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f quality by design in the
development of the liquid chromatographymethod
to determine empagliflozin in the presence of its
organic impurities

Joanna Wittckind Manoel, * Gabriele Bordignon Primieri, Ĺıvia Maronesi Bueno,
Nathalie Ribeiro Wingert, Nádia Maria Volpato, Cássia Virginia Garcia,
Elfrides Eva Scherman Schapoval and Martin Steppe

Analysis of impurities is an important step in the quality control of pharmaceutical ingredients and final

products. From drug synthesis or excipients, even in small concentrations, impurities may affect efficacy

and safety. The method was developed following Quality by Design (QbD) for the analysis of the

antidiabetic empagliflozin. The concept of QbD is used as a tool for the development of methods and

formulations. Through predefined objectives and risk analysis, robust methodologies and reduced

solvent consumption are developed. A simple HPLC method was developed and validated for the

quantitative determination of empagliflozin and its organic impurities from the synthesis process. The

method was carried out in a Shim-pack phenyl column with a mobile phase consisting of an acetonitrile/

water mixture (72 : 28), with isocratic elution and the detector wavelength was 230 nm. The validation

process, in accordance with international guidelines, shows that the method was linear, precise and

accurate for empagliflozin, impurity 1 and impurity 2. Limits of detection (0.01, 0.02 and 0.01 mg mL�1)

and quantification (0.10, 0.10 and 0.05 mg mL�1) were determined for EMPA, IMP1 and IMP2,

respectively. The HPLC method for impurity determination in empagliflozin was linear, precise, accurate

and robust. It can be successfully applied in the quality control of empagliflozin and the synthesis of

impurities, being adequate for routine analysis.
1. Introduction

The presence of impurities in drugs is increasingly being eval-
uated in research and industry. There may be signicant
implications for health when these unwanted structures are
consumed, because of the teratogenic, mutagenic or carcino-
genic potential of some compounds, especially in continuous
use drugs. Impurities are any component present in the phar-
maceutical ingredient or the nished product other than the
active pharmaceutical ingredient or the excipients. Interna-
tional organizations are increasingly concerned about the
presence of impurities in medicine. The International Confer-
ence on Harmonization (ICH) determines the acceptable limits
and classies the impurities into three categories among them
the organic impurities most found in pharmaceuticals. Organic
impurities can arise during the manufacturing process or
storage which includes by-products, starting materials, degra-
dation products and intermediates of synthesis.1–3
ol, State University of Rio Grande do Sul,

gmail.com
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A novel class of drugs has been approved for the manage-
ment of glycemic control in type 2 diabetes mellitus. The gli-
ozins are a class of sodium glucose co-transporter 2 inhibitors
(SGLT2) that act to prevent glucose reabsorption in the kidney).
Empagliozin (EMPA) is a potent and selective SGLT2 inhibitor
used in monotherapy and add-on to other hypoglycemics.
Approved by FDA in 2014, this class of therapy has an inde-
pendent insulin action mechanism. In preclinical studies,
EMPA had greater selectivity than canagliozin and dapagli-
ozin. Studies show the safety and efficacy of EMPA and
demonstrate weight loss and cardiovascular benets to
patients.4,5

EMPA is available in 10 mg and 25 mg lm-coated tablets for
oral administration under the brand name of Jardiance®
(Boehringer Ingelheim). In the literature, different methods
have been reported to determine EMPA. More relevant articles
describe methods using HPLC, UV and chemometrics to
analyze EMPA along with other glycoglycemers. In 2016 they
developed and validated an HPLC method for EMPA analysis.
They used column C18 (150 � 40 mm, 5 mm) with isocratic
elution, mobile phase consisting of an 0.01M acetate buffer and
methanol.6 Ayoub used the chemometrics technique for EMPA
RSC Adv., 2020, 10, 7313–7320 | 7313
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and metformin analysis.7 A method using mass detector HPLC
was developed using a C18 column (50 mm � 2.1 mm, 1.7 mm),
mobile phase composed of acetonitrile and formic acid.8

However none of these studies addresses impurities and
stability of EMPA. In this proposal to evaluate the impurities of
EMPA synthesis and the fact that there are no reports in the
literature about the evaluation of these compounds, we note the
importance of this study.

