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This article addresses the search for new analytical reactions and the determination of
optimal conditions for their implementation, which can serve as the basis for quantitative
analysis of penicillins. Two unified procedures were developed, and the possibility of
quantitative determination of mezlocillin in a pure substance and pharmaceutical
formulation by kinetic spectrophotometry and redox titration using potassium caroate
was demonstrated. A scheme of the chemical transformation of mezlocillin in the reaction
with potassium caroate is proposed. The kinetics of the coupled reactions of S-oxidation
and perhydrolysis of mezlocillin with potassium caroate in an alkaline medium were
studied by monitoring the increase in absorbance of the formed product at 290 nm. The
appearance of a new absorption band enabled the development of a new procedure for
the quantitative determination of mezlocillin. The reaction rate was monitored spectrally
and displayed in real time. A differential variation of the tangent method was used to
process the kinetic data.

Keywords: antibiotic, mezlocillin, kinetic spectrophotometry, redox titration, perhydrolysis,
potassium caroate.
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Introduction

Mezlocillin (Mezl) is a penicillin beta-lactam
antibiotic used in the treatment of bacterial infections
caused by susceptible, usually gram-positive, organisms.
The name «penicillin» can either refer to several
variants of penicillin available, or to the group of
antibiotics derived from the penicillins. Mezl has in
vitro activity against gram-positive and gram-negative
aerobic and anaerobic bacteria. The bactericidal activity
of Mezl results from the inhibition of cell wall synthesis
and is mediated through Mezl binding to penicillin
binding proteins (PBPs). Mezl is stable against
hydrolysis by a variety of beta-lactamases, including

penicillinases, and cephalosporinases and extended
spectrum beta-lactamases [1].

By binding to specific penicillin-binding proteins
(PBPs) located inside the bacterial cell wall, Mezl
inhibits the third and last stage of bacterial cell wall
synthesis. Cell lysis is then mediated by bacterial cell
wall autolytic enzymes such as autolysins; it is possible
that Mezl interferes with an autolysin inhibitor [2].

Penicillins, so-called beta-lactam antibiotics, are
characterized by three fundamental structural
requirements: a condensed beta-lactam (BLA) structure
(shown in blue and red rings), a free carboxylic acid
group (shown in red at lower right), and one or more
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substituted amino acid side chains (shown in black).
Figure 1 shows the lactam structure can also be viewed
as the covalent bonding of pieces of two amino acids:
cysteine (blue) and valine (red)’.

BLAs are most commonly used to treat bacterial
infections, accounting for nearly 60% of global
antibiotic usage, due to their broad spectrum of
antimicrobial activity. Figure 2 shows the resistance
mechanisms of bacteria to BLAs are the production
of B-lactamases, the modified active sites of PBPs,
the down-regulation of outer-membrane proteins
(OMPs), and the overexpression of efflux pumps [3].

Mezl shown in Fig. 3 is chemically known as
by IUPAC Name (2S,5R,6R)-3,3-dimethyl-6-[[(2R)-
2-[(3-methylsulfonyl-2-oxoimidazolidine- 1-carbonyl)
amino]|-2-phenylacetyl] amino]-7-o0xo0-4-thia-1-
azabicyclo [3.2.0] heptane-2-carboxylic acid.

The technology for the preparation of Mezl
includes the following steps: ampicillin trihydrate and
I-chloroformyl-3-methylsulfonyl-2-imidazolidinone
are subjected to an acylation reaction in alkaline
conditions, and then extraction, acidification and
crystallization are carried out to obtain Mezl.
Figure 4 shows the synthesis scheme of Mezl.

Mezlocillin is a white to pale yellow crystalline
powder. Mezl is freely soluble in water. The pH of a
10% aqueous solution is between 4.5 and 8.0. Chemical
formula C, H,;N;0,S,. Molecular weight 539.6 g/mol.

The quantitative determination of drugs penicillin
series becomes more and more important. The control
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 has to be controlled. Therefore,
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Fig. 2. Proposed bacterial mechanisms of resistance to f-lactam antibiotics (BLAs), including the production of B-lactamases, the
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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
determination is performed by high performance liquid
chromatography (HPLC). International Pharmacopoeia
recommends determining the penicillin summary in
semisynthetic penicillin by neutralization method after
preparation hydrolysis by excess of sodium hydroxide
titrated solution at heating [4—6].

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

Methods of potentiometry titration, amperometry,
high-performance liquid chromatography (HPLC),
voltammetry, polarographic analysis, micelle
electrokinetic capillary, spectrophotometry,
chemiluminescense, iodometry and others [7—13] for
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Fig. 3. Chemical structures of mezlocillin

the quantitative determination of penicillin drugs are
well described in scientific articles.

