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Since the introduction of gliclazide in the pharmaceutical industry, a large number of research groups have been 
engaged in various investigations aiming to enhance its biomedical application. But, very limited efforts have 
been made to study polymorphism of gliclazide. Therefore, this study focuses on solvent-induced polymorphism 
of gliclazide and its characterization by thermal methods. Three polymorphs namely, Form-I, II and III and an 
amorphous powder were produced from different solvents and solvent mixtures. Crystals were analyzed using 
infrared spectroscopy, differential scanning calorimetry, X-ray powder diffraction and single crystal x-ray diffraction. 
Polymorph Form-I is found to exist in centro-symmetric triclinic P-1 space group and has endothermic peak 
at 162.93°. Form-II has endothermic peak from 171.2° to 172.35° and exists in centro-symmetric monoclinic 
P2

1
/a space group while Form-III has endothermic peak from 168.93° to 169.86° and exists in centro-symmetric 

monoclinic P2
1
/n space group. The equilibrium solubility values of Form-I, II, III and the amorphous form were 

0.4825±0.025, 0.2341±0.042, 0.2581±0.038 and 0.5213±0.072 mg/ml, respectively. The Form-I has relatively 
higher solubility and similar to that of amorphous gliclazide. Form-II and Form-III are relatively most stable and 
least soluble. However, there was no remarkable difference in their aqueous solubility under the conditions in which 
study was conducted.
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Polymorphism has a greater impact on aqueous 
solubility[1,2] and bioavailability of a drug. 
Polymorphism attains a considerable influence on 
biopharmaceutical[3,4] and technological performance[5,6] 

of the drug. Polymorphism is extensive in 
sulfonylureas as these compounds represent chemical 
groups that cast hydrogen bonds and dipolar 
interactions, which are often convoluted in the 
formation of different polymorphic structures[7,8].

Gliclazide, 1-(3-azabicyclo[3.3.0]oct-3-yl)-3-
tosylurea; is also noted as 1-(3-azabicyclo[3.3.0]
oct-3-p-tolylsulfonylurea (fig. 1). Since its inception 
in the pharmaceutical industry, a large number of 
research groups have been intensified in various 
quests aiming to enhance its biomedical value[9-11]. 
But, very confined efforts have been made to reflect 
polymorphism of gliclazide. Winters et al., has 
conveyed solid state characterization of gliclazide 

polymorphs[12], but their study is confined to 
powder X-ray diffraction (XRPD), infrared (IR) 
spectroscopy and differential scanning calorimetry 
(DSC). Single crystal x-ray diffraction is used to 
study solid-state properties and crystal structure of 
gliclazide, but it was limited to characterization of 
only one polymorph[12]. There upon our studies resort 
on inspecting the solvent-induced polymorphism 
of gliclazide[13]. Solvent-induced crystallization 
technique is applied in this study; as a result the 
polarity of the recrystallisation solvent and its ability 
to form hydrogen bonds has a great impact on the 
polymorphism of gliclazide. The isolated crystal forms 
were delineated by their melting points, IR spectra, 
DSC, XRPD patterns, single crystal x-ray diffraction 
and equilibrium solubility.

MATERIALS AND METHODS

Gliclazide BP was graciously provided as a gift 
sample by Zhejiang Jiuzhou Pharmaceuticals Co. Ltd. 
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All solvents used in the study were double distilled 
from an all-glass still.

Preparation of gliclazide polymorphs:
Polymorph-I was obtained from a gliclazide suspension 
in ethanol, which is kept for boiling and filtered when 
hot. The filtrate was retained in a refrigerator until the 
completion of crystallization process. This polymorphic 
appearance can also be accessed from binary solvent 
systems of water:ethanol (1:5). Polymorph-II was 
accessed from a super saturated solution of gliclazide 
in methanol at 65° and frost in ice bath for 2 h and 
filtered. The crystals accessed were collected and stewed 
under vacuum. This polymorph can also be obtained by 
crystallization using acetone, and binary solvent system 
of methanol:acetone (2:1). This polymorph-III was 
obtained from a super saturated solution of gliclazide 
in chloroform at 40°. The solution is frosted in an ice 
bath for 2 h and filtered. The crystals obtained were 
collected and dried under vacuum. Crystallization in 
ethyl acetate or dichloromethane or binary solvent 
system of chloroform:dichloromethane (4:1) also 
produces this polymorphic appearance. The received 
commercial sample of gliclazide (raw material) is found 
to be in the amorphous form.

