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ABSTRACT: A fast, efficient and simple high performance liquid chromatographic method was developed and
validated for the simultaneous determination of amoxicillin trihydrate (AMO) and sulbactam pivoxil (SP) in oral
pharmaceutical dosage forms and, eventually, for their dissolution tests. The difference in molar absorptivities of these
compounds constituted an analytical challenge, especially in formulations where AMO was in a higher proportion than
SP. A reverse phase C18 column was used with a mobile phase consisting of acetonitrile and water (80:20 v/v) in
isocratic mode. The retention times were found to be 2.26 min and 1.34 min for SP and AMO, respectively. The linearity
range was evaluated over the concentration range of 2.5 and 250.0 ug mL-! (correlation coefficients higher than 0.9998).
The method was validated according to the International Conference on Harmonization ICH guidelines regarding
selectivity, linearity, accuracy, precision, limit of detection, limit of quantification, system suitability and robustness.
The validated method was applied for the quantification of AMO and SP in commercial tablets and oral suspensions
(AMO/SP ratio between 1:1 and 7:1), being the first method in the open literature that enables the correct quantification
of both active ingredients in formulations with an AMO//SP ratio higher than 1:1. Also, the new method was successfully
applied for the dissolution study of AMO/SP formulations, which was reported for the first time in the open literature.
According to the obtained results, the proposed method can be applied in the quality control of pharmaceuticals
containing a combination of amoxicillin and sulbactam pivoxil.

KEYWORDS: Amoxicillin trihydrate; sulbactam pivoxil;, HPLC; method validation; dissolution; oral pharmaceutical
dosage forms.

1. INTRODUCTION

Amoxicillin trihydrate (AMO), a broad-spectrum p-lactam antibiotic, is one of the most used antibiotics
in the primary care setting [1]. However, p-lactam antibiotics are susceptible to be destroyed by {3-lactamase
enzymes. The continuous evolution and prevalence of these enzymes is the main cause of bacterial resistance
[2]. A strategy to overcome this problem lies in using AMO combined with p-lactamase-inhibitors [3].
Sulbactam is an effective 3-lactamase-inhibitor, but it has a poor absorption in the gastrointestinal tract. This
problem was solved by the synthesis of the double ester prodrug, sulbactam pivoxil (SP). This prodrug is very
well absorbed and, upon a rapid enzymatic hydrolysis, effectively delivers sulbactam in the serum [4]. The
AMO/SP combination is used in oral therapy (both solid oral forms and suspensions), and it is marketed in
almost all the Latin American countries, Korea and China [5] in different AMO/SP ratios, ranging from 1:1 to
7:1.

The principal quality controls required for solid oral forms (capsules and tablets) and suspensions are
the active pharmaceutical ingredient (API) determination and the corresponding dissolution test. In
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accordance with official pharmacopeias, the API determinations must be carried out for both solid forms and
suspensions; while the dissolution tests are only required for solid oral forms [6-8]. However, dissolution
testing has been increasingly used to test suspensions in order to demonstrate bioequivalence and ensure
product quality [9-11].

The combination of AMO and SP has not been referred to by any pharmacopoeia. In fact, there are no
official analytical methods for SP. Different pharmacopeias report methods to quantify sulbactam sodium.
However, these methods are not useful for sulbactam pivoxil due to the significant differences in solubility
between the two drugs. On the other hand, methods for AMO analysis are reported in all pharmacopeias [6-
8].

A comprehensive review of the literature has revealed that there are several articles proposing methods
for the simultaneous determination of amoxicillin and sulbactam [12-16]. Nevertheless, only one of them
studied the quantification of sulbactam in the SP prodrug form [16]. The authors developed a method based
on high performance liquid chromatography (HPLC) with UV detection, which was proposed for dispersible
tablets with a ratio of 1:1 AMO/SP. It is important to highlight that the molar absorptivities of these
compounds are very different from each other, being much higher the one corresponding to AMO. This fact
makes simultaneous HPLC/UV determination difficult when these APIs are found together in formulations
where AMO is in a higher proportion than SP. In fact, as already mentioned, some commercial formulations
have an AMO/SP ratio of 7:1. Thus, appropriate dilutions made to correctly quantify AMO (i.e., to avoid signal
saturation) lead to very small chromatographic peaks for SP, and it is not possible to properly quantify it. This
problem could also be present during the quantification of both analytes in dissolution tests (including 1:1
AMOY/SP ratio), due to their different aqueous solubility.

