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A simple, specific and rapid high-performance liquid chromatographic (HPLC)
method for the determination of glipizide (GPZ) in pharmaceutical sample is
described. Reversed phase chromatography was performed on an Inertsil ODS
3V (150 x 4.6mm; 5um particle size) column with an isocratic mobile phase
consisting of 10mM potassium dihydrogen phosphate (pH 3.9) and methanol
(60:40 v/v). The effluent was monitored on a uv detector at 220nm and the
column temperature was maintained at 35°C. Linear response (r=0.9999) was

observed over the range, 1-450ugmL; and the limits of detection (LOD) and
quantification (LOQ) were calculated to be 0.03 and 0.09 ugmL, respectively.
Both intra-day and inter-day precisions at three tested concentrations were
excellent, with %RSD values of <1% and the accuracy was better than 1.5%
(RE). The method was also validated for robustness, ruggedness and selectivity
and the results were satisfactory. The method was applied to the determination
of GPZ in tablets and the results agreed well with the label claim and those
obtained by European Pharmacopeial method. Entire assay was complete
in less than 10min. As part of degradation study, the drug was subjected to
acid-, base-, peroxide-, heat-, and light-induced stress conditions, and the drug
was found to be susceptible to degradation under oxidation, and inert to other
conditions.
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method was described by Vijaya et al [31] for the determination
of GPZ in dosage forms using C, column (250 x 4.6 mm; 5 pm).
The mobile phase consisted of methanol- triethylamine buffer,
pH 3 (35: 65) with a flow rate of ImLmin"’ and UV- detection at
230nm. Linearity was found in the range, 0.1-10ugmL". Mantri and
hyper glycaemic agent [1]. It belongs to sulphonyl-urea class of Shanmukhappa [32] developed and validated an RP-HPLC method
anti-diabetics, which are indicated for type-2 diabetes mellitus [2]. .4 ~ analytical column using methanol- 0.115% w/v ammonium
The drug functions by stimulating the pancreas to release insulin hydro glznph osphate buffer pumped at lmLmin-1 at ambient
by closing the ATP-dependent potassium channels in the B-cell temperature. The calibration graph was linear in the range of 10-70
membrane, which leads to an opening of the calcium channels. The ug mL-". Rapid and sensitive assay of GPZ was achieved by Rahila and
resulting influx of calcium induces insulin secretion. Asif [33]. The drug was chromatographed on a RP- C,, column with

Owingtoitstherapeuticimportancedifferent methodsareavailable ~ mobile phase consisting of 0.05M KH,PO,, pH 7.0- methanol (15: 85
for determination of GPZ in body fluids and include, HPLC [3-11],  V/ v) pumped at a flow rate of ImLmin™. Quantification was achieved
LC-MS/MS [12-16], UPLC-MS/MS [17,18] and radioimmunoassay by monitoring the UV absorbance at 225nm. The method showed
[19]. European Pharmacopeia [20] describes a titrimetric assay in linearity in the range 10-2000 ngmL". An Inertsil ODS-C  column
which drug in dimethyl formamide is titrated with lithium methoxide ~ (250 x 4.6 mm; 5um) in isocratic mode with mobile phase containing
using quinaldine red as indicator. Methods based on numerous other ~ methanol- water- 0.01M KH,PO,, (70: 25: 5 v/v/v) at a flow rate of

techniques have been suggested for the determination of GPZ in
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pharmaceuticals including, uv-spectrophotometry [21-24], UPLC
Figure 1: Structure of GPZ.

Introduction

Glipizide (GPZ2), chemically known as
N-[2[4[[[(cyclohexylamino)carbonyl]amino]  sulfonyl]  phenyl]
ethyl]-5- methylpyrazinecarboxamide (Figure 1) is an oral anti-

[25,26], TLC [27,28], HPTLC [29] and voltammetry [30].

