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The kinetic spectrophotometric method for the determination
of azlocillin in solutions

Aim. To develop the method for the quantitative determination of azlocillin.

Materials and methods. The study object was Securopen® — a powder of azlocillin (Azl) sodium in vials for preparation of
the solution for injections (Azlocillin, 1.0 g). Peroxomonosulfate acid as triple potassium salt 2KHSO, - KHSO, - K,SO,
(Oxone®) of “extra pure” qualification was used as an oxidant.

Results and discussion. The kinetics of the conjugated reactions of S-oxidation and perhydrolysis of Azlocillin
(Azl) with potassium peroxomonosulfate in the alkaline medium has been studied by the increase of the forming product
light absorbance at 275 nm. The conditions have been optimized, and the procedure of the quantitative analysis of
Azl by the kinetic spectrophotometric method has been developed using potassium peroxomonosulfate as a reagent.
RSD =2.02 %.

Conclusions. The results of the drug analysis obtained by the developed and standard methods are in good
agreement with each other; & = +0.49 %.
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C. IN. Kapnosa, M. €. bnaxeescbkuit, O. O. Mosrosa, M. M. Ieawypa
HauioHanbHun bapmaLueBTuYHMIA YHiIBepCcUTET, YkpaiHa
KiHeTuKO-cnekTpothoTOMETPUUYHUIA METO  BU3HAYEHHSA a3nouusliHy Y po3unHax

MeTa. MeToto gaHoi po6oTtu 6yna po3pobka METOAUKM KifTbKICHOrO BU3HAYEHHS a3roLuITiHy.

Matepianu Ta Metoaun. O6’ekTom gocnimkeHHst byB Securopen®— nopoLLok HaTpito asnouuniHy y crnakoHax ans
NpUroTyBaHHs po34nHy Ans iH’ekuin (Asnouunid 1,0 r). K OKUCHUK BUKOPUCTOBYBArN NEPOKCOMOHOCYb(aTHy KUCIo-
Ty y BUmMsAAI noTpinHoi kaniesoi coni 2KHSO, - KHSO, - K,SO, kBanidikauii “extra pure” (Oxone®).

Pe3ynbraTy Ta ix 06roBopeHHs. BuByeHa KiHETMKa CNpshKEHUX peakuii S-OKUCHEHHS Ta neprigponidy asnoum-
NiHy 3 Kanito NepoKCOMOHOCYNbMATOM Yy My>KHOMY CepefoBMLLI 3a CBITNOMOMMMHAHHSAM YTBOPHOBAHOIO NPOAYKTY Npu
275 HM. OnTMizoBaHi YMOBM Ta po3pobrneHa MeToAuKa KifbKiCHOrO BU3HA4YeHHS asnounniHy KIHETUMHUM METOLAOM 3
BMKOPWUCTaHHAM Kanito nepokcomoHocynbgaty. RSD = 2,02 %.

BucHoBku. Pesynsratu aHanidy npenapary, ogep)aHi 3a HoBoOoMnpaLpbOoBaHOK Ta YUHHOK MeToAMKamMu, Aobpe
Y3rofpKyTbCcs Mixk coboto; & = +0,49 %.

Krnroyoei crioea: OKUCHEHHS; a3royuriiH; eanioauyisi; Kasmito mepoKCOMOHOCYMbgham; criekmpogomomempis

C. IN. Kapnoga, H. E. bnaxeesckun, E. A. Mosroeas, M. H. VMBaluypa
HaunoHanbHbIN hapmaleBTUYeCKUA YHUBEPCUTET, YKpaunHa

KnHeTunko-cnekTpogoTomMeTprMueCcKMn MeToa onpegeneHns asnouunimHa B pactBopax

Lens. Llensto gaHHon paboTbl 6bina pa3paboTka METOAMUKU KONIMYECTBEHHOMO ONpeaeneHuns a3nouunmmHa.

Matepuansi u metogbl. O6beKTOM nccnegoBaHus 6bin Securopen®— NOPOLLOK HATpUst asnouunnuHa Bo dna-
KOHax Ans MpUrotoBneHus pactBopa Ans nHbekumin (AsnouunnuH 1,0 r). Kak okMcnmTens Ucnonb3oBanu nepokco-
MOHOCYNbMaTHYO KUCINOTY B BuAe TponHon kanuesow conu 2KHSO, - KHSO, - K,SO, kBanndukauum “extra pure”
(Oxone®).

PesynbsraThl 1 nx obcyxaeHue. V3ydeHa KMHETVKa COMPSHKEHHbIX peakuuni S-okenampoBaHus 1 neprngponmsa
asnouunnMHa ¢ NepokKCoOMOHOCYNbGaTOM Kanusi B LLEMNOYHON cpeae No CBETOMOIMOLLEHNI0 06pasytoLerocs npoaykta
npu 275 HM. ONTUMU3NPOBaHbLI YCroBKsS 1 pa3paboTaHa MeToaMKa KONMMYECTBEHHOMO OnpeaeneHnst asnoununnnHa
KMHETUYECKMM METOLOM C UCMOMNb30BaHNEM NepokcoMoHocynbdara kanus. RSD = 2,02 %.

