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Selection of excipients for extended release formulations of glipizide
through drug–excipient compatibility testing
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Abstract

For the development of extended release formulations of glipizide, techniques of thermal and isothermal stress testing (IST) were used
to assess the compatibility of glipizide with selected excipients. Initially, differential scanning calorimeter (DSC) was used to evaluate the
compatibility. IR spectrum of drug–excipient mixture was also compared with that of pure drug and excipient. Compatibility of excipients
defined in the prototype formula was tested using IST. Based on the DSC results alone, magnesium stearate, meglumine, TRIS buffer, and
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actose, were found to exhibit interaction with glipizide. Stressed binary mixtures (stored at 50C for 3 weeks) of glipizide and meglumi
howed yellow coloration indicating potential incompatibility. Based on the results of DSC, IR, and/or HPLC, excipients define
rototype formula were found to be compatible with glipizide. The optimized formulation developed using the compatible excipie

ound to be stable after 3 months of accelerated stability studies (40◦C and 75% RH). Overall, compatibility of excipients with glipizide w
uccessfully evaluated using the combination of thermal and IST methods and the formulations developed using the compatible
as found to be stable.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Incompatibility between drugs and excipients can alter
tability and bioavailability of drugs, thereby, affecting its
afety and/or efficacy. Study of drug–excipient compatibility
s an important process in the development of a stable solid
osage form. Drug–excipient compatibility testing at an early
tage helps in the selection of excipients that increases the
robability of developing a stable dosage form.
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Despite the importance of drug–excipient compatib
testing, there is no universally accepted protocol for this
pose. The term thermal analysis refers to a group of
niques in which physical property of a substance and/or
tion products is measured as a function of temperature w
the substance is subjected to a controlled temperature
gram. Differential scanning calorimeter (DSC) technique
volves the application of a heating or a cooling signa
a sample and a reference. When the substance under
thermal event, the difference in the heat flow to a sample
to a reference is monitored against time or temperature w
the temperature is programmed in a specified atmosp
As a result, energy associated with various thermal ev
(e.g., melting, glass transition temperature, crystalliza
etc.) can be evaluated[1]. This method has been extensiv
reported in the literature for testing compatibility of exc
ents with number of drugs[2–7]. Use of DSC has been pr
posed as a rapid method for evaluating the physico-che
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interaction between two components. However, caution need
to be exercised in the interpretation of DSC results. This is
because of high temperature conditions required and the lack
of moisture in conducting the experiments. Moreover, evalua-
tion of DSC thermograms can be difficult and the conclusions
based on the DSC results alone can be often misleading[4,6].

Another method that is commonly employed for evaluat-
ing the drug–excipient compatibility is isothermal stress test-
ing (IST). The method involves storing the drug–excipient
blends with or without moisture at high temperature and de-
termining the drug content[4,8,9]. DSC can be used in com-
bination with IST to evaluate compatibility of drugs with the
selected excipients.

As part of an ongoing project on the development of
extended release formulations of glipizide, techniques of
thermal analysis and IST were utilized for drug–excipient
compatibility testing. Glipizide, an oral hypoglycemic agent,
is one of the most commonly prescribed drugs for the
treatment of patients with type II diabetes mellitus[10]. It
is a weakly acidic drug having a pKa of 5.9. Chemically,
it belongs to the category of sulfonylureas. Initially, DSC
was used for evaluating the compatibility of glipizide with
selected excipients. In suspected cases of incompatibility,
IR spectrum of pure drug was compared with that of
drug–excipient mixture and pure excipient. Excipients found
to be compatible were used for different formulation trials.
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Table 1
Peak temperature and enthalpy values of glipizide in various drug–excipient
mixtures

Sample Ratio (drug–
excipient)

Tpeak(◦C) �Hf corr (J/g)a

Glipizide – 216.35 114.49
Glipizide + cellulose

acetate
1:1 217.35 126.87

Glipizide + colloidal
silicon dioxide

4:1 214.22 84.79

Glipizide + lactose 1:5 b b

Glipizide + MCC 1:5 215.68 86.93
Glipizide + magnesium

stearate
1:1 b b

Glipizide + mannitol 1:5 187.00 115.48
Glipizide + sodium

chloride
1:1 213.86 59.98

Glipizide + HPMC 1:1 216.18 107.09
Glipizide + PEG-

4000
1:1 205.35 43.77

Glipizide + PVP 1:1 207.57 67.26
Glipizide + meglumine 1:1 b b

Glipizide + TRIS
buffer

1:1 b b

Glipizide + talc 1:1 215.49 108.27

a �Hf corr = ∆Hf obs
% drug in sample× 100; from reference[3].

b No distinguishable drug peak visible.