The goal of this research is to develop and validate a simple and fast HPLC method capable of
simultaneously determining AMO and SP in solid oral forms and suspensions with AMO/SP ratios between
1:1 and 7:1. In addition, this work presents a dissolution study of formulations with these APIs, using the new
method to determine both AMO and SP. To the best of our knowledge, there are no records in the open
literature of such tests on AMO/SP formulations, nor of an analytical method which makes it possible their
simultaneous determination in samples from dissolution tests. The method was able to perform the analysis
in a shorter time, resulting in a reduction of both the amount of solvents needed and the generation of waste.

On the other hand, a robustness study was also carried out in order to evaluate the reliability of the method
during normal use.

2. RESULTS AND DISCUSSION
2.1. Method development and optimization

The simultaneous determination of AMO and SP presented two important challenges to be considered
for the development of the analytical method. Firstly, both analytes have a very dissimilar solubility (i.e. SP
has a much lower solubility in water than AMO) and, on the other hand, they also differ considerably with

respect to their molar absorptivities, as mentioned below (Figure 1). Accordingly, several mobile phases were
initially tested.

Absorbance

Wavelength [nm]

- — Amoxicillin tihydrate  —— Sulbactam pivoxil

Figure 1. UV spectra of AMO (amoxicillin 0.025 mg mL-1, dotted line) and SP (sulbactam 0.025 mg mL-,
solid line) in acetonitrile/ water (80:20).
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Various acetonitrile/ water/ methanol mixtures were evaluated, in accordance with other studies found
in the literature [16]. However, low UV absorption bands for both AMO and SP were observed whenever
methanol was present. In addition, the pressure in the system was higher when using methanol, which
resulted in a lower separation efficiency and large peaks [17]. Moreover, acetonitrile has a lower cut-off than
methanol, which is important because SP has its highest absorption at low wavelengths [18]. From the
environmental point of view, both acetonitrile and methanol belong to class 2 of toxicity in the Guidance for
Industry. Q3C-Tables and List [19]. However, acetonitrile is a stronger solvent than methanol, which would
reduce the retention times of the analytes, as well as the waste produced in each run [20].

Based on these considerations, the combination of acetonitrile and water appeared to be a better option
than the mobile phase using methanol. On the other hand, different pharmacopeias use ACN/aqueous
solutions combination for the individual assays of amoxicillin trihydrate, amoxicillin sodium and sulbactam
sodium [6,7]. In all cases, the percentage of acetonitrile used is between 2.5 [7] and 4 % v/v [6]. However,
under these conditions, only AMO could be correctly quantified, probably due to the low solubility of SP in
those mobile phases.

Therefore, mobile phases with increasing acetonitrile percentages (20, 50, 70 and 80 %) were tested. As
expected, a higher percentage of acetonitrile made it possible to observe the SP peak and obtain lower
retentions times. The SP peak could only be observed when the percentage of acetonitrile was higher than 50
%. However, the mobile phase containing 50 % of acetonitrile resulted in a broad and not well defined SP peak
with a relatively long retention time (R:: 7.03 min). Better results were achieved when 80 % of acetonitrile was
used (R for SP: 2.26 min). Using this mobile phase, well-defined peaks and low retention times were obtained,
with total analysis times of 5 min for the determination of both analytes.

With the selected mobile phase, all the chromatographic parameters were optimized. The optimal
operational conditions are shown in Table 1.

Table 1. Chromatographic conditions.

C18 4.6 mm x 150 mm (5.0 pm

Column particle size)

Flow rate (mL min-1) 1

Mobile phase ACN/water (80:20 % v/v)
Injection volume (uL) 20

Temperature (°C) 30

Detection

AMOX wavelength (nm) 273

SULB wavelength (nm) 218

Time for wavelength shift (min) 1.8

The method was developed to be used in the quantification of both AMO and SP in tablets and
suspensions, as well as in dissolution tests of such formulations. Two quantification strategies were tested.
The first approach was to use a unique wavelength (218 nm) for the quantification of both active principles. It
is important to note that the excipients normally present in the formulations had significant absorption bands
at low wavelengths. Therefore, quantification of the APIs at the lower wavelengths was not possible, despite
the fact that SP has a higher molar absorptivity in this region of the UV spectrum. Thus, 218 nm was the
selected wavelength for the SP analysis. However, at this wavelength, differences in molar absorption between
AMO and SP make their simultaneous determination difficult. This happens when the AMO/SP ratio is large,
since adapting the sample preparation for a correct AMO quantification results in very small peak areas for
SP, leading to errors in integration. This is particularly the case when analyzing formulations with an AMO/SP
ratio of 7:1, or if the method is applied for quantification during a dissolution test, mainly due to the low
solubility of SP. For this reason, a second strategy was proposed, which used two different wavelengths for
quantification: 218 nm for SP, and 273 nm for AMO. This approach enabled similar peak areas to be obtained
for both active principles when they were in equal concentrations (Figure 2 A). This method showed better
results in the validation process, in terms of accuracy, precision and robustness. Therefore, it was selected as
the optimal.
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Figure 2. Chromatograms using the developed method. (A) 1: AMO (250 pg mL-! of amoxicillin) and 2: SP
(250 pg mL1 of sulbactam). (B) Solution of excipients.