HPLC offers many advantages over other techniques, including
minimum sample manipulation prior to chromatography, rapid
analysis, and simultaneous determination of multiple compounds
with good accuracy, precision and selectivity. Literature survey
revealed the availability of few HPLC methods for GPZ. An RP-HPLC
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1.5 mLmin’ and UV- detection at 270nm was used by Rayanam et
al [34] for the assay of GPZ in tablet formulation. The method has
been found to be sensitive with LOD and LOQ values of 15 and 45
pugmL’, respectively. The method was also applied for blood serum.
Determination of GPZ in sustainedrelease tablets by RP-HPLC has
been reported by Liping et al. [35] Separation and assay were carried
out on an Eclipse XDB- C,, column with 0.IM NaH,PO,-methanol
(54: 46) as mobile phase pumped at a flow rate of ImLmin’ and UV
detection at 225nm. The linear range was from 5 to 250 ugmL* GPZ.

Apart from the above methods for GPZ in single component
dosage forms,several workers have applied HPLC for the
simultaneous determination of GPZ inmulti-component dosage
forms when the drug is present along with glimepiride [36],
metformin [37-39], simvastatin [40], pioglitazone and rosiglitazone
[41], rosiglitazone, pioglitazone, glibenclamide andglimepiride [42],
metformin, pioglitazone, glimeperide, gliclazide andglibenclamide
[43], metformin, pioglitazone, phenformin, gliclazide, glimeperide,gl
ibenclamidetolbutamide, rosiglitazone and pioglitazone [44].

The reported HPLC methods for single component tablets [31-35]
suffer from low detection limits and narrow linear dynamic ranges of
applicability, and none of them is stability-indicating. The stability
study should be undertaken to elucidate the intrinsic stability of the
drug substance. Stability testing of a drug substance should be carried
out under different stress conditions, such as hydrolysis, oxidation,
heat and light to evaluate the stability-indicating supremacy of an
analytical method used for assay [45,46]. Driven by the need for an
HPLC method, which is sensitive with a wide linear dynamic range,
and also stability-indicating, this study was taken up. This work
describes the development and validation of a rapid and reliable
HPLC method for the determination of GPZ in bulk drug and tablets
containing only GPZ (single-component). The method was found to
be stability indicating.

Materials and Methods

Instrument and software

Chromatographic analysis was performed with a Waters HPLC
system (Waters Corporation, Milford, USA) equipped with Alliances
2695 series low pressure quaternary gradient pump, a programmable
variable wavelength UV detector and auto sampler. Data were
collected and processed using Waters Empower 2 software.

Reagents

HPLC grade methanol was purchased from Merck, Mumbai,
India; potassium dihydrogen orthophosphate, triethylamine,
orthophosphoricacid, hydrochloric acid, sodium hydroxide and
hydrogen peroxide were from Qualigens Ltd., India. Water purified
by the Milli-Q system (Millipore, Milford, Massachusetts, USA)
was used to prepare mobile phase. A 10mM potassium dihydrogen
orthophosphate solution was prepared by dissolving required
quantity of salt in 1000mL water and pH adjusted to 3.9 using
triethylamine or dilute phosphoric acid. A 600mL portion of this
buffer was mixed with 400mL of methanol (60:40 v/v), shaken well
and filtered using 0.45um Nylon membrane filter. Hydrochloric
acid (HCl, 2M) and hydrogen peroxide (H,0,, 5%) were prepared
by appropriate dilution, and sodium hydroxide (NaOH, 2M) was
prepared by dissolving calculated amount of the chemical in water.

Materials

Working standard of GPZ was a generic gift from Bal Pharma,
Bangalore, India. Dibizide-5 and Glynase-5 tablets each containing
5mg active content, were purchased from local market.

Chromatographic conditions

Analysis was isocratic at 0.8mlmin’ flow rate with 10mM
KHPO, buffer: methanol (60:40) as mobile phase. The mobile phase
was premixed, filtered through 0.2um membrane filter to remove
any particulate matter and degassed before use. Chromatographic
separation was achieved on an Inertsil ODS 3V (150mm x 4.6mm,
5um particle size) column. The detector wavelength was set at 220nm
and the injection volume was 20uL. The column temperature was
maintained at 35°C. Prior to injecting solutions, the column was
equilibrated for at least 30min with the mobile phase flowing through
the system.

Standard GPZ solution

Accurately weighed 100mg of pure GPZ was dissolved in and
diluted with the mobile phase to the mark in a 100mL volumetric
flask to get 1000pugmL ' GPZ stock solution.