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

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

The developed spectrophotometric method is time
saving, simple, accurate, economic, sensitive and
reproducible, can be used in quality control
laboratories. In addition, the principal advantages of
the present method are that it is rapid and enough
precise comparing with other methods of assay.

Thus, this article is devoted to the search for an
analytical reaction and finding out the optimal
conditions for its course, which can be used as a basis
for the quantitative determination of Mezl using
potassium caroate.

Experimental

Peroxomonosulphate acid as triple potassium salt
2KHSO,;UKHSO,YK,SO, (Oxone®) of «extra pure»
qualification was used as oxidant. Active oxygen
content is 4.3% (Acros Organics). 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

is 1.81 V.

Substances and solutions

For the research, mezlocillin sodium salt of
pharmacopoeial purity, a dry sterile powder in vials
(1.0 g) for injection «Mezlocillin Sodium», China
Pharma Supplier produced by «Ningbo Feiyue Trading

Fig. 4. MEZL synthesis
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Co. Ltd» was used. Potassium caroate was obtained
from commercial sources and used as an oxidant in
the form of a triple potassium salt
(2KHSOs-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 solubility and stability in aqueous solutions, and
a relatively high oxidizing ability.

Working solution of potassium caroate,
2107 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 controlled by
iodometric titration.

As a standard sample of Mezlocillin sodium salt,
we used the substance of Mezl of pharmacopoeial
purity with the content of the main substance of
98.0%.

Standard sample solution of Mezl, 110> mol L™

0.5620 g of mezlocillin sodium was diluted in
double-distilled water in a 100 mL flask at 20°C.

Working solutions of Mezl

Seven aqueous solutions of the following
concentrations (%): 55; 75; 100; 115; 125; 135; and
155 were prepared in 100 mL volumetric flasks; the
corresponding portions of 0.2968; 0.4047; 0.5396;
0.6205; 0.6745; 0.7285; and 0.8364 of the Mezl
substance were weighed (g).

Sodium thiosulfate solution, 2-107? mol-L™!

An ampoule of a standard titer of sodium
thiosulfate with an exact concentration of 0.1 mol-L™!
was diluted five times with distilled water.

Solution of potassium iodide, 5%

A weighed portion of 5.0 g of potassium iodide
was dissolved 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, 6.25 1072 mol L™

The sodium hydroxide solution was prepared
according 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 concentration of 0.1 mol-L™! was diluted
with distilled water.

Methods

Spectrophotometry

The spectra of solutions of Mezl 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).

Titration

The titer of the Mezl solution studied 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

Close 50 mg (accurate weight) of the powder of
the Mezl 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,
5.0 mL of a 2:1072 mol-L™" KHSOj solution and
5.0 mL of NaOH with the concentration of
6.25-1072 mol-L™! was added. The resulting solution
was exposed to photometric measurements for 10 min
in a I cm quartz cuvette at 290 nm using distilled
water as a compensation solution.

Reduction-oxidation (redox) titration method

Close 950 mg (accurate weight) of the powder
of the Mezl 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 Mezl solution was taken and
transferred to a 100 mL volumetric flask, 10.0 mL of
a 21072 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 iodide solution was added
with vigorous stirring. The displaced iodine was
immediately titrated with a standard 2-10~> mol-L™!
sodium thiosulfate solution. In parallel, under the
same conditions, a control experiment is carried out
(without the Mezl solution studied).

Results and discussion

Kinetic spectrophotometric method

Effect of Caro’s acid

1 mL of 11072 mol-L™! solution of Mezl was
pipetted into 100 mL volumetric flasks containing
I mL, 2 mL, 3 mL, 4 mL, 5 mL, and 7 mL of
2:1072 mol-L™' KHSO; solution and 1 mL of
6.25-1072 mol-L™' NaOH solution. The content of
the mixture of each flask was mixed well, and the
increase in absorbance at 290 nm was recorded for
30 min against the reagent blank as a function of
time. It showed the dependence of absorption at
290 nm of Mezl 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
5.0 mL of 2-1002 M Caro’s acid was used. Thus,
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5 mL of 2.102 M Caro’s acid was chosen as the
optimal value.

Effect of the sodium hydroxide concentration

I mL of 1.1072 mol-L™! solution of Mezl
was pipetted into 100 mL volumetric flasks
containing 0.5 mL, 1 mL, 2 mL, 3 mL, 4 mL,
SmL, and 7 mL of 6.25:-1072 mol-L~' NaOH solution
of 2.1072 mol-L™" KHSOs solution. The content of
the mixture of each flask was mixed well, and the
increase in absorbance at 290 nm was recorded for
30 min against the reagent blank as a function of
time. It showed the dependence of the absorption at
290 nm of Mezl 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 5 mL
0of 6.25-1072 mol-L~' NaOH was used. Thus, 5 mL of
6.25-107> mol-L™' NaOH was chosen as the optimal
value.

