Anal Bioanal Chem (2015) 407:7637-7646
DOI 10.1007/s00216-015-8921-x

@ CrossMark

RESEARCH PAPER

Fast analysis of glibenclamide and its impurities: quality by design
framework in capillary electrophoresis method development

Sandra Furlanetto' - Serena Orlandini' - Benedetta Pasquini' + Claudia Caprini' -

Paola Mura' - Sergio Pinzauti'

Received: 13 April 2015 /Revised: 22 June 2015 / Accepted: 16 July 2015 /Published online: 22 August 2015

© Springer-Verlag Berlin Heidelberg 2015

Abstract A fast capillary zone electrophoresis method for the
simultaneous analysis of glibenclamide and its impurities (I
and Ig) in pharmaceutical dosage forms was fully developed
within a quality by design framework. Critical quality attri-
butes were represented by 15 peak efficiency, critical resolu-
tion between glibenclamide and I, and analysis time. Exper-
imental design was efficiently used for rapid and systematic
method optimization. A 3°/16 symmetric screening matrix
was chosen for investigation of the five selected critical pro-
cess parameters throughout the knowledge space, and the re-
sults obtained were the basis for the planning of the subse-
quent response surface study. A Box—Behnken design for
three factors allowed the contour plots to be drawn and the
design space to be identified by introduction of the concept of
probability. The design space corresponded to the multidi-
mensional region where all the critical quality attributes
reached the desired values with a degree of probability 7>
90%. Under the selected working conditions, the full separa-
tion of the analytes was obtained in less than 2 min. A full
factorial design simultaneously allowed the design space to be
validated and method robustness to be tested. A control strat-
egy was finally implemented by means of a system suitability
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test. The method was fully validated and was applied to real
samples of glibenclamide tablets.
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Introduction

The quality by design (QbD) concept is increasingly applied
in the pharmaceutical industry to improve the quality of prod-
ucts, as recently recommended by International Conference
on Harmonisation of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) guideline Q8(R2)
[1]. The fundamental tenet of QbD is a science- and risk-based
approach to pharmaceutical development, whereby quality is
built into the product and not merely established by testing the
end product. Even if ICH guideline Q8(R2) does not take into
account analytical method development, the advantageous ap-
plication of QbD in pharmaceutical analysis has been recently
described by the definition of a systematic approach for the
setting up of analytical methods [2, 3]. Analytical QbD em-
phasizes the need to thoroughly understand the analytical sys-
tem by an in-depth study of critical process parameters (CPPs)
based on risk assessment and multivariate tools. The design
space (DS) is determined as the multidimensional region of
successful operating ranges for the CPPs, which lead to de-
sired values for the critical quality attributes (CQAs). Recent
examples of analytical QbD concern mainly chromatography
[4-9] and to a much lower extent capillary electrophoresis
(CE) [10-13].

A fundamental aspect for the quality of the pharma-
ceutical product is the control of impurities, which often
represents a critical analytical issue, owing to the
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similarity of the drug and the related substances in
terms of chemical structure and behavior. Fast and val-
idated methods should be available for the routine qual-
ity control of pharmaceutical dosage forms, which
should allow the impurities to be determined at least
at 0.1% w/w with respect to the main compound. For
routine purity assessment, CE has been positioned as a
complementary tool with respect to more commonly
used high-performance liquid chromatography, owing
to its several well-known benefits [14]. This technique
has unique features, such as high efficiency and resolv-
ing power, low sample consumption, and wide possibil-
ity of finely tuning the separation conditions and
selectivity.

