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Solubility is an important parameter to achieve
the desired therapeutic concentration of drug within
the body as it ultimately affects the pharmacological
response of drug. Oral route of drug delivery is most
convenient route however major problem in design-
ing oral dosage forms is poor bioavailability mainly
depends upon factors such as solubility, dissolution,
permeability, and first-pass metabolism (1). In litera-
ture, various techniques have been reported such as
micronization, cyclodextrin complexation, solid dis-
persions, floating granules, nanosuspension, solid
lipid nanoparticles, supercritical fluid technology as
well as pharmaceutical cocrystallization for solubil-
ity enhancement of poorly soluble drugs (2, 3).

Pharmaceutical cocrystals are molecular nonionic
complexes used to enhance solubility, stability and
ultimately bioavailability of active pharmaceutical
ingredients without any change in API chemical
properties. It is a crystalline solid consists of two
components; one component is an active pharma-
ceutical ingredient and other is a cocrystal coformer.
Coformer me be another drug or excipient. For the
development of pharmaceutical Cocrystals, various
methods have been employed including solid-state
grinding, slurrying, liquid-assisted grinding and
high throughput crystallization (4).

Glipizide is used for type 2 diabetes mellitus
belongs to the class of second-generation sulphony-

PHARMACEUTICAL TECHNOLOGY

USE OF GLUTARIC ACID TO IMPROVE THE SOLUBILITY AND 
DISSOLUTION PROFILE OF GLIPIZIDE THROUGH PHARMACEUTICAL

COCRYSTALLIZATION

FAKHRA BATOOL, MAHMOOD AHMAD*, MUHAMMAD USMAN MINHAS, 
FAHAD MEHMOOD KHAN, HAFIZ ARFAT IDREES and QANDEEL KHALID

Faculty of Pharmacy and Alternative Medicine, The Islamia University of Bahawalpur-63100, 
Punjab, Pakistan

Abstract: The purpose of current study was to improve the solubility and dissolution profile of BCS class-II
drug Glipizide using glutaric acid as a coformer via various cocrystallization techniques i.e., dry grinding, liq-
uid-assisted grinding, slurry, and solvent evaporation. Fourier Transform Infrared Spectroscopy (FTIR) was
performed to determine the interaction between components of glipizide-glutaric acid (GPZ-GLU) cocrystals.
Powder X-ray Diffraction (PXRD) studies confirmed the crystalline nature of formulated cocrystals. Scanning
Electron Microscopy (SEM) revealed cylindrical to rectangular shape of cocrystals. Flow properties of GPZ-
GLU cocrystals were evaluated by micromeritics analysis. Size and surface morphology was determined by
zeta sizer analysis and optical microscopy. Differential scanning calorimetry (DSC) and Thermogravimetric
(TGA) analysis were performed to determine the melting points as well as thermal stability of pure components
and formulated GPZ-GLU cocrystals. In vitro drug release studies were carried out using dissolution apparatus-
II. GPZ-GLU cocrystals showed higher drug release at pH 6.8 as compared to pH 1.2. However, percent drug
release of optimum formulations at pH 6.8 was determined as; 24-92.2% (F3) and 12.0-93.5% (F7). Solubility
studies revealed improved solubility as compared to the pure drug in water i.e., 53 folds and 54.27 folds from
F3 and F7 cocrystals, respectively. Finally, it was concluded that glutaric acid has improved the solubility and
dissolution profile of glipizide. However, many cocrystal formers have been reported in the literature that can
be used to enhance the physicochemical properties as well as the bioavailability of poorly soluble drugs via
cocrystallization technique.

Keywords: glipizide, glutaric acid, PXRD, SEM, FTIR, thermal analysis, solubility studies, in vitro drug
release

Novelty statement: In this study pharmaceutical cocrystals of glipizide were prepared using glutaric acid as a
coformer for solubility enhancement of glipizide by various cocrystallization techniques

103

* Corresponding author: e-mail: ma786_786@yahoo.com



104 FAKHRA BATOOL et al.

lureas. Being a BCS class-II drug it is practically
insoluble in water according to British Pharmacopeia
(BP). It needs to be administered in 2-3 doses of 2.5
mg to 10 mg per day as it has a very short half life
of 3.4 ± 0.7 h (5, 6). Glutaric acid is an organic acid
that being a linear dicarboxylic acid can form hydro-
gen bond with various compounds and helps in their
solubility enhancement. However, in previous litera-
ture, various other cocrystal formers have been
reported such as tartaric acid, nicotinamide, glycol-
ic acid and glutaric acid etc (7).