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 product: the
highest rate of the product formation was after the
preliminary mixing of the Mezl solution with KHSOq
(the stage of the Mezl sulfoxide formation).

Effect of the mezlocillin concentration

Without KHSO; under the above conditions,
no reaction product was formed for 30 min. The
necessary excess of KHSOs can be explained by the
influence of further hydrolytic decomposition of
S-oxide Mezl in the alkaline medium (nucleophilic
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 (Fig. 5). PMS-induced oxidation of B-lactam
antibiotics was proposed 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 B-lactam antibiotics to two stereoisomeric
sulfoxides [14].

Plotting a calibration graph

Using a microburette, 0.50; 2.50; 3.00; 4.00;
5.00; and 6.00 mL samples of the standard Mezl
solution were added to 50 mL volumetric flasks
followed by 5 mL of 2.1072 mol-L™! KHSOs solution
put to each flask, and the content was shaken
thoroughly. 5.0 mL of 6.25:1072 mol-L™' NaOH
solution were sequentially poured into each flask; the
solution was diluted to the volume with distilled water
and thoroughly 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 290 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 linear sections of the kinetic curves, a
calibration dependence of tga on the concentration of
Mezl (¢, pg-mL~") was constructed.

Figure 6 shows a calibration graph for determining
Mezl, according to which, the dependence of
concentration on tgb is linear in the range of
5t0 60 ug-mL™'. This makes it possible to determine
the quantitative content of Mezl in the given
concentration range by the standard method.
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Fig. 5. Scheme of coupled reactions of peroxyacid oxidation and perhydrolysis of sulfon Mezl with the formation of a
substituted derivative of N-acryl-B-penicylamine sulfate

S.P. Karpova, S.V. Kolisnyk, I.0. Zhuravel, O.S. Kryskiv, T.V. Krutskikh, O.Yu. Maslov



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2026, No. 1, pp. 136-144

141

The content of C,H,sN;O,S,, in mg in one

vial, (Xy.,) Was calculated by the following formula:
a, -tgo- E -w

Xy = 2B (1)
where a,, is the mass of a standard sample of Mezl
sodium salt, mg; tga, is the slope of the kinetic curve
in the study with the standard solution of Mezl sodium
salt, min~!; wis the content of C,;H,,NsNaQ,S, Mezl
sodium salt in the standard sample of Mezl, in mass
fractions; a is the weighed portion of the powder of

Mezl sodium salt studied, mg; , is the average weight

of the drug in the vial, mg; and tga is the slope of the
kinetic curve in the study with the test solution of
Mezl sodium salt, min~'.

a- tg axt

The results of the analysis of the Mezl drug by
kinetic spectrophotometric method are shown in
Table 1. The relative standard deviation did not exceed

tga, 10-3, min-’!
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0.4% (6=—0.1%).

Redox titration method

By the method of reverse redox titration of the
KHSO; excess, it was found that in the reaction studied
1 mol of KHSO; was consumed by 1 mol of Mezl,
and the interaction between them occurred for 1 min.
The analytical reaction underlying the method is shown
in Fig. 7.

The content of C,H,sN;O¢S, (X, in %) was
calculated by the following formula:

_0.02-K-539.6-(V, —¥)-100-100%
2:1000-m,-(100-w,,) >

(2)

where V is the volume of sodium thiosulfate solution
in the control experiment, mL; V is the volume of
sodium thiosulfate solution studied, mL; 539.6 is the
molar mass of mezlocillin (anhydrous), g-mol™'; Kis
the correction coefficient for the concentration of
sodium thiosulfate solution to 0.0200 mol-L™!; and m,

y = 0.8332x - 0.4668
R2? = 0.9987 i

.e®
.o

ot
o
oo 88

30 40 50 60

c, ugxmL-

Fig. 6. Calibration graph for the quantitative determination of Mezl, ¢(NaOH)=6.25-10"2 mol-L™"; ¢(KHSO;)=2.0-10"2 mol-L"!

Table 1

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

o Found Results of processing
Mezlocillin taken, mg mg % statistical data
981.3 98.1 x=977.0 (97.7%)
975.5 97.6 S=13.89423
977.6 97.8 S,=11.47188
978.0° 982.8 98.3 Ax=+3.60611
g;gi g;g RSD=+0.40%
: : e=+0.39%
972.2 97.2 6b=—0.1%

Notes: * — the Mezl content indicated in the quality certificate (u);® — § :( X _“) 100%-p "
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is the weighed portions of Mezl, g.