2.2. Method validation

As mentioned before, the chromatographic method was validated in accordance with the International
Conference on Harmonization (ICH) guidelines Q2 (R1) [19]. The following parameters were evaluated:
specificity, linearity, accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), system
suitability and robustness.

2.2.1. Specificity

Specificity was studied by analyzing solutions of the different excipients used in the formulations,
prepared in the mobile phase, in order to corroborate that there were no chromatographic peaks due to matrix
components at retention times close to those corresponding to AMO and SP. As it can be seen in Figure 2B,
the chromatogram demonstrated the absence of interferences. In addition, AMO and SP could be properly
quantified in the presence of excipients. The f test, performed at three levels of concentration (2.50, 25.00 and
250.00 ng mL1), showed no significant differences between the concentrations obtained for both drugs with
and without excipients. The p-value obtained for all comparisons performed was > 0.05.

2.2.2. Linearity and range

The linearity of the method was evaluated by preparing and injecting standard solutions, whose
concentrations ranged from 2.5 to 250 ug mL for both AMO and SP. The calibration lines were constructed
by regressing the peak area against the concentration of the standards, and showed that the method was linear
over the entire study range for both APIs. Table 2 shows the parameters and linearity data of AMO and SP
calibration curves (i.e. slope, standard error of slope, intercept, standard error of intercept and correlation
coefficient). The correlation coefficients (R) values > 0.9998 indicate that exits a high correlation between
analyte peak area and concentration for both drugs. The Analysis of Variance (ANOVA) test showed that there
was no lack of fit in any case, and that the linear model was appropriate to describe the behavior of the
experimental data (a = 0.05).

2.2.3. Accuracy

The method accuracy was evaluated by analyzing solutions which contained both AMO and SP at three
concentration levels (low, medium and high), as well as the commonly used excipients.

The Federal Drug Administration of the United States (FDA) and the United States Pharmacopeia (USP)
do not establish limits of acceptance for the accuracy [6,21]. However, it is well known that values close to 100
% of recovery are recommended. In our case, the percentage of recovery obtained for all concentrations and
for both analytes ranged between 98.3-101.7 % (Table 3).
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Table 2. Regression characteristics, LOD, LOQ and system suitability for the analysis of AMO and SP.

spP AMO
(218 nm) (273 nm)
Regression date
Range concentration (ug mL-1) 2.5-250 2.5-250
Slope 3899.1 4223.4
Standard error of slope 24 2.6
Intercept 233.38 -270.72
Standard error of intercept 261.46 276.88
Correlation coefficient 0.9999 0.9998
Limits
Detection limit (ug mL-1) 0.6 0.6
Quantitation limit (ug mL-1) 1.8 1.7
System suitability
Tailing factor, T 1.16 1.50
Resolution, Rs 8.33
Theoretical plates, N 5675 2172
System precision (% RSD) 0.51 0.33
Retention time (min) 2.26 1.34

Table 3. Determination of AMO and SP in laboratory prepared mixtures.

SP AMO
(218 nm) (273 nm)
Concentration Found* Recovery Found* Recovery
(ng mL7) (g mL7) (%) (g mL1) (%)
2.50 2.54 101.6 2.53 101.4
25.00 25.10 100.4 24.58 98.3
250.00 25431 101.7 247.75 99.1

* average of three determinations

2.2.4. Precision

Five and three concentration levels within the linear range were analyzed for repeatability and
intermediate precision, respectively (Table 4). The results obtained from the repeatability study showed
percentage relative standard deviation (% RSD) values for both AMO and SP lower than 2 % for all the
concentrations under study, which were considered satisfactory.

Table 3 also shows the results of intermediate precision. In this case, the % RSD values for AMO were
in all cases below 2 %, as well. In comparison, the % RSD values corresponding to SP were slightly above 2 %,
with the highest value being 2.73 %.

The Spanish Association of Industry Pharmacists indicates that the maximal % RSD depends on the range
of acceptance [22]. In this sense, for a range of 90-110 % and n = 3 the maximum % RSD should be 6.71 %.
Therefore, according to these recommendations, the results obtained could be considered acceptable.

