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Quality by design (QbD) refers to the achievement of certain predictable quality with desired and predetermined specifications.The
objective of this study was to develop and demonstrate an integrated multivariate approach to develop and quantify the constituent
concentrations of glipizide (GPZ) drug in its pure and tablet forms.The method was developed using Zorbax Extend C-18 (50mm
× 4.6mm × 1.8𝜇m) column with mobile phase consisting of a mixture of phosphate buffer of pH 3.5 and acetonitrile (60 : 40 v/v).
The method fulfilled validation criteria and was shown to be sensitive, with limits of detection (LOD) and quantitation (LOQ)
of 0.001 and 0.005 𝜇gmL−1, respectively. The percentage relative standard deviations for robustness and ruggedness were observed
within the range of 0.1 and 0.99.The calibration graph was linear in the range of 0.005–300 𝜇gmL−1.The applicability of themethod
was shown by the analysis of formulated drug and spiked urine samples. The proposed method can be used for routine analysis in
quality control laboratories for its bulk and formulated product, and this is the first UPLC method reported for the assay of GPZ
in bulk, formulated form and urine.

1. Introduction

Quality by design (QbD) is a systematic approach to develop-
ment that begins with predefined objectives and emphasizes
product and process understanding and process control,
based on sound science and quality risk management [1, 2].
The objective of the QbD initiative is to demonstrate both
understanding and control of pharmaceutical processes to
deliver high quality pharmaceutical products while affording
opportunities for continuous improvement. QbD delivers a
better understanding of method capabilities and limitations
and ensures a superior chance of successful downstream
method validation and transfer. It has become an important
paradigm in the pharmaceutical industry since its introduc-
tion by the US Food and Drug Administration [3–8]. The
QbD concept can be extended to analytical methods [9–16].
In addition, all international drug administration agencies
endorse the QbD approach because it is expected that such
performance-based routine methods can be changed within
the analytical target profile without regulatory resubmission
and approval.

Glipizide (GPZ), chemically known as N-[2-[4-
[[[(Cyclohexylamino) carbonyl] amino] sulfonyl]phen-
yl]ethyl]-5-methylpyrazine carboxamide] (Figure 1) is an
oral antihyperglycemic agent [17] used in the treatment of
noninsulin-dependent diabetes mellitus [18]. It lowers the
blood glucose level in humans by stimulating the release of
insulin from the pancreas and helping the body to use insulin
efficiently [19]. Among its other qualities, it has been shown
(i) to stimulate insulin action through extrapancreatic effects;
(ii) to favorably influence the principal pathophysiologic
abnormalities, defective secretory dynamics, and target-cell
resistance to insulin observed in noninsulin-dependent dia-
betes; (iii) to improve control of blood glucose; and (iv) to
lower the level of plasma glucose and to maintain this effect
despite a short half-life [20].

GPZ is included in the United States Pharmacopoeia [21]
and European Pharmacopoeia [22].The former recommends
HPLC method for its assay and the latter recommends
titrimetry. In the literature, several HPLC methods are
available for the determination of GPZ in plasma [18, 19, 23–
30] dosage forms [31–38] and urine [30, 39, 40]. Reported
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Figure 1: Structure of glipizide.

methods for the determination of GPZ in pharmaceuticals
includeUV spectrophotometry [41–44], HPLC, and capillary
electrophoresis [45].

According to literature survey, there are quite a few
publications onUPLCmethod development [46, 47] strategy.
The reported methods either lack instability indicating study
or used huge costlymass spectra for the determination. How-
ever, method development approach with RP-UPLC speci-
fically focused on pharmaceutical development in a QbD
environment for GPZ that has not been reported anywhere.
Therefore, there is an unmet need to investigate a systematic
UPLC method development approach for pharmaceutical
development using QbD principles to ensure the quality of
the method throughout the product lifecycle.

The primary objective of this study was to implement
QbD approach to develop and validate an RP-UPLC method
that could separate drug in the bulk, formulated forms and
human urine with in-depth understanding of the method
and build in the quality during the method development to
ensure optimummethod performance over the lifetime of the
product with a suitable degradation data.

2. Methods

2.1. Materials and Reagents. Pure active ingredient sample of
GPZ was kindly supplied by Bal Pharma, Bangalore, India,
as gift. GPZ-containing tablets, Dibizide (5mg) (Micro Labs
Limited, Hosur, India) and Glynase-5 (5mg) (USV Limited,
Aurangabad), were procured from the local market. HPLC
grade acetonitrile was purchased from Merck Specialities,
Mumbai, India. Potassium dihydrogen orthophosphate, ben-
zene, and orthophosphoric acid were from Qualigens, India.
Doubly distilled water was used throughout the investigation.