General procedures

Procedure for bulk drug: Procedure for preparation of
calibration curve: Working standard solutions containing 1-450
pugmL?' GPZ were prepared by serial dilution of stock solution.
An aliquot of 20pL was injected (three injections) and eluted with
the mobile phase under the stated chromatographic conditions.
A plot of average peak area versus concentration was prepared.
Alternatively, the regression equation was derived using mean peak
area-concentration data and the concentration of the unknown was
computed from the regression equation.

Procedure for tablets: Tablet powder equivalent to 100mg
GPZ was transferred into a 100mL calibrated flask containing 60mL
of mobile phase. The mixture was sonicated for 20min to achieve
complete dissolution of GPZ, and the content was then diluted to
volume with the same solvent to yield a concentration of 1000pgmL-
! GPZ, and filtered through a 0.2um nylon membrane filter. The
tablet extract was injected on to the HPLC column in replicates, after
dilution to 300pugmL™" level.

Procedure for placebo blank and synthetic mixture: A placebo
blank was prepared by homogeneous mixing of hydroxyl cellulose
(10mg), acacia (15mg), starch (10mg), sodium citrate (15mg),
magnesium stearate (15mg), talc (15mg) and sodium alginate (10mg).
A 100mg of the placebo blank was taken, its solution prepared
as described under ‘procedure for tablets’, and then subjected to
chromatography by following the general procedure. A synthetic
mixture was prepared by homogeneous mixing of an accurately
weighed 100mg of pure GPZ with 100mg of placebo. A solution of
synthetic mixture equivalent to 1000pgmL'GPZ was prepared as
described under “procedure for tablets”. The resulting solution was
assayed (n= 5) by the proposed method after dilution to 300ugmL™*
GPZ with the mobile phase.

Procedure for stress study: A 3mL aliquot of 1000ugmL"' GPZ
solution was transferred into three different 10mL calibrated flasks
and added 2ml of 2M HCI, 2ml 2M NaOH or 2ml 5% H,0,. The flasks
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Figure 2: Chromatograms for: a) Blank (mobile phase) b) Pure GPZ solution
(300pgmL-").
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Figure 3: Calibration curve.

were placed in a water bath maintained at 80°C for 2h. After cooling
to room temperature acid/base was neutralised with 2ml 2M NaOH
(acid hydrolysis) or 2ml 2M HCI (base hydrolysis), and diluted
to the mark with the mobile phase. Each solution was separately
chromatographed. To study behaviour to heat, solid sample kept
in a Petri Dish was placed in an oven at 100°C for 24h. For photo-
degradation, solid sample was exposed to uv radiation of wavelength
254nm of 1200K lux intensity flux for 48h in an uv-chamber. Post-
exposure to heat and light, 300ugmL™" solutions were prepared
separately in the mobile phase and chromatographed.

Results and Discussion

To obtain good linearity, sensitivity and selectivity, the method
was optimized and validated in accordance with the current ICH
guidelines [47]. The typical chromatograms obtained for blank and
pure GPZ under optimized HPLC conditions are depicted in Figure
2.

Method development

A well defined symmetrical peak and satisfactory results
were obtained upon measuring the response of eluent under the
optimized conditions after thorough experimental trials that could be
summarized as follows:

Choice of column: For performance characteristics, columns
including Chromatopack (250mm X 4.6mm, 5pm particle size);
Hypersil BDS C8 (250mm X 4.0mm, 5.0um particle size) thermo;
Inertsil ODS 3V (250mm x 4.0mm, 5.0um particle size); Luna C18
(250mm x 4.0mm, 5.0pum particle size) and Zorbax XDB (250mm
x 4.0mm, 5.0um particle size) were tried. The results revealed that

the Inertsil ODS 3V column was more suitable since it gave better
sensitivity.

Choice of wavelength: The UV detector response of GPZ was
studied and the best wavelength was found to be 220 nm showing the
highest sensitivity.

Mobile phase composition: Several modifications in the mobile
phase composition were tried to obtain a symmetrical peak with a
reasonable retention time. These modifications included type and
proportion of the organic modifier, pH, strength of the phosphate
buffer, and flow rate. The results shown in Table 1 reveal that highest
number of theoretical plates resulted when the mobile phase consisted
of phosphate buffer (pH 3.9 adjusted with 0.1% H,PO,) and methanol
in the ratio of 60:40 and pumped at a flow rate of 0.8mlmin™. Of
several organic modifiers tried, methanol was found to give an elegent
and highly sensitive peak.