DSC analysis:
The thermal curves are recorded on a DSC on a 
Dupont DSC model in an open pan system under 
static conditions. The analyzer is equipped with a data 
acquiring station with attaining a capability to obtain 
the first derivative of DSC. Alumina was used as an 
inert reference. Each sample is sealed in an aluminum 
pan and the thermal readings were observed at a rate 
of 10°/min from room temperature to 225º.

X‑ray powder diffraction analysis:
The X-ray diffraction patterns are recorded for the 
samples with a radiation source of Cu-K alpha 
=1.54056 Å using a Bruker AXS advance X-ray 
diffractometer fitted with a scintillation counter and 
divergent beam monochromator. Data was collected 
from a range of 5°-50° at 2θ with a collection time 
of one second per step. Intensity ratio (I/I0, %) is 
calculated considering high intense peak as 100%.

FTIR spectroscopy:
The IR spectra are being recorded on Bruker Optics, 
Tensor 27. Samples were scanned over 400–4000 cm-1 
with a resolution of 4 cm-1. Samples were neither 
grinded nor compressed to prevent stress-induced 
polymorphic changes in the samples.

Single crystal X‑ray diffraction:
The single crystal X-ray diffraction patterns for 
the samples were recorded with a monochromatic 
radiation source of Mo-K alpha=0.71073 Å using a 
Bruker AXS diffractometer equipped with Oxford 
cryo system 700 Plus X-ray diffraction/crystallography 
system.

Microscopic visual analysis:
Microscopic visual analysis of the polymorphs 
was performed using Leica DM 1000 binocular 
microscope. The magnification at 100X was used to 
study the crystal habit of the polymorphs.

Solubility measurement:
Higuchi-Connors method (1965) was followed to 
determine the solubility of each polymorphic form[14]. 
An excess amount of each form (100 mg) was added 
to 25 ml of deionized water in a 100 ml flask with a 
glass stopper. The flasks were placed on a mechanical 
shaker and maintained at 37° in thermostatic water 
bath for 72 h. An aliquot (3 ml) of each solution was 
withdrawn and filtered through a dialysis membrane 
0.45 µ Millipore filter. The amount dissolved was 
determined by reading the absorbance at 228 nm 
using a UV/Vis spectrophotometer (Mode l UV-240, 
Shimadzu, Japan) and using suitably constructed 
calibration curve.

RESULTS AND DISCUSSION

DSC is an extremely important analytical tool 
for measuring the wide variety of transitions in 
pharmaceutical materials[15]. DSC data can derive 

Fig. 1: Molecular structure of gliclazide.
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useful information in identifying the polymorphs. 
The DSC scans of all the crystals and raw material 
are shown in figs. 2 and 3. The DSC endothermic 
details of gliclazide crystals are presented in Table 1. 
The DSC curve of the gliclazide crystal prepared 
from ethanol shows a sharp endothermic peak at 
162.93° with an insignificant peak at 124.80°. This 
form is designated here as the polymorph-I. The 
DSC curve of the polymorph-II, which is obtained by 
crystallization from methanol, exhibits a single sharp 
endotherm at 171.20°. This polymorph can also be 
obtained from acetone, it shows melting endothermic 
peak at 172.35°.

Gliclazide sample crystallized in dichloromethane, 
ethyl acetate and chloroform is designated here 
as the polymorph-III. This form has melting 
endotherm between 168.93° to 169.86° depending 
upon the solvent system used. The DSC scans of 
the commercial sample (untreated gliclazide) shows 
(fig. 3) an endothermic peak at 171.56°. The peak 
is short and not sharp like other crystalline forms 
indicating its amorphous nature[16].

Main XRPD peak angles and intensity ratio (I/I0) of 
all the gliclazide crystals are presented in Table 2. 
The diffractograms of the entire crystalline forms 

exhibit a series of intense lines except the commercial 
form. The number of diffractions and intensity of 
peaks exhibited by the polymorph-III are more 
than the diffractions of the polymorph-I and II. The 
polymorph-II shows more diffractions than those of 
the polymorph-I. Further, the diffractions are different 
with respect to their position and intensity. Based 
on the number and intensity of diffractions, it is 
confirmed that the sample obtained from methanol 
(polymorph-II) and chloroform (polymorph-III) is 
more crystalline than the sample obtained from 
ethanol (polymorph-I). The spectral lines observed for 
the commercial form are less intense and relatively 
broad which further indicates that the sample is 
amorphous in nature[17,18]. The X-ray diffraction 
patterns of all polymorphs are shown in fig. 4.