2.2. Chromatographic Conditions and Equipment and Instru-
mental Parameters. Waters (Waters Chromatography Divi-
sion, Milford, MA, USA) AQUITY UPLC system with a
tunable UV detector was used for the determination of GPZ.
Empower 2 software was used to record and evaluate the data
collected during and following chromatographic analysis.
Shimadzu Pharmaspec 1700 UV/Visible spectrophotometer
was used for the initial absorbance measurement. The chro-
matographic separation was achieved on a Zorbax Extend
C-18 (50mm × 4.6mm × 1.8 𝜇) column using a mobile
phase consisting of acetonitrile buffer (0.025MKH

2

PO
4

of
pH 3.5) with 40 : 60 v/v ratio at a flow rate of 0.2mL/min.
Themobile phasewas filtered through 0.22𝜇mnylon-66 filter
prior to use. The eluent was monitored using UV detection
at a wavelength of 220 nm. The column was maintained at

ambient temperature (25∘C) and an injection volume of 2 𝜇L
was used.The run timewas fixed for 5minutes and the diluent
used was mobile phase.

2.3. Stress Study. In order to establish whether the analytical
method and the assay were stability indicating, pure active
pharmaceutical ingredient (API) of GPZ was subjected to
stress under various conditions to conduct forced degrada-
tion studies [48, 49]. As the drug is freely soluble and stable
inmobile phase, the samewas used as a cosolvent in all forced
degradation studies. All solutions used in forced degradation
studies were prepared by dissolving GPZ in small volume
of diluent and later diluted with aqueous hydrogen peroxide
(5%), distilled water, aqueous hydrochloric acid (1N), and
aqueous sodium hydroxide (1N) for 2 h. For photolytic
degradation studies, pure drug in solid state was exposed
to 1.2 million lux hours in a photostability chamber [49].
Additionally, the drug powder was exposed to dry heat at
105∘C for 2 h. After the degradation these solutions were
diluted with mobile phase to yield starting concentration of
200𝜇g mL−1 and subjected to UPLC analysis.

2.4. Preparation of Stock Solution. Stock solution of GPZ
(1mg/mL) was prepared in diluent and it was stored at 5∘C
until use.

2.5. Procedures

2.5.1. Procedure for Preparation of Calibration Curve. Work-
ing solutions containing 0.005–300𝜇g mL−1 GPZ were pre-
pared by serial dilutions of aliquots of the stock solution.
Aliquots of 2 𝜇L were injected (six injections) and eluted
with the mobile phase under the reported chromatographic
conditions. The mean peak areas were plotted against the
corresponding concentrations of the pure drug to obtain the
calibration graphs and corresponding regression equation
was also computed.

2.5.2. Preparation of Tablet Extracts and Assay Procedure.
Fifty numbers, each of Glynase and Dibizide tablets (each
tablet contained 5.0mg GPZ), were weighed and powdered.
Tablet powder equivalent to 20mg of GPZ was transferred
into 100mL volumetric flasks and 60mL of the mobile
phase were added. The solution was sonicated for 20min to
achieve complete dissolution of GPZ, made up to the mark
with mobile phase and then filtered through 0.22𝜇m nylon
membrane filter.The resultant solution (200𝜇gmL−1 inGPZ)
obtained was analyzed through the UPLC system.

2.5.3. Preparation of Urine Sample. A 1.00mL of 0.05M
hydrochloric acid was added to 0.50mL of urine, resulting
in a pH of 3. The mixture was extracted with 3.00mL of
benzene in a 12 mL glass tube, which was shaken gently for
15min. After centrifugation for 5min, the organic phase was
transferred to a conical tube for evaporation to dryness under
a stream of a well-ventilated fume chambers. The residue
was redissolved in mobile phase and an aliquot of 2𝜇L was
injected into the chromatograph.
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2.5.4. Procedure for Method Validation

Accuracy and Precision. To determine the accuracy and
intra-day precision, pure GPZ solutions at three different
concentrations were analyzed in seven replicates during the
same day. Mobile phase was injected as blank solution before
sample injection and the RSD (%) values of peak area and
retention time were calculated.

