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Res. standardized Vs. fitted values Vancomycin hydrochloride is a tricyclic glycopeptide

£ ‘ that contains amino acids and sugars. This substance

N R R CRNGL e st Rakecky Sate ’ is indicated to treat serious infections caused by Gram-
positive bacteria by intravenous infusion. The objective

o of this study was to develop and validate an analytical
methodology by  high performance liquid

o) o o) 8 8 chromatography with ultraviolet detection (HPLC-UV)

Y SRS P g to detgrmlne vancomycin hydrochlonolle. con'tent .by
Q - assessing the parameters of selectivity, linearity,

A 8 @ 8 Q@ | working range, matrix effect, robustness, precision,
and accuracy. The sample used was vancomycin

i B s o e St | hydrochloride in a vial and analyzes were carried out
on HPLC-UV system with C18 reverse-phase column
_3_T .................................. ‘ at 30 OC, pH:4 and diode-array detection (220 nm).
=) = The mobile phase was composed of acetonitrile and

S s 8 monobasic ammonium phosphate buffer (8:92 v/v), 1
Fitted values mL min flow rate, injection volume of 20 uL and 15

minute of run time. The method has been shown to be

selective, free from mobile phase interference, diluent and other substances on vancomycin hydrochloride
retention time; the method is linear in the range between 25 and 175 ug mL-'; matrix effect showed parallelism
between the lines, thus indicating the absence of interference of the matrix constituents in analysis of the
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compound of interest; the method was robust with drug variations proportional to the deliberate changes
caused by the change in the flow rate of the mobile phase and in the column temperature; the method
showed accuracy at 25, 50, and 75 yg mL™" concentrations, showing satisfactory recovery rate after
addition of the standard. The analytical methodology described proved to be simple, fast, safe and was
considered valid.
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INTRODUCTION

Vancomycin hydrochloride is a complex tricyclic glycopeptide drug that contains amino acids and sugars
(Figure 1). This substance is indicated to treat serious infections caused by Gram-positive bacteria resistant
to other lower potential antibiotics for both adults and child. This drug is mainly used to treat respiratory
tract infections due to methicillin-resistant Staphylococcus aureus and Staphylococcus epidermidis, as
well as prophylaxis in major cardiac surgeries.'?
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Figure 1. Chemical structure of vancomycin hydrochloride.

Analytical methods for the determination of vancomycin hydrochloride stability are described in
several international compendiums using techniques such as high-performance liquid chromatography
with ultraviolet detection (HPLC-UV), capillary electrophoresis, mass spectrometry, polarized
immunofluorescence, radioimmunoassay, among others.*6

The liquid chromatography is an appropriate method due to its relative low cost when compared with
other techniques, and mainly due to the ease and speed in separating, identifying and quantifying the
analyzed compounds. The HLPC has been used for both dosing this antibiotic in the product and in
biological fluids.*® Until now, this is the most widely used antimicrobial determination procedure, and
it is even the official method for purity determination by the British Pharmacopeia and United States
Pharmacopeia (USP).”°

The choice for the appropriate analytical methodology is of fundamental importance for the quality control
procedure of the active substance or pharmaceutical form. Thus, for the use of the analytical method or
its adaptation, it is necessary to perform a validation study, to guarantee the efficiency in pharmacological
analyses in routine uses, with reliable information about the sample.

The validation of an analytical methodology produces evidence to confirm the proposed technique
as reliable for what it applies, constituting a series of procedures, ensuring credibility to the measures
obtained. The main purpose of this validation is to show that the analytical method is suitable for its
purpose.®°

171



Onofre, P. S. C.; Barros, D. P.; Silva, G. T. S.; Fonseca, F. L. A.; Rosa, P. C. P;
Pedreira, M. L. G.; Peterlini, M. A. S.

The Brazilian Health Regulatory Agency (ANVISA), in the Collegiate Board Resolution (RDC) No. 166
of 2017," defines the objective of validating active compounds as the demonstration that the method
follows the analytical premises. The validation must ensure reliability in the results to which it is proposed,
whether quantitative or qualitative determination of drugs.

The objective of this study was to develop and validate a fast and reliable analytical methodology by
HPLC-UV, considering the parameters recommended by the RDC 166/2017 from ANVISA, to determine
vancomycin hydrochloride content.