2.2.5. Limit of detection and limit of quantification

The LOD and LOQ were calculated based on Eq. 1 and Eq. 2. The values obtained for both AMO and
SP are showed in Table 2. As it can be seen, the LOD was 0.6 pg mL- for both analytes. On the other hand,
the LOQ was calculated being 1.8 and 1.7 ug mL? for SP and AMO, respectively. The results obtained were
slightly lower than the limits reported by Qi et al. (i.e. AMO-LOQ = 3.05 pg mL-1; SP-LOQ = 4.03 ng mL") [16],
which revealed that the proposed HPLC method was sensitive enough to determine AMO and SP.
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Table 4. Precision of the proposed HPLC method.

SpP AMO

(218 nm) (273 nm)
Concentration Mean +SD RSD Mean +SD RSD
(ug mL1) (ug mL1) (%) (ug mL7) (%)
Repeatability
2.50 2.39+0.02 0.74 2.53+0.04 1.53
6.25 6.25+0.06 0.89 6.28 +0.10 1.67
25.00 25.08 + 0.50 1.98 24.87 +0.25 1.00
125.00 12541 £1.12 0.89 125.81+2.12 1.69
250.00 24891 +2.31 0.93 258.26 +1.93 0.75
Intermediate
precision
6.25 6.18 £0.17 2.72 6.39 £ 0.07 1.17
25.00 24.74 +0.68 2.73 24.88 £0.20 0.81
125.00 127.09 £ 3.47 2.73 125.56 £ 2.38 1.89

The mean and the % RSD were calculated considering n =3

2.2.6. Suitability of the system

The suitability parameters analyzed in this work were the tailing factor (T), the resolution (Rs), the
theoretical plates (N), the system precision (evaluated as % RSD) and the retention time (R;). These parameters
were estimated in accordance with the USP [6]. The results obtained for both analytes are showed in Table 2.

The system precision indicates the performance of the chromatograph including the column, plumbing
and environmental conditions. The highest % RSD obtained was 0.51 % for SP. Values <1 % are considered
desirable [21].

The resolution indicates how well two peaks are separated. Well separated peaks are essential for a
reliable quantitation. The value obtained for the developed method was 8.33. Values of Rs > 2 are
recommended [21].

The tailing factor affects the method accuracy. In this sense, when high T values are obtained, the
integrator has difficulty in determining the peak ends, which affects the calculation of the area under the peaks.
T <2 are considered desirable [21]. In the current study all values obtained were acceptable.

The theoretical plate number indicates the column efficiency. This parameter is related to the number
of peaks that can be located per unit of chromatogram run time. N depends on the elution time, but in general
it should be > 2000. In this work, although the retention times are low, the N values were above 2000 for both
APIs [21].

The retention times obtained were very short, being a run of 5 min enough to determine both AMO and
SP. The R; obtained in the present work were 1.34 min for AMO and 2.26 min for SP. In this sense, the R for
both analytes were about three times lower than those previously reported, where the R; for AMO and SP
were 3.4 min and 7.2 min, respectively [16].

Moreover, the developed method is in agreement with the first and sixth of the 12 Principles of Green
Chemistry [23]. The first principle says that it is better to prevent waste than to treat or clean up waste after it has
been created. Thus, the shorter the chromatographic run, the lower the waste generated. On the other hand, the
sixth principle is related to energy consumption, this principle states that energy requirements should be recognized
for their environmental and economic impacts and should be minimized. The developed methods required less
energy because the runs were shorter. In addition, the new method presented other advantages from the
economical point of view. Therefore, the economic advantage was linked to the reduction of the total analysis
time, which made it possible to use less solvents as well as to generate less waste, leading to a reduction in the
costs of waste treatment. In addition, as it was previously mentioned, since the energy requirement of the
analysis was reduced, this also resulted in economic savings.
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2.2.7. Robustness

The evaluation of the robustness of an analytical method is part of the validation requirements
demanded by the regulatory authorities. This study is useful to know the factors that could negatively affect
the quality of the results, as well as to transfer the developed methods. In this work, the robustness assessment
was carried out by analyzing the changes in the following parameters: mobile phase composition (evaluated
as acetonitrile percentage), flow rate of the mobile phase, temperature and wavelengths 1 and 2. The analytical
responses were the % recovery and the % RSD value for both analytes. The results obtained from the
robustness analysis are summarized in Table 5.

The recoveries obtained upon the variation of the mentioned parameters were in the range of 97.1 - 101.8
% and 97.2 - 101.9 % for SP and AMO, respectively. Furthermore, the % RSD values for all determinations
were below 1.6 %. As it can be seen, the flow rate was the parameter that had the greatest effect on the
recoveries. The error in this parameter was the only one above 2 %. Although the error was less than 2.9 %, it
would be important to have a strict control of this parameter during the analytical determinations. The results
showed that slight variations in chromatographic conditions had a negligible effect on the response: Therefore,
the method proved to be robust considering the parameters tested.