Glibenclamide (GLI; CAS no. 10238-21-8), also
known as glyburide, is a potent antidiabetic drug be-
longing to the second-generation sulfonylurea class,
and is administered by mouth in the treatment of type
2 diabetes mellitus [15]. Sulfonylureas appear to have
several modes of action, apparently mediated by inhibi-
tion of ATP-sensitive potassium channels, from the ini-
tial increase of secretion of insulin from the  cells of
the pancreas to the persistence of the hypoglycemic ef-
fect possibly due to inhibition of hepatic glucose pro-
duction and to increased sensitivity to insulin [15]. In
the European Pharmacopeia, GLI specified impurities
are reported as A (I4) and B (Ig) [16], and their struc-
tural formulas are shown in Fig. 1. The official chro-
matographic procedure described in the European
Pharmacopeia for the analysis of GLI and its impurities
has an analysis time of about 5 min. Only a few other
publications have focused on impurity profiling of GLI
in raw materials or pharmaceutical formulations,
concerning chromatographic methods [17-21], thin-
layer chromatography [22, 23], and spectrophotometric
methods [24]. As far as we know, no CE method has
been reported for the analysis of the impurities in GLI
formulations. CE has been used for the analysis of mix-
tures of antidiabetic drugs, including GLI, in biological
fluids [25-30], in traditional Chinese medicines [31,
32], and in antidiabetic herbal medicines [33] as
adulterants.

Hence, the aim of this work was to develop a fast
and simple CE method for the simultaneous analysis of
GLI and its related substances for the quality control of
GLI tablets. The development followed a risk-based
multifactorial strategy based on QbD principles, which
allowed a high level of understanding of the analytical
system to be accomplished. A key role in method de-
velopment was played by DS computation with re-
sponse surface methodology [34] and Monte Carlo sim-
ulation [35]. In this way, the DS was defined by con-
sideration of the probability for the selected CQAs to
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fulfill their acceptance requirements, thus introducing a
concept of assurance of quality. After the definition of a
control strategy based on robustness and system suit-
ability criteria, the CE method was finally validated
and applied to real samples of GLI tablets.

Materials and methods
Chemicals and reagents

The reference standard of GLI was kindly supplied by
A. Menarini Industrie Farmaceutiche Riunite (Florence,
Italy). Reference standards of GLI impurities I, and I,
and metformin hydrochloride (MET; CAS no. 1115-70-
4) used as an internal standard were from Sigma-
Aldrich (St Louis, MO, USA). Methanol, borax, boric
acid, phosphoric acid, Euglucon® excipients (maize
starch, pregelatinized maize starch, lactose monohydrate,
magnesium stearate, anhydrous colloidal silica, talc)
were purchased form Sigma-Aldrich. Euglucon® tablets
(Roche, Milan, Italy), containing 5 mg GLI, were pur-
chased in local pharmacies. Ultrapure water used for the
preparation of solutions and running buffers was provid-
ed by a Simplicity 185 system (Millipore, Billerica,
MA, USA) after electrodeionization treatment with an
Elix system (Millipore).

Solutions and sample preparation

Standard stock solutions of GLI (5 mg mL™), GLI im-
purities (I mg mL™), and MET (1 mg mL™") were pre-
pared in methanol and were stored at 4 °C for 1 week.
Working standard solutions were prepared each day by
dilution of the proper amount in a 500-puL vial with
ultrapure water. We prepared borate and borate/
phosphate buffers by mixing a proper volume of
0.5 M H3BO; or a solution of 0.5 M mixed H;BO,/
H;PO, with 1 M NaOH to the desired pH and then
with ultrapure water to the desired volume. In the case
of borax buffer, 1 M NaOH or 1 M HCI was added to
obtain the desired pH.

For sample preparation, 30 tablets were weighed, crushed,
and powdered. The equivalent of about 50 mg GLI was accu-
rately weighed and transferred to a 25-mL beaker. Then, 10
mL methanol was added to the powder, and the resulting mix-
ture was stirred for 5 min, sonicated for 10 min, and stirred
again for 5 min. One milliliter of the mixture was centrifuged,
and 300 uL of the supernatant was diluted in a vial up to 500
pL by addition of 50 uL of MET stock solution and 150 puL of
ultrapure water. The final test concentration of GLI was about
3 mg mL™, and the resulting concentration of MET was
0.1 mgmL™.
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Fig. 1 Molecular structures of
the compounds
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Impurity A (1)

5-chloro-2-methoxy-N-[2-(4-sulphamoyl-
phenyl)ethyllbenzamide

Electrophoresis procedure

All CE separations were performed with a *’CE system
(Agilent Technologies, Waldbronn, Germany) equipped with
a UV-visible diode-array detector for absorbance measure-
ments at 200 nm. *°CE ChemStation (revision A.09.01) was
used for data acquisition.

