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Abstract

Background: The present research was aimed to develop a self-microemulsifying drug delivery system (SMEDDS)
pellet to increase the dissolution rate and in vivo hypoglycemic effect of gliclazide. Gliclazide belongs to BCS class 2
and it exhibits dissolution rate-limited absorption. Thus, dissolution enhancement of gliclazide from its dosage form
is a prime requirement to achieve a better therapeutic effect. The solubility of gliclazide was estimated in oils,
surfactants, and co-surfactants. A most effective self-emulsification region was identified using pseudoternary phase
diagrams. The optimized liquid SMEDDS gliclazide formulation was converted to SMEDDS pellets using the
extrusion-spheronization technique. The in vitro release and hypoglycemic effect of SMEDDS was compared with
the marketed product.

Results: The optimized liquid gliclazide SMEDDS formulations contained mixtures of Tween 80 and PEG 400 and
Capmul MCM C8. The gliclazide SMEDDS in liquid preparation quickly formed a fine oil-in-water microemulsion
having a globule size of 31.50 nm. In vitro release of gliclazide from SMEDDS pellets was 100.9% within 20 min.
SMEDDS pellets exhibited a significant reduction in plasma glucose levels in albino mice compared to the
marketed product.

Conclusion: The results indicated that SMEDDS pellets could be effectively used to improve the oral delivery of
gliclazide.
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Background
Many active pharmaceutical ingredients (APIs) devel-
oped by the pharmaceutical industry belong to the
“practically insoluble” category mentioned in Pharmaco-
peia. Formulation development of such drugs is a chal-
lenging task due to solubility issues [1]. As per the
Biopharmaceutical classification system, class II drugs
exhibit low solubility and high permeability. BCS class II
drugs show dissolution rate-limited absorption and
bioavailability [2].

Gliclazide belongs to BCS class 2 [3]. Azabicyclo-octyl
group present in gliclazide provides superior properties
of the basic sulfonylurea moiety. It acts on the sulfonyl-
urea receptor present on the beta cell of the pancreas
and stimulates insulin release. It specifically improves
the abnormal first phase insulin release in type 2
diabetes and also affects the second phase. Lower occur-
rence of hypoglycemic episodes and weight gain were
reported with usage of gliclazide compared with other
sulfonylureas [4]. However, gastrointestinal (GI) absorp-
tion at a low rate and inter-individual variations in bio-
availability were observed with gliclazide. The reasons
for slow absorption are either low dissolution rate of
gliclazide from the dosage form or poor permeability of
gliclazide across the GI membrane. Thus, improvement
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in the solubility of gliclazide and enhancement in the
dissolution rate of gliclazide from its dosage form are
prime requirements for better bioavailability and thera-
peutic efficacy of gliclazide [5, 6].
Various researchers tried to improve solubility, dissol-

ution rate, and bioavailability of gliclazide using different
approaches. Biswal et al. enhanced the solubility and dis-
solution rate of gliclazide by preparing its solid disper-
sions (SDs) with polyethylene glycol (PEG) 6000 [7].
Hiremath et al. prepared gliclazide inclusion complex
with β-cyclodextrin by kneading method, and almost 20-
fold increment in dissolution rate was reported [8]. Shavi
et al. improved the dissolution rate and bioavailability of
gliclazide by preparing solid dispersion and showed two-
fold increments in peak plasma concentration compared
to the pure drug in Wistar rats [9]. Ravouru et al. devel-
oped nanocrystals of gliclazide and proved better bio-
availability of nanocrystals compared to the pure drug
[10]. Mahajan developed a liquisolid compact of glicla-
zide and proved that the liquisolid system showed
improved bioavailability with higher Cmax and faster
Tmax than the gliclazide suspension, a reference drug
product. All these techniques may pose one or more
drawbacks like poor scale-up, instability, incompatibility,
and biodegradability issues [11].
Developing a self-microemulsifying drug delivery sys-

tem (SMEDDS) of the BCS class II drug is an effective
way to improve solubility, dissolution rate, and absorp-
tion rate of those drugs. The SMEDDS composed of an
isotropic mixture of oil, surfactant, and co-surfactant.
Better absorption and bioavailability of lipophilic drugs
like curcumin, oridonin, and silymarin in SMEDDS form
are reported in the literature [12, 13].
SMEDDS provides many advantages like enhancement