The purpose of the current study was to
enhance the solubility and dissolution profile of
glipizide by cocrystallization technique using glu-
taric acid as a coformer. Various reported tech-
niques have been utilized for the fabrication of glip-
izide-glutaric acid cocrystals. Characterization was
carried out by FTIR, SEM, PXRD, micromeritics,
zeta sizer, optical microscopy, thermal analysis, sol-
ubility, and in vitro drug release studies.

MATERIALS AND METHODOLOGY

Materials

Glutaric acid was purchased from Sigma
Aldrich, Germany. Glipizide was obtained as a gift
from SUPRA chemicals, India. Sodium hydroxide
(NaOH) was purchased from Sigma Aldrich,
Netherlands. Methanol, HCl, KCl, and potassium
dihydrogen phosphate (KH2PO4) were purchased
from Merck, Germany. All other chemicals that
were used during research work were of high quali-
ty and standards.

Methodology

Glipizide-Glutaric acid (GPZ-GLU) cocrystals
were fabricated by previously reported methods
such as Dry grinding, liquid-assisted grinding, slur-

ry, and solvent evaporation. Drug & coformer were
taken together in stoichiometric amounts and ground
using mortar and pestle for 60 min in case of solid-
state grinding. Finally sieved to obtain the equal
sized crystals (8). However, in the case of liquid
assisted grinding active pharmaceutical ingredient
and coformer were ground together by using a small
amount of methanol for 30 min, sieved and stored
for further characterization (9). In the case of Slurry
technique, equimolar amounts of coformer and drug
were taken together and slurried at 250rpm
overnight. The solution was allowed to evaporate
slowly for 48 h at room temperature. The resulting
solid was filtered, washed, dried, sieved and stored
for further evaluation (8, 9). In Solvent evaporation
(also known as solution crystallization) components
were taken together in a stoichiometric ratio and solu-
bilized in a common solvent. The solution was
allowed to evaporate slowly at room temperature
and resulted solid was dried, sieved and stored. This
technique involves hydrogen bond formation
between drug and coformer (8, 10).

Total eight numbers of formulations were pre-
pared using different ratios of drug and glutaric acid.
Composition of GPZ-GLU Cocrystals is shown in
Table 1.

CHARACTERIZATION

Fourier Transform Infrared Spectroscopic (FTIR)

analysis

FTIR spectra of individual components and
synthesized cocrystals were taken using FTIR
(Bruker Tenser 27, Germany with OPUS software)
in the range of 1000 cm-1 to 3500 cm-1 with resolu-
tion power of 4 cm-1. It is used for the determination
of interaction between formulation component;
based on the principle that chemical bonds absorb

Table 1. Composition of GPZ-GLU cocrystals. 

Method Formulation Ratio Glipizide Glutaric acid Methanol

Dry grinding
F1 1 : 1 2.3 0.66 _____

F5 1 : 2 2.3 1.32 _____

LAG
F2 1 : 1 2.3 0.66 1-2 mL

F6 1 : 2 2.3 1.32 1-2 mL

Slurry
F3 1 : 1 2.3 0.66 8-15 mL

F7 1 : 2 2.3 1.32 8-15 mL

Solvent F4 1 : 1 2.3 0.66 5-8 mL

Evaporation F8 1 : 2 2.3 1.32 5-8 mL

Note: Weight of the ingredients was taken in grams equivalent to 5 mmol each
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infrared light and get excited at frequencies that are
typical for the particular types of the chemical bonds
(11).

Powder X-Ray Diffraction (PXRD) studies 

X-ray diffraction studies were performed to
determine the crystalline or amorphous nature of a
substance. It gives a unique ëfingerprintí diffraction
pattern (12). Bruker D8 Advance diffractometer
(Germany) was used for this purpose under the
given conditions of Voltage = 40KV, Current = 40
mA, and 2θ value in the range of 5-70O. The X-rays
Diffraction pattern of API and cocrystals was deter-
mined and compared with API.