The purpose of this study was to investigate the presence of
EMPA synthesis impurities in the pharmaceutical product using
the HPLC-UV technique with method development and opti-
mization by Quality by Design (QbD). QbD is a tool that
addresses the quality projected from the planning stage. The
understanding of the method with predened objectives and
optimization is based on science and risk control.

Application of QbD allows a smaller number of experiments
in method design. It also provides a better comprehension of
the effects of variables that may inuence critical parameters
during the application of the analytical method.9,10

The two impurities evaluated represent intermediate
compounds found in different stages of EMPA synthetic
routes.11–20 EMPA chemical designation is (2S,3R,4R,5S,6R)-2-[4-
chloro-3-[[4-[(3S)-oxolan-3-yl]oxyphenyl]methyl]phenyl]-6-
(hydroxymethyl)oxane-3,4,5-triol with a purity of 99.3%. The
synthesis impurities chemical named is (4-[(5-bromo-2-
chlorophenyl)methyl]phenol) and ((3S)-3-[4-[(5-bromo-2-
chlorophenyl)methyl]phenoxy]tetrahydrofuran) named impu-
rity 1 (IMP1) and impurity 2 (IMP2) respectively. The purity of
these impurities was 99.3% and 99.1% (Fig. 1).

The HPLC method for impurity determination in EMPA was
precise, accurate and robust. The separation of the compounds
presented an adequate resolution even in the presence of the
degradation product proving to be effective for routine analyses
in the pharmaceutical industry.
2. Experimental
2.1. Material and methods

EMPA and impurities were purchased from Carbosynth (Berk-
shire, UK). Jardiance® (Boehringer Ingelheim, Germany).Tab-
lets for oral administration, containing 25 mg of EMPA were
obtained from local pharmacies. All chemicals and reagents
used for sample preparation and mobile phase composition
were HPLC grade.
2.2. LC method

The HPLC system consisted of a Shimadzu 20 A, equipped with
CBM-20A controller, LC-20AT pump, SIL-20 AC autosampler,
Fig. 1 Chemical structures and names of empagliflozin and its
impurities.

7314 | RSC Adv., 2020, 10, 7313–7320
CTO-20AC oven and PDA SPD-M20A detector. The soware used
for control and data acquisition was the LC-Solution from Shi-
madzu. The experiments were performed on a reverse-phase
Shim-pack (Shimadzu) CLC-phenyl column (250 mm � 4.6
mm, 5 mm). The LC system was operated isocratically at
controlled temperature (30 �C) using a mobile phase of aceto-
nitrile–water (72 : 28 v/v), a ow rate of 0.84 mL min�1 and UV
detection at 230 nm. The injection volume was 20 mL. Experi-
ments were designed and assessed on MODDE® 11 (Umetrics,
Sweden) soware. Design space was dened by risk of failure
maps designed using the Monte-Carlo simulation method.
2.3. Stock solution preparation

2.3.1. Standard solution. The standard solutions were
prepared by dissolving 10 mg of EMPA in 20 mL of acetonitrile
to obtain the concentration of 500 mg mL�1. The same was
performed for each impurity separately. These solutions were
kept refrigerated and stored away from light during the period
of the study.

2.3.2. Sample solution. Twenty tablets were weighed and
crushed to a ne powder and the equivalent of 10 mg of EMPA,
accurately weighed, were transferred into a 20 mL volumetric
ask. The content was diluted with acetonitrile, followed by
30 min in an ultrasonic bath and the volume ask completed.
The stock solution was ltered on lter paper and then through
a PVDF 0.45 mm membrane. Starting with this stock solution,
daily sample solutions were prepared by diluting appropriate
amounts in mobile phase or stress solutions and using them in
validation and degradations studies, respectively.
2.4. Method validation

Themethod was validated by the determination of the following
parameters: specicity, limit of detection, limit of quantitation,
linearity, precision and accuracy following the ICH guideline.21

2.4.1. Selectivity. To prove the selectivity of the proposed
method, a placebo solution was prepared at a theoretical
concentration of 100 mg mL�1. The mixture was ltered on lter
paper and then through a 0.45 mm pore size membrane.
Excipients of Jardiance® tablets were: lactose monohydrate,
microcrystalline cellulose, hydroxypropylcellulose, cro-
scarmellose sodium, colloidal anhydrous silica, magnesium
stearate, hypromellose, titanium dioxide, talc, macrogol and
iron oxide yellow. The diluent system was also injected to
conrm selectivity. The chromatograms obtained were
compared to the standard solution at 230 nm.

