeTOAIB KiHeTUKO-cnekTpodoTomeTpii Ta MOJOMETPUYHOTO TUTPYBAHHA Po3pobieHo ABi Hesa-
NIEXKHI METOAMKM KiNbKiCHOro BMU3HAYEHHS OKcauuaiHy B cybcTaHL,i Ta iKapcbKOMy Npenaparti 3 BUKOPUCTaHHAM Kanili rig-
poreHnepoKcomoHocynbdaTy AK aHaniTuHoro peareHty (KHSO,). BigHocHe ctaHaapTHe BigxuneHHa RSD (1,24-2,17) %.
Knro4oei cnosa: okcauuin; Kani rigporeHnepokcomoHocynbdaT; MoA0METPIA; KiIHETUKO-CNEKTpodoToOMETPIA
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B Introduction

Despite the emergence of new groups of anti-
microbial agents, antibiotic drugs of the penicil-
lin series continue to occupy a significant place
in pharmacy. In particular, hydrolysis-resistant
ampicillin preparations have become widespread.

To determine the activity of penicillin prepa-
rations, as well as other antibiotics, biological,
chemical, and physicochemical methods are used.

The basic method for the quantitative deter-
mination of the content of penicillins is the clas-
sical method of iodometry of hydrolysis products.
Its disadvantage is the duration of at least 40 min,
the need to use standard samples and standar-
dization of the determination conditions, as well
as its dependence on temperature [1-3].

According to the literature data, various me-
thods are used for the quantitative determinations
of antibiotics: chromatographic methods [4-7],
chemiluminescent, spectrophotometric [8—11], fluo-
rimetric [12], kinetic [13], voltammetric, methods
using ion-selective electrodes, capillary electro-
phoresis, extraction method [14, 15].

Spectrophotometric methods are also known.
They are based on the interaction of penicillins
with copper (II) salts. These procedures allow de-
termining penicillins in drugs in the presence of
various additional substances.

Despite the fact that many methods are used
in the practice of analysis, the task of improv-
ing the known and developing new methods for
the quantitative determination of penicillins re-
mains relevant. The well-known pharmacopoe-
1al methods for determining drugs of this series
are quite difficult, require a lot of time for prep-
aration, and the use of complex equipment [16].

We have developed methods for the quantita-
tive determination of antibiotic oxacillin by two
alternative procedures of iodometry and kinetic
spectrophotometry using potassium hydrogen
peroxomonosulfate (KHSO,) as an analytical
reagent.

B Materials and methods

Substances and solutions

For the research, oxacillin sodium salt of phar-
macopoeial purity (3-phenyl-5-methyl-4-isoxazo-
lylpenicillin sodium salt monohydrate), a dry ste-
rile powder in vials (0.5 g) “OXACILIN-KMP” pro-
duced by AT “Kyivmedpreparat”, Kyiv, Ukraine
was used. Potassium hydrogen peroxomonosul-
fate 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 availabil-
ity, fairly good solubility and stability in aqueous
solutions, and a relatively high oxidizing ability.

Working solution of potassium hydrogen per-
oxomonosulfate 2xX10-? mol L.

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 con-
trolled by iodometric titration.

As a standard sample of oxacillin sodium salt,
we used the substance of Oxacillin of pharmaco-
poeial purity with the content of the main sub-
stance of 99.1 %.

Standard sample solution of Oxacillin (Oxa),
500 ug mL!. A weighed portion of 0.05 g of Work-
ing solution of Oxa was dissolved in 100.00 mL
of distilled water at 20 °C.

Working solutions of Oxa. Seven aqueous so-
lutions of the following concentrations: 80 %; 85 %;
90 %; 95 %; 100 %; 110 %; 120 % were prepared
in 100 mL volumetric flasks; the corresponding
portions of 0.2289 g; 0.2433 g; 0.2576 g; 0.2718 g;
0.2862 g; 0.3147 g; 0.3433 g of the Oxa substance
were weighed.

Sodium thiosulfate solution, 2X10? mol L.
An ampoule of a standard titer of sodium thio-
sulfate with an exact concentration of 0.1 mol Li!
was diluted five times with distilled water.

Solution of potassium iodide, 5 %. A weighed
portion of 5.0 g of potassium iodide was dissolved

ISSN 2308-8303 (Print) / 2518-1548 (Online)



Journal of Organic and Pharmaceutical Chemistry 2023, 21 (2)

in 50 mL of distilled water, and the solution was
diluted to the volume in a 100 mL volumetric flask
at 20 °C.