Uncoated fused-silica capillaries purchased from Unifibre
(Settimo Milanese, Italy) were used. The dimensions of the
capillary were 33.0 cm x 50-pum inner diameter with an effec-
tive length of 24.5 cm. A new capillary was conditioned with
1 M NaOH and with ultrapure water for 5 min each. At the
beginning of each working day, the capillary was rinsed with
0.1 M NaOH and with ultrapure water, each for 2 min. Before
each injection, the capillary was washed successively with
methanol, 1 M NaOH, 0.1 M NaOH, and ultrapure water for
1 min each, and was then equilibrated with the background
electrolyte (BGE) for 4 min.

Injection of samples was done by application of a pressure
of 50 mbar for 6 s, followed by a BGE plug at 50 mbar for 6 s.
The working conditions (with the interval corresponding to
the DS) were as follows: temperature, 20 °C; voltage, 20 kV
(19-21 kV); BGE, 30 mM (26-24 mM) borax buffer pH
10.20 (10.05-10.35).

Calculations and software

The efficiency of the I, peak was calculated according to the
formula N=5.54(t,,/w1»)*, where N is the number of theoret-
ical plates, ¢, is the migration time, and w; , is the peak width
at half height.

The elaboration of the screening symmetric matrix
was performed by NEMRODW [36], and the

1, O

Glibenclamide (GLI)
1-[[4-[2-[(5- chloro 2-methoxybenzoyl)amino]ethyl]-
phenyl]sulphonyl]-3-cyclohexylurea

A4 V

OCHj

Impurity B (Ig)
Methyl [4-[2-[(5-chloro-2-methoxybenzoyl)-
amino]ethyl]phenyl]sulphonyl]carbamate

elaboration of the Box—Behnken design and full factori-
al design was performed by MODDE [37]. The experi-
ments described in the experimental plans were run by
analyzing a sample containing GLI at 3 mg mL™" and
GLI impurities at 0.0300 mg mL™" (1% with respect to
the main compound).

Results and discussion
Method scouting and critical quality attributes

The analytical target profile of the method was represented by
a CE method that baseline separates GLI and its impurities,
allowing an accurate and precise determination of the
analytes. The method should respect general validation re-
quirements [10, 38], with a limit of quantitation for I and
I equal to or lower than 0.1% with respect to the main com-
pound. The analytes are weak acids (GLI, pK,=5.3), thus lead-
ing to running preliminary experiments involving a simple
capillary zone electrophoresis system based on borax buffer.
The use of this separation system gave good results in terms of
separation pattern, whereas the use of borate or borate/
phosphate buffer did not result in any improvement, and thus
borax buffer was selected as the starting point for further
method optimization. In these initial conditions, the migration
order of the compounds was [, GLI, and I (with Rs; and Rs,
indicating resolution values between the pairs 1,/GLI and
GLI/Ip, respectively). These scouting experiments also led to
identification of the main analytical issues of the method—
namely, I, peak efficiency and critical separation between
GLI and Iy (Rs;). The internal standard was selected as
MET, a basic compound which migrated first in the

@ Springer



7640

S. Furlanetto et al.

electropherogram without any separation problems with re-
spect to the analytes. Thus, the CQAs describing the global
quality of the electropherogram were defined as I, efficiency
N, critical resolution Rs,, and analysis time #. CQA require-
ments were set as logN>4.50, Rs,>0.40, and <2 min. The
target value for Rs, was selected as the value describing a
baseline resolution between GLI and I peaks, which were
very different for width characteristics [13]. The duration of
the analysis was required to be equal to or less than 2 min,
because in general the development of fast methods is deemed
important to improve productivity in pharmaceutical analysis.