2.2. Differential scanning calorimetry

A differential scanning calorimeter (DSC 821e, Mettler
Toledo, Switzerland) was used for thermal analysis of drug
and mixtures of drug and excipients. Excipients that were
expected to be used in the development of formulation (dilu-
ents, osmotic agent, lubricant, coating polymers, alkalinizing
agent) and the maximum expected ratio were selected for the
present study. Individual samples (drug and excipients) as
well as physical mixtures of drug and selected excipients (all
passed through 60-mesh sieve) were weighed directly in the
pierced DSC aluminum pan (Table 1) and scanned in the
temperature range of 25–300◦C under an atmosphere of dry
nitrogen. Heating rate of 10◦C/min was used and thermo-
grams obtained were observed for any interaction.

2.3. IR spectroscopy

IR spectra of drug and drug–excipient blends were
recorded on an IR spectrophotometer (Impact-410, Nicolet,
USA) in the range of 4000–500 cm−1 using potassium bro-
mide discs.

2.4. Isothermal stress testing

ies,
l e for-
m dif-
f ss
v of
t pient
hose excipients that were defined in the prototype form
ere tested using IST. Finally, the developed formulat
ere evaluated after 3 months of storage at accele
tability conditions (40◦C and 75% RH).

. Experimental

.1. Materials

Glipizide was received as gift sample from USV Limit
ndia and characterized using glipizide chemical refer
ubstance (CRS) purchased from European Pharmaco
ommission Secretariat, France. Following chemicals
xcipients were purchased from commercial sources
sed as such Cellulose acetate (Fluka, Switzerland), col
ilicon dioxide (Aerosil-200, Degussa, Germany), lac
Meggle, Germany), mannitol (Pearlitol SD-200, Roque
rance), microcrystalline cellulose (Avicel PH-102, FM
SA), sodium chloride AR (Loba Chemie, India), polyvin
yrrolidone (Plasdone K-29/32, ISP, USA), HPMC (Met
el E-15, Dow, USA), PEG-4000 (SD Fine Chemicals, Ind
eglumine (Sigma, USA), TRIS buffer GR (Loba Chem

ndia), talc (Panacea Biotec, India), magnesium ste
Mallinckrodt, USA), and methanol HPLC grade (Ranba
ndia). Acetonitrile HPLC grade (JT Baker, Mexico) a
otassium dihydrogen orthophosphate GR (Loba Chemi
ia) were used for preparing mobile phase for HPLC anal
ater used throughout the HPLC analysis was prepare

everse-osmosis (Ultra Pure water system, ELGA, UK).
Based on the DSC results and initial formulation stud
ist of excipients and the expected range to be used in th

ulation was narrowed down. For IST studies, drug and
erent excipients (Table 2) were weighed directly in 4 ml gla
ials (n= 2) and mixed on a vortex mixer for 2 min. In each
he vials, 10% w/w water was added and the drug–exci
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Table 2
Results of analysis of IST samples after 3 weeks of storage at stressed
conditions

Sample Ratio (drug–excipient) % Remaining

Glipizide – 97.03
Glipizide + cellulose acetate 1:4 96.47
Glipizide + magnesium stearate 3:2 101.94
Glipizide + mannitol 0.5:4.5 105.74
Glipizide + sodium chloride 0.5:4.5 106.25
Glipizide + meglumine 0.25:4.75 a

Glipizide + TRIS buffer 0.25:4.75 97.43
Glipizide + PVP 1:1 104.12

a Yellow color formation in the drug–excipient blend after 3 weeks of
storage at stressed conditions.

blend was further mixed with a glass capillary (both the ends
of which were heat sealed). To prevent any loss of material,
capillary was broken and left inside the vial. Each vial was
sealed using a teflon-lined screw cap and stored at 50◦C (Hot
air oven, Universal, Narang Scientific, India). These samples
were periodically examined for any unusual color change.
After 3 weeks of storage at the above conditions, samples
were quantitatively analyzed using HPLC. Drug–excipient
blends without added water and stored in refrigerator served
as controls.