Sodium hydroxide solution, 6.1x107° mol L.
The sodium hydroxide solution was prepared ac-
cording to Hillebrant by diluting the saturated
solution with freshly distilled water.

Sulfuric acid, 0.1 mol L. An ampoule of a
standard titer of sulfuric acid with an exact con-
centration of 0.1 mol L' was diluted with dis-
tilled water.

Equipment

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

Titration. The titer of the Oxa solution stud-
ied was determined using a 10 mL microburette
with an accuracy of £0.01 mL filled with a titrant
to the zero mark.

Procedures

Kinetic Spectrophotometric Method. 65 mg (accu-
rate weight) of the powder of the Oxa sodium salt
studied was transferred into a 100 mL volumet-
ric 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 ob-
tained was transferred into a 50 mL volumetric
flask, 3.0 mL of a 0.02 mol ¥ KHSO, solution
and 3.0 mL of NaOH with the concentration of
6.1x107° mol ! were added. The resulting solu-
tion was exposed to photometric measurements
for 10 min in a 1 cm quartz cuvette at 282 nm

using distilled water as a compensation solu-
tion.

Reduction-oxidation (redox) titration method.
450 mg (accurate weight) of the powder of the
Oxa sodium salt studied was dissolved in 75 mL
of water in a 100 mL volumetric flask at 20 °C,
and diluted to the volume. Using a pipette, 10 mL
of the resulting Oxa solution was taken and trans-
ferred to a 100 mL volumetric flask, 10.0 mL of
a 0.02 mol L' KHSO, solution was added with
stirring, and diluted to the volume with distilled
water at 20 °C. Using a pipette, 10 mL of the
reaction mixture was taken and transferred to a
100 mL flask, acidified with 1 mL of a 0.1 mol L
H,SO, solution, and 2 mL of a 5 % potassium io-
dide solution was added with vigorous stirring.
The displaced iodine was immediately titrated
with a standard 0.02 mol Li! sodium thiosulfate
solution. In parallel, under the same conditions,
a control experiment is carried out (without the
Oxa solution studied).

B Results and discussion

Kinetic Spectrophotometric Method

As a result of the study, it was found that the
order of mixing the solutions significantly affected
the kinetics and the yield of the reaction pro-
duct: the highest rate of the product formation
was after the preliminary mixing of the Oxa so-
lution with KHSO; (the stage of the Oxa sulfox-
ide formation).

Figure 1 shows the electronic light absorption
spectra of the reaction product of the alkaline hy-
drolysis and perhydrolysis of Oxa during the reac-
tion in the A (optical density) —A (wavelength, nm)
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Figure 1. Electronic light absorption spectra of the reaction product of alkaline hydrolysis and Oxa perhydrolysis
of the sodium salt over time. ¢(NaOH) = 6.1x107® mol L™}; ¢(KHSO,) = 1.2x107* mol L™; ¢(Oxa) = 30 mg mL™*
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Figure 2. The scheme of coupled reactions of peroxyacid oxidation and perhydrolysis of sulfon Oxa with the formation of a substituted

derivative of N-acryl-B-penicylamine sulfate

coordinates. The maximum absorption of the pro-
duct formed was observed at 282 nm. Therefore,
at the given wavelength, the kinetics of the ana-
lytical reaction was studied.

The optimal concentrations of alkali and KHSO,
were 6.1 107 mol ! and 0.02 mol L}, respecti-
vely, at which the reaction rate of the perhydroly-
sis product formation was the highest.

Without KHSO; under the above conditions,
no reaction product was formed for 30 min.
The necessary excess of KHSO; can be explained
by the influence of further hydrolytic decomposi-
tion of S-oxide Oxa in the alkaline medium (nuc-
leophilic catalysis of the hydrolysis of the B-lactam
and thiazolidine cycles). Due to the alpha effect,
KHSO; is a stronger nucleophile than hydroxide
ion by many times (Figure 2). PMS-induced oxi-
dation of B-lactam antibiotics was proposed to
proceed through a non-radical mechanism in-
volving direct two-electron transfer along with
the heterolytic cleavage of the PMS peroxide
bond. The product analysis indicated oxidation
of B-lactam antibiotics to two stereoisomeric sul-
foxides [17].

Plotting a calibration graph. Using a micro-
burette, 0.50; 2.50; 3.00; 4.00; 5.00; 7.50 mL sam-
ples of the standard Oxa solution were added
to 50 mL volumetric flasks followed by 5 mL of
2102 mol LL* KHSO, solution put to each flask,
and the content was shaken thoroughly. 5.0 mL
of 6.1x10~% mol L! NaOH solution were sequen-
tially poured into each flask; the solution was

diluted to the volume with distilled water and
thoroughly mixed. After adding alkali to the so-
lution, the stopwatch was started. The resulting
solutions were photometered in a quartz cuvette
with a thickness of 1 cm at 282 nm against dis-
tilled water (compensation solution) for 10 minu-
tes 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 linear sec-
tions of the kinetic curves, a calibration depend-
ence of tga on the concentration of Oxa (C, pg mLi™?)
was constructed.