Limits of Detection (LOD) and Quantification (LOQ). LOQ
and LOD determinations were performed on samples con-
taining very low concentrations of analyte under the ICH
guidelines. By applying the signal to noise ratio (S/N)
method, LOD was expressed by establishing the minimum
level at which the analyte can be reliably detected. LOQ
was considered as the lowest concentration of analytes in
standards that can be reproducibly measured with acceptable
accuracy and precision. Precision study was performed at
LOQ. LOQ solution was injected seven times (𝑛 = 7) and
calculated the % RSD values for the obtained peak area and
retention time.

Linearity. Linearity solutions were prepared from
LOQ level to 150% of the actual sample concentration
(200𝜇gmL−1 GPZ). A total of seven concentrations of the
solutions were made separately and injected (LOQ: 50, 100,
150, 200, 250, and 300𝜇g mL−1 levels).

Robustness and Ruggedness. To determine the robustness
of the method the experimental conditions were deliber-
ately changed. The flow rate of the mobile phase (0.2 ±
0.02mLmin−1), column oven temperature (25±1∘C), mobile
phase composition ratio (35 : 65, 45 : 55, acetonitrile : buffer),
and detection wavelength (220 ± 1 nm) were the varied
parameters. In each case, the % RSD values were calculated
for the obtained peak area and retention time. The number
of theoretical plates and tailing factors were compared with
those obtained under the optimized conditions. Three differ-
ent columns of same dimensions were used for the analyses.
The studies were performed on the same day (intra day)
and on three different days (inter day) by three different
analysts for three different concentrations of GPZ (triplicate
injections). The area obtained from each concentration was
compared with that of the optimized one. The relative
standard deviation values were evaluated for each concentra-
tion.

Solution Stability and Mobile Phase Stability. The stability of
GPZ in solution was determined by leaving test solutions
of the sample and reference standard in tightly capped
volumetric flasks at room temperature for 48 h during which
they were assayed at 12 h intervals. Stability of mobile
phase was determined by analysing freshly prepared sam-
ple solutions at 12 h intervals for 48 h and comparing the
results with those obtained from freshly prepared reference
standard solutions. The mobile phase was prepared at the
beginning of the study period and was not changed during
the experiment. The % assay of the results was calculated
for both the mobile phase and solution-stability experi-
ments.
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Figure 2: UV absorption spectra of glipizide.

Table 1: Screening: summary of method selection∗.

S. no. Column Observations Remarks

1
Acquity BEH C8
(100 × 2.1) mm,
1.7𝜇m

Asymmetrical peak
with fronting and
tailing

Not
satisfactory

2
Acquity BEH C18
(100 × 2.1) mm,
1.7𝜇m

Asymmetrical peak
with tailing

Not
satisfactory

3
Acquity HSS cyano
(50 × 2.1) mm,
1.7𝜇m

Split peak Not
satisfactory

4
Acquity HSS BEH
shield RP18 (50 ×
2.1) mm, 1.7𝜇m

Asymmetrical peak Not
satisfactory

5
Zorbax Extend
C-18 (50 × 4.6)
mm, 1.8 𝜇m

Symmetrical peak satisfactory

∗By keeping one column constant, themobile phase, temperature, buffer, and
sample concentration parameters were changed.

3. Results

Themethod development consisted of two phases: the first is
screening and the second is optimisation.

3.1. Screening. Solubility of the drug is the main criteria for
any method to develop and then the UV response of the
product at varying wavelengths. GPZ was found soluble in a
mixture of acetonitrile and phosphate buffer. A 200𝜇gml−1
solution showed excellent response at 220 nm when it was
scanned from 400 to 200 nm in a UV spectrophotometer
(Figure 2). In UPLC, variables such as mobile phase, buffer,
temperature, sample concentration, and pH were varied by
keeping one parameter (stationary phase) constant. Summa-
rized observations are made as per the Table 1.
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Table 2: Final optimization of pH with Zorbax Extend C-18 (50 × 4.6) mm, 1.8 𝜇m column.

S. no. Trails taken Observations Remarks

1 ACN : buffer (pH 3.5) (40 : 60% v/v) Peaks found symmetrical Satisfactory

2 ACN : buffer (pH 4) (40 : 60% v/v) Peak eluted before 1min with less theoretical plates Not satisfactory

3 ACN : buffer (pH 3) (40 : 60% v/v) Broad peak Not satisfactory

4 ACN : buffer (pH 5) (40 : 60% v/v) Broad peak and late elution Not satisfactory
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Figure 3: Method optimization at different pH conditions.