2.4.2. Degradation study. In order to evaluate acid and
basic hydrolysis, sample solutions (250 mg mL�1) were prepared
and maintained in 0.1 M hydrochloric acid and 0.1 M sodium
hydroxide for 24 h in both cases. Aer the exposure time, the
solutions were neutralized with acid or base, as necessary. The
oxidative degradation was veried to submit the sample solu-
tion to 3.0% hydrogen peroxide, at room temperature, for 24 h.
Thermal degradation was evaluated by exposing sample solu-
tion, sealed in a glass vial, at a temperature of 60 �C for 24 h.
Photodegradation was induced by sample exposure to UVA and
This journal is © The Royal Society of Chemistry 2020
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Fig. 2 Ishikawa diagram used to point out which factors are more
critical to the analytical method. Those chosen for method screening
are in bold.
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UVC light for 24 h. All the solution were diluted in mobile phase
to nal concentrations of 100 mgmL�1 and injected in triplicate.

2.4.3. Limit of detection (LOD) and limit of quantication
(LOQ). The LOD and LOQ for the IMP1 and IMP2 were deter-
mined based on the signal-to-noise ratio 3 : 1 and 10 : 1,
respectively. Solutions of known concentrations near the limits
were prepared and analyzed separately for conrmation. The
precision study was also carried out at the LOQ level by injecting
six individual preparations of IMP1 and IMP2 and calculating
the % RSD of the areas.

2.4.4. Linearity. Linearity was determined by constructing
three analytical curves independently, with 6 levels of concen-
tration for EMPA and 9 levels for IMP1 and IMP2. The range of
EMPA was 40–140 mg mL�1, IMP1 0.1–10.0 mg mL�1 and IMP2
0.05–10.0 mg mL�1, prepared in mobile-phase. The results were
subjected to regression analysis to calculate the calibration
equations and to establish the correlation coefficients, followed
by ANOVA for compliance of the linear mode.

2.4.5. Precision. The precision of the method was deter-
mined by repeatability and intermediate precision. Repeat-
ability (intraday) was veried by six independent sample
preparations of the same concentration of the EMPA, IMP1 and
IMP2, on the same day, under the same experimental condi-
tions. The intermediate precision of the method was assessed
by carrying out the analysis on three different days (inter-day)
and also by other analysts performing the analysis in the
same laboratory (between-analysts).

2.4.6. Accuracy. The accuracy of EMPA was determined by
adding known amounts of standard solution in the sample
solution. The accuracy was evaluated at three concentration
levels, which were 110, 115 and 120 mg mL�1. The accuracy of
impurities was performed comparing the analysis of the stan-
dard in solution and the standard with the presence of placebo.
Three different concentrations were analyzed by adding 2.5, 5.0
and 7.5 mg mL�1.

2.4.7. System suitability. The system suitability test was
also carried out to evaluate the adequacy of the system for the
analysis. The parameters measured were peak area, retention
time, plates, resolution and tailing factor.

3. Results and discussion
3.1. Identication of critical process parameters

To develop methods using QbD, it is necessary to observe
important process steps. The rst one is accomplished by
dening the objectives and critical attributes of quality. The
analytical target prole (ATP) was to develop a fast, robust and
highly sensitive HPLC method able to analyze EMPA and two
impurities of synthesis. In seeking this objective, major char-
acteristics of the samples, such as pKa, log P and UV absorption
spectra, were considered before the experiments were started.
The list of potential parameters which may affect the critical
quality attributes (CQAs) of the analysis can be quite extensive
and impractical to evaluate one at a time. Whereas, for the
chromatographic analysis of pharmaceutical compounds, some
parameters are largely known to affect system suitability. Risk
analysis tools such as Ishikawa diagrams, can help to speed up
This journal is © The Royal Society of Chemistry 2020
the identication and control of potential quality problems.22

Risk analysis was performed based on scientic knowledge and
a small number of previous tests, allowing a better observation
of how the parameters are related or segregated into different
categories. Ishikawa diagrams (Fig. 2) were set to point out
important parameters to be considered in method
development.