of bioavailability of poorly aqueous soluble drugs by dis-
solving those drugs into the GI tract, reducing inter-
subject and intra-subject variability, and reducing food
effect. Ease of manufacturing and scale-up and no influ-
ence of the lipid digestion process were other added
advantages of SMEDDS [14]. However, SMEDDS is a li-
quid preparation which needs to feed into soft gelatine
capsules and it involves many issues, like poor stability,
high manufacturing costs, pharmaceutical incompatibil-
ity, drug leakage or precipitation, and capsule aging [15–
17]. To solve these issues, solid SMEDDS has been ex-
plored as a substitute. An appropriate combination of
adsorbent and diluent is needed for developing a solidi-
fied SMEDDS which can reduce the total mass and en-
hance drug dissolution [17]. Kumar et al. developed
SMEDDS of mefenamic acid and solidify it by spray
drying. The developed optimized S-SMEDDS proved
multifold enhancement in in vitro dissolution rate and
absorption profile of MFA, as compared with pure drug
and the marketed product [18]. S-SMEDDS have been

prepared by incorporating liquid SMEDDS (L-SMEDDS)
into powders using different techniques, such as adsorp-
tion on solid carriers, wet granulation by high-shear
mixer, extrusion/spheronization, conventional wet, and
melt granulation [19].
Being a multiparticulate drug delivery system, pellets

offer many therapeutic and technical benefits over unit
dosage forms like capsules and tablets. Taken orally, pel-
lets exhibit free dispersion in the gastrointestinal tract,
and so maximize the drug absorption, minimize local ir-
ritation of the mucosa by certain irritant drugs because
of the small quantity of drug in a single pellet, and re-
duce inter- and intra-patient variability [20]. Silva et al.
prepared S-SMEDDS by hot-melt extrusion using
hydroxypropyl methylcellulose acetate succinate as a
matrix material. Extrudates prepared at the lowest drug
concentration and highest temperature and recirculation
time promoted a complete and rapid drug release in pH
6.8 giving rise to small and uniform microemulsion
droplets [19].
Nipun et al. developed a self-emulsifying drug delivery

system (SEDDS) of gliclazide [5]. The basic difference
between SEDDS and SMEDDS is that SEDDS forms
opaque emulsions and it achieves droplet size in the
range of 100 and 300 nm, whereas SMEDDS produces
transparent microemulsions and it achieves droplet size
of less than 50 nm. The SEDDS includes 40–80% oil,
whereas SMEDDS includes less than 20% oil [21–23].
The present research work aimed to formulate and

evaluate gliclazide SMEDDS pellet forms for an im-
provement in solubility and dissolution of gliclazide.

Methods
Materials
Isopropyl myristate, oleic acid, ethyl oleate, Tween 20,
Tween 80, propylene glycol, polyethylene glycol (PEG)
400, and PEG 600 were purchased from S.D. Fine Chem-
ical Ltd., Mumbai, India. Capmul MCM C8 was received
as a gift sample from Abitec Corporation Ltd., Mumbai,
India. Miglyol and Captex were received as gift samples
from Gattefosse, France. Gliclazide was received from
IPCA Laboratories Ltd. Mumbai, India. Microcrystalline
cellulose PH101 (MCC) was purchased from Balaji
Drugs, Surat, India. The reagents used in this study were
of analytical grade, and they were used as received.

Methods
Excipient selection
Careful selection of oil, surfactants, and co-surfactants
is needed for the development of a self-emulsifying sys-
tem so that these excipients can form a monophasic
clear liquid with the drug when added to the aqueous
phase and exhibit good solvent properties for lipophilic
drugs [24].
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Screening of oil The excess amount of gliclazide pow-
der was added to 2 ml of oil (Capmul mcm C8, oleic
acid, ethyl oleate, Captex, isopropyl myristate, Miglyol)
and was kept on a magnetic stirrer for 48 h at room
temperature. The resulting homogeneous mixture was
centrifuged at 2000 rpm for 10 min. The sample of
supernatant was adequately diluted with methanol and
analyzed for drug solubility (mg/ml) in oil using UV
visible spectroscopy. The absorbance of gliclazide in
methanol was measured at 226.5 nm, and content was
estimated using calibration equation Y = 0.0269X +
0.0492 (R2 = 0.990). Each solubility assay was conducted
in triplicate [25].