Table 5. Robustness analysis.

SP AMO

Chromatographic conditions Recovery RSD Recovery RSD

(%) (%) (%) (%)
Mobile phase (acetonitrile/water 78/22) 99.9 0.9 98.6 0.4
Mobile phase (acetonitrile/water 82/18) 100.8 0.9 99.1 0.4
Flow rate of mobile phase 0.98 mL min-! 101.8 0.5 101.9 0.2
Flow rate of mobile phase 1.02 mL min-! 97.1 0.3 97.2 1.2
Temperature 29.5 °C 99.9 0.8 98.6 0.1
Temperature 30.5 °C 100.9 1.2 101.1 0.7
Wavelength 217.5 nm 101.3 1.0 - -
Wavelength 218.5 nm 99.2 11 - -
Wavelength 272.5 nm - - 98.5 1.6
Wavelength 273.5 nm - - 101.9 1.3

n=3
2.3. Market samples analysis

The applicability of the developed method was assessed by analyzing the AMO and SP content in
commercially available pharmaceutical products. The corresponding results are showed in Table 6. As it was
previously mentioned, there is no information on the combination of AMO and SP in any pharmacopeia.
However, AMO is coded in the USP, as well as in other pharmacopeias, both in tablets and suspensions.
According to the USP, tablets and suspensions of AMO with clavulanate potassium (another f-lactamase-
inhibitor) must contain the equivalent of not less than 90.0 %, and not more than 120.0 % of the labeled amount
of both APIs. This range is the same for tablets and suspensions of AMO [6]. Therefore, this range (90.0-120.0
%) was used for the commercial tablets and suspensions of AMO and SP analyzed in this work. As it can be
seen in Table 6, the recovery % for both AMO and SP in all the market samples analyzed are within the
mentioned range. It is important to note that acceptable results were also obtained for tablets containing a 7:1
AMO/SP ratio, which means that the developed method is able to be used in formulations with the highest
AMOY/SP ratio present in market formulations.

2.4. Application in dissolution tests

The developed HPLC method was also used to analyze dissolution profiles of both AMO and SP in
commercial tablets with a 7:1 AMO/SP ratio (Formulation B). A thorough review of the open literature and
several pharmacopeias has revealed that there are no dissolution methods for this combination of APIs.
Therefore, we started with the dissolution conditions proposed in the USP for the dissolution test of AMO
tablets. These conditions are: 900 mL of water as the medium, an apparatus II at 75 rpm and a temperature of
37+0.5°C. Figure 3 A and B show the dissolution profiles of AMO and SP in the different media tested. As it
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can be seen, when water was used as the medium AMO (Figure 3A, blue circle), a percentage of dissolution
close to 100 % was achieved in 90 min. On the other hand, despite the fact that the SP concentration in tablets
was seven times lower than that of AMO, the maximum dissolution percentage of SP was around 65 % at 30
min, and remained constant until the end of the study (Figure 3B, blue circle). This may be because the
saturation concentration was probably reached, due to the low water solubility of SP.

Table 6. Analysis of marketed formulations.

Commercial AMO/SP ratio Label value Recovery
formulation (%)
Formulation A, tablets

AMO (as amoxicillin trihydrate) 11 250 mg/ tablet 95.5

SP (as sulbactam pivoxil) 250 mg/ tablet 97.6
Formulation B, tablets

AMO (as amoxicillin trihydrate) 7.1 875 mg/tablet 91.2

SP (as sulbactam pivoxil) 125 mg/tablet 93.4
Formulation C, suspension

AMO (as amoxicillin trihydrate) 11 250 mg/5 mL 98.7

SP (as sulbactam pivoxil) 250 mg/5 mL 100.0

n=6
120
A

—e— Water
—— Polysorbate 20 0.05 % w/v

Polysorbate 80 0.01 % w/v

AMO dissolved [%)]
3

—— Polysorbate 20 0.10 % w/v

0 20 40 60 80 100
Time [min]

—— Water
—o— Polysorbate 20 0.05 % w/v

Polysorbate 80 0.01 % w/v

SP dissolved [%]

—— Polysorbate 20 0.10 % w/v

0 20 40 60 80 100
Time [min]

Figure 3. Dissolution profiles of tablets of formulation B (labeled amounts, AMO 875 mg and SP 125 mg).
A: profiles of AMO and B: profiles of SP. Dissolution medium water (blue circle), polysorbate 20 0.05 % w/v
(green rhombus), polysorbate 80 0.01 % w/v (yellow square) and polysorbate 20 0.10 % w/v (red triangle).