Risk assessment, critical process parameters,
and knowledge space

An Ishikawa fishbone diagram [10, 39] (not shown) was used
to point out the risk factors associated with the characteristics
of'the capillary zone electrophoresis analysis and thus to high-
light the CPPs which could affect the selected CQAs. As a
result of scouting data and risk assessment, the five CPPs
selected were voltage, temperature, buffer concentration, buft-
er pH, and injection time. The inclusion of injection time
among the CPPs can lead to practical advantages in tuning
sample loading and thus in finding a good compromise be-
tween method selectivity and sensitivity, as previously shown
[12]. In this sense, the potential of experimental design in
optimization was fully exploited, considering not only BGE
and separation parameters, but also a parameter related to
sample injection. The total length of the capillary was fixed
at 33.0 cm on the basis of the results of scouting experiments.

The CPPs were screened to investigate their effects on the
selected CQAs by means of a 3°/16 symmetric screening
matrix [34], where each CPP was studied at three levels cov-
ering the knowledge space: voltage, 16, 19, and 22 kV; tem-
perature, 18, 20, and 22 °C; buffer concentration, 10, 20, and
30 mM; buffer pH, 9.20, 9.70, and 10.20; injection time, 6, 8,
and 10 s. The highest voltage tested was set at 22 kV to avoid a
high developed current. The shortest injection time was fixed
at 6 s to obtain adequate sensitivity, whereas values greater
than 10 s were not considered in order to maintain good
selectivity.

The experimental plan and the measured responses are re-
ported in Table S1. ANOVA showed that for all the CQAs
considered, the models were significant, and graphical analy-
sis of effects was performed to obtain information on the fac-
tor levels which could lead to good results [34]. In the first
type of plot (Fig. 2a—c) it is possible to identify the variations
between the CPP levels considered which have a significant
effect on the CQAs. The bar length is proportional to the
amplitude of the difference of the relative effects between
two levels. The confidence intervals were calculated from
the estimate of the experimental variance; the selected thresh-
old of significance was set as 95% and is indicated by the
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dotted lines. In the second type of plot (Fig. 2d—f) the levels
corresponding to the best results can be readily indentified, as
the longer bars correspond to levels which lead to higher
values of the response. The highest level of each variable is
represented by a red bar, of the same arbitrary length for all the
factors. The indication of the presence of a statistically signif-
icant effect when passing from one level to another can be
found in the first type of graph. From Fig. 2a and d, the change
of'the level of the voltage, buffer concentration, and buffer pH
had a significant effect on I, efficiency. The maximization of
log N was obtained with low voltages and medium-high buff-
er concentrations, and the higher increase of this CQA was
undoubtedly noticed when switching from the lowest to the
medium and to the highest level of buffer pH. As concerns Rs,
(Fig. 2b,e), as expected a high buffer concentration and a short
injection time were preferred for maximization of this re-
sponse. Finally, the most important effects on ¢ were exerted
by the change of voltage, temperature, and buffer concentra-
tion (Fig. 2c,1).

These results induced us to directly set the temperature at
its medium value (20 °C) and to adjust the experimental do-
main of the other CPPs, which needed further investigation.
For the voltage, the effect on ¢ was prevalent and the experi-
mental domain was moved toward higher levels (19-21 kV).
Higher voltages were excluded from the study, as the screen-
ing runs evidenced a too high generated current when 22 kV
was applied. Buffer concentration was shifted toward higher
values (25-35 mM), mainly taking into account the effects
exerted on log N and Rs,. Buffer pH was moved toward
higher values, considering the important effect of the change
of this CPP on efficiency. For the injection time, even if the
lower value (6 s) definitely led to the best results especially in
terms of Rs,, we decided to continue studying this CPP in the
range from 6 to 8 s in order to find a limit of quantitation as
low as possible—namely, to identify the highest applicable
injection time compatible with the desired CQA requirements.