For sample preparation, 2 ml of methanol was added into
each vial. The mixture was vortexed and transferred to 100 ml
volumetric flask. Vials were rinsed twice with methanol and
the volume made up. The samples were centrifuged and the
supernatant filtered through 0.45-�m nylon membrane fil-
ters. After appropriate dilutions, samples were analyzed us-
ing HPLC and drug content determined from the calibration
curve prepared within the expected range.

For the analysis of drug–excipient mixtures, Shimadzu
HPLC system equipped with LC-10 AT VP pump, DGU-14
AM on-line degasser, SIL-10 AD VP autoinjector, CTO-10
AS VP column oven, and SPD-10 AVP UV-VIS detector was
utilized. For peak purity testing, SPD-M 10 A VP PDA detec-
tor was used. Shimadzu CLASS-VP software (Version 5.03)
was used for data acquisition and mathematical calculations.
Chromatographic separation of glipizide was performed on
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Table 3
Composition of core tablets of glipizide

Ingredients % w/w

Glipizide 2.78
TRIS buffer 48.61
Sodium chloride 9.72
Mannitol 29.89
PVP 5.00
Magnesium stearate 1.50
Talc 2.00
Colloidal silicon dioxide 0.50

cipients were mixed and passed through 30-mesh sieve. The
blend was mixed for 10 min and PVP (Plasdone K 29/32)
was added. The mixture was granulated with ethanol and the
resulting wet mass passed through 18-mesh sieve. The gran-
ules were dried at 50◦C (approximately for 10 min) to get
an LOD value between 0.9 and 1.1%, after which they were
passed through 22-mesh sieve. These sized granules were
then blended with magnesium stearate (60-mesh passed) and
compressed into tablets having an average weight of 360 mg.
The core tablets were then coated in an automated perforated
coating pan (GAC-250, Ganscoater, India) with a coating
solution shown inTable 4. Sufficient coating solution was
applied until desired weight gain (12± 0.5%) was obtained.
The tablets were dried in an oven for 16 h at 50◦C before
being stored or evaluated.

The optimized formulation of glipizide (GLOP-IV/A) was
packed in strips of 0.04 mm thick aluminum foil laminated
with PVC coating and stored in ICH certified stability cham-
bers (WTC Binder, Germany) maintained at 40◦C and 75%
RH. The samples were withdrawn periodically and subjected
to assay and dissolution studies.

For assay, one accurately weighed tablet (n= 5) was dis-
solved in 100 ml of methanol. The samples were sonicated
(Ultra sonic water bath, 3510, Branson, USA) for 30 min,
after which they were filtered through 0.45-�m nylon mem-
brane filter. The filtered solutions, after appropriate dilution
w tro-
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C18 Spherisorb column (4.6 mm× 250 mm; 5�m particle
ize; Waters, USA). Mobile phase used was Acetonit
hosphate buffer (25 mM, pH 3.5), in the ratio of 40:60 v/
flow rate of 1 ml/min. Temperature of the column oven
aintained at 25◦C. Standard solutions and drug–excip

amples (20�l) were injected and analyzed at 225 nm us
UV detector. For peak purity testing, PDA detector in

ange of 200–800 nm was used.

.5. Formulation development and stability studies

The details of the formulation development can be fo
lsewhere[11]. In brief, core tablets of glipizide (Table 3)
ere prepared by wet granulation using single stroke ta
unching machine (CMS-25, Cadmach, India) fitted w
0 mm standard concave punches. Glipizide and all th
ith methanol, were analyzed by a validated UV spec
copic method[12] at 276 nm (Lambda 20 UV–vis spe
rophotometer, Perkin-Elmer, USA).