SP remains as a prodrug during its passage through the gastrointestinal tract. After absorption, SP is
hydrolyzed, releasing the sulbactam into the serum [4]. It is likely that, due to the low water solubility of SP,
bile salts play an important role in its solubilization in the gastrointestinal tract. Therefore, the effect of adding
several surfactants to the dissolution medium was tested. The surfactants investigated were sodium lauryl
sulfate, polysorbate 20 and polysorbate 80. Prior to the dissolution tests, preliminary HPLC assays were
carried out to investigate whether the added surfactant could interfere with the determination of both analytes.
It is noteworthy that the use of polysorbates (both 20 and 80) did not cause distortion in the chromatographic

https://dx.doi.org/10.29228/jrp.109
J Res Pharm 2022; 26(1): 123-135
130


https://dx.doi.org/10.29228/jrp.109

Razuc et al. Journal of Research in Pharmacy
Determination of amoxicillin and sulbactam pivoxil in pharmaceuticals Research Article

peaks of the APIs, and therefore, they could be determined accurately. However, as this did not occur with
sodium lauryl sulfate, AMO and SP could not be correctly quantified using this surfactant.

The critical micellar concentration (CMC) of polysorbate 20 and polysorbate 80 are 0.06 mM and 0.012
mM, respectively [24]. Initially, the concentrations used were about seven times their CMC, being 0.05 gr %
w/v (Figure 3, green rhombus) and 0.01 gr % w/v (Figure 3, yellow square) for polysorbate 20 and 80,
respectively [25]. As it can be seen in Figure 3, both media have similar effects. In both cases, the dissolution
profiles showed lower dissolution percentages than those observed in water at the beginning of the test, while
these percentages were higher than those in water at the end of the tests. In spite of the similarity between
polysorbates 20 and 80, SP showed higher dissolution percentages using polysorbate 20. Therefore, this
surfactant was used at a higher concentration in the following experiments. The dissolution profiles of AMO
and SP in polysorbate 20 at 0.10 gr % w/v are showed in Figures 3A and 3B (red triangle), respectively.
Although the percentage of dissolved AMO at 90 min is almost equal using either medium, in polysorbate 20
at 0.10 gr % w/v AMO reached higher values at shorter times. On the other hand, when this medium was
used, the SP dissolution profile improved notoriously. In this case, the maximum dissolved percentage
achieved was around 91 % at 90 min, which was much higher than using water as the medium (i.e. 66 % at 90
min).

Therefore, polysorbate 20 at 0.10 gr % w/v was the best of the media tested in this study, and was able
to significantly improve the dissolution profiles of both AMO and SP. In addition, it was demonstrated that
this surfactant did not cause interferences when analyzing the dissolution with the proposed method. This
study is the first in literature related to the dissolution test of the combination of AMO and SP. Such test needs
to be optimized and validated. However, the study performed serves as a beginning for the development of
future dissolution methods.

3. CONCLUSION

A fast, simple and sensitive isocratic reverse phase HPLC method was developed for the simultaneous
determination of amoxicillin trihydrate and sulbactam pivoxil in both pharmaceutical formulations and
dissolution tests. No interferences were found with excipients commonly used in oral suspensions and tablets.
Well resolved chromatographic peaks were obtained in shorter analysis times. Both analytes could be
determined in less than five minutes, which provided some economic advantages, and a low generation of
residues. Moreover, the method proved to be reliable, meeting the requirements for linearity, precision,
accuracy, robustness, limit of detection, limit of quantification and system suitability in the range of 2.5-250
pg mL1

The developed method was found suitable for determining AMO and SP in tablets and oral
suspensions, even in formulations where the AMO/SP ratio was as high as 7:1. This is the first analytical
method that has been demonstrated to be able to determine both APIs in AMO/SP ratios higher than 1:1. In
addition, a dissolution test for tablets containing AMO and SP was carried out for the first time, and the
proposed method was successfully used to obtain the corresponding dissolution profiles. Even though the
dissolution test needs to be optimized and validated, this study represents a start for the proposal of a valid
dissolution method for the study of this type of formulations.

4. MATERIALS AND METHODS
4.1. Chemicals and reagents

Amoxicillin was purchased from ANMAT (Buenos Aires, Argentina). Sulbactam pivoxil (SP) was
obtained from Kalung Group Ltd. (Hong Kong, China). The excipients used were: citric acid, sodium benzoate,
sucrose, carboxymethylcellulose and strawberry flavor. Sucrose was obtained from Ledesma (Buenos Aires,
Argentina), and the other excipients were purchased from Saporiti (Buenos Aires, Argentina). In addition,
polysorbate 20 (Cicarelli, San Lorenzo, Argentina), polysorbate 80 (Saporiti, Buenos Aires, Argentina) and
sodium lauryl sulfate (Cicarelli, San Lorenzo, Argentina) were used in the dissolution tests.