Response surface methodology and design space

Response surface methodology [34] was applied to conduct
an in-depth investigation of the effects of the four CPPs on the
CQAs throughout the new experimental domain. The follow-
ing quadratic model was postulated to relate the CPPs with the
CQAs:

y =By + Bix1 + Boxa + B3xs + Byxa + B3] + B
+ B350 + Bag¥y + Bioxixa + Bisxixs + Biaxixa
+ Basxaxs + BrgXoxs + B3ax3xs + €,
where y represents the experimental response, x; the indepen-

dent evaluated factors, 3, the intercept, [, the true coefficients,
and ¢ the experimental error.
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Fig. 2 Investigation of knowledge space by graphical analysis of effects.
The length of the bars is related to the difference of effects between the
two considered levels (a—c) or to the weight of each considered level (d—
f). The dotted lines define the 95% confidence interval. Responses: a, d I

The new experimental domain which was selected for the
voltage and the injection time could not be fractionated into
more than three levels for instrumental reasons. Thus, a Box—
Behnken design, which requires three levels for each factor,
was selected to calculate the coefficients of the model. Other
classical designs suited for response surface study, such as a
Doehlert design or a central composite design, could not be
practically applied. Moreover, Box—Behnken designs are de-
signs where the k variables are varied two at a time by 2°
designs, while maintaining the remaining k-2 variables fixed
at their middle level, and are usually very efficient in terms of
the required runs [34]. Twenty-seven experiments, including

efficiency (log N); b, e resolution GLI/Ig (Rsy); ¢, f analysis time (7). V'
voltage, T temperature, CONC buffer concentration, pH buffer pH, INJ
injection time

three center points for estimating the experimental variance,
were required, according to the experimental plan reported in
Table 1. Following the indications from the Box—Cox plot, the
analysis time ¢ was inversely transformed, 7', and all three
models, calculated by multiple linear regression, were signif-
icant in terms of ANOVA. Effectively, the selected calibration
procedure was able to give very good results for the three
models in terms of both goodness of fit R? (0.952-0.981)
and goodness of prediction 07 (0.725-0.900).
Four-dimensional contour plots were drawn reporting the
calculated isoresponse curves in order to obtain detailed infor-
mation on the behavior of the CQAs throughout the
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Table 1 Response surface

methodology: Box-Behnken Experimentno. ~ V(kV)  INJ()  CONC(mM)  pH LogN  Rs,  f(min)
design
1 19 6 30 9.95 4.56 0.47 2.06
2 21 6 30 9.95 4.52 0.46 1.74
3 19 8 30 9.95 4.64 0.31 2.02
4 21 8 30 9.95 4.60 0.34 1.71
5 20 7 25 9.70 430 0.30 1.68
6 20 7 35 9.70 3.88 0.38 1.80
7 20 7 25 10.20 543 0.30 1.73
8 20 7 35 10.20 4.84 0.45 1.83
9 19 7 30 9.70 4.10 0.32 1.96
10 21 7 30 9.70 4.15 0.34 1.69
11 19 7 30 10.20 4.81 0.38 1.97
12 21 7 30 10.20 4.87 0.38 1.68
13 20 6 25 9.95 4.94 0.37 1.72
14 20 8 25 9.95 4.85 0.30 1.70
15 20 6 35 9.95 4.39 0.50 1.80
16 20 8 35 9.95 4.53 0.35 1.80
17 19 7 25 9.95 4.92 0.31 1.84
18 21 7 25 9.95 5.08 0.31 1.59
19 19 7 35 9.95 437 0.42 1.95
20 21 7 35 9.95 4.65 042 1.64
21 20 6 30 9.70 421 0.39 1.81
22 20 8 30 9.70 4.12 0.29 1.80
23 20 6 30 10.20 4.80 0.47 1.81
24 20 8 30 10.20 4.81 0.31 1.81
25 20 7 30 9.95 4.57 0.37 1.84
26 20 7 30 9.95 4.58 0.37 1.83
27 20 7 30 9.95 4.58 0.39 1.83