Drug release testing of the formulations (n= 6) was car
ied out using USP-I dissolution apparatus (TDT-06P, E
rolab, India) at 100 rpm. Simulated Intestinal Fluid, pH
1000 ml) maintained at 37± 0.5◦C was used as dissol
ion medium. The samples (10 ml) were withdrawn at
etermined time and replaced with an equivalent amou

able 4
oating composition for the core tablets of glipizide

ngredients % w/w

ellulose acetate 2.58
VP 0.64
riacetin 0.26
EG-400 0.52
ethanol 24.00
ichloromethane 72.00
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fresh medium. The samples were filtered through a 0.45-�m
nylon membrane filter and analyzed spectrophotometrically
at 276 nm. The cumulative percent drug release was plotted
against time to determine the release profile.

Release profiles of formulation stored at accelerated sta-
bility conditions were compared using model independent
pair-wise approach, which included the calculation of “dif-
ference factor”,f1 and “similarity factor”,f2. These fit factors
directly compare the difference between the percent drug re-
leased for a reference and a test product[13]. The difference
factor (f1) measures the percent error between the two curves
over all time points and is calculated as follows:

f1 =
∑n

j=1|Rj − Tj|∑n
j=1Rj

× 100 (1)

wheren is the number of sampling points,Rj andTj are the
percent dissolved of the reference and test products at each
time point j. The two release profiles are considered to be
similar, if f1 value is lower than 15 (between 0 and 15).

The similarity factor (f2) is a logarithmic transformation
of the sum of squared error of differences between the test
Tj and the reference productsRj over all time points. It was
calculated using the following equation:

f

 (
1
) n∑ ∣ ∣2

−0.5


w e as
d ered
t nd
1 ta
p was
r

3

3

tures
a g,
r ex-
c ansi-
t
o in
T

her-
m n-
d s in
t era-
t sed,
e hape
a ting
e and

excipient, which lowers the purity of each component in the
mixture and may not necessarily indicate potential incompat-
ibility [7,14–16].

The IR spectrum of test material is shown inFig. 14and
the following characteristic bands were observed[12] 1689
( C O, amide), 1651 (C O, urea), 1528 (ArCH, stretch-
ing), 1443 (Ar CH, bending), and 1333 and 1159 cm−1

( SO2NH).
The DSC scan of microcrystalline cellulose (MCC)

showed a broad endotherm at 63.29◦C (starting from
28.98◦C and ending at 104.76◦C), which may be attributed
to the loss of adsorbed water[5,15]. The thermogram of
glipizide–MCC mixture showed an endothermic peak of drug
at 215.68◦C, indicating that there was no interaction (Fig. 1).
Characteristic bands of glipizide were well retained in the IR
spectrum of glipizide–MCC mixture without any new bands,
indicating that there was no change in the structure of drug.
On the basis of above results, it was concluded that glipizide
is compatible with MCC.

The DSC scan of lactose showed endothermic peaks
at 148.50◦C (corresponding to dehydration of bound wa-
ter), 172.10◦C (crystalline transition), 215.09◦C (melting
point), and a small peak at 221.02◦C [1]. The DSC ther-
mogram of glipizide in the presence of lactose is shown in
Fig. 2. Melting endothermic peak of glipizide was missing
in glipizide–lactose mixture, which suggested incompatibil-
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herewj is an optional weight factor and other terms ar
efined earlier. The two dissolution profiles are consid

o be similar, if f2 value is more than 50 (between 50 a
00). For the calculation off1 and f2 values, only one da
oint was taken into consideration after 85% of the drug
eleased.

. Results and discussion

.1. Drug–excipient compatibility testing

Selected DSC scans of drug and drug–excipient mix
re shown inFigs. 1–13. The thermal behavior of pure dru
espective excipient, and the combination of drug and
ipient is compared in the DSC thermograms. Peak tr
ion temperature (Tpeak) and heat of fusion or enthalpy (�Hf )
f glipizide in various excipient mixtures is summarized
able 1.

The DSC trace of glipizide showed a sharp endot
ic peak at 216.35◦C. In majority of the cases, melting e
otherm of drug was well preserved with slight change

erms of broadening or shifting towards the lower temp
ure. It has been reported that the quantity of material u
specially in drug–excipient mixtures, affects the peak s
nd enthalpy[4,5]. Thus, these minor changes in the mel
ndotherm of drug could be due to the mixing of drug
ty. Initially, during formulation development, attempts w
ade to use lactose as diluent. When ready for com

ion blend (containing glipizide, meglumine/TRIS buf
nd lactose) was tested for loss on drying (LOD), ye
olor formation in the blend was observed, indicating
here was incompatibility. This yellow coloration might ha
ccurred because of interaction between amine group of

umine/TRIS buffer and lactose. Since solubility modi
meglumine/TRIS buffer) was required to improve the
bility of glipizide, it was felt that presence of lactose

he formulation might pose long-term stability problem
ence, it was not pursued further.