MATERIALS AND METHODS
Equipment and materials

The instruments and materials used in the experiment were: a high performance liquid chromatograph
system with an ultraviolet detector (Agilent Technologies®1260 Infinity Series HPLC Modular), an
autosampler, a diode-array detector (DAD), a 4.6 x 250 mm C18 reverse-phase analytical column, particle
size 5 ym (Waters®- Spherisorb ODS 2 Hypersil and Thermo Scientific®- ODS Hypersil), analytical balance
(Shimadzu®- AUY220, Kyoto, Japan); 0.45 um pore-coated polyvinylidene fluoride (PVDF) membrane
(MF-Millipore®, type HAWP, Darmstadt, Germany); 13 mm diameter Nylonmembrane syringe filter with
0.45 um pore size (Allcrom®Membrane Solutions); Millipore filtration system for HA organic solvents,
0.45 um; benchtop digital pH meter (Kasvi® K39-2014B, Curitiba, Brazil); magnetic stirrer (Warmnest®
CJ-882A, Zhejiang, China); ultrasonic washer (Ultronique®—Eco-sonics, Indaiatuba, SP, Brazil); vacuum
pump (Prismatec® 121-Type 2 VC, Itu, SP, Brazil) and type 1 ultrapure water purification system (Direct Q
3®-Merck Millipore®, Massachusetts, USA).

Reagents, drug, reference standard and solvents

The HPLC grade organic solvent acetonitrile (Carlo Erba®, Val-de-Reuil, France) was used to prepare
the solutions; the following substances were also used: phosphoric acid 85.0% PA- ACS (Synth®, Diadema,
SP, Brazil); monobasic ammonium phosphate (Sigma-Aldrich, Vetec®, Duque de Caxias, RJ, Brazil);
Vancomycin hydrochloride equivalent to 500 mg in vial presentation as a lyophilized powder (Vancocina®
CP - ABL Antibiotics from Brazil, Cosmopolis, SP, Brazil); distilled water (DA) in a 10 mL plastic ampoule
(Isofarma Industrial Pharmaceutical Ltda, Eusébio, CE, Brazil); standard of vancomycin hydrochloride of
USP considered a primary reference (USP, United States of America, 98.8% vancomycin content USP
Catalog No. 1709007) and 0.9% Sodium Chloride (NaCl) (JP Industria Farmacéutica SA, Ribeirdo Preto,
SP, Brazil).

Preparation of the mobile phase and standard solution

The mobile phase (MP) was prepared by combining monobasic ammonium phosphate (5 mg mL™) in
deionized water and mixing this solution in a ratio of 92% to 8% of acetonitrile.

Subsequently, a 1 mg mL™" solution of standard vancomycin hydrochloride solution in MP was prepared.
The solution was homogenized and solubilized in an ultrasonic washer. Based on this solution, an aliquot
for the preparation of 0.1 mg mL-" solution was filtered and analyzed by chromatographic method.

Sample preparation

The drug vancomycin hydrochloride (500 mg) was reconstituted in 10 mL of DA (50 mg mL"") in the vial
itself and then diluted in 0.9% NaCl solution at 5 mg mL-". Then this solution was diluted in a concentration
of 0.1 mg mL™".

Chromatographic conditions

Chromatographic analyses were conducted in isocratic mode; with the column temperature set at
30 °C and DAD configured at 220 nm of wavelength, 1 mL min™ flow rate, 20 L injection volume and
15 min analytical run time. The quantification of vancomycin hydrochloride was performed by external
standardization.
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Parameter determination for method validation

The validation of the chromatographic method for the analysis of vancomycin hydrochloride
concentrations was performed following the recommended guidelines for analytical methods regarding
the selectivity, linearity, working range, matrix effect, robustness, precision and accuracy as required by
the RDC 166/2017 of ANVISA.™

Selectivity

As for the assessment of the selectivity parameter, MP chromatograms, reference standard,
vancomycin hydrochloride solution and sample diluent, consisting of 0.9% NaCl solution, were compared,
as well as the purity signal."