The results of the analysis of the Mezl drug by
redox titration are shown in Table 2. The relative
standard deviation did not exceed 0.2% (6=+0.62%).

Conclusions

The possibility of analytical determination of
mezlocillin 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 mezlocillin, 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 methods of kinetic-spectrophotometric
and redox titration, two independent procedures for
the quantitative determination of mezlocillin in the
substance and the drug product have been developed
using potassium caroate as an analytical reagent
(KHSO:;).

The developed methods of quantitative
determination of mezlocillin can be used to develop

ZT

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.

The proposed methods of performing the analysis
do not require the use of expensive devices, as well as
toxic chemical reagents. In terms of sensitivity, speed
of execution and selectivity, the developed methods
of analysis are better and more economically profitable
than the existing ones.
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AHAJIITUYHA PO3POBKA TA BAIIJALIA IMTPOCTUX
ITPOLENYP BU3BHAYEHHA ME3JOLUJIIHY JIBOMA
AJIBTEPHATUBHIMU METOJAMMU

C.I1. Kapnosa, C.B. Koaicnuk, I1.0. 2Kypaseav, O.C. Kpucvkis,
T.B. Kpymcokux, O.1O. Macaos

Y crarTi po3risigaeTbesl MOIIYK HOBUX aHaJiTUYHMX
peakuiil Ta 3’SICYyBaHHS ONTUMAJbHUX YMOB iX repeoiry, siKi
MOXYTbh OyTM TMOKJIaJeHi B OCHOBY KiJbKiCHUX aHaJiTMUHUX
BM3HA4YEeHb MeHilWIiHiB. Po3pobieHo aBi yHidikoBaHi MeTO-
JIMKK Ta MOXJIMBICTb KiJIbKICHOrO BU3HAYEHHSI METOAAMMU KiHe-
TUKO-CNEKTPODOTOMETPii Ta OKMCHO-BiZHOBHOIO TUTPYBaHHSI
ME3JIOLWIIIHY B YMCTiil cyOcTaHUil Ta npernapari 3 BAKOpUCTaH-
HSIM Kaulii kapoarty. 3arnpOrOHOBAaHO CXeMy XiMiUHOro mnepe-
TBOPEHHSI Me3Jouuiny. JocaimkeHo KiHeTUKY CHpPSIKEHUX
peakuiii S-OKMCHEHHSI Ta MEepriAposizy Me3JOUUJTiHYy Y
JIY)KHOMY Cepe/IOBUILL 3a 30UIbLIEHHSIM CBITJIONOIJIMHAHHS MTPO-
nyKTy yrBopeHHsi npu 290 um. [losiBa HOBOI XBuUJi gae
MOXJIMBICTb PO3POOKM HOBOI METOAMKM KiJTbKICHOTO BH3HAa-
yeHHs Mesynoumiainy. LIBuakicTh peakilii KOHTPOJIIOBAIN
CIEeKTPaJIbHO Ta BimoOpaxaiu B peanibHoMy 4Yaci. s 06poOku
KiHETUYHMX JaHUX BUKOPUCTOBYBABCSl AUdepeHilialbHUil Ba-
piaHT MeTOAYy NOTHUYHOI.

KawuoBi ciaoBa: aHTHMOIOTMK, ME3JIOLMIIH, METOI
KiHeTMKO-creKTpodoToMeTpii, METON OKMCHO-BiZHOBHOT'O
TUTPYBaHHS, MEPrifpoi3, Kauiii Kapoar.
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This article addresses the search for new analytical reactions
and the determination of optimal conditions for their
implementation, which can serve as the basis for quantitative
analysis of penicillins. Two unified procedures were developed,
and the possibility of quantitative determination of mezlocillin in
a pure substance and pharmaceutical formulation by kinetic
spectrophotometry and redox titration using potassium caroate
was demonstrated. A scheme of the chemical transformation of
mezlocillin in the reaction with potassium caroate is proposed.
The kinetics of the coupled reactions of S-oxidation and
perhydrolysis of mezlocillin with potassium caroate in an alkaline
medium were studied by monitoring the increase in absorbance
of the formed product at 290 nm. The appearance of a new
absorption band enabled the development of a new procedure for
the quantitative determination of mezlocillin. The reaction rate
was monitored spectrally and displayed in real time. A differential
variation of the tangent method was used to process the kinetic
data.

Keywords: antibiotic; mezlocillin; kinetic
spectrophotometry; redox titration; perhydrolysis; potassium
caroate.
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