A sharp melting endotherm was observed at 166.4◦C
n the DSC trace of mannitol (Fig. 3). In case o
lipizide–mannitol mixture, there was broadening of m

ng endotherm of mannitol (at 168.53◦C). The drug pea
ppeared at 187.00◦C with a little change in�Hf value. The

R spectrum of glipizide–mannitol mixture showed the p
nce of characteristic bands of glipizide. Thus, any chan

he structure of glipizide was ruled out and it was conclu
hat there is no chemical incompatibility between glipiz
nd mannitol.

In the DSC scan of sodium chloride, no peak was
erved in the temperature range of 25–300◦C (Fig. 4). The
elting endotherm of glipizide was well retained in the D

race of glipizide–sodium chloride mixture (213.86◦C). In IR
pectrum of glipizide–sodium chloride mixture, bands co
ponding to glipizide were observed without any new ba
t was concluded that glipizide is compatible with sodi
hloride.
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Fig. 1. DSC thermogram of glipizide with MCC.

A sharp endothermic peak at 130.32◦C was observed in
the DSC thermogram of meglumine, which broadened and
shifted to lower temperature (122.81◦C) in glipizide and
meglumine mixture (Fig. 5). Drug peak was completely miss-
ing in the DSC trace of mixture, which indicated incompat-
ibility. During formulation development, initial trials were
taken with meglumine. Later on, it was observed that there
was sticking problem in the tablets when meglumine was
used. Therefore, no attempts were made further to character-
ize the type of interaction between glipizide and meglumine
and eventually, it was not used in the formulation.

The DSC trace of TRIS buffer showed two endothermic
peaks at 139.14 (probably due to evaporation of adsorbed

moisture) and 172.73◦C (melting point of TRIS buffer), fol-
lowed by a wave-like endotherm at 300◦C, which proba-
bly is due to decomposition of TRIS buffer (Fig. 6). In the
thermogram of glipizide and TRIS buffer mixture, the peak
of TRIS buffer shifted to lower temperature (135.60◦C).
Also, the drug peak was missing and a broad endother-
mic peak was observed at 296.16◦C. DSC results points
towards some incompatibility between glipizide and TRIS
buffer. However, IR spectrum of glipizide–TRIS buffer mix-
ture showed the presence of characteristic bands correspond-
ing to glipizide. There was no appearance of new bands
in the IR spectrum. Hence, there was strong evidence of
unchanged drug structure and lack of chemical interac-

gram o
Fig. 2. DSC thermo
 f glipizide with lactose.
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Fig. 3. DSC thermogram of glipizide with mannitol.

tion between the two. Thus, it was concluded that there
is no chemical incompatibility between glipizide and TRIS
buffer.

In the DSC scans of colloidal silicon dioxide (CSD) and
talc, no peaks were observed in the range of 25–300◦C
(Figs. 7 and 8). Endothermic peak of glipizide was well
preserved at 214.22 and 215.49◦C in the DSC traces of
glipizide–CSD and glipizide–talc mixtures, respectively.
Also, the bands corresponding to glipizide were present
in the IR spectrum of both the mixtures, confirming that
there was no change in the structure of glipizide. It was
concluded that glipizide is compatible with both CSD and
talc.

In DSC trace of magnesium stearate, an endothermic peak
was observed at 121.11◦C (Fig. 9). A small peak was also
present at 203.83◦C, which might be due to palmitate im-
purity [5,6]. The DSC scan of glipizide–magnesium stearate
showed several endothermic peaks that could not be corre-
lated directly either with magnesium stearate or glipizide. The
DSC trace of glipizide–magnesium stearate mixture suggests
that there may be some incompatibility, which might be phys-
ical in nature. However, IR spectrum of glipizide–magnesium
stearate mixture showed the presence of bands correspond-
ing to glipizide. No extra bands were present in the IR spec-
trum, which confirmed that there is no chemical interaction
between the two.

of glip
Fig. 4. DSC thermogram
 izide with sodium chloride.
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Fig. 5. DSC thermogram of glipizide with meglumine.