Matrix effect

In this study, five different concentrations were used in triplicate. Starting from the vancomycin
hydrochloride solution prepared at 5,000 ug mL", 0.2 mL aliquots were removed with micropipette and
transferred to 10 mL volumetric flasks. Then the standard volumes were added to these flasks for the
preparation of solutions in the range of 25—-125 L. The two resulting curves were compared and assessed
by the f-test.

Linearity and linear range

The linearity was determined based on a mathematical relationship of the analyte average area for
each aliquot and its respective theoretical concentration, thus obtaining an analytical curve by the linear
equationy = ax + b, the coefficients a and b being estimated by linear regression. Therefore, three analytical
curves were analyzed in the concentration range of 25-175 ug mL™" (seven points) from a stock solution
at 1 mg mL™", diluted with MP.

Area results were assessed visually at first, followed by the least squares method, preceded by the
Cochran test, followed by residue analysis."

Robustness

This test was elaborated to assess the ability of the chromatographic method to resist small changes in
analytical parameters, thus the analytical column temperature of 28 °C and 32 °C and the MP flow of 0.8
mL min™ and 1.2 mL min"' were modified. In order to assess the impact of these changes, the following
parameters were evaluated: peak purity of the compound of interest, retention factor (K) and resolution
(RS).*" Therefore, Equations 1 and 2 were used.

K=tc/ts Equation 1

where:
fc = time required by the sample components
ts = time required by the eluent

2(trl — tr2)
s=—-

Equation 2
wl 4+ w2

where:

tr1 = retention time of the sample

tr2 = retention time of the peak prior to the analyte of interest
w1 = peak width of the analyte of interest

w2 = peak width prior to the analyte of interest
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Precision

In the intraday accuracy study, nine replicates of individually prepared a 100 ug mL"' concentration
were used. The samples were assessed under the same operating conditions, same analyst and same
instrumentation, in a single analytical run.

In order to identify possible variations of the data collection site due to analyses performed on different
days or by different analysts, the intermediate precision or reproducibility analysis was performed. In this
test, different samples were assessed on different non-consecutive days.

Accuracy

The accuracy (recovery) test was performed by comparing the results achieved in the analysis of
vancomycin hydrochloride solution samples with the results obtained by analyzing samples containing
known standard concentrations.

The quantities of 25, 50 and 75 ug were added to the standard sample solution. These quantities are
considered low, medium and high concentration measurements, respectively, and they were analyzed in
three replicates of each level. The recovery factor (% R) was calculated by subtracting the concentration
determined in the added sample (C,) from the concentration determined in the non-added sample (C)),
then the result was divided by the added concentration (C ), and finally the value was multiplied by 100,
as shown in Equation 3."

Cb—-C 100
%R = ( Ca)x Equation 3
C

where:

C_= concentration determined in the non-added sample
C,= concentration determined in the added sample

C_= added concentration

RESULTS AND DISCUSSION

This is an experimental study to develop and validate the analytical methodology for quantification of
vancomycin hydrochloride.

The analytical strategy of validation and the analysis steps were conducted according to ANVISA
RDC 166/2017" and the analytical performance parameters determined by experiments were: selectivity,
linearity, working range, matrix effect, robustness, accuracy, and precision appropriate to the analysis.

The performance of the analysis tests provided satisfactory results in relation to the validation criteria of
the proposed analytical methods.

The study was conducted at the Laboratory of Nursing Experiments (Laboratério de Experimentos de
Enfermagem — LEENf), Paulista Nursing School, Federal University of Sdo Paulo, SP, Brazil.

In the selectivity or specificity test, no substances eluting near or at the same retention time of the
test compound were detected. The compound peak was shown as high purity. Figure 2 shows the
chromatograms analyzed.
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Figure 2. A. Chromatographic separation of vancomycin

o’ | hydrochloride sample; B. Chromatographic separation

| of the vancomycin hydrochloride reference standard; C.

Chromatographic analysis of diluent (0.9% sodium chloride

solution) D. Mobile Phase chromatographic analysis report.

_ A ' Analyses performed in the isocratic mode method, C18

) column at 30 °C, 220 nm wave, with Mobile Phase at a ratio

Bl R R s S of 92% buffer-solution and 8% acetonitrile, at a flow rate of 1
MINUTES mL min™ and 20 yL of injection volume.