Preliminary tests were performed by altering the column,
constituents of the organic and aqueous phase, proportions of
the mobile phase, ow and gradient elution. The columns
tested at this stage were C8 (3.0 � 50 mm, 3 mm), C8 (4.6 � 150
mm, 5 mm), C18 (4.6� 150 mm, 5 mm), phenyl (4.6� 250 mm, 5
mm) and cyano (4.6 � 150 mm, 5 mm). The organic solvents
tested were methanol and acetonitrile and in the aqueous phase
the presence of triethylamine and phosphoric acid. The ow
rate was analyzed in a range of 0.7–1.0 mL min�1.

The inuence of stationary phase on the proper separation of
EMPA and its impurities was assessed in ve different chro-
matographic columns. The major issue was the distinct polarity
between EMPA and the impurities. The pharmaceutical
substance presents a higher polarity and, therefore, reduced
retention on reverse phase columns. In contrast, the impurities
are less polar and tend to adsorb more, increasing their reten-
tion time. EMPA eluted in approximately 1.7 min in the C18 and
C8 columns while the two impurities eluted in more than
15 min. Analysis in the cyano column resulted in the superpo-
sition of impurities peaks. Phenyl column, which is the
stationary phase with the higher polarity among those tested,
EMPA was detected with increased retention and the impurities
presented sharp and well-resolved peaks that eluted in
a reasonable time (>15 min).

The composition of the mobile phase was also evaluated.
Methanol as the organic portion of the mobile phase increased
the background noise and resulted in uneven peaks. The
addition of triethylamine and phosphoric acid to the aqueous
phase did not benet the chromatographic analysis. Themobile
phase constituted of water and acetonitrile was better suited for
the method as aqueous and organic phase, respectively.

The attributes considered critical for the method to reach the
ATP were: the number of plates, resolution, retention factor,
retention time, and peak purity. System suitability parameters
are substantial for a separation with quality and selectivity. Even
with the attempts to increase EMPA retention in the stationary
phase, the pharmaceutical compound presented a low retention
RSC Adv., 2020, 10, 7313–7320 | 7315
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time in the chosen column. While the modications performed
in the chromatographic system had had little effect on EMPA
retention time, the two impurities showed a high retention
time, sometimes greater than 10 min. Therefore, the retention
times of the three compounds, as critical factors, were carefully
monitored.
3.2. Scouting phase

Aer recognizing the goals and objectives that must be ach-
ieved, it is important to evaluate the critical parameters of the
process with a focus on the quality risk assessment. Aer
dening the critical parameters of the method, the next step in
the QbD analysis is to understand their interactions with the
CQAs. Screening studies were conducted through an experi-
mental design with the intention to integrate the method
development with the green chemistry concepts by reducing the
number of analyses and minimizing the expense of organic
solvents.23 The screening design allows to evaluate the critical
factors and to select those with the greatest effects on the CQAs.
Design of experiments (DoE) appears as an optimizing tool that
ensures a quick response focusing on the goals set, performing
aminimum number of experiments with themaximum number
of factors and variations. The DoE for screening purposes was
a full factorial design at two levels and three central points,
resulting in a total of 19 experiments (a ¼ 0.05). The range of
variation selected for each critical process parameter
composing the knowledge space is presented in Table 1.
Fig. 3 Graphical analysis of the effects (scaled and centered) of critical pr
screening phase. Standard error: Tr Empa: 0.0418; Tr IMP1: 0.3426; Tr I