BbiBoabl. Pesynbrarthl aHanm3a npenapara, nony4yeHHble C MOMOLLbI0 pa3paboTaHHOW 1 CTaHAapTHOW MeToANK,
XOpOLUO cornacyTcsa mexay cobown; & = +0,49 %.

Knroyeenie crioga: okucrneHue; asnoyusniuH; eanudayus; nepoKCOMOHOCYNbham Kanus;
criekmpoghomomempusi

https://doi.org/10.24959/nphj.19.2247

Introduction. Azlocillin (Azl) is an acylampicillin
antibiotic with the extended spectrum of activity and grea-
ter in vitro potency than carboxypenicillins. The activity
of Azl and mezlocillin, new semisynthetic ureidopeni-
cillins, was studied and compared to that of other known
B-lactam antibiotics [1].

Different methods, such as biological, chemical and
physicochemical are recommended for its quantitative

determination. Biological methods are based on the di-
rect antibiotic biological action on a test-microorganism
sensitive to the given antibiotic. Disadvantages of the bio-
logical methods are the long-lasting procedure and the de-
pendence of precision of the results on the external fac-
tors [2].

The extensive literature survey proposes various me-
thods for the quantitative determination of penicillin
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Fig. 1. UV absorption spectra of the system of 2 - 10 mol/l Azl with 2 - 10-3 mol/l potassium caroate
in 0.01 mol/L of NaOH as a function of time (min): 1-3; 2-7; 3-11; 4-15; 5-19; 6-23; 7-27; 8-31

family preparations, such as HPLC, spectrophotometry,
extraction photometry, iodometry, different variants of
voltammetry, electrokinetic capillary chromatography and
densitometry, kinetic analysis [3-11].

The aim of this study was to develop the method
for the quantitative determination of azlocillin.

Materials and methods. All materials were of ana-
lytical reagent grade, and the solutions were prepared
with double-distilled water.

The Azl sodium salt substance (CAS Number 37091-65-9)
was used in the experiment. Azl sodium is the sodium
salt form of Azl, a semi-synthetic agent, the extended
spectrum acylampicillin with the antibacterial activity.
Azl binds to penicillin-binding proteins located inside
the bacterial cell wall, thereby inhibiting the cross-linkage
of peptidoglycans, which are critical components of the bac-
terial cell wall. This prevents the synthesis of the proper
bacterial cell wall, and results in weakening the bacte-
rial cell wall and eventually leading to cell lysis. Its che-
mical structure is (25,5R,6R)-3,3-dimethyl-7-0x0-6-{[(2R)-2-
{[(2-oxoimidazolidinyl)carbonyl]amino}-2-phenyl-
acetyl]amino }-4-thia-1-azabicyclo[3.2.0]heptane-2-carb-
oxylate (C,,H,,N:NaO,S) [12].

Securopen® — a powder of Azl sodium in vials for
preparation of the solution for injections (A4zlocillin, 1.0 g),
manufacturer Bayer, Switzerland, was studied in the pre-
sent work.

The procedure for preparing the Azl sodium standard
solution was as follows. 500 mg of the Azl sodium salt
substance was transferred to a 100 ml volumetric flask,
dissolved in 50 ml of double distilled water, and the so-
lution was diluted to the volume with double distilled
water.

Potassium peroxomonosulfate was used as an oxi-
dant in the view of a triple potassium salt (2KHSO; -
KHSO, - K,SO,) of the “extra pure” grade. Its commer-
cial name is Oxone® with the content of active Oxygen
of 4.5 %. It is available, has good solubility and stability
in water. It was proposed for the cefadroxil kinetic spectro-
photometric determination as an analytical reagent. The stan-
dard electrode potential for redox semi-reaction HSO4 +
2H"+2e¢ —>HSO, +H,0is 1.8 V[13-15].

The procedure for preparing the potassium peroxo-
monosulfate standard solution was as follows. 0.615 mg
of Oxon was transferred in a 100 mL volumetric flask
and diluted to the volume with double distilled water at
20 °C. The solution of potassium caroate was standardi-
zed iodometrically.

Processing of the results was carried out by the “tan-
gent method” (the differential version). The rate was es-
timated by the slope of the linear section of the kinetic
curve A — time (tga,_, min).

The method on the initial rates (tangent method) was
used to collect kinetic data (usually at 275 nm) following
by appearance of the product of the perhydrolysis reac-
tion of Azl. The solution of sodium hydroxide was ther-
mostated in the cell compartment, and then the mixtu-
res of solutions of Azl with the solutions of potassium
peroxomonosulfate (the incubation time of 1 min) were
added to the cell. The resulting solution was mixed tho-
roughly and put into a spectrophotometer. The precision
of the rate determination was usually +2-5 %.