VOLTS

The chromatograms in Figure 2 present that at the retention time of the vancomycin hydrochloride
solution, no interfering substances were observed to elute at or near the standard time (Figure 2 C and D).

The investigation of selectivity conducted in this study was able to confirm that MP and diluent related
to vancomycin hydrochloride standard do not have structurally similar components that could be present
during the analyses at the same chromatographic peak. The presence of this peak was only verified in the
drug solution.™

In the chromatograms analyzed, the vancomycin hydrochloride peak was unique in its retention time,
with a gaussian distribution peak, and no other degradation or impurity peak was observed in the peak
vicinity, therefore the method can be considered selective for the tested conditions.

Thus, seven duplicates of the vancomycin hydrochloride standard concentrations were analyzed for
each of the three curves performed for the linearity assay. Table | shows the analytical curves of the
method with the respective coefficients of determination (R?) using the DAD ultraviolet detector in the
concentration range 25-175 ug mL" (n=7 points).
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Table I. Analytical curves (y=ax+b) for vancomycin hydrochloride determination

by HPLC-UV in the linear range of 80% to 120%

Replicates Analytical curves R?

Replicate 1 y =45.544x — 147.66 0.9993
Replicate 2 y =43.927x + 43.169 0.9997
Replicate 3 y =43.983x — 12.339 0.9995
Resulting curve y = 44.436x — 34.75 0.9999

Note: y = peak area of interest; x = concentration in ug mL"'; R? = coefficient of determination.

Figure 3 shows the overlap of the curves obtained by the linearity study as well as the residual graph.
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Figure 3. Graph of the residual versus adjusted values.

Linearity corresponds to the ability of the method to provide results directly proportional to the
concentration of the analyzed substance. This linearity is obtained when the signal measured by each
concentration of the analyte of interest is correlated, and the linear relationship is verified based on the
mathematical treatment of the linear regression.®' Thus, Cochran’s test was carried out to assess the
variance of experimental errors undergoing visual analysis of the residual graph (Figure 3). The calculated
value for this test was smaller than the tabulated ones, then the variance of experimental errors (y values)
are equal; the dataset therefore is homoscedastic. This observation coincides with the visual analysis of
the graph, the variance seems constant, consequently, the dataset can be assessed by linear regression
analysis.

Accordingly, in the mathematical model for linear regression analysis of the interval calibration curve
proposed for the study, the R? was calculated (and it was shown within the acceptable value) proving
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that the method is linear, as presented in Table |. Data corroborate ANVISA Resolution 166/2017," which
states that R? must be equal to or higher than 0.99; so, the method can be considered linear.

The matrix effect was measured by comparing the angular coefficients of the calibration curves and
the fortified sample curve at five points of standard analysis (between 25-125 ug mL™") within the linear
working range established by the linearity curve.

In Figure 4, parallelism between the lines can be observed, thus indicating the absence of interference
of the matrix constituents in the analysis of the compound of interest."
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e Solent Matrix effect =~ --e-eeeee Linear (Saolvent) Linear (Matrix effect)
Figure 4. Curve obtained by the matrix effect in parallel to the linearity curve.
The robustness test was assessed by performing experiments with different chromatographic conditions

by changing the MP flow rate and the column temperature. Those changes follow the recommendation of
ANVISA RDC 166/2017." Table Il shows the results of the analyzed parameters.

Table Il. Robustness of the vancomycin hydrochloride method according to variations in mobile phase flow and
column temperature in relation to the original analysis conditions

. Proposed MP flow rate MP flow rate Temperature Temperature
Analysis parameter

method 0.8 mL min' 1.2 mL min"' 28 °C 32°C
Retention factor (K) 3.6 3.9 4.0 4.3 3.9
Previous Peak Resolution (RS) 2.3 3.0 2.1 2.6 2.3
Posterior Peak Resolution (RS) 4.0 4.7 4.0 3.5 2.8
Retention time (RT) 8.72 11.65 7.95 10.42 94
Purity 999.999 999.97 999.976 999.973 999.969

Note: MP = Mobile Phase.