Fig. 2: DSC curves of gliclazide crystals. 
(a) Crystal prepared from ethanol, (b) crystal prepared from 
methanol, (c) crystal prepared from ethyl acetate, (d) crystal prepared 
from dichloromethane.
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Fig. 3: DSC curves of gliclazide crystals. 
(a) Crystal prepared from chloroform, (b) crystal prepared from 
acetone, and (c) amorphous form of gliclazide. 
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b
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TABLE 1: DSC ENDOTHERMIC DETAILS OF 
GLICLAZIDE CRYSTALS PREPARED UNDER 
VARIOUS CONDITIONS
Solvent system and 
temperature conditions

Integral 
(mJ)

Normalized 
(J/g)

Onset 
(°)

Peak 
(°)

Endset 
(°)

Ethyl acetate, 4° −468.41 −143.24 165.62 168.93 172.88
Acetone, 4° −117.34 −38.6 167.08 172.35 175.82
Chloroform, 4° −413.04 −134.98 165.39 169.85 173.11
DCM, 10° −452.57 −136.73 166.19 169.61 173.57
Ethanol, 4° −352.12 −107.66 158.28 162.93 166.18
Methanol, 4° −449.74 −145.08 168.92 171.2 173.6
Commercial sample ‑ ‑ 168.08 163.43 ‑
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The IR spectra of the three crystal forms are 
presented in fig. 5. An IR spectrum reveals the 
existence of gliclazide in three polymorphic forms. 
Significant differences exist between polymorph-I, II 
and III. An additional peak at 3266 cm-1 is observed 
with the polymorph-II, which is lacking in the 
polymorph-I. Many peaks, which are distinct with 
the polymorph-II and polymorph-III (3107, 1705, 
2440, 2909, 1432) are only rudimentary with the 
polymorph-I. This informs polymorph-I is different 
from other two crystals. However, no differences were 
observed between polymorph-II and polymorph-III in 
the number and position of peaks.

Single crystal x-ray diffraction study can provide 
unambiguous atomic positions and complete crystal 
information. This study infers three-dimensional 
structure of all the crystals including crystal cell 
volume, space group, bond lengths and bond angles 
which helps in refining crystallographic structure[19]. 
Crystallographic data and structure refinement 
parameters of gliclazide polymorph-I, II and III are 
shown Table 3.

Based on the results obtained from single crystal 
x-ray diffraction studies, the polymorph-II and 
III is found to form a rectangular prism with a 
parallelogram as its base. Hence, centro-symmetric 
monoclinic space group is suggested as a probable 
space group for the polymorph-II and III[20,21]. 

According to Kitaigorodsky for molecules with 
center of symmetry, the possible space groups are 
Pī, P21C, C2/c and Pbca for a 2-fold axis[22]. Also, 
in both the polymorphs the two pairs of vectors are 
perpendicular, while the third pair makes an angle 
other than 90° (α = γ=90°, β≠90°) and the crystal is 
described by vectors of unequal length (a≠b≠c). Based 
on these features centro-symmetric monoclinic space 
group P21/a, P21/n are suggested for polymorph-II 
and polymorph-III, respectively[23]. The settings P21/a, 
P21/n, are just different settings of the most common 
space group; P21/c (space group no.14) and these 
are indeed (with couple of exceptions) very common 
space groups. P21/a indicates a primitive monoclinic 

TABLE 2: XRPD PEAK ANGLES D (A°) AND INTENSITY RATIOS (I/I0) OF GLICLAZIDE POLYMORPHS AND 
AMORPHOUS FORM
Angle θ Polymorph‑I Polymorph‑II Polymorph‑III Amorphous form

d‑spacing I/I0 (%) d‑spacing I/I0 (%) d‑spacing I/I0 (%) d‑spacing I/I0 (%)
10.5 8.418 13.850 8.418 18.164 8.418 41.687 8.418 100
15 5.902 8.123 5.902 19.045 5.903 58.206 5.902 44.07
16.8 ‑ ‑ ‑ ‑ ‑ ‑ 5.276 82.459
17.1 5.183 100 ‑ ‑ ‑ ‑ 5.183 88.751
17.9 ‑ ‑ ‑ ‑ ‑ ‑ 4.953 74.75
18.1 ‑ ‑ 4.901 89.148 4.901 25.595 ‑ ‑
18.2 4.872 23.477 ‑ ‑ ‑ ‑ 4.872 96.928
20 ‑ ‑ 4.437 17.966 ‑ ‑ ‑ ‑
20.8 4.267 37.298 ‑ ‑ 4.267 100 4.267 78.52
21.88 ‑ ‑ ‑ ‑ 4.037 43.444 ‑ ‑
22 ‑ ‑ ‑ ‑ ‑ ‑ 4.037 39.039
22.1 ‑ ‑ 4.020 100 ‑ ‑ ‑ ‑
25.3 ‑ ‑ ‑ ‑ 3.518 74.725 3.518 16.9
26.3 ‑ ‑ ‑ ‑ ‑ ‑ 3.385 34.671
26.9 ‑ ‑ ‑ ‑ ‑ ‑ 3.313 28.509
27.5 ‑ ‑ ‑ ‑ 3.242 26.254 ‑ ‑
29.5 ‑ ‑ 3.025 72.306 ‑ ‑ ‑ ‑
46.1 ‑ ‑ 1.967 26.539 ‑ ‑ ‑ ‑