Figure 3 shows a calibration graph for deter-
mining Oxa, according to which, the dependence
of concentration on tga is linear in the range of
5 to 50 pg mL!. This makes it possible to deter-
mine the quantitative content of Oxa in the giv-
en concentration range by the standard method.

The content of C,(H (N,O,S, in mg in one vial,
(Xoxs) Was calculated by the formula:

X = a, - tga-w-0.9094 - a
Oxa a-tgag,

where: a,— is the mass of a standard sample of
oxacillin sodium salt, mg;

tga,, — 1s the tangent of the angle of the slope of
the kinetic curve in the study with the standard
solution of oxacillin sodium salt, min™;

w — 1s the content of C,,H,,N,0,S oxacillin sodi-
um salt in the standard sample of Oxa, in mass
fractions;
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Figure 3. The calibration graph for the quantitative determination of Oxa, c(KHSO;) = 2x107® mol L™}; ¢(NaOH) =
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Figure 4. The scheme of S-oxidation of Oxa by Potassium hydrogen peroxomonosulfate

a — 1s the weighed portion of the powder of oxa-
cillin sodium salt studied, mg;
a—1s 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 solu-
tion of oxacillin sodium salt, min™!
0.9094 — 1s the calculation coefficient of oxacillin
sodium salt to oxacillin.

The results of the analysis of the Oxa drug by
kinetic spectrophotometric method are shown in

Table 1. The relative standard deviation did not
exceed 1.7 % (6 =-1.35 %).

Redox titration method

By the method of reverse iodometric titra-
tion of the KHSO, excess, it was found that in
the reaction studied 1 mol of KHSO, was con-
sumed by 1 mol of Oxa, and the interaction be-
tween them occurred for 1 min. The analytical
reaction underlying the method is shown in Fi-
gure 4.

Table 1. Results of the quantitative determination
of oxacillin by the kinetic spectrophotometric method
in the Oxa drug according to the reaction with potassium

Table 2. Results of the quantitative determination
of oxacillin by redox titration in the Oxa drug by the reaction
with Potassium hydrogen peroxomonosulfate

hydrogen peroxomonosulfate (P =0.95, n =7) (P=0.95,n=7)

Oxacillin Found Results of processing Oxacillin Found Results of processing

taken, mg mg % statistical data taken, mg mg % statistical data
494.2 988 X =496.3 (99.3 %) 498.5 9.7 x =500.1 (100.02 %)
491.7 98.3 S =4+8.41580 501.2 100.2 S=4+1.43228
495.3 99.1 S;=+3.18087 499.3 99.9 S;=+0.54135

503.1%! 505.8 101.2 Ax +7.79314 503.1% 502.1 100.4 Ax =+1.32631

498.1 99.6 RSD=£1.7% 499.6 99.9 RSD=+£0.29 %
506.6 1013 R 501.4 100.3 g2 ar
482.2 96.4 ' 498.7 99.7 '

Note: [a] The Oxa content indicated in the quality certificate (m);
[b] 6 =x—p)x100% x u*

Note: [a] The Oxa content indicated in the quality certificate;
[b] 6 = x — u)x100 %xpu™
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The content of C,,H,,N,0,S (X, in %) was cal-
culated by the formula:

0.02-K-423.43 (V- V,) 100100 %
2-1000- m, - (100 — wy, )

where V, — is the volume of sodium thiosulfate
solution in the control experiment, mL;

V —1s the volume of sodium thiosulfate solution
studied, mL;

423.43 — is the molar mass of oxacillin (anhy-
drous), g mol™;

K — 1s the correction coefficient for the concentra-
tion of sodium thiosulfate solution to 0.0200 mol L ;
m, — 1s the weighed portions of Oxa, g.

X=

The results of the analysis of the Oxa drug
by redox titration are shown in Table 2. The re-
lative standard deviation did not exceed 0.3 %
(6 =-0.60 %).

B Conclusions

Using the methods of kinetic spectropho-
tometric and redox titration, two independent
procedures for the quantitative determination
of oxacillin in the substance and the drug pro-
duct have been developed using potassium hy-

drogen peroxomonosulfate as an analytical rea-
gent (KHSO,).
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