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The validation of the method of metronidazole polarographic determination in infusion
solutions has been performed. This method is based on the reduction of the nitro group of
metronidazole on the mercury dropping electrode. The main validation parameters such as the
specificity, the robustness, the linearity, the accuracy as well as the precision have been determined
within the used method. The technique conforms the current requirements for the methods of
quantification of substances in medical products.
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1. Introduction

The safe and effective use of medicines (drugs) requires multilevel quality control at
all stages of the manufacture, from substance synthesis to finished dosage forms. Quality
control of medicines requires the use of sensitive and selective methods for determining the
content of active substances.

Metronidazole (2-methyl-5-nitroimidazole-1-ethanol, CAS number 443-48-1, fig. 1)
belongs to the group of nitroimidazole medicines, which is used mainly for the treatment of
infections caused by susceptible organisms, in particular, anaerobic bacteria (Bacteroides,
Fusobacterium, Campyobacterium, Clostriubacterium, Treponema, Histomonas). Metronidazole
is suspected of being genotoxic, cancerogenic, and mutagenic, as are their hydroxyl metabolites
having retained the original nitroimidazole ring [1, 2]. For this reason, Metronidazole has
already been banned in Europe by Council Regulation 613/98/EEC [3]. Therefore, the
quantitative determination of metronidazole substance content in drugs is very important.

The HPLC with a complex mobile phase and/or mass spectroscopic detection is
often used for the metronidazole determination [4-7]. These methods are reliable, but
expensive, and often require complicated and time consuming sample preparation. Simple
spectrophotometric methods are used to determine NIM, but these methods are less
sensitivity and selectivity than voltammetry [8-10]. A cyclic voltammery determination of
metronidazole on a paste carbon electrode showed an irreversible peak of metronidazole
recovery at a potential of approximately —0.4 V, but the sensitivity of this method is not
sufficient [11]. The State Pharmacopoeia of Ukraine [12] regulates the determination of
metronidazole in solutions for infusions by the potentiometric titration.
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Fig. 1. Structural formulas of metronidazole

The development of new methods remains important considering the growing
quantity of counterfeit medicines. Recently electrochemical methods have begun a new
stage of rapid development caused the qualitative and quantitative determination of organic
substances. Voltammetry is one of the most versatile electrochemical methods.
Nitroimidazoles are electrochemically active substances.

Current requirements for quality control of medicinal products include the
mandatory validation of methods of identification and quantification. According to the
requirements of the European, American Pharmacopoeia and the State Pharmacopoeia of
Ukraine [12-14] for analytical methods of quantification, the following analytical
characteristics should be determined: the specificity, the robustness, the linearity, the
accuracy in-laboratory precision and reproducibility in interlaboratory experiment.
Therefore, we validated the method of polarographic determination of metronidazole in
solution for infusion.

The developed technique is characterized by a low limit of detection (LOQ = 4.5-107 M),
simplicity and economy.

2. Materials and experimental procedures

The object of the study is solution for infusions of metronidazole 5 mg/ml, 2 ml in a
vial (Pharmaceutical Firm Darnitsa).

Preparation of the test sample solution (TSS): 1.0 ml of test solution for infusions
was added to a 100.0 ml volumetric flask and distilled water was added to the mark. The
concentration of metronidazole such TSS is 3.0:10* M.

Metronidazole standard produced by Sigma Aldrich (St. Louis, MO, USA) with a
quantitative content of 98 % active ingredient was used. The working solution of standard
samples (SSS) of metronidazole was prepared by dissolving the exact amount of standard
in 15 mL of 2 M hydrochloric in 100.0 mL volumetric flask and distilled water was added
to the mark. In this case, the concentration of analyte was 1.0-10 M in final volume.

The Britton-Robinson (BR) buffer was used to provide the required pH value. The
procedure of BR buffer preparation: 20.2 g of Na2B40O7-10H20, 28.7 mL of glacial acetic acid
and 17.6 mL of orthophosphoric acid were dissolved in 1.0 L volumetric flask. The necessary
pH value was obtained by adding 2.5 M sodium hydroxide solution (monitored at pH meter),
then distilled water was added up to flask mark. All these reagents were “pure for analysis”.