Table 1 Critical factors chosen for screening DoE runs

Parameters Units Low

Flow rate mL min�1 0.7
Temperature �C 20
Organic % 50
pH 3.5

7316 | RSC Adv., 2020, 10, 7313–7320
The results of the scouting phase for the retention times of
EMPA, IMP1 and IMP2 are presented in Fig. 3. It was found that
the ow rate alone is signicant in the retention times of the
compounds and that for each increase (0.2 mL) in ow rate
a decrease was observed in retention time by 2 min for IMP2
and 1min for IMP1. EMPA is less susceptible to changes in ow,
reducing only 0.5 min with increasing ow. This issue was
a challenge in the development of the analytical method since
EMPA does not vary in the same proportion as the other
compounds. Analyzing the inuence of temperature it was
observed that the increase of this parameter causes the increase
of the EMPA retention time, unlike what occurs with the
impurities. However, the amplitude of the variations (standard
error) is greater than the effect caused. In these situations, it
was concluded that the variation in the column temperature
does not signicantly affect the retention time of the three
compounds. The percentage of acetonitrile in the mobile phase
has been shown to be an important characteristic to be evalu-
ated as well as how much this factor affects each compound
individually. The increase in the acetonitrile ratio is expected to
inuence the compound retention. The increase of acetonitrile
lowers the retention time of EMPA, however, as presented in
Fig. 3, it generates a greater impact on reducing the retention
time for the impurities. Therefore, the application of acetoni-
trile at a higher percentage is justied. On the other hand, the
pH of the mobile phase did not signicantly alter the method
when evaluating retention times.
ocess parameters on critical quality attributes of themethod, during the
MP2: 0.7355. a ¼ 0.05.

High Critical quality attributes Target

0.9 Plates >5000
30 Resolution >3.0
70 Tailing factor <1.5
6.5 Analysis time <10 min

This journal is © The Royal Society of Chemistry 2020
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Fig. 4 Design space and hypercube region of the method developed by applying QbD principles. The values inside the figure represent the
chance of failure (a ¼ 0.05).
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In the analysis of the interactions of the parameters (ow,
temperature, acetonitrile, pH), only the combination of ow
rate and acetonitrile showed a slight modication in retention
times. However, none of those changes produced the optimum
retention times established as CQAs of the method (EMPA >
3 min; IMP2 < 8 min), in order to achieve an analysis time with
less than 10min and peak resolution larger than 3. Based on the
results, the values of pH and temperature were set at 5.0 and
30 �C, respectively.
3.3. Method optimization

The usual target of chromatographic optimizations is the
maximum selectivity with minimum analysis time, all within
a known robust working region.9 From the results obtained with
screening DoE, the main parameters were selected to work on
the optimization phase. The chosen work values can be selected
Fig. 5 Chromatograms of the exposure of empagliflozin to degradation
mL�1) without degrading (b) H2O2 (c) UVC (d) UVA (e) HCl 0.1 M (f) NaO

This journal is © The Royal Society of Chemistry 2020
from what is initially desired or by analyzing which conditions
best meet the specications of the CQAs. The variations per-
formed in this step were in the ow rate (0.8–0.9 mLmin�1) and
the percentage of the organic phase (68–74%).

The quadratic model proposed for method optimization
consisted of a Central Composite Factorial (star distance: 1)
design, with 11 experiments (8 runs and 3 central points) per-
formed to establish the impact of selected parameters on the
CQAs (retention time for EMPA, IMP1 and IMP2). The central
points of the experiment were performed with values of 0.85
mL min�1 for ow rate and 71% for the proportion of acetoni-
trile. During the scouting phase, some parameters of system
suitability have already been evaluated as satisfactory. Whith
phenyl column, the number of plates (N), which indicate
method performance, have always been above the recom-
mended values. It should be veried whether if, with the
conditions: (a) solution of EMPA (100.0 mg mL�1) and Impurities (1.0 mg
H 0.1 M (g) temperature 60 �C and (h) placebo.