On the other hand, the mobile phase was prepared using ultrapure water supplied by Bernardo Lew
(Buenos Aires, Argentina), acetonitrile (UHPLC quality) obtained from PanReac AppliChem (Barcelona,
Spain), and methanol (U.V.E Buenos Aires, Argentina). All solutions were filtered through 0.45 pm pore size
hydrophilic polyvinylidene fluoride (PVDF) membrane filters (Durapore, Darmstadt, Germany), and
degassed in an ultrasonic bath.
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Three formulations of the Argentine market were tested, two of them in tablets (formulation A and B),
and one in suspension (formulation C). The label values of amoxicillin and sulbactam in these formulations
are the following: formulation A, 250 mg of AMO and SP/ tablet; formulation B, 875 mg of AMO and 125 mg
of SP/ tablet; and formulation C, 250 mg of AMO and SP/ 5 mL of suspensions.

4.2, Instrumentation

The UV absorption spectra were recorded in a T60 UV-Visible spectrophotometer, PG Instruments
(Lutterworth, UK). A Cole Palmer 8892 ultrasonic bath (Vernon Hills, USA) was used to assist in the
preparation of samples and solutions.

A Waters Alliance €2695 HPLC system (Milford, USA), equipped with a Waters 2998 diode array
detector (Milford, USA), and a thermostatized column compartment was used for method development and
validation.

The dissolution study was assessed using a dissolution apparatus II (708-DS, Dissolution Apparatus,
Agilent Technologies) with auto-sampling (Agilent 8000, Dissolution Sampling Station, Agilent Technologies).

4.3. Stock, working and standard calibration solutions

AMO and SP stock solutions of 0.25 mg mL- were prepared by weighing the appropriate amounts of
each drug and dissolving them with the mobile phase, i.e. acetonitrile/water (80:20, v/v). The dissolution
process was aided with the application of ultrasound. Working standard solutions were obtained by
appropriate dilution of the stock solutions with the mobile phase. Standard calibration solutions were
prepared by appropriate dilutions of working standard solutions in the mobile phase in the range between 2.5
and 250.0 pg mL? for both AMO and SP.

4.4. Chromatographic separation procedure

Chromatographic separation was carried out using a 4.6 mm x 150 mm Phenomex Gemini C18 column,
with a particle size of 5.0 pm (Torrance, USA). Also, a C18 Phenomenex Gemini pre-column was used. The
column was thermostatized at 30 °C. The elution was performed in isocratic mode using acetonitrile/ water
(80:20, v/v) as the mobile phase. The flow rate and the injection volume were set at 1 mL min? and 20 pL,
respectively. The method used two wavelengths for the determination: 218 nm for SP and 273 nm for AMO.
All method parameters were optimized in a univariate way (i.e. varying one factor at a time). The optimal
conditions were selected taking into account the retention times, peak resolution and sensitivity.

4.5. Method validation

The optimized method was validated in accordance with the International Conference of
Harmonisation (ICH) guidelines Q2 (R1) [19]. Therefore, selectivity, linearity, accuracy, precision, limit of
detection, limit of quantification, system suitability and robustness were evaluated.

4.5.1. Specificity

To evaluate the method specificity, different solutions were prepared using a mixture of acetonitrile:
water (80:20 v/v) as solvent: a) standard solutions of AMO and SP (250 ng/mL as amoxicillin and sulbactam),
prepared as indicated in section 4.3, b) a solution of the excipients commonly used in the pharmaceutical
formulations, and c) standard solutions of AMO and SP together with the commonly used excipients. The
excipients used were: citric acid, sodium benzoate, sucrose, carboxymethylcellulose and strawberry flavor. All
solutions were prepared in triplicate. The objective was to evaluate the presence of chromatographic peaks
corresponding to possible interferences in the vicinity of the retention times of the analytes. In addition, in
order to verify if the quantification of both AMO and SP was correctly performed even in the presence of
excipients, a t-test was carried out to compare the concentrations recovered for solutions a and c.