3.2. Optimisation. Zorbax Extend C-18 (50×4.6)mm, 1.8 𝜇m
column, was found suitable and the fine tuning of themethod
was performed with suitable adjustment of pH. All the trials
are as shown in Table 2 and chromatograms are as shown in
Figure 3.

3.2.1. Final Method Conditions

Column: Zorbax Extend C-18 (50 × 4.6) mm, 1.8 𝜇m.
Oven temp.: 25∘C.
Mobile phase: ACN: buffer (pH 3.5) (40 : 60% v/v).
Run time: 5min.
Flow rate: 0.2mL/min.
Diluent: mobile phase.
Injection volume: 2 𝜇L.
Blank: diluent.
Wavelength: 220 nm.

3.2.2. Validation of theMethod. Thedescribedmethod for the
assay of GPZ was validated as per the current ICH Q2 (R1)
guidelines.

3.2.3. Analytical Parameters

Linearity. A calibration curve was obtained for GPZ from
LOQ to 150% of its stock solution. The response of the drug
was found to be linear in the investigation concentration
range from 0.005 to 300 𝜇g mL−1 and the linear regression
equation was 𝑌 = 11623.31𝑋 + 22535.76 with correlation
coefficient of 0.9999, whereY is themean peak area.TheLOD
and LOQ values and their standard deviations were evaluated
and presented in Table 3. These results confirm the linear
relation between the mean peak area and concentration as
well as the sensitivity of the method.

Accuracy and Precision. The percentage relative error which
is an index of accuracy is ≤1.56 and is indicative of high accu-
racy. The calculated percentage relative standard deviation
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Figure 4: Chromatograms obtained for placebo blank and tablet extract.

Table 3: Linearity and regression parameters with precision data.

Parameter Value
Linear range, 𝜇gmL−1 0.005–300
Limits of quantification (LOQ), 𝜇gmL−1 0.005
Limits of detection (LOD), 𝜇gmL−1 0.001
Regression equation

Slope (𝑏) 11701.20
Intercept (𝑎) 5660.74
Correlation coefficient (𝑟) 0.99999

(%RSD) can be considered to be satisfactory. The peak-
area-based and retention-time-based RSD values were found
<1. The results obtained for the evaluation of precision and
accuracy of the method is compiled in Tables 4 and 5.

Robustness and Ruggedness. Analytical methods need to be
robust so that they can be used routinely without problems
and can be easily transferred for use in another laboratory,
if necessary. The intrinsic robustness of the UPLC method
depends on a range of variables related to the method
parameters, such as preparation of wavelength (220 ± 1 nm),
mobile phase composition (actual ±10%), temperature (25 ±
1
∘C), flow rate (0.2 ± 0.2mL), and so forth. No significant
effect was observed on system suitability parameters such as
theoretical plates, tailing factor, capacity factor, and % RSD
of PGZ, when small but deliberate changes were made to
chromatographic conditions. The RSD values ranged from
0.1 to 0.9% resume the robustness of the proposed method.
In method ruggedness, different columns (different lots with
the same manufacturer), days, and analysts (𝑛 = 3) were
performed. The results were summarized in Table 6.

Stability of the Solution. Stability of sample solution was
established by storage of sample solution at ambient tem-
perature for 24 h. PGZ sample solution was reanalyzed after
12 and 24 h time intervals and assay was determined and
compared against fresh sample. Sample solution did not show
any appreciable change in assay value when stored at ambient
temperature up to 24 h. At the specified time interval, % RSD
values for the peak area obtained from drug solution stability
and mobile phase stability were within 1%. This shows no

significant change in the elution of the peak and its system
suitability criteria (% RSD, tailing factor, theoretical plates).

Selectivity. Selectivity of the method was evaluated by inject-
ing the mobile phase, placebo blank, pure drug solution, and
tablet extract. No peaks were observed for mobile phase and
placebo blank and no extra peaks were observed for tablet
extracts (Figures 4(a) and 4(b)).

3.3. Application to Tablet Analysis and Urine. A 200𝜇g mL−1
solution of tablets was prepared as per “preparation of
tablet extracts and assay procedure” and was injected in
triplicate to the UPLC system. From the mean peak area, the
concentration and hence mg/tablet were computed, and the
results were compared with those of a reference method [22].
The reference method involved the titration of the sample in
dimethyl formamide against 0.1M lithium methoxide. The
accuracy and precision of the proposed method were further
evaluated by applying Student’s 𝑡-test (<2.7) and variance
ratio 𝐹-test (<6.4), respectively. The 𝑡- and 𝐹-values at 95%
confidence level did not exceed the tabulated values and
this further confirms that there is no significant difference
between the reference and proposed methods with respect to
accuracy and precision. Table 7 illustrates the results obtained
from this study.