RSC Adv., 2020, 10, 7313–7320 | 7317
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Table 2 Statistical results of linearity obtained for empagliflozin and its synthesis impuritiesa

Parameter Empagliozin Impurity 1 Impurity 2

Linearity range 40–140 mg mL�1 0.1–10 mg mL�1 0.05–10 mg mL�1

Regression equation y ¼ 46404x + 216 038 y ¼ 105323x + 1395.9 y ¼ 105384x + 1004
Correlation coefficient (r) 0.9992 0.9999 0.9999
LoD 0.01 mg mL�1 0.02 mg mL�1 0.01 mg mL�1

LoQ 0.10 mg mL�1 0.10 mg mL�1 0.05 mg mL�1

LoQ RSD (%) 1.80% 2.05% 2.14%

ANOVA
Linear regression Fca (11 838) > Fcr (4.75) Fca (107 149) > Fcr (4.41) Fca (494 787) > Fcr (4.41)
Deviation from linearity Fca (2.30) < Fcr (3.26) Fca (2.27) < Fcr (2.58) Fca (1.72) < Fcr (2.58)

a Fca: F calculated, Fcr: F critical.

Table 3 Results of the precision evaluation of empagliflozin and its
synthesis impuritiesa
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changes in the retention times proposed in method optimiza-
tion, those numbers remained above 5000.

The values of goodness of t (R2) and predictive power (Q2)
indicate the validity of the model and reliability of the experi-
ments. Q2 is the best and most sensitive indicator, showing an
estimation of future prediction precision. Values closer to the
unit demonstrate that the chosen DoE is suited for the evalua-
tion performed. The values obtained for R2 were between 0.85
and 1.0 and Q2 levels ranged from 0.86 to 0.99 for the factors
evaluated. The results showed goodness of t and prediction
ability of the DoE.

Based on the results obtained for the retention times of the
compounds, following the designed experiments order, the
Monte Carlo simulation method was applied to nd the robust
setpoint, according to the CQAs (retention time) and ranges
determined: EMPA, from 3 to 5 min; IMP1, from 5 to 7 min;
IMP2, from 6 to 8 min. A design space was generated by the
multiple simulations (Fig. 4) performed. The nal best condi-
tions for the critical parameters were ow rate at 0.84
mL min�1, 72% of acetonitrile, column temperature equal to
30 �C, and aqueous phase without pH modier. Based on the
determination of these conditions, an experimental test was
performed to observe if they would reproduce properly within
the CQAs.
Intraday RSD (%)

Interday RSD (%)Day 1 Day 2 Day 3b

Empagliozin 1.05 0.86 0.92 1.24
Impurity 1 1.24 1.40 0.99 2.19
Impurity 2 0.60 0.68 0.50 1.21

a Means of 6 replicates. b Different analyst.

Table 4 Results of method accuracy for empagliflozin and its
synthesis impurities

Level
(mg mL�1) Empagliozina

Level
(mg mL�1) Impurity 1a Impurity 2a

10 101.4 2.5 99.72 99.90
15 103.0 5.0 99.56 100.31
20 99.2 7.5 101.90 102.04

a % Recovery.
3.4. Hypercube region, robustness

According to ICH Q2B, robustness is the ability of a process to
tolerate variability and changes in the method and equipment
without a negative impact on quality. Usually, robustness is
evaluated at the end of the validation of the analytical methods.
This practice can lead to unwanted surprises. The use of QbD
allows a risk zone evaluation during the development and
optimization of the method. The experimental design itself can
be considered a zone of theoretical robustness because it
demonstrates that modications within that region will not
signicantly affect the quality of the separation. The only
requirement is for the chosen point to be within the experi-
mental design.9 Fig. 4 presents the hypercube region of the
robustness of the method.

Since QbD was used in the method development, the
generated data will provide a deep understanding of the process
7318 | RSC Adv., 2020, 10, 7313–7320
as well as its variables. The hypercube region provides the
condence interval of the method where the risk of failure of
the method is small because the critical process parameters are
known and the limits have been dened. Some care must be
taken in sample preparation, storage of materials and solvents
so that no unwanted peaks appear on the chromatograms.
When monitoring the method it is always important to evaluate
if the parameters remain within the satisfactory limits such as
retention time, plates, resolution, tailing factor, and peak
purity.
3.5. Validation

3.5.1. Degradation study. Forced degradations were per-
formed to provide data indicating the stability of the analytical
method. According to ICH, specicity is the ability to evaluate
the analyte in the presence of components that may be present.
Such components may be impurities as well as degradation
products and matrix components. The specicity of the method
This journal is © The Royal Society of Chemistry 2020
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Table 5 System suitability parameters for HPLC method according to US Pharmacopeia