Ratio of organic modifier: The effect of proportion of organic
modifier on the sensitivity and retention time was investigated using
mobile phases containing up to 30-60% methanol. Table 1 shows that
40% methanol was the best, giving well defined peak and the highest
number of theoretical plates.

Effect of pH and ionic strength of buffer: The effect of pH of the
mobile phase on the sensitivity and retention timeof the test solute
was investigated using mobile phases of pH ranging from 2.0-4.5.
The results (Table 1) revealed that pH 3.9 was the most appropriate,
giving well defined peak and the highest number of theoretical plates.
At lowerand higher pH, non-symmetrical peak and smaller number
of theoretical plateswere obtained. Therefore pH 3.9 was fixed as
optimum. The same trend wasobserved after making alteration in the
ionic strength of the buffer and 10mM phosphate buffer was used as
working buffer throughout the investigation.

The effect of flow rate: The effect of flow rate on the symmetry,
sensitivity and retention time ofthe peak was studied, and a flow
rate of 0.8mLmin™ was optimal for bettersymmetry and reasonable
retention time as shown in Table 1.

Method validation

Linearity: To study the linearity, standard solutions in the range
1 to 450 pgmL™ GPZ were chromate graphed in triplicate and mean
peak area for each standard calculated. A calibration graph was
prepared by plotting mean peakarea against concentration, and linear
relationship was established by least-square regression analysis. The
calibration plot was linear over the concentration range, 1-450ug
mL"! (n= 3) (Figure 3) and can be described by the equation:

Table 1: Effect of ratio of buffer to organic modifier, pH and ionic strength of
buffer, and mobile phase flow rate on the number of theoretical plates.

Number pH of Number Number | Flow = Number
Ratio of the of % of rate, of
(A/B)? |theoretical medium theoretical | H,PO, | theoretical mL | theoretical
plates (N) plates (N) plates (N) | min' | plates (N)
40/60 4934 2.0 5789 0.050 8537 0.50 6176
50/50 6588 25 7866 0.075 9649 0.60 7648
55/45 7693 3.0 8679 0.100 9987 0.70 8765
60/40 9261 3.9 9956 0.125 9657 0.80 9960
70/30 8756 4.1 9867 0.150 8586 0.90 9768
- - 4.3 8954 0.200 8246 1.00 9326
- - 4.5 5724 0.250 8097 1.20 8976

aA- phosphate buffer and B- methanol.
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Table 2: Linearity and regression parameters.

Parameter Value 0]

Linear range, pgmL-" 1-450 (e

Limits of detection, (LOD), ugmL-' 0.03 o)

Limits of quantification, (LOQ), pgmL-' 0.09 2 o

Regression equation, y* 01 3

Slope (m) 29955 o

Intercept (b) 86386 il o

Standard deviation of intercept (Sb) 897.9 o 200 4 s s T T =z o = =
Standard deviation of slope (Sm) 1681.2 Mt } * Wnutes b

Correlation coefficient (r) 0.9999 @) ()

*y=mx+b, where y is the mean peak area, x concentration in ug mL", b intercept, Figure 4: Chromatograms obtained for: a) placebo blank and b) tablet extract
m slope. (300pgmL-' GPZ).

Table 3: Results of accuracy and precision study (n=5).

‘ GPz Intra-day Inter-day

injected, 'Gpzfound, % | % | % GPZfound,| % | % | %
MgML' | gmLt | RE* | RSD* RSD®| upgmL® | RE* | RSD® RSD*
150 151.8 | 1.20| 0.63 | 0.59 1521 | 1.40 0.49 0.27
300 298.7 | 0.43| 0.45 | 0.36 2975 | 0.83 0.34 031
450 4482 | 0.40 | 0.54 | 0.47 4527  0.60 | 0.61  0.95

?Relative error; "Relative standard deviation based on peak
standard deviation based on retention time.

area; °Relative

y=mx+b

where y the mean peak area, x the concentration of GPZ in
pugmL’, m slope and b intercept. The slope (m), y-intercept (b) and
theirstandard deviations were evaluated and are presented in Table 2.
These results confirm the linear relationship between peak area and
concentration aswell as the sensitivity of the method.