Scanning Electron Microscopy (SEM)

Surface morphology of GPZ-GLU Cocrystals
was determined by (Zeiss EVO LS 10, Carl Zeiss
Microscopy GmbH) Scanning Electron microscope.
To reduce thermal degradation as well as to improve
the electron emission cocrystals were coated by sput-
tered atoms in the form of gold for 10 min. Shape and
surface morphology was evaluated by scanning of
cocrystals and recording their photomicrographs.

Micromeritics properties

Angle of repose was determined by Fixed fun-
nel method in which powdered formulation was
poured through glass funnel by placing the Petri dish
below the funnel. A value of angle of repose less
than 30O indicates good flow properties (13, 14).
Equation 1 was used for calculation of the angle of
repose;

h
Tan θ = ñññ                        (1)

r
(θ = angle of repose, h = height of heap, r = radius
of the base)

Bulk density was calculated using the Equation
2. Bulk volume was visually noted by pouring pow-
der mixture into a graduated measuring cylinder (13). 

M
Bulk density (pb) = ñññ                 (2)

Vb
(M= Mass of powder, Vb= Bulk volume)

Tapped density was calculated by Equation 3
(14). Tapped volume was noted by placing a known
mass of cocrystals into measuring cylinder and
tapped for, specified number of tappings.

M
Tapped density (pb) = ñññ                 (3)

Vt
(M = Mass of powder, Vt = Tapped volume)

Carrís compressibility index was calculated by
using Equation 4. A value of Carrís index (I)
between 13-19% indicates good flow property while
value > 21% shows poor flow property (14). 

Vb ñ Vt
Compressibility index (I) =  ñññññññññ ◊ 100  (4)

Vb
(Vb = Bulk volume, Vt = Tapped volume)
Hausner ratio less than 1.25 indicates good flow
property (13) and it was calculated by Equation 5:

ρt
Hausner ratio = ññññ                       (5)ρb

(ρt = Tapped density, ρb = Bulk density)

Optical microscopy

Size, as well as the morphology of GPZ-GLU
cocrystals, was determined by Optical microscope
(Nikon E200, Tokyo, Japan) equipped with (DCM-
35 USB 2.0 and MINISEE IMAGE software,
Scopetek Electric, Hangzhou, China).

Zeta sizer

Particle size of formulated cocrystals was con-
firmed by single particle size analyzer using
Zetasizer Nano-series ZEN3600, Malvern instru-
ments Ltd. with software DTS-nano. Information
about size and size distribution can be obtained by
peak area, peak number and peak amplitude (15).

Thermal analysis

Differential Scanning Calorimetry (DSC) is use-
ful in detecting phase changes that do not result in a
change of polymorphic transitions. DSC gives an accu-
rate value for melting onset temperature while Thermo-
gravimetric analysis (TGA) records sample weight loss
during heating usually at a constant rate. For this pur-
pose, SDT Q 600 Series Thermal Analysis System (TA
Instruments, USA) was used in the range of 0-500OC
by maintaining heat at 10OC/min with a flow rate of 10
mL/min. Thermal analysis of GPZ-GLU cocrystals
and pure components was determined.

In vitro dissolution studies

In vitro studies were carried using USP disso-
lution apparatus II at both acidic and basic pH i.e.,
1.2 and 6.8 respectively. For each basket 900 mL
volume of dissolution media was taken. After main-
taining the proper sink conditions, apparatus was
operated at 50 rpm at room temperature (37 ±
0.5OC). Using pipette 5 mL samples were taken (at
different time intervals i.e., 0, 10, 15, 30, 45, 60, 90,
& 120 min), filtered, diluted and analyzed by UV-
Visible spectrophotometer at λmax of 276 nm. Each
time volume was replaced with fresh dissolution
medium and all readings were taken in triplicate.