V voltage, INJ injection time, CONC buffer concentration, pH buffer pH, Rs resolution between glibenclamide

and impurity B, # analysis time

experimental domain, and are reported in Fig. 3 for log V, Rs,,
and ¢, with the voltage maintained at its middle value. The
investigation of these plots, together with the analysis of the
coefficients (not shown), enable us to obtain an accurate de-
scription of the performances of the CQAs. For logh, the
maximization of this response was obtained at low buffer con-
centrations and high levels of buffer pH, which were also
shown to be the only significant factors. Buffer concentration
was also demonstrated to have a positive quadratic effect on
this CQA. For Rs,, the most important effect was obviously
exerted by the injection time; however, buffer concentration
and buffer pH also had a significant effect. A strong positive
interaction between buffer concentration and buffer pH was
found, and the zone leading to the best results corresponded to
high values of both these CPPs. Analysis time ¢ was mainly
influenced by voltage, but buffer concentration showed both
linear and quadratic significant effects.

The impact of possible errors in the input parameter on
predicted model responses can be explored and quantified
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by sensitivity analysis procedures. Most approaches examine
the effects of changes in a single parameter input variable,
assuming no changes in all the other inputs [40]. In this case,
a schematic presentation of sensitivity analysis was reported
in the form of a dynamic profile obtained by MODDE [41],
shown in Fig. S1. The dynamic profile shows the effect of
each factor over the range investigated, displaying the predict-
ed values of the selected response when each factor varies
from its lowest to its highest level, with all other factors held
constant at their medium value.

We took the predicted and the accepted values for the
CQAs into consideration when drawing the sweet spot plots,
which are shown in Fig. S2. In these graphs, the region where
the requirements for all three CQAs were fulfilled is depicted
in dark blue, whereas the areas where one or two CQAs were
fulfilled are depicted in pale blue and brilliant blue, respec-
tively. From examination of these plots, it is possible to note
that when the injection time is increased from 6 to 8 s
(Fig. S2), the area corresponding to the desired values for all
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Fig.3 Contour plots for log N (a, b, ¢), Rs, (d, e, ), and £ (g, h, i) drawn by plotting buffer pH versus buffer concentration (CONC). The injection time
(INJ) was held constant at 6 s (a, d, g), 7 s (b, e, h), or 8 s (c, f, i)

the CQAs strongly decreases and disappears when the injec- After modeling the responses, we calculated the DS as the
tion time is 8 s, clearly due to the predicted values of Rss. combinations of CPP conditions that are likely to provide
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satisfactory values for all the CQAs. Monte Carlo simulations
were performed by MODDE to take into account the model-
parameter uncertainty—namely, propagating uncertainty from
parameters to responses [3, 4, 35]. The selected level of prob-
ability for the CQAs to reach the desired values was set at 7>
90% and the original set point was calculated as follows: 20
kV, 65,30 mM, pH 10.20. Because the injection time cannot
be fractionated, the value for this CPP was locked at 6 s and
the DS was recalculated, resulting in the probability surface
shown in Fig. 4. In this graph, the zone corresponding to the
DS can be easily identified as the zone where the risk of error
is 10% or less, and corresponds to the following ranges for the
CQAs: voltage, 19-21 kV; buffer concentration, 26-34 mM,;
buffer pH, 10.05-10.35. The original set point was selected as
the working point, and the related electropherogram is shown
in Fig. 5, where all the compounds were baseline separated
within 2 min with a generated current equal to 110 pA. The
migration order of the peaks is due to the different electropho-
retic effective mobility of the compounds in the sample: first
the internal standard MET, which possesses a positive effec-
tive mobility, then methanol, which migrates with electroos-
motic flow, and finally the three analytes, all possessing a
negative effective mobility.