TABLE 3: CRYSTALLOGRAPHIC DATA AND 
STRUCTURE REFINEMENT PARAMETERS OF 
GLICLAZIDE POLYMORPH-I, II AND III
Identification 
code

Polymorphic Form
I II III

Space group P‑1 P21/a P21/n
a (A°) 10.517 10.839 18.215
b (A°) 23.205 14.248 4.4354
c (A°) 10.41 10.666 9.869
α (°) 89.96 90 90
β (°) 118.55 105.23 112.68
γ (°) 91.39 90 90
Volume (A3) 2230.49 1589.619 735.796
Index ranges −1≤h≤4 −3≤h≤2 −9≤h≤2
‑ −4≤k≤5 0≤k≤3 0≤k≤1
‑ 0≤l≤3 0≤l≤2 0≤l≤5
Crystal system Triclinic Monoclinic Monoclinic
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the orthorhombic system. In addition, all three 
vectors are not mutually orthogonal (α=89.96°, 
β=118.55°, γ=91.39°)[25]. Therefore, centro-symmetric 
triclinic P-1 space group is proposed for this crystal. 
The commercial sample of gliclazide exhibit weak 
scattering to a single crystal X-ray diffraction, which 
clearly confirms its amorphous nature.

The equilibrium solubility values of the three 
crystalline polymorphs, I, II, III, and an amorphous 
form were 0.4825±0.025, 0.2341±0.042, 0.2581±0.038 
and 0.5213±0.072 mg/ml, respectively. According to 
ideal solution theory, the solubility of a drug is related 
to two important thermodynamic parameters i.e. heat 
of fusion and melting point[26]. High melting and hard 
crystalline materials with large enthalpies of fusion are 
less soluble than low melting compounds[27]. Because, 
compounds with strong crystal lattices (high melting 
points) will readily crystallize in solvent hence the 
solubility benefit will be low[28]. Compounds with 
weak crystal lattices (low melting points) are less 
prone to crystallize and therefore amount in solution 

Fig. 4: X-ray diffraction patterns of gliclazide crystals. 
(a) Amorphous form, (b) polymorph-I, (c) polymorph-II, and (d) 
polymorph- III.
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Fig. 5: FTIR spectra of gliclazide crystals. 
(a) Amorphous form, (b) polymorph-I, (c) polymorph-II, and (d) 
polymorph-III.
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Fig. 6: Photomicrographs of gliclazide crystals.
Magnification is 100 X. (a) Amorphous form, (b) polymorph-I, 
(c) polymorph-II, and (d) polymorph- III.
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unit cell with a twofold screw axis along b, and a 
glide plane to this with a transition of a/2[24].

Polymorph-I is described by vectors of unequal 
length (a≠b≠c) and angle (a≠b≠g), as in 
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will remain high[29,30]. Microscopic visual analysis 
infers needle shape (fig. 6) for polymorph-II and 
III, which is the most crystalline state. These forms 
showed greater heat of fusion, which is clearly evident 
from DSC results. Therefore they are more stable and 
less soluble. polymorph-I, the most energetic exhibits 
a less crystalline (fig. 6) and lower heat of fusion and 
therefore has relatively higher solubility and is close 
to the amorphous gliclazide[31-33].

In conclusion, the three polymorphic forms of 
gliclazide were elucidated by solvent-changing 
method. All known polymorphs are least soluble but 
sufficiently stable. Polymorph-I was found to exist in 
centro-symmetric triclinic P-1 space group. This form 
has relatively higher solubility and similar to that of 
amorphous gliclazide. Polymorph-II and III exist as 
centro-symmetric monoclinic space group P21/a, P21/n 
and they are relatively more stable and less soluble. 
However there was no remarkable difference in their 
aqueous solubility under the conditions in which study 
was undertaken.
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