Solubility studies

An excess amount of GPZ and GPZ-GLU
cocrystals was added to 10 mL of different solutions
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Figure 1. FTIR spectra of (A) GPZ, (B) GLU, (C) F3-Cocrystals, (D) F7-Cocrystals
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such as water, pH 1.2 buffer and pH 6.8 buffer sep-
arately, in screw-capped glass vials wrapped with
aluminum foil to protect from light. Vials were sub-
jected to mechanical shaking at 400 rpm for 24 h
using magnetic stirrer. Whatman paper no. 42 was
used for sample filtration. The supernatant was suit-
ably diluted and analyzed at λmax of 276 nm using
UV-visible spectrophotometer (5). Measurements
were taken in triplicate.

RESULTS AND DISCUSSION

Fourier Transform Infrared Spectroscopy

FTIR spectra of pure glipizide, Glutaric acid
and formulated GPZ-GLU cocrystals were exam-
ined in the range of 1000 to 3500 cm-1 to identify the
physical and chemical interactions. Glipizide
showed a prominent band at 1649.62 cm-1 due to the
presence of ñC=N aliphatic group. Band at 2944.73

cm-1 indicates ñCH2 aliphatic group. N-H stretching
band of-NH2 group appeared at 3321.18 cm-1. band
at 1524.26 cm-1, 1308.30 cm-1, and at 839.48 cm-1 was
observed due to C-H stretching, C-C stretching and
S=O stretching respectively. Similarly ñC=O
stretching band was observed at 1687.47 cm-1 (16-
18).

Glutaric acid is an organic acid that being a lin-
ear dicarboxylic acid it can form hydrogen bond
with various compounds and helps in their solubili-
ty enhancement. Carboxylic acids show strong
stretching bond of O-H group at 3300ñ2500 cm-1.
While C=O stretching bond, free acid band and C-O
stretching at 1700 cm-1 , 1760 cm-1 and 1240 cm-1

respectively. Similarly, O-H in-plane and out of
plane bending is observed at 1430 cm-1 and 930 cm-1

respectively (19). FTIR spectra of Glutaric acid 
represented the prominent band at 2893.93 cm-1 and
2953.52 cm-1 indicating the presence of ñOH group.

Figure 2. X-ray Diffractogram A) Glipizide, B) Glutaric acid, C) GPZ-GLU (1:1) cocrystal (F3), D) GPZ-GLU (1:2) Cocrystals (F7)
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A sharp and deep band due to C=O stretching and
ñC-O group was observed at 1685.89 cm-1 and
1232.96 cm-1, respectively. While O-H in-plane and
out of plane bending was observed at 1433.77 cm-1

and 911.97 cm-1, respectively.
In the case of GPZ-GLU (1 : 1) cocrystals, all

the band of the drug was present indicating the drug
stability within the formulated cocrystals. However,
a new band was appeared at 2242.77 cm-1 possibly
due to the formation of H-bond. Similarly in GPZ-
GLU (1:2) cocrystals band at 2242.77 cm-1 was also

observed along with all drug peaks indicating glip-
izide stability in cocrystals. FTIR spectra of pure
components and GPZ-GLU cocrystals have present-
ed in Figure 1.

Powder X-ray diffractometer analysis

To determine the nature of pharmaceutical
cocrystals, X-ray diffraction studies were performed.
PXRD provides evidence of complexation or interac-
tion. Glipizide showed sharp and intense peaks at 2θ
= 7.48O, 10.00O, 11.08O, 15.72O, 16.67O, 18.67O,

Table 2. Micromeritic properties of GPZ-GLU Cocrystals (Mean ± SD) (n = 3).

Formulations Bulk density Tapped density Hausner's Carr's index Angle of repose
g/mL g/mL Ratio (%) (O)

F1 0.42 ± 0.05 0.48 ± 0.031 1.15 ± 0.035 13.6 ± 0.051 13.17 ± 0.025

F2 0.35 ± 0.030 0.42 ± 0.023 1.12 ± 0.051 16.7 ± 0.042 14.19 ± 0.051

F3 0.31 ± 0.021 0.37 ± 0.025 1.17 ± 0.023 15.0 ± 0.016 11.31 ± 0.060

F4 0.37 ± 0.018 0.46 ± 0.005 1.23 ± 0.006 18.75 ± 0.041 11.88 ± 0.017

F5 1.43 ± 0.050 1.87 ± 0.020 1.23 ± 0.023 18.7 ± 0.050 13.04 ± 0.007

F6 0.90 ± 0.022 1.04 ± 0.050 1.15 ± 0.005 13.33 ± 0.015 9.54 ± 0.025

F7 0.30 ± 0.030 0.33 ± 0.070 1.10 ± 0.018 9.37 ± 0.060 20.76 ± 0.017

F8 0.35 ± 0.040 0.36 ± 0.030 1.23 ± 0.051 18.57 ± 0.070 15.31 ± 0.007

Table 3. Particle size and Polydispersity index (PDI) of GPZ-GLU cocrystals.