Limits of quantification (LOQ) and detection (LOD): The
limit of quantification (LOQ) was determined by establishing
the lowest concentration that can be measured according to ICH
recommendations [47], below which the calibration graph is non
linear and was found to be 0.09pugmL". The limit of detection (LOD)
was determined by establishing the minimum level at which the
analyte can be reliably detected and it was found to be 0.03pgmL".

Precision and accuracy: Both repeatability (within-day precision)
and reproducibility (between-day precision) was determined as
follows:

Pure drug solution at three concentration levels (within the linear
range) were prepared and injected in seven replicates during the same
day for repeatability, and over a period of five days (five injections

Table 4: Results of method robustness.

per day) for reproducibility. Percent RSD and %RE were calculated to
judge the precision and accuracy. The results of this study compiled
in Table 3 speak of excellent precision and accuracy of the proposed
method.

Method robustness: The robustness of the method was evaluated
by making small but deliberate changes in the chromatographic
conditions. The chromatographic conditions varied were: flow rate
(0.8 and 0.8+0.1 mL), wavelength (220 and 220+1 nm), temperature
(35 and 35+2°C) and mobile phase composition (60 and 60+5%
buffer: 40 and 40+5% methanol). These slight alterations did not
significantly affect the system suitability parameters: retention time,
tailing factor and number of theoretical plates as indicated by low
values of %RSD (Table 4) (measure of intermediate precision).

Method ruggedness

The ruggedness of the method was assessed by comparison of the
results for the assay of GPZ performed by three analysts in the same
laboratory. The inter-personal RSD did not exceed 1.07% indicating
the ruggedness of the method (Table 5).

Selectivity

Selectivity of the method was evaluated by injecting 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 extract (Figure 4). Synthetic mixture
solution, when analysed at 300ugmL™" concentration level, yielded
percent recoveries of 97.36+1.2 indicating the absence of interference
from the tablet excipients.

- Mean peak Mear_1 Mgan
Condition Modification area % Mean R, % theoretical % tailing %
altered + SD* RSD + SD* RSD plates RSD factor RSD
- + SD* +SD*
Actual - 9084249+55609 0.61 5.583+0.003 0.054 9946+5.727 0.06 1.258+0.004 0.32
Column 33°C
350C 9126732+91333 1.00 5.612+0.002 0.036 9889+6.724 0.07 1.213+0.005 0.41
temperature
37°C
(Buffer:
Mobile methanol)
phase 55:45 9164999+98404 1.07 5.492+0.003 0.055 9935+8.114 0.08 1.227+0.003 0.25
composition 60:40
65:35
0.7 mL min”!
Flow rate 0.8 mL min”’! 9136736+97336 1.06 5.590+0.002 0.036 9892+4.772 0.05 1.221+0.004 0.33
0.9 mL min”’!
219 nm
Wavelength 220 nm 9126632+91313 1.00 5.572+0.003 0.054 9954+3.663 0.04 1.211+0.005 0.41
221 nm

*Mean value of three determinations at GPZ concentration of 300ugmL-".
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Table 5: Results of method ruggedness (n=3).