Screening of surfactant and co-surfactant The excess
amount of drug was added to 2 ml of a surfactant
(Tween 80, Tween 20) and co-surfactant (propylene gly-
col (PG), polyethylene glycol (PEG) 400, PEG 600) and
kept on a magnetic stirrer for 48 h at room temperature.
The resulting homogeneous mixture was centrifuged at
2000 rpm for 10min. The sample of supernatant was ad-
equately diluted with methanol and analyzed for drug
solubility (mg/ml) in surfactant and co-surfactant. Each
solubility assay was conducted in triplicate [26].

Optimization of oil and ratio of surfactant to co-surfactant
(S:CoS) using a pseudoternary phase diagram

Construction of pseudoternary phase diagram by
phase titration method Surfactant and co-surfactant
(Smix) in each composition was mixed in two different
weight ratios (2:1 and 4:1). These mixtures of oil and
Smix were mixed to give the weight ratios of 1:9, 2:8, 3:
7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1 so that the maximum ra-
tio was covered to define the boundaries of phases pre-
cisely formed in the phase diagram. Water was added
drop by drop and stirred using a magnetic stirrer until
clear homogenous dispersion was achieved. The volume
of water at which turbidity-to-transparency/transpar-
ency-to-turbidity transition occurred was noted down. A
phase diagram was prepared using the prosim ternary
diagram software, and those with the maximum iso-
tropic region made us select corresponding Su:CoS as
well as oil:Smix ratio [26].

Construction of pseudoternary phase diagram by
phase inversion method Surfactant and co-surfactant
(Smix) in each composition was mixed in two different
weight ratios (2:1 and 4:1). These mixtures of water and
Smix were mixed to give the weight ratios of 1:9, 2:8, 3:
7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1 so that the maximum ra-
tio was covered to define the boundaries of phases pre-
cisely formed in the phase diagram. Oil was added drop
by drop and stirred using a magnetic stirrer until clear

homogenous dispersion was achieved. The endpoint of
the titration was the point where the dispersion becomes
cloudy or turbid. The volume of oil at which turbidity-
to-transparency/transparency-to-turbidity transition oc-
curred was noted down. A phase diagram was prepared
using the prosim ternary diagram software, and those
with the maximum isotropic region made us select cor-
responding Su:CoS as well as oil:Smix ratio [26].

Preparation of gliclazide SMEDDS
Eight formulations of the microemulsion (M1 to M8) were
selected from the constructed pseudoternary phase dia-
grams (Figs. 1 and 2). The batches were selected from the
safest region of the phase diagram as there may be no
chances of phase separation and instability of microemul-
sion formulation. Compositions of all batches (M1 to M8)
are mentioned in Table 1. Smix ratio, i.e., surfactant to co-
surfactant ratio, was maintained as 4:1 in batches M1 to
M4, whereas in batch M5 to M8, this ratio was maintained
as 2:1. In all the batches, 40mg gliclazide was targeted in
0.5 ml formulation. The formulations were prepared by
adding the fixed amount of drug in the mixture of surfac-
tant, oil, and co-surfactant at room temperature (Table 1)
into a stoppered glass vial and mixed. The drug was
dissolved into the mixture of oil, surfactant, and co-
surfactant at room temperature on a magnetic stirrer. The
formulations were examined for signs of phase separation
or drug precipitation after being sealed after 24 h and were
stored at room temperature till further evaluation [14, 27].

Characterization of gliclazide SMEDDS

Dilution test One milliliter SMEDDS was diluted up to
10 and 100 times its volume with distilled water and
checked visually for its transparency. A dilution test is
performed to check the stability of the formulation [28].