Formulation Average particle size ± SD (nm) Polydispersity index (PDI)

Glip-GLU 3213 ± 104.0 0.828

Figure 3. SEM Micrographs of F3 Cocrystals (A, B, C, D) and F7 cocrystals (E, F, G, H) at different scale bars, respectively
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21.86O, 23.90O, 26.42O and 28.00O, indicating its high-
ly crystalline nature (20, 21). Pure glutaric acid
showed sharp and prominent peaks at 2θ = 14O, 19.8O,
22O, 24O (very sharp peak) and 27O indicating the crys-
talline nature of glutaric acid. Formulated GPZ-GLU
(1:1) cocrystals showed crystalline peaks at different
2θ values. However, peaks are diffused as compared
to the XRD pattern of pure components indicating the
change in the crystalline nature of components into
semicrystalline. Similarly, in the case of GPZ-GLU
(1 : 2) cocrystals, crystalline peaks were present indi-
cating the formation of cocrystals. All the crystalline
peaks of glipizide were seen in formulated cocrystals
as supported by a previous study (22). PXRD pattern
of pure components and fabricated GPZ-GLU
cocrystals has given in Figure 2.

Scanning Electron Microscopy

SEM studies were performed at different scale
bars i.e., 1 µm, 5 µm and 10 µm (with different res-
olution powers i.e. 1000 X, 2500 X, 5000 X, and
10,000 X). SEM images of GPZ-GLU (1 : 1) cocrys-
tals showed cylindrical to rectangular shape of
cocrystals with white to greyish appearance indicat-
ing the glipizide presence in cocrystals. Similar
results were seen in case of the GPZ-GLU (1 : 2)
cocrystals with an appearance of white colored drug
steaks around the cocrystals with a smooth surface
as shown in Figure 3.

Micromeritics analysis

Flow properties of Glip-Glutaric acid (GPZ-
GLU) cocrystals were evaluated by Bulk Density,

Figure 4. Optical photomicrograph of GPZ-GLU Cocrystals

Figure 5. Zeta sizer analysis of GPZ-GLU cocrystals
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Figure 6. DSC curve of (A) GPZ, (B) GLU, (C) GPZ-GLU (1 : 1) cocrystals (F3), (D) GPZ-GLU (1 : 2) cocrystals (F7)

Figure 7. TGA thermogram of (A) GPZ, (B) GLU, (C) F3-cocrystals, (D) F7-cocrystals
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Tapped Density, Hausner Ratio, Carrís Compres-
sibility Index and Angle of Repose. The angle of
repose is related to interparticle cohesion and indi-
rectly determine the flow properties of powders
(23). Angle of repose was found as F1 (13.17O), F2
(14.19O), F3 (11.31O), F4 (11.88O), F5 (13.04O), F6
(9.54O), F7 (20.76O) and for F8 (15.31O). The bulk
densities for GPZ-GLU (1 : 1) and GPZ-GLU (1 : 2)
cocrystals were found in the range of 0.31-0.42
g/mL and 0.3-1.43 g/mL respectively. Similarly,
values for tapped densities were in the range of 0.37-
0.48 g/mL and 0.33-1.9 g/mL for GPZ-GLU 
(1 : 1) and GPZ-GLU (1:2) cocrystals, respectively.