The method is considered robust when the results of small deliberate changes caused by the analytical
parameters of the method during the robustness test indicated that the sample varies proportionally with
the programmed conditions and does not affect the performance of the analytical methodology.® "2 In this
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analysis, in the case of vancomycin hydrochloride, the K factor must present better resolution than the
other peaks, with a value higher than 2. For the system under study was found based on Equation 1 the
lowest K value equal to 3.9 (Table II).

The degree of separation quantification RS is considered robust when the value is higher than 2°
corroborating the study under analysis, which presented RS of 2.1, calculated based on Equation 2, with
a maximum retention time of 11.6 minutes. Thus, the mobile phase selected for validation even with the
small modifications in the chromatographic conditions showed good resolution and within 15 minutes of
running (Table II).

The purity of the peak was stable in relation to the purity presented in the proposed method (Table
II). According to the robustness test premise, the small variations caused do not affect the analytical
procedure.

In this study, in the precision test to verify the single-day repeatability, nine replicates at 100% of the test
concentration individually prepared were used. The samples were assessed under the same operating
conditions, single analyst and same instrumentation, in a single analytical run and with three injections
each.”

The theoretical concentration was estimated based on the analytical curve equation and was expressed
in ug mL". The results obtained with this test are presented in Table IlI.

Table Il Intra-run accuracy test (intermediate test)

Replicates Avgrage sar.nple areas Star.|d§rd CV (%) Estimated. theoretica_l
(sample) (intermediate test) Deviation concentration (ug mL™)

1 4574.80 3.12 0.07 103.73
2 4574.80 3.12 0.07 103.73
3 4725.27 10.89 0.23 107.12
4 4451.54 34.18 0.77 100.96
5 4417.67 12.70 0.29 100.20
6 444259 40.34 0.91 100.76
7 4451.54 34.18 0.77 100.96
8 4417.67 12.70 0.29 100.20
9 444259 40.34 0.91 100.76

Overall average concentration 4499.8

Overall standard deviation 104.2
Relative standard deviation (%) 2.3

Note: CV = Coefficient of variation.

As to the intra-run accuracy, a satisfactory result expressed by CV 0.91% was obtained, remaining below
the acceptable limit value of 5%. The relative standard deviation (RSD) value found in the experiment was
below 5% (Table Ill), indicating the accuracy of the method, thus corroborating the limits expressed in
compliance with the analytical validation rules of the ANVISA."
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Table IV. Inter-run accuracy test

Replicates (sample) Average sample areas

1 4602.40
2 4504.50
3 4503.10
4 4498.00
5 4495.10
6 4496.20
7 4495.00
8 4501.50
9 4497.00

Overall average concentration 4510.31

Overall standard deviation 34.71

Relative Standard Deviation (%) 0.77

The intermediate precision was assessed by analyzing vancomycin hydrochloride solutions at a
concentration of 100 uyg mL™, on different and non-consecutive days, obtaining RSD of 0.8%. These
results show that the method provides results with acceptable accuracy on different days of analysis and

involving two distinct analysts (Table V).

In the accuracy test for 25 uyg mL", 50 yg mL", and 75 ug mL-' concentrations, it was presented for each

theoretical concentration: mean replica areas, relative standard deviation, and recovery (Table V).

Table V. Data obtained for accuracy test evaluation

Theoretical standard of Experimental Mean of the Relative
vancomycin concentration vancomycin area Standard Recovery (%)
added (pug mL™) concentration (ug mL") Deviation
125 122.90 5535 0.107 99.9
150 14513 6585 0.062 99.6
175 172.55 7829 0.284 101.3

The accuracy of the method was determined by studying the original matrix recovery by adding a known

amount of the reference standard used for the study of vancomycin hydrochloride.

According to the ANVISA Resolution RDC 166/2017," the standard deviation in the accuracy test should
not exceed 15%, a premise met at the three concentrations studied, therefore, the accuracy of the method

being validated was ensured.
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The high percentages obtained in the recovery (near 100%) indicate the accuracy of the method.
Regarding the RSD, the acceptable or true value is 5%, indicating that the assay is within the established
recommendations (Table V)."

CONCLUSIONS

The method developed and validated according to ANVISA RDC 166/2017" parameters for the
determination of vancomycin hydrochloride by HPLC-UV was simple, fast and efficient, and it can be
safely applied to the analysis of solution containing vancomycin hydrochloride.
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