Preparation of the placebo solution: an aliquot of sodium chloride, sodium
hydrophosphate dodecahydrate, citric acid monohydrate were added into a 25 mL
volumetric flask to obtain a solution with the necessary concentration, then 2 mL of BR
buffer with necessary pH (9.6) was added to the flask, and distilled water was added to the
mark.
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Working solutions were obtained as follows: an aliquot of SSS was added into a
25 mL volumetric flask to obtain a solution with the necessary concentration, then 2 mL of
BR buffer with necessary pH (9.6) was added to the flask, and distilled water was added to
the mark. The obtained working solutions were introduced into the cell and deoxygenated
with argon for 10 min. Voltammograms were recorded in the range of potentials from
0.0to-15V.

The study of the electrochemical process was performed using cyclic voltammetry,
and the linear sweep VA method was used for the development of an analytical technique.

Voltammetric measurements were performed on digital device MTech OVA-410
[15] and temperature-controlled three-electrode cell. A static mercury drop indicator
electrode (SDME), a saturated calomel reference electrode and platinum wire auxiliary
electrode were used. The accuracy of the potential measurement is 1 mV. The uncertainty
of the current measurement is 0.1 %. The employed SDME had the following
characteristics: m = 5.94-10* g/s; T = 10 min in 0.2 M NH4CI with an open circuit.
Potentials sweep rate v=0.5 V/s.

The pH of the solutions was measured potentiometrically using MV 870 DIGITAL-
pH-MESSERAT pH-meter.

3. Results and discussion

The maximum permissible uncertainty (Aas) for the metronidazole determination in
infusion solution with a tolerance of B =5 % calculated according to [14, 16, 17] is

Ays=B-032 =75-0.32 = 2.4 %.

The complete uncertainty of the analysis results consists of the uncertainty of the
sample preparation and the uncertainty of the final analytical operation. The uncertainty of
sample preparation Asp for metronidazole solution was calculated using the method of
sample preparation of the standard sample and the test solution, as well as performing the
analytical reaction of determination by the formula:

Asp = \JE:“-\?:
where A; are the individual components of uncertainty specified in [17].

The results of the calculations are given in table. 1.

So, Asp= 3/0.122 + 1.182 4+ 0.232 + 0.52 = 1.31 %.

The uncertainty of the final analytical operation was calculated by the formula:

.52
aFAo = 165 " 235!

where S; = 0,1 % — uncertainty of current measurement (on the passport of the device):

. 2
Brao =165 - |22 =0.08 %.

The uncertainty of the sample preparation and the uncertainty of the final analytical
operation make up the total uncertainty of the analysis results Aas:

Dge= VY (Bsp)? + (Arap)? = V1312 +0.08% = 1.31% < 2.4 %.

The calculated value of complete uncertainty of the results of analysis does not
exceed the maximum permissible uncertainty of analysis. Moreover, it is indicated that the
sample preparation and analytical measurements of the signal do not cause a significant
error in the results of the analysis.
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Table 1
Calculation uncertainty of sample preparation for the determination of metronidazole in infusion
solutions
Sample preparation The parameter of the | The uncertainty over [17]
ple prep calculation formula SSs | Tss
Selection of sample standard metronidazole Mo 118 % 3
sample
Pipette aliquot selection 2ml 2 0.50 %
Bring to volume in a volumetric flask 100 ml 100 0.12 %
Pipette aliquot selection 1 ml 1 0.60 %
Bring to volume in a volumetric flask 25 ml 25 0.23 %

The validation characteristic of robustness was investigated during the development
of the method of polarographic determination of metronidazole: stability of solutions over
time and influence of pH. The results of the study of the robustness of the method of
metronidazole polarographic determination are listed in table. 2.

The obtained results show that the change in the values of the metronidazole
recovery current with the change of the investigated factors is insignificant compared to the
maximum permissible uncertainty of the analysis results. Therefore, the method is stable
and the results of the analysis are reliable with slight changes in the conditions of analysis.

Table 2
The results of the study of the robustness of the method of
polarographic determination of metronidazole, Crss = 5.0-10°M
Factor | Limits of change of factor | Current I, pA | Calculation due [17] 5, %

94 1451
. 9.5 1.448

pH of th:of[iliz':graphlc 9.6 1.454 031
9.7 1.453
9.8 1.452
5 1.450
Stability of the 10 1.449

polarographic solution 20 1.453 0.23
over time, min 30 1.452
60 1.452

The specificity of the method was investigated comparing polarograms of TSS and
placebo (fig. 2, a). The influence of the placebo should not exceed 0.77 % from the
maximum permissible uncertainty (Aas):

max6 =032 -0, = 032-24=0.77%.