3.4. Recovery Study. The proposed method was successfully
applied to the determination of GPZ in spiked urine sample
with mean percentage recovery in the range of 103.1–104.5%
as shown in Table 8. A standard addition procedure was
followed to evaluate the accuracy of the method. The sample
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(b) 0.1N HCl degradation
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(c) 0.1N NaOH degradation
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(e) Thermal degradation
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Figure 5: Chromatograms obtained for forced degradation.

is analyzed for the analyte of interest by adding a specified
amount of this analyte to the sample, thus increasing its
concentration.The analysis is then repeated and the resulting
increase in peak area due to addition of the standard amount
is noted. Hence, the concentration of the analyte in the
original sample was calculated. The percentage recovery of
GPZ from pharmaceutical dosage forms ranged from 100.4
to 101.3%. Detailed results presented in Table 9 reveal good
accuracy of the proposed method.

3.5. Stress Study. The degradation was performed as per the
current practice of ICH guidelines [49]. GPZ was found
to be sensitive towards oxidation and alkali hydrolysis. The
drug degraded up to 25% under oxidation (5% H

2

O
2

) and
36% with base (0.1NNaOH). The drug was found to be

more stable under acidic (0.1NHCl), thermal (105∘C for 3
hours), neutral degradation (water), and photolytic (1200K
lux hours) conditions rather than under alkali stress condi-
tions. No significant changes (<1%) were observed for the
chromatographic responses for the solutions analyzed with
other stress conditions. Following are the % degradation
pattern of GPZ in acidic, thermal, neutral, and photolytic
conditions: 0.21, 0.01, 0.02, and 0.13. Figure 5 shows the
degradation chromatograms of GPZ with the corresponding
solvent as blank.

4. Conclusion

A gradient RP-UPLC method was successfully developed
for the estimation of PGZ in pharmaceutical dosage form
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Table 4: Results of accuracy study (𝑛 = 7).

Concentration of GPZ
injected, 𝜇gmL−1

Intraday Interday
Concentration of

GPZ found,
𝜇gmL−1

REa, %
Concentration of

GPZ found,
𝜇gmL−1

RE, %

100 101.34 1.34 99.47 0.53
200 203.12 1.56 202.21 1.11
300 302.12 0.71 303.45 1.15
aRelative error.

Table 5: Results of precision study.

Concentration injected (𝜇gmL−1) Mean area ± SD RSDa Mean Rt ± SD RSDb

Intraday precision (𝑛 = 7)
100 1165237 ± 2333 0.20 2.13 ± 0.006 0.26
200 2347961 ± 16728 0.71 2.13 ± 0.006 0.28
300 3482365 ± 23172 0.67 2.13 ± 0.002 0.10
Concentration injected (𝜇gmL−1) Mean area ± SD RSDa Mean RT ± SD RSDb

Interday precision (𝑛 = 5)
100 1161904 ± 3535 0.30 2.14 ± 0.018 0.82
200 2347961 ± 16728 0.71 2.13 ± 0.006 0.29
300 3488820 ± 7850 0.23 2.14 ± 0.020 0.91
a
Relative standard deviation based on peak area.

bRelative standard deviation based on retention time.

Table 6: Results of method robustness and ruggedness study.

Condition Modification Mean peak area
± SD

%
RSD Mean Rt ± SD %

RSD
Theoretical
plates ± SD

%
RSD

Tailing factor ±
SD

%
RSD

Actual — 2351828 ± 11571 0.49 2.130 ± 0.005 0.24 2968 ± 5.16 0.17 1.01 ± 0.005 0.47

Temperature 24∘C 2346161 ± 14060 0.60 2.131 ± 0.004 0.19 2962 ± 20.00 0.68 1.10 ± 0.008 0.76
26∘C 2345161 ± 16987 0.72 2.131 ± 0.004 0.20 2963 ± 16.02 0.54 1.10 ± 0.01 0.50

Mobile phase
composition (ace-
tonitrile : buffer)