Aliquots of 0.50-10.00 mol L' of the Azl test so-
lutions studied were pipetted into a 50 mL volumetric
flask containing 5 mL of 2 - 10 mol L' KHSOj solution
and mixed well. 5 mL of 0.06 mol L' NaOH solution
was added to the flask, diluted to the volume and mixed
well. The stopwatch was switched on after addition of
the alkaline solution. The increase in absorbance of the so-
lution obtained at 275 nm was recorded as a function
of time for 10 min against the reagent blank. It showed
the dependence of the Azl alkaline solution absorption
against time at 275 nm. They have linear dependence
for the first 10-15 min. The initial rate of the reaction
at different concentrations was obtained from the slope
of the tangent to absorbance time curves. The calibra-
tion graph was constructed by plotting the tangent of
the initial rate of the reaction versus the concentration
of Azl (C, pg mL™").

Results and discussion. The electronic spectra of
the interaction product of Azl with reagents depending
on time are shown in Fig. 1.

The results of the experiment showed that the order
of mixing had its impact on the kinetics and the yield of
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Fig. 2. The scheme of peroxo acid oxidation and perhydrolysis conjugated reactions of Azl

Table 1

Determination of Azl by the kinetic method using KHSO; as an oxidizing agent

Determined by the _ L
Taken, g kinetic method,* RSD (%) S = x—a . 100 % Recovery of the kinetic
X + AX a method (%)
1.346 1.36 +0.029 2.92 +2.03 101.04
2.827 2.84 +£0.041 1.39 +0.46 100.46
5.498 5.55+0.052 0.72 +0.95 100.95

Notes: * Average of seven determinations (P = 0.95).

the reaction. The highest rate of the product accumula-
tion was observed only after prior mixing of the sample
of Azl under study with potassium peroxomonosulfate,
and therefore, with the alkaline solution. The maximum
activity of potassium caroate in the reaction was achie-
ved in the concentration of 2 - 103 mol L.

The theoretical scheme of transformation of the re-
action product is given in Fig. 2.

The calibration plot for kinetic determination of Azl
in the optimal conditions given in Fig. 3 shows that the tga
linear concentration dependence was observed within
the Azl content in the solution — 1-50 ug mL!. This was
a precondition for the possibility of using the kinetic me-
thod in the analysis.

The results obtained by the recommended procedure
were for seven replicate titrations of mixtures containing
three species in various concentrations. It is seen that
Azl can be determined successively with good accuracy
and reproducibility (Tab. 1).

The procedure of Azlocillin assay in vials was as fol-
lows. Azl sodium (ca 500 mg) was weighed accurately,
dissolved in water and diluted to 100 ml. The content
of the mixture was mixed well. 3.0 mL of the solution
obtained was transferred in a 50 mL volumetric flask,
further the calibration graph was constructed. The re-
sulting solution was measured every minute photomet-
rically in a quartz cuvette at 275 nm against distilled
water (compensation solution) for the first 15 min, and
the absorbance kinetic curves against time were construc-
ted. The slope of the linear section of the kinetic curve,
tga, was determined.

The results of the Azl quantitative determination are
given in Tab. 2. The method proposed has good accu-
racy, RSD =2.02 %.

The content of C,,H,,N;NaO,S, g, in one vial (X))
was calculated using the equation:

a,-tga-a
a-igo,

Azl T ’

where: a,, — is the sample weight of the working stand-
ard of Azl, g; tga,, — is the slope ratio of the kinetic
curve in the experiment with the working standard of
Azl, min'; a — is the sample weight of the Azl pow-
der studied, g; @ — is the average weight of the vial, g;

Table 2

The results of of the Azlocillin quantitative
determination in Securopen® dosage form using
potassium peroxomonosulfate (P = 0.95,n = 7)

Nominal Actual Metrological
Azl mass, g g | % characteristics
SECUROPEN’ Bayer (Germany)
1.0018 100.08 | x=1.0072 (100.62 %)

1.0129 101.19 $=+0.01138

0.9956 99.46 S;==0.0043
1.001* 1.0258 102.48 Ax=+0.01054
1.0105 100.95 RSD=1.13%

1.0113 101.03 e=+1.05%

0.9928 99.18 §=+0.62%

Notes: *The content of Azl in the preparation was controlled
by the independent method of iodometric titration [3].
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tga — is the slope ratio of the kinetic curve in the experi-
ment with the Azlocillin solution, min™'.

tge o g0 LA Conclusions and prospects of further research.
ez e B SRS The reaction kinetics of peroxyacidic oxidation and perhy-
0L drolysis of Azlocillin with potassium peroxomonosulfate

40 - in the alkaline medium has been studied. As an oxidizing

30 L agent the potassium triple salt of peroxymonosulfuric
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The procedure has been developed, and the possibility of
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preparation based on the results of the kinetic spectropho-
tometric method with potassium peroxomonosulfate as a
_ - o reagent has been shown. RSD =2.02 %, & =+0.49 %.
Fig. 3. The calibration plot for the kinetic . . .
determination of Azl using potassium Conflict of interests: authors have no conflict of
peroxomonosulfate interests to declare.
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