The influence of the current of the placebo solution on the result analysis is
insignificant in comparison to the maximum permissible uncertainty:

§ = tacere 0600 = 2913 10006 = 073 % < 0.7 %
Irss 1.775 ' ' '

According to the validation data the method allows to determine metronidazole,
while all the components are present.

For the linearity study, nine model solutions were prepared within the range of
application of the method (from 80 % to 120 % relative to the nominal content of
metronidazole in the infusion solution) (table. 3, fig. 2, b).
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Fig. 2. Polarograms of TSS and placebo solution (a); graph of current versus concentration of
metronidazole in normalized coordinates (b)
Table 3
The results of the analysis of model solutions

Found in % to
No. |, Concentration | Introduced, | Current Found, introduced
Model ntroduced model solution C % | value | I; 0
.~ | SSSV, ml | X; =—=-100 Y. =—L.100% Y,
solution : closM |7 c, pA | Z = 7'100
1
1 0.60 0.75 75.00 0.63 75.84 101.12
2 0.65 0.81 81.00 0.68 81.13 100.16
3 0.70 0.87 87.00 0.73 87.38 100.43
4 0.75 0.94 94.00 0.78 93.99 99.99
5 0.80 1.00 100.00 0.83 100.00 100.00
6 0.85 1.06 106.00 0.88 106.13 100.12
7 0.90 1.12 112.00 0.94 113.10 100.98
8 0.95 1.19 119.00 1.00 120.31 101.03
9 1.00 1.25 125.00 1.05 126.68 101.34

The parameters of linearity, accuracy and precision calculated by [12] in the table. 4,
for the determination of metronidazole in infusion solutions are presented.

The calculated one-sided confidence interval in this preparation is less than the
maximum permissible according to the State Pharmacopoeia of Ukraine. This indicates that
the technique meets all the pharmacopoeial requirements of the criteria of accuracy and
precision.

Using the linearity parameters S, and b, it is possible to estimate the detection limit
(LOD) and the limit of quantification (LOQ) by the

LOD =33 -5 LOQ =103,

For linearity in normalized coordinates, LOD and LOQ values are calculated as a

percentage of the concentration of the comparison solution, which makes it possible to

estimate a certain “margin of safety” of the procedure. Therefore,

_ S11z o
LOD =33 Toss = 3.61 %,;

112

—10 - - 0
LOQ =10 Toss = 10.95 %,

that significantly less than the lower concentration range (80 %), therefore, does not affect
the accuracy of the analysis.
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Table 4
Results of the linearity, accuracy and precision validation of metronidazole in infusion solutions
Parameter | Value | Critical values | Conclusion
Linearity
Slope b 1.023 0.975-1.025 Maintained
Sh 0.011
Intercept a 1.6 2.6 Maintained
Sa 1.12
Residual standard deviation So 0.52 0.84 Maintained
Criterion for the linear correlation -
coefficient Rc 0.99951 0.99810 Maintained
Correctness and precision
Average value Z, % 100.6 97.5-102.5 Maintained
Relative standard deviation Sz, % 0.57
Relative reliable interval L
As% = t(95 %, 8-Sz 11 1.6 Maintained
Systematic error, & 0.44 0.51 Maintained

For the in-laboratory precision study, five samples were analyzed for one batch of
the drug on two different voltammetric units (table 5, experiments 1 and 2) on different
days in one laboratory, as well as by the 2 different analysts (experiments 2 and 3) that used
different laboratory glassware. For all results, a single mean value of metronidazole content
(2), relative standard deviation (SD;), and relative reliable interval (Ainra) Were calculated
according to [12, 16, 17].