The DSC trace of cellulose acetate showed a broad en-
dotherm at 66.79◦C, probably because of evaporation of
adsorbed moisture (Fig. 10). Another endotherm was ob-
served at 229.28◦C, which corresponded to its melting point.
DSC thermogram of glipizide and cellulose acetate mixture
showed the features of both glipizide and cellulose acetate,
with drug’s melting endotherm present at 217.35◦C. IR spec-
trum of glipizide–cellulose acetate mixture showed the pres-
ence of characteristic bands of glipizide confirming that there
was no change in the drug structure. Therefore, based on
above results, it was concluded that glipizide is compatible
with cellulose acetate.

In the DSC thermogram of HPMC, a broad endothermic
peak at 65.96◦C, due to evaporation of adsorbed moisture,
was observed (Fig. 11). The melting endotherm of drug was
present at 216.18◦C in the DSC trace of glipizide–HPMC
mixture, which ruled out any incidence of incompatibility.
Also, the IR spectrum of mixture of glipizide and HPMC
showed the presence of characteristic bands of glipizide and
there were no new bands. Thus, it was concluded that glip-
izide is compatible with HPMC.

DSC trace of PEG-4000 showed a sharp endothermic
peak at 62.11◦C, retained well in glipizide and PEG-4000
(62.84◦C). Endothermic peak of drug was broadened and

m of g
Fig. 6. DSC thermogra
 lipizide with TRIS buffer.
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Fig. 7. DSC thermogram of glipizide with colloidal silicon dioxide.

shifted to lower temperature (205.35◦C) in the thermogram
of glipizide and PEG-4000 mixture (Fig. 12). This could be
because of melting of PEG-4000 and partial dissolution of
drug in the molten excipient, because of which there was a
shift in the drug peak and reduction in�Hf [5,6]. However,
after analyzing the IR spectrum, all the characteristic bands
of glipizide were observed and it was concluded that glipizide
is compatible with PEG-4000.

In case of PVP, a broad endotherm was observed at
66.11◦C due to loss of adsorbed moisture (Fig. 13). The ther-
mogram of glipizide and PVP mixture showed broadening

and shifting of drug peak to lower temperature (207.57◦C).
This kind of phenomenon may be due to simple mixing of
drug and excipient, which lowers the purity of each com-
pound[5]. Since, the characteristics bands of glipizide were
present in the IR spectrum of mixture of glipizide and PVP,
it was confirmed that there is no change in the drug structure
and both glipizide and PVP are compatible with each other.

Based on the results of formulation trials, following ex-
cipients were defined in the prototype formula: sodium chlo-
ride, mannitol, TRIS buffer, PVP, cellulose acetate, and mag-
nesium stearate. These excipients were tested using the tech-

ogram
Fig. 8. DSC therm
 of glipizide with talc.
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Fig. 9. DSC thermogram of glipizide with magnesium stearate.

nique of IST and the quantitative results are shown inTable 2.
It can be seen from the table that there is little change in the
drug content after storage of drug–excipient blends under
stressed conditions.

Mannitol was used as a diluent and based on the results of
DSC alone; it is difficult to conclude compatibility between
the two. However, as seen fromTable 2, there is little change
in the drug content in IST samples after 3 weeks of storage
at stressed conditions. When the HPLC chromatogram of
glipizide–mannitol mixture was compared with that of pure
glipizide, it was found that the retention time (RT) and peak
shape of drug were unchanged. Therefore, it was concluded

that both glipizide and mannitol are compatible with each
other. In the developed formulations, sodium chloride was
used as osmagent and there was little change in the drug
content indicating that both sodium chloride and glipizide
are compatible.

As glipizide is practically water-insoluble drug, meglu-
mine and TRIS buffer were used as solubility modifiers. Both
are alkalinizing agent that increases the microenvironmental
pH of the core so as to increase solubility of glipizide, which
is a weakly acidic drug. DSC results of glipizide and meglu-
mine mixture indicated incompatibility. Mixture of glipizide
and meglumine developed yellow coloration after 3 weeks

of gli
Fig. 10. DSC thermogram
 pizide with cellulose acetate.
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Fig. 11. DSC thermogram of glipizide with HPMC.

of storage at stressed conditions, indicating incompatibility
between glipizide and meglumine. Initial formulation stud-
ies with meglumine also showed color change in the blend.
Therefore, no attempts were made further to characterize the
type of interaction between glipizide and meglumine and
eventually, it was not used in the formulation.