Transmittance Transmittance (%) was observed against
distilled water using a UV-visible spectrophotometer at
630 nm (UV-1800 double beam spectrophotometer,
Shimadzu, Japan) by diluting SMEDDS with distilled
water [28].

Dispersibility and emulsification test Standard USP
dissolution apparatus–II (Paddle apparatus) can be uti-
lized to check the self-emulsification capacity of oral
SMEDDS. One milliliter formulation was added to 500
ml of water. Paddle speed and temperature selected in a
paddle apparatus were 50 rpm and 37 ± 0.5 °C, respect-
ively. The in vitro performance of the formulation was
visually evaluated using the following grading system.

Grade A: Rapidly forming (within 1 min)
microemulsion having a clear or bluish appearance.

Patel et al. Future Journal of Pharmaceutical Sciences            (2020) 6:17 Page 3 of 14



Fig. 1 Pseudoternary phase diagram showing microemulsion region containing S:CoS ratio of 4:1

Fig. 2 Pseudoternary phase diagram showing microemulsion region containing S:CoS ratio of 2:1
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Grade B: Rapidly forming, slightly less clear emulsion
having a bluish-white appearance.
Grade C: Fine milky emulsion that formed within 2 min
Grade D: Dull, greyish white emulsion having a slightly
oily appearance that is slow to emulsify (longer than 2
min).
Grade E: Formulation, exhibiting either poor or
minimal emulsification with large oil globules present
on the surface.

The formulation which follows grade A and grade B
passes the test as they can remain as microemulsion
when dispersed in GIT [29, 30].

Globule size determination The stability and in vivo
fate of microemulsion depends on its globule size [31].

The SMEDDS was added in distilled water, and the
mean globule size and globule size distribution of
SMEDDS were determined using Malvern Zetasizer
(ZetaPALS). Dynamic light scattering principle was ap-
plied, and globule size was calculated from the transla-
tional diffusion coefficient using the Strokes-Einstein
equation by the inbuilt software in Zetasizer [32].

Zeta potential determination Zeta potential measures
the potential difference between the charged particle and
the bulk of the liquid. It is one of the electrokinetic
properties of the dispersion systems [33]. One milliliter
of the formulation was diluted with milliQ water (10 ml)
to measure zeta potential using Malvern Zetasizer (Zeta-
PALS) [34].

Polydispersity index Polydispersity or heterogeneity
index determines the size range of globules in the sys-
tem. The value should be less than or equal to 0.3. The
polydispersity index (PDI) was reported using Malvern
Zetasizer (ZetaPALS) [35].

Drug content The drug content of gliclazide SMEDDS
was determined by HPTLC method. 0.5 ml formulation
from batches containing 40mg drug was dissolved in 50
ml methanol. The 1 ml solution was further diluted to
10ml with methanol. A 6.25 ml aliquot of the solution
was further diluted to 10ml methanol. Fifteen microli-
ters of the resulting solution was applied on TLC plate

Table 1 Composition of gliclazide SMEDDS batches (M1 to M8)

Batch Oil (% v/v) Surfactant (% v/v) Co-surfactant (% v/v)

M1 12.50 70.00 17.50

M2 21.43 62.86 15.71

M3 16.67 66.67 16.67

M4 28.57 57.14 14.29

M5 10.42 60.42 29.17

M6 15.63 56.25 28.13

M7 11.27 59.15 29.58

M8 12.24 59.18 28.57

Table 2 Chromatographic conditions used for the method

Sr. No. Parameter Chromatographic conditions

1. Stationary phase Aluminium plates pre-coated with silica gel 60 F254 (10 × 10 cm)

2. Mobile phase Toluene:ethyl acetate:0.1 glacial acetic acid (8:2:0.1 v/v/v)

3. Chamber saturation time 30 min

4. Temperature Room temperature (25 + 2 °C)

5. Migration distance 90 mm

Application parameters

6. Syringe 100 μl

7. Application rate 100 nl/sec

8. Band width 6 mm

9. Distance from the plate edge 15 mm

10. Distance from the bottom of the plate 15 mm

11. Distance between the bands 10 mm

Scanning parameters

12. Wavelength of detection 226.5 nm

13. Slit dimension 4.00 × 0.30 mm

14. Scanning speed 20 mm/sec

15. Lamp D2

16. Measurement mode Absorption
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and development and scanning were done as per given
chromatographic conditions (Table 2). The amount of
gliclazide present in the sample solution was calculated
by fitting area values of the corresponding peak into the
calibration equation.