35 : 65 2350328 ± 13836 0.59 2.129 ± 0.005 0.24 2960 ± 24.01 0.81 1.11 ± 0.005 0.47
45 : 55 2351828 ± 11572 0.49 2.131 ± 0.004 0.19 2970 ± 4.08 0.14 1.10 ± 0.004 0.370

Flow rate 0.22mL/min 2346828 ± 14139 0.60 2.133 ± 0.005 0.25 2965 ± 12.11 0.41 1.14 ± 0.008 0.72
0.18mL/min 2343495 ± 15290 0.65 2.132 ± 0.006 0.26 2968 ± 4.90 0.17 1.11 ± 0.006 0.57

Wavelength 219 nm 2348495 ± 13198 0.56 2.132 ± 0.005 0.24 2970 ± 4.00 0.13 1.10 ± 0.006 0.57
221 nm 2351802 ± 11535 0.49 2.129 ± 0.005 0.23 2960 ± 24.42 0.82 1.10 ± 0.004 0.37

Analyst 1,
column 1,
day 1

2350541 ± 11350 0.48 2.129 ± 0.005 0.23 2961 ± 14.95 0.50 1.11 ± 0.008 0.76

Analyst, column,
day

Analyst 2,
column 2,
day 2

2349495 ± 10475 0.45 2.129 ± 0.005 0.24 2964 ± 15.23 0.51 1.10 ± 0.005 0.47

Analyst 3,
column 3,
day 3

2353178 ± 12027 0.51 2.135 ± 0.010 0.47 2968 ± 6.98 0.24 1.11 ± 0.010 0.99

Table 7: Results of determination of GPZ in formulations and statistical comparison with the reference method.

Formulation brand
namea Nominal amount, mg % GPZ foundc ± SD

𝑡 value 𝐹 value
Reference method Proposed method

Dibizidea 5.0 99.58 ± 0.78 98.88 ± 0.68 1.28 1.32
Glynaseb 5.0 100.2 ± 0.57 99.94 ± 0.97 0.53 2.9
a
Marketed by Micro Labs Limited, Hosur, India.

bMarketed by USV Limited, Aurangabad, India.
cMean value of five determinations. Tabulated 𝑡 value at 95% confidence level is 2.78; tabulated 𝐹 value at 95% confidence level is 6.39.
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Table 8: Results of determination of GPZ in spiked urine sample.

Spiked concentration 𝜇gmL−1 Founda ± SD % Recovery ± RSDb

150.23 155.46 ± 3.16 103.48 ± 1.01
200.22 209.24 ± 1.28 104.51 ± 1.02
250.32 258.12 ± 2.45 103.12 ± 0.98
aMean value of five determinations.
bRSD is relative standard deviation.

Table 9: Results of recovery study by standard addition method.

Tablet studied GPZ 𝜇gmL−1 , tablet GPZ 𝜇gmL−1, pure Total GPZ found, 𝜇gmL−1 Percent recovery of pure GPZ,
(% GPZ ± SD)

Dibizide
49.21 50 100.23 101.03 ± 0.36
49.21 150 199.93 100.36 ± 0.45
49.21 250 301.87 100.89 ± 0.89

Glynase
48.67 50 99.89 101.24 ± 1.12
48.67 150 201.23 101.29 ± 0.1.02
48.67 250 302.23 101.19 ± 0.98

and urine. The QbD project aims to encourage debate
about quality in the complete development of the drug
in a systematic manner. From a solid-state point of view,
QbD implementation involves the design of manufacturing
processes based on a thorough scientific understanding of
the properties and stability of the components of the drug at
critical points throughout the development. The experimen-
tal design describes the scouting of the key UPLC method
components including column, temperature, pH, andmobile
phase.The interrelationships are studied and the preliminary
optimized conditions are obtained for each combination.
Moreover, this approach ensures better design of products
with fewer problems in development, reduces the number of
trials required for postmarket changes, reliesmore on process
and understanding and mitigation of risk, allows imple-
mentation of new technology to improve manufacturing
without regulatory scrutiny, and enables possible reduction
in overall costs of manufacturing resulting in less waste.
The validated method is specific, linear, precise, accurate,
robust, rugged, and stable for 24 hours and can be applied
for the determination in formulated form. The drug is stable
in acidic, thermal, photolytic, and hydrolytic conditions and
degrades in basic, oxidative conditions. The potential of this
QbD approach lies for the simultaneous determination of
multiple forms of GPZ like pure drug, dosage forms, and in
urine, and thus it should be implemented.
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