Table 5
The results of the in-laboratory precision testing of
the metronidazole quantification in infusion solution
. Value Zi, %
Number of solution Experimentl [ Experiment2 [  Experiment 3
1 100.45 99.25 100.65
2 99.93 99.65 98.93
3 100.25 100.62 99.28
4 99.29 99.06 100.36
5 98.96 98.98 99.25
Average 99.76 99,51 99.69
Consolidated average Zintra 99.65
Sz, % 0.63 0.67 0.76
SDz, % 0.69
Aintra 1.21

The Ainra Value is 1.2 %, which complies with the requirements
Ajptra =maxd =1.21% = 1.60 %

and indicates that the developed method satisfies the requirement of validation criteria and
is suitable for the quantitative determination of metronidazole in solution for infusion.

Therefore, the results of the validation evaluation confirmed the validity of the
method of quantification of metronidazole in infusion solutions. The proposed method can
be used to develop analytical regulatory documentation for a medicinal product, namely to
quantify metronidazole in solution for infusion, in the practice of laboratory of
pharmaceutical analysis. The proposed method for sensitivity and selectivity outperforms
spectrophotometric methods for the determination of nitroimidazoles and is more
expressive and economically more advantageous than chromatographic techniques.
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IIpoBexeHo Bamifariro METOAMKH MOIAPOrpadiyHOrO BU3HAUCHHS METPOHIA30iy B PO3YMHI
i iHby3i  “Merponinason-Japuunss” — BupoOHuurBa [IpAT “®Papmanesruyna dipma
«Japaus»”. Meroauka TIPYHTYETbCS Ha BiIHOBICHHI HITPOIPYNM METPOHIJa30ily Ha p.K..
BusnaveHo rosoBHi BanigamiiiHi mapameTpu: podacHiCTh, TiHIHHICTE, IPABUIBHICTD, IPEUU3IHHICTD Y
BCHOMY Jiala30Hi 3aCTOCYBaHHSI METOAMKH. 3’ ICOBAHO, 10 METOAUKA BiINIOBIZ]A€ CY9aCHUM BHMOTaM
IO METOAWK KiJIbKICHOTO BU3HAUYEHHS PEUOBHH Y JiKapChKUX 3acobax. TexHika BiANOBiAae CydacHUM
BUMOT'aM II0JI0 METO/IB KUTbKICHOI OI[IHKH PEYOBHH Yy JIIKAPCHKUX 3aC00ax: BOHA XapaKTECPU3YETHCS
HHU3BKAM 3HAQUCHHSM 3aJMIIKOBOTO CTAaHIApPTHOTO BigxmwieHHS So = 0,52, HU3BKOIO MeXero
BusiBieHHs (Cmin = 4,5-107 M). O6uucnene 3Ha4eHHs OBHOI HEBU3HAUEHOCTI Pe3y/bTATiB aHANI3y
nopiBHIOE Aas = 1,31 % i He mepeBHIye TPaHUYHO JOIYCTHMY HEBH3HAUCHICTh PE3yJbTATiB aHANi3y
1,6 %, a TakoXX CBIIYMTH NpPO TE, WO CTaAil NPOOOMIATOTOBKM Ta BUMIPIOBAHHS AHAIITHYHOTO
CUTHATy HE BUKJIUKAIOTh CYTTEBOI MOXUOKU pe3yIbTaTiB aHATI3Y.

OrnpanpoBaHy METOJUKY MO)KHAa BHKOPHUCTAaTH Ul pO3POOJICHHS aHATITHYHOI HOPMAaTHBHOI
JOKYMEHTalii II0A0 JIiKapchbKUX 3ac00iB, y MPAKTHUI AEp)KaBHUX J1abopaTopiii KOHTPOIIO SKOCTI
JIKAapChKUX 3ac00iB, a TAKOXK 3aBOJCHKHX JlabopaTopiil apManeBTHYHUX KOMITaHii. 3alpornoHoBaHa
METOJIMKA YYTJIMBOCTI Ta CEJIEKTHBHOCTI IEpeBaKa€ HajJ iCHYIOUMMH CIIEKTPO(OTOMETPUIHHMH
METO/IaMH BU3HAUCHHS HITPOIMiZa30J1iB, BOHA € OUIBII €KCIPECHOK Ta €KOHOMIUHO CIPHUSITIUBILION,
HK XpoMartorpadidHi METOIH.

Kniouoei cnosa: meTpoHina3on, Bamifalis, HITPOTpyIa, aHTHOI0THK, OJsIporpadis.

Crartsa Hagida o penxornerii 31.10.2018
[puitasta no apyky 14.01.2019