Robustness and control strategy

In general, the DS needs to be validated by experiments per-
formed at the extremes of the CPP ranges in order to verify
that the CQAs fulfill the requirements also near the edges of
failure [10]. In this study, the DS zone was quite limited and
could be almost comparable to small changes in the CQAs as

10.2 %
£
10.15 (E
A

10.1

50 ©
@
10.05 o
<~
10 C\/>
20 &
- o
S 995 8—
9.9 10$
2
9.85 e
|
[
9.8 5 %
<
9.75 o
o
9.7 h1 c

25 26 27 28 29 30 31 32 33 34 35

CONC
Fig. 4 Probability map for design space definition. Critical quality
attribute requirements: log N>4.50; Rs,>0.40; <2 min. Injection time,
6 s. The design space (green) is identified as the zone when the risk of
failure is 10% or less
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Fig. 5 Electropherogram obtained with the working point conditions.
Sample: GLI at 3 mg mL™', GLI impurities at 0.03 mg mL™', metformin
hydrochloride (MET: internal standard) at 0.1 mg mL™' Experimental
conditions: injection time, 6 s; temperature, 20°C; voltage, 20 kV;
background electrolyte, 30 mM borax buffer pH 10.20. Methanol was
used as an electroosmotic flow (EOF) marker

those generally examined by robustness studies [38]. Conse-
quently, in this case the same matrix was selected for simulta-
neously validating the DS and verifying method robustness,
and consisted of a 2* full factorial design [34], reported in
Table S2. The injection time was excluded from the study as
little variations of this factor are not possible for instrumental
reasons. The related analysis of effects is shown in Fig. S3.
The precision of the regression coefficients was calculated as
the 95% confidence interval, which was superimposed as an
error bar on each bar. The size of the confidence interval
depends on three factors: the quality of the experimental de-
sign (condition number), the goodness of the regression model
(residual standard deviation), and the number of degrees of
freedom [41]. Analysis of effects revealed that the buffer con-
centration was the only factor which had a significant effect on
log N and Rs,, whereas only the voltage had a significant
effect on ¢. The CQA values were within the desired limits in
all the experiments, as the extreme measured values were as
follows: log N, 4.53-5.12; Rs,, 0.40-0.54; ¢, 1.56-1.95 min.

Finally, a control strategy for the method was accomplished
[1] on the basis of the data collected during method develop-
ment. By means of a proper control strategy, the method per-
formances can be monitored to ensure that the method remains
in compliance with the defined analytical target profile. In this
study, the extreme values of the CQAs measured during sys-
tem repeatability studies were selected as limits for the system
suitability intervals [42]: logN, 4.69-5.03; Rs,, 0.44-0.51; ¢,
1.77-1.92 min. Moreover, from the robustness results it was
deemed necessary to make a precautionary statement about
carefully controlling the BGE concentration.

Validation and application

We validated the method by following ICH guidelines
[38], and the related data are reported in the electronic
supplementary material, showing adequate performances
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for the intended use. After method validation, the amount
of GLI in the commercially available Eugucon® tablets
was quantified, and the percentage of the claimed amount
(5 mg) was found to be 98.4+1.4 %, with a relative stan-
dard deviation of 0.9% (n=4, /2=0.025). A typical elec-
tropherogram of the real sample is shown in Fig. S4,
evidencing that no GLI impurity was detected.

Conclusions

A fast and QbD-compliant CE method was developed for the
simultaneous determination of GLI and its related impurities
in pharmaceutical dosage form. Implementation of QbD
allowed enhanced understanding of the analytical method,
which was effectively supported by experimental design.
The CQAs were selected from a preliminary examination of
the analytical issues of the method evidenced during the scout-
ing phase, and were represented by a critical value of efficien-
cy, a critical value of resolution, and analysis time. The data
gathered through well-suited experimental designs, which
were planned first in a screening phase and then in a response
surface study, made it possible to identify the DS. This zone
was defined on the basis of the calculated models for the CPPs
and on the basis of Monte Carlo simulations, and consisted of
a set of CPP conditions which provided satisfactory values for
the CQAs with a selected degree of probability. A full factorial
design was used to simultaneously validate the DS and per-
form a robustness study, allowing the importance of the cor-
rect value of the buffer concentration to be pointed out. In the
selected working conditions, baseline separation of the
analytes was obtained in less than 2 min. The method devel-
oped successfully passed the validation process, demonstrat-
ing its good suitability for the routine analysis of GLI tablets.
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