The lower value of bulk densities represents
porosity within the cocrystals however bulk and
tapped density are the parameters that assess packa-
bility of powders (24). Hausnerís ratio was found in
the range of 1.15-1.23 for GPZ-GLU (1 : 1) cocrys-
tals and 1.10-1.23 for GPZ-GLU (1 : 2) cocrystals.
However, values approximate to 1.2 indicate good
flow properties as reported in various studies (25).
Carrís compressibility index was found as 13.6-
18.7% for GPZ-GLU (1 : 1) cocrystals and 9.4-
18.7% for GPZ-GLU (1 : 2) cocrystals. In reported
studies, a value of 5-15% indicate the excellent flow
properties. However, a value of 12-16% and 18-21%
showed very good and good flow behaviors respec-
tively (26, 27). Results of micromeritics properties
have summarized in Table 2.

Optical microscopy

GPZ-GLU cocrystals were found in the micro-
metric to nanometric range (1 µm-1000 nm) as con-
firmed by optical microscope (Nikon E200, Tokyo,
Japan). Optical microscope revealed a non-uniform
appearance of GPZ-GLU cocrystals as shown in
Figure 4.

Zeta sizer analysis

The particle size analysis of GPZ-GLU cocrys-
tals revealed average particle size (Z-average) was
3213 nm with a polydispersity index (PDI) of 0.828
as shown in Figure 5 and Table 3. PDI value = 0.1
indicate monodispersity and PDI > 0.1 show poly-
dispersity. PDI represents particle size distribution.
Reduction in particle size offers a large surface area
thereby improves solubility, dissolution, and bio-
availability of poorly soluble drugs (28).

Differential Scanning Calorimetery and Thermo

gravimetric analysis 

Differential Scanning Calorimetry (DSC) and
Thermogravimetric analysis (TGA) were carried out in
the range of 0-500OC to determine the phase transitions
and percent mass loss with increasing temperature.
DSC curve of pure Glipizide presented a deep and
sharp endothermic peak at 218.10OC with a Heat flow
of -3.013 W/g, indicating the melting point of drug
(29, 30). TGA thermogram of pure Glipizide showed
the first mass loss of  3.49% at 213.41OC after 8.27
min. Second mass loss was 18.89% at 254.17OC after
9.86 min. Maximum mass loss 48.37% was observed
at 373.26OC after 14.56 min. Thermal analysis of
Glutaric acid was carried out in the range of 0-200OC.
Glutaric acid undergoes solid-solid phase transforma-
tion at 77.08OC with Heat flow of -0.7456 W/g. A
sharp endothermic peak representing melting tempera-
ture was observed at 104.09OC (Heat flow = -2.660
W/g). The results were supported by a study in which
glutaric acid cocrystals were prepared to improve the
oral bioavailability of poorly water soluble drug (31). 

TGA thermogram of glutaric acid showed first
mass loss i.e., 0.1% at 101.53OC after 3.97 min and
maximum weight loss was observed at 162.50OC
after 6.28 min as 0.7%. 

Figure 8. In-vitro release studies of (A) GPZ-GLU (1 : 1) cocrystals & (B) GPZ-GLU (1 : 2) cocrystals at pH 1.2 and 6.8
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DSC curve of synthesized GPZ-GLU (1 : 1)
cocrystals was recorded at 0-500OC. It was observed
that peak of glutaric acid at 77.08OC (Heat flow = 
-0.7456 W/g) was shifted to 92.88OC (∆H = -2.599
W/g). While deep endothermic peak at 104.09OC was
shifted to 176.51OC (∆H = -3.412 W/g) with reduced
intensity. A new peak with reduced intensity was
observed at 279.76OC (∆H = -2.437 W/g). However,
drug peak at 218OC was disappeared in formulated
cocrystals indicating the interaction of the drug with
glutaric acid. TGA thermogram of GPZ-GLU (1 : 1)
cocrystals showed maximum weight loss was
84.39% at 356.91OC after 17.18 min. DSC thermo-
gram of GPZ-GLU (1:2) cocrystals indicated a small
endothermic peak at 59.21OC (∆H= -0.2895 W/g). A
small endothermic peak of glutaric acid at 77.08OC
was shifted to 99.74OC. New endothermic peaks
were observed at 158.61OC and at 273.45OC indica-
ting the formation of cocrystals. TGA thermogram of
GPZ-GLU (1 : 2) corystals showed maximum weight
loss i.e., 76.65% at 369.89OC after 17.34 min. DSC
curve and TGA thermogram of pure components and
synthesized cocrystals are presented in Figure 6 and
Figure 7 respectively.