Mean
Mean Mean Mean tailin
Variable Peak %RSD " %RSD theoretical %RSD 9 %RSD
" Rt+ SD factor+
area = SD plates+SD SD*
Analysts
(n=3) 9164999+ 98404 1.07 5.592+0.003 0.054 9899+7.614 0.08 1.221+0.003 0.25
*Mean value of three determinations at GPZ concentration of 300ugmL-.
Table 6: Results of solution stability.
Mean Mean Mean Mean
Time, h Peak Pooled %RSD Rt+SD* Pooled %RSD theoretical Pooled %RSD tailing Pooled %RSD
areatzSD* B plates+SD factor+SD*
0 9084249+ 55609 5.592+0.002 9885+8.565 1.258+0.004
12 9126732+ 91333 0.92 5.581+0.002 0.04 9989+9.774 0.10 1.213+0.005 0.33
24 9164999+ 98404 5.603+0.003 9835+9.524 1.227+0.003
*Mean value of three determinations for GPZ concentration of 300ugmL" at each time interval.
Table 7: Results of determination of GPZ in tablet and statistical comparison with  Table 9: Results of degradation study.
the reference method. Degradation condition % Degradation
Tablet Nominal NTG found” (%) + SD ) . o ;
brand amount, Reference Proposed tvalue | F-value Acid hydrolysis (2M HCI, 80°C, 2h) No degradation
name mg method method Base hydrolysis (2M NaOH, 80°C, 2h) No degradation
Dibizide 5 98.67:0.87 = 99.48:056 = 1.75 2.41 Oxidation (5% H,0,, 80°C, 2h) 60.9%
Glynase 5 99.45¢1.10 | 100.5:0.42 | 161 1.34 Thermal (105 °C, 3 hours) No degradation
‘Mean value of five determinations. Tabulated t-vglue at 95% confidence level is Photolytic (.2 million lux hours) No degradation
2.77; Tabulated F-value at 95% confidence level is 6.39.
Table 8: Results of recovery study by standard addition method.
NTG in Pure NTG Total Pure NTG ox]
Tablet : o
studied tablet, added, found, recovered*
Hg mL! ug mL! ug mL! (%NTG +SD) oz axd
99.48 50 150.2 100.5+0.97 z z
Dibizide 99.48 100 198.7 99.63+0.87 o ]
99.48 150 252.5 101.2+1.05
1005 50 148.6 98.75+0.67 . N —
Glynase 100.5 100 199.5 99.49+0.65 e R E R
100.5 150 2515 100.4+0.90 (a) (0)
*Mean value of three determinations.
. . [5 ]
Solution stability =
The drug solution was injected at different time intervals of 0, 12| ;™ _°=
and 24 h, and chromatograms were recorded. At the specified time e 1“_
interval, %RSD value for peak area, retention time and number of LN
theoretical plates was calculated, and subsequently pooled %RSD was : i &3 " 3
. L = = am = = T w2 w ) na
computed. This value, which is <1% (Table 6), amply demonstrates nim =
that the crucial system suitability parameters remained unaltered © @
indicating the stability of the solution over a period of 24h. ox]
Application to tablets iz
I
The developed method was applied to the determination of GPZ in =
two brands of tablets containing 5mg GPZ per tablet. Quantification
was performed using the regression equation. The same tablet powder = — z 1
was used for assay by official method (20) for comparison. The results Eal Sl =
were compared statistically by applying the Student’s test for accuracy ©
and F-test for precision. As shown by the results compiled in Table 7, Figure 5: Chromatograms of GPZ (300pgmL™) after forced degradation:
the calculated t-test and F-values did not exceed the tabulated values &) acid degradation; b) base degradation; c) peroxide degradation; d) thermal
degradation and e) photolytic degradation.

of 2.77 and 6.39 for four degrees of freedom at the 95% confidence
level, suggesting that the proposed method and the reference method
do not differ significantly with respect to accuracy and precision.

Accuracy by recovery test

The accuracy of the proposed method was further checked by
performing recovery test. Pre-analyzed tablet powder was spiked

with pure GPZ at three different concentration levels and the total
was determined by the proposed method. Each determination
was repeated three times. The recovery of pure drug added was
quantitative (Table 8) and revealed that co-formulated substances did
not interfere in the determination.
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Results of forced degradation study

All forced degradation experiments were performed at 300ugmL
! concentration level. The inference with regard vulnerability to
degradation was based on the comparison of the chromatograms
recorded post-degradation with those obtained under optimized
chromatographic conditions. GPZ was found to be more stable under
photolytic and thermal stress conditions in solid state. The drug was
also stable towards acid and base hydrolysis at elevated temperature.
The drug degraded up to 60.9% under oxidative stress condition.
The chromatograms obtained for GPZ after subjecting to forced
degradation are presented in Figure 5. The results of this study are
given in Table 9.

Conclusions

This is the first article describing the stability-indicating reversed
phase HPLC determination of glipizide in pharmaceutical samples
whenever it is present alone. The method has been determined to
be a good alternative to several HPLC methods reported earlier with
respect to linear range and sensitivity. Shorter run time (<10min) and
low flow rate (0.8mlmin™') make the method cost-effective interms of
overall analysis time and consumption of mobile phase. The method
has been shown to be both precise and accurate, besides being both
robust and rugged, and may be useful in routine analysis.
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