Retention time (min) Number of plates Tailing factor Resolution

Critical values — >5000 0.8–1.5 >3.0
Empagliozin 3.84 >9000 1.2 —
Impurity 1 5.74 >14 000 1.1 >10.0
Impurity 2 7.43 >17 000 1.0 >8.0
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was evaluated in the presence of EMPA, two synthetic impurities
and degradation products. Aer exposure to the degradation
conditions, it was observed that no peaks were found in the
placebo chromatogram at retention times of EMPA an IMP1 and
IMP2. At acid degradations, temperature at 60 �C, oxidative
(H2O2) and UVA light there was no detection of degradation
products. Aer a 24 hour analysis a small peak was visualized in
the basic condition, but this does not interfere in the quanti-
cation of the drug in the extreme condition of stress by UVC. In
the extreme condition of stress by UVC light care must be taken.
In the time of 30 min, no formation was observed on the other
products. However, exposed for 24 h, the observed degradation
peak may interfere with the quantication of EMPA. In a few
conditions of forced degradations, the appearance of peaks that
interfere in the quantication of the drug was noticed. The
determination of the synthesis impurities was not affected by
the degradation products, conrming that the method is
indicative as specicity. PDA analysis indicated that drugs in
stressed solutions were found pure, meaning that no additional
peaks were co-eluted with the analytes and evidencing the
ability of the method of evaluating the drugs of interest in the
presence of possible interference. The chromatograms resulting
from the degradations of EMPA are shown in Fig. 5. In the same
gure, the chromatogram is shown with the presence of the
impurities demonstrating that there is no elution of degrada-
tion products in the retention time of IMP1 and IMP2.

3.5.2. Limit of detection (LoD) and limit of quantication
(LoQ). The limits of detection and quantication of EMPA and
impurities for a 20 mL injection volume are given in Table 2. The
precision at the LOQ concentration is also presented in the
same table.

3.5.3. Linearity. In this study, for EMPA, six concentrations
were used. The correlation coefficients (r) found were higher
than 0.99. A linear relationship between the peak area and the
component concentrations was obtained and a good repeat-
ability was demonstrated. The analytical data were analyzed by
means of ANOVA that demonstrated signicant linear regres-
sion and no signicant deviation from linearity (Table 2).

3.5.4. Precision. The experimental data found are shown in
Table 3. Values of intraday and interday RSD for EMPA are
below 2.0%. For the impurities values are also within the limits
specied below 10%.24

3.5.5. Accuracy. The percentage recovery of EMPA ranged
from 99.25 to 103.0. The percentage recoveries of IMP1 and
IMP2 evaluated in the placebo ranged from 99.56 to 101.90 and
99.90 to 102.04 for IMP1 and IMP2 respectively. The results are
shown in Table 4.
This journal is © The Royal Society of Chemistry 2020
3.5.6. System suitability. The analysis of the EMPA and
synthesis impurities, evaluated on each day of analysis provided
adequate results. The plates were higher than 9000, 14 000 and
17 000 for EMPA, IMP1 and IMP2, respectively. The values of the
tailing factor were below 2.0 for all compounds (EMPA (1.2),
IMP1 (1.1) and IMP2 (1.0). The resolution between the peaks
was satisfactory, the values obtained for EMPA were higher than
11, IMP1 higher than 10, IMP2 higher than 8. The experimental
results show that the tested parameters were within the
acceptable range, indicating that the system is suitable for the
analysis intended (Table 5).25

4. Conclusion

The study of organic impurities in drugs is highly regarded in
industries and research. Even at small concentrations, these
compounds may be potentially toxic to the patient, especially
when the drug is continuously used. Monitoring these
compounds in the quality control of raw materials as well as the
nal product diminishes the likelihood of their presence. The
method proposed in this work was developed by QbD with the
intention of evaluating impurities of EMPA synthesis. Based on
the QbD experiments and the practical results, the values of
each parameter were selected by evaluating the shortest nal
analysis time and considering all the system suitability values.

The proposed HPLC method for EMPA and synthesis
impurities analysis proved simple, rapid, accurate and robust,
representing a novel good option for routine quality control,
since there is no official one.
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