DSC results of glipizide and TRIS buffer also indi-
cated some incompatibility. However, there was no change
in the chromatographic behavior of drug in its pure form
and drug–excipient mixture. Also, quantitative results af-
ter 3 weeks of storage at stressed conditions ruled out
any drug degradation. It was concluded that there is

no chemical incompatibility between glipizide and TRIS
buffer.

In case of glipizide–magnesium stearate mixture also, no
definite conclusion could be drawn based on the DSC results
alone. However, results of IST studies showed the drug con-
tent to be within limits concluding that both are compatible
with each other.

In case of cellulose acetate, there was little change in
the drug content further substantiating the results of DSC
and IR studies that both glipizide and cellulose acetate are
compatible with each other. Mixture of glipizide and PVP
also showed little change in the drug content demonstrat-

ram of
Fig. 12. DSC thermog
 glipizide with PEG-4000.
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Fig. 13. DSC thermogram of glipizide with PVP.

Fig. 14. IR spectrum of glipizide.

ing that both glipizide and PVP are compatible with each
other.

3.2. Formulation development and stability studies

Excipients defined in the prototype formula were used
for formulation development. Various core and membrane
variables were varied to optimize the prototype formula[11].
The optimized formulation (GLOP-IV/A), packed in strips
of 0.04 mm thick aluminum foil laminated with PVC, was
evaluated after 3 months of storage at accelerated stability
conditions (40◦C and 75% RH), results of which are shown in
Table 5andFig. 15. It is evident that the formulation is having
good stability in terms of both drug content and dissolution
stability. There was little change in the drug content after 3
weeks of storage at accelerated stability conditions (Table 5).
Drug peak was found to be pure, when tested using PDA
detector. Release profile was similar after stability studies as

Fig. 15. Dissolution stability of optimized glipizide formulations after 3
months of storage at accelerated stability conditions. Key to symbols: initial
(�), 1 month (�), 2 months (�), and 3 months stability sample ().

shown by thef1 (less than 15) andf2 values (more than 50).
Based on the results, it can be concluded that the formulations
are stable after 3 months of storage at accelerated stability
conditions.
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Table 5
Evaluation of GLOP-IV/A formulation in 0.04 mm thick aluminum foil after 3 months of storage at 40◦C and 75% RH

Parameter Initial One month Two months Three months

Drug content (%)a 104.60± 2.44 106.71± 2.90 101.35± 1.64 102.16± 2.07
Hardness (kp)a 25.72± 1.95 28.70± 2.30 28.86± 2.19 28.58± 2.13
f1 valueb – 8.63 3.85 14.52
f2 valueb – 61.62 72.73 54.50

a Values expressed as average± standard deviation.
b Initial sample (0-month) was taken as reference to calculatef1 andf2 values.

4. Conclusions

The results confirmed that DSC could be used as a rapid
method to evaluate the compatibility between drug and ex-
cipients. However, caution need to be exercised while in-
terpreting the DSC results alone. Wherever possible, other
techniques such as IR and quantitative analysis after storage
under stressed conditions should be taken in conjunction with
DSC results to reach any definite conclusion. In the present
study, results of DSC along with IR and/or HPLC were suc-
cessfully employed to assess the compatibility of glipizide
with the excipients used in the development of extended re-
lease formulations.

No concrete evidence of interaction was observed between
glipizide and majority of the excipients used in the develop-
ment ofinhouseformulations of glipizide. However, based on
the DSC results alone, an interaction was suspected between
glipizide and few of the excipients (lactose, meglumine, TRIS
buffer, and magnesium stearate). However, based on the re-
sults of IR and/or HPLC analysis, any possible pharmaceu-
tical incompatibility between glipizide and TRIS buffer and
magnesium stearate was ruled out.

To use the results of this study, extended release formula-
tions were developed using the excipients found to be com-
patible with glipizide. The optimized formulation, packed in
strips of aluminum foil, was found to be stable after 3 months
o ims
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