In vitro drug release studies

Dissolution studies were carried out in triplicate
at 37OC in pH 1.2 and 6.8 buffer media to simulate
gastric and intestinal conditions, respectively.

Dissolution studies were carried out for all GPZ-
GLU cocrystals. GPZ-GLU (1:1) cocrystals showed
higher drug release at pH 6.8 as compared to pH 1.2.
Being a weak acid (pKa = 5.9) glipizide expected to
have higher drug release n basic media (32, 33). At
pH 1.2 percent drug release was found as i.e., F1
(3.7-37%), F2 (3.0-37.8%), F3 (11.0-43.5%), F4
(5.3-40.8%) and GPZ (1.88-32%). However, percent
drug release at pH 6.8 was determined higher than at
pH 1.2 as; 11.1-55.6% (F1), 13.6-69.7% (F2), 24-
92.2% (F3), 15.1-89.2% (F4) and 3.8-41.5% (GPZ). 

F1 was the formulation prepared by dry grind-
ing, F2 by liquid assisted grinding, F3 by slurry and
F4 by solvent evaporation technique. The order of
drug release from all formulations was found as;
F3 > F4 > F2 > F1 > GPZ

Results of drug release depicted F3 formula-
tion as the optimum formulation for further charac-
terization due to higher drug release (24-92.2%) at
pH 6.8 as compared to other formulations. Glutaric
acid being a carboxylic acid provides a site for H-
bonding thereby improves dissolution profiles of
poorly water-soluble drugs. 

GPZ-GLU (1:2) cocrystals also showed higher
drug release at pH 6.8 than pH 1.2. The drug release
at pH 6.8 was determined as; 1.96-76.4% (F5-dry
grinding), 2.0-90.2% (F6-LAG), 12.0-93.5% (F7-
slurry) and 10.6-90.4% (F8-solvent evaporation).
Similarly cocrystals when evaluated for percent drug

Figure 9. Solubility studies of (A) Glipizide, (B) F3 = Cocrystals, (C) F7 = Cocrystals



Use of glutaric acid to improve the solubility and dissolution profile of... 113

release at pH 1.2 the results were; 3.9-35.2%, 6.0-
39.3%, 6.5-44% and 5.3-41.5% for F5, F6, F7 and F8,
respectively. F7 prepared by slurry method was
selected as optimum formulation owing to higher
drug release (12.0-93.5%) among all the formulations
at pH 6.8. However, the order of in vitro release was:

F7 > F8 F6 > F5 > GPZ > 
The results were supported by various previ-

ously reported studies (31, 34). Comparative percent
drug release from GPZ-GLU (1 : 1) and GPZ-GLU
(1 : 2) cocrystals have shown in Figure 8 (A) and (B)
respectively.

Solubility studies

Two optimum formulations were selected i.e.,
F3 from GPZ-GLU (1 : 1) and F7 from GPZ-GLU
(1 : 2) cocrystals for solubility studies. Solubility
studies were carried out in pH 1.2, pH 6.8 and water.
A significant increase in solubility of drug as com-
pared to pure drug was observed as shown in Figure
9. F3 cocrystals showed a significant increase in sol-
ubility in different media i.e., 53 folds in water, 22
folds in acidic buffer and 26.8 folds increase in basic
media. However, F7 showed 54.27 folds, 22.22
folds and 27.39 folds higher solubility in water,
acidic media (pH 1.2) and in basic media (pH 6.8),
respectively as compared to pure drug. In a previous
study solubility of glipizide in different solvents was
determined and their results supported our findings
(35). In literature, various studies have been report-
ed that describe the solubility advantage of pharma-
ceutical cocrystals (36, 37).

CONCLUSION

The formulated GPZ-GLU cocrystals showed
improved solubility and dissolution profile as com-
pared to pure drug demonstrating the utility of
cocrystallization technique for solubility enhance-
ment of various poorly water-soluble drugs. In con-
clusion, we believe that along with the solubility and
dissolution profile, bioavailability of GPZ as well as
other BCS class-II drugs can be improved by the
formation of pharmaceutical cocrystals.
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