4.5.2. Linearity and range

For the linearity evaluation, seven concentration levels in the range between 2.5 and 250.0 ug mL- were
studied for AMO and SP. Thus, standard solutions of concentrations 2.50, 6.25, 12.50, 25.00, 50.00, 125.00 and
250.00 pg mL? of each drug were prepared in quadruplicate. The peak areas obtained were plotted versus the
analyte concentrations, and the corresponding straight line equation was estimated by ordinary least squares.
The linearity of both calibration curves was assessed by inspection of the corresponding correlation coefficient
(R). Also, the lack of fit statistical test was performed by Analysis of Variance (ANOVA) [26]. All the
calculations were performed using the ULC 2.0 software [27].
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4.5.3. Accuracy

Accuracy was evaluated by recovery studies. For this purpose, standard solutions with known
concentrations of both drugs and appropriate amounts of excipients were prepared to have a composition
similar to that of the formulation. The solutions were prepared using the mobile phase as a solvent, as
explained in section 4.3. Three concentration levels were analyzed within the studied linear range: the low
level had a concentration of 2.5 ng mL-, the medium level 25.0 ng mL-, and the high concentration was 250.0
pug mL-1. The assay was conducted in triplicate, and the percentage recoveries were calculated for both drugs
following the ICH guidelines [19].

4.5.4. Precision

Precision was evaluated in terms of both repeatability and intermediate precision. Precision was
reported as the percentage relative standard deviation (% RSD), and it was calculated for each one of the
concentration levels studied in the recovery experiments (n = 3) for both AMO and SP. The intermediate
precision was calculated in different days for three of the concentration levels (6.25, 25.00 and 125.00 pg mL-;
n=23).

4.5.5. Limit of detection and limit of quantification

The determination of the limit of detection (LOD) and the limit of quantification (LOQ) for both AMO
and SP were calculated using the following equations according to ICH guidelines [9]:

LOD = (3.3 X Q)/S (Eq. 1)
LOQ = (10 X Q)/S (Eq. 2)

Where Q is the standard deviation of the intercept and S the slope of the calibration curve.
4.5.6. System suitability

System suitability was checked by calculating the tailing factor (T), the number of theoretical plates (N),
the resolution (Rs), the retention time (R;) and the system precision. These parameters were evaluated by
injecting a standard solution of AMO and SP of 250 pg mL-! six times.

4.5.7. Robustness

Robustness of the system was assessed by analyzing the effect of small variations in some operational
variables on the recovery percentage. The studied parameters were: composition of the mobile phase
(evaluated as the variation of the percentage of acetonitrile), flow rate, temperature, wavelength 1 and
wavelength 2. The variables, as well as the corresponding studied interval, are shown in Table 7. All
measurements were obtained by injecting a 250 pg mL-! standard solution of AMO and SP. The study was
carried out in a univariate manner, and was performed in triplicate.

Table 7. Variables used in the experimental design of robustness.

Factors Low (-) High (+) Units
A Acetonitrile 78 82 %
B  Flow rate 0.98 1.02 mL min-
C Temperature 29.5 30.5 °C
D Wavelength1 2725 273.5 nm
E  Wavelength 2 217.5 218.5 nm

4.6. Preparation of sample solutions

The procedure followed to prepare the sample solutions for tablets formulation was the following: five
tablets of each commercial formulation were accurately weighed and powdered. The average tablet weight
was calculated and registered. A quantity of powder, equivalent to about 80 mg, was accurately weighed and
transferred into a 50 mL volumetric flask. The powder was diluted in the mobile phase and sonicated until
complete dissolution of the APIs. Then, appropriate dilutions of these solutions were carried out with the
mobile phase in 10 mL volumetric flasks.
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The commercial suspension was reconstituted with a given volume of tap water according to the
instructions on the label. Then, 0.25 mL of the suspension was transferred to a 50 mL volumetric flask. The
solution was made with the mobile phase, and sonication was used to assist the total dissolution of the APIs.
Then, 1 mL of this solution was diluted with the mobile phase in a 10 mL volumetric flask.

All the solutions obtained were filtered previous to their injection in the HPLC instrument.

4.7. Dissolution tests

The developed method was also applied for the APIs quantification in the dissolution tests of tablets of
the formulation B. The selected dissolution conditions used were the ones proposed for the United States
Pharmacopeia (USP) for the dissolution test of amoxicillin tablets. In this sense, the dissolution was carried
out using a USP apparatus-II (Paddle) at 37 + 0.5°C in 900 mL of water 75 rpm [6]. In addition, several media
containing polysorbate 20 (0.05 and 0.10 % w/v) and polysorbate 80 (0.01 % w/v) were tested. Samples were
withdrawn from the dissolution media at intervals of 5, 10, 15, 20, 25, 30, 45, 60 and 90 min. Then, 1.00 mL of
each sample was diluted in a 5 mL volumetric flask with acetonitrile. The solutions obtained were filtered and
analyzed using the proposed method. All the analyses were carried out in triplicate.
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