Determination of pH One milliliter of SMEDDS for-
mulation was diluted up to 10ml with distilled water,
and pH of the microemulsions was measured using cali-
brated systemic digital pH meter at 25 °C. pH values of
all formulations were taken in a triplicate [33].

Viscosity One milliliter of SMEDDS formulation was di-
luted 10 times and 100 times with distilled water and
stirred on a magnetic stirrer. The viscosity was deter-
mined using Brookfield viscometer at 10 and 100 rpm
for spindle no. 31 at 25 °C. The experiment was per-
formed in a triplicate [36].

Formulation of gliclazide SMEDDS pellets
The extrusion-spheronization technique was used to
prepare gliclazide SMEDDS pellets. The optimized gli-
clazide SMEDDS (M3) was used for formulating a glicla-
zide SMEDDS pellet. Gliclazide (40 mg) was dissolved in
an optimized mixture of oily liquid (0.5 ml) and mixed
with microcrystalline cellulose (MCC) (500 mg). The
resulting mass was passed through an extruder having a
screen of 1.5-mm thickness and 1-mm apertures. The
extrudates were added to the spheronizer (Cronimach,
India) to obtain spherical pellets. The speed of the
spheronizer was kept constant at 700 rpm. The

schematic flow for the preparation of gliclazide
SMEDDS pellets is given in Fig. 3. The drying of pellets
was carried out at 50 °C till constant weight was
achieved. The pellets were evaluated for pellet size ana-
lysis, flowability, compressibility, friability, drug content,
and in vitro drug release [37, 38].

Characterization of gliclazide SMEDDS pellets

Pellet size analysis The sieving method was used to de-
termine the mean pellet size and pellet size distribution.
The sieves were set in a nest in which the coarsest sieve
was kept at the top and finest at the bottom. Fifty grams
of sample was kept on the coarsest sieve, and the nest
was mechanically agitated for 10 min. The weight of
retained pellets on each sieve was noted down. Calcula-
tion of mean pellet size was performed using Eq. 1.

Mean Pellet Size ¼
P

XiFi
P

Fi
ð1Þ

∑XiFi = Weight size
∑Fi = Weight retained in percentage

Scanning electron microscopy study Surface morph-
ology and mean size of pellets were observed using
scanning electron microscopy. The aspect ratio was
calculated using the image analysis software Image J
[39, 40].

Fig. 3 Schematic flow for preparation of gliclazide SMEDDS pellets
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Flowability and compressibility The flowability of the
pellets was determined using Carr’s compressibility
index and Hausner’s ratio. The compressibility of the
pellets was checked using Carr’s compressibility index.
Twenty grams pellets were placed into a 100 ml measur-
ing cylinder. The volume occupied by the pellets was
noted down as V0, without disturbing the cylinder. Then
the cylinder was fitted in an instrument, and 500 taps
were performed. After 500 taps, volume was noted down
as Va. Again, after 750 taps, volume was noted down as
Vb. The difference between Va and Vb was less than
2.0%, so tapped volume was noted down without further
processing. Bulk density, tapped density, Carr’s index,
and Hausner’s ratio were calculated using Eqs. 2, 3, 4,
and 5, respectively [41].

Bulk density ¼ weight of sample gð Þ
Bulk volume mlð Þ ð2Þ

Tapped density ¼ weight of sample gð Þ
Tapped volume mlð Þ ð3Þ

Carr
0
s index ¼ Tapped density−Bulk density

Tapped density
� 100

ð4Þ

Hausner
0
s ratio ¼ Tapped density

Bulk density
ð5Þ

Friability Ten grams pellets (Fs) with 200 glass beads of
4-mm diameter were kept in a Roche friabilator [42].
The sample was exposed to falling shocks for 10 min at
25 rpm. Afterward, the sample was passed through 250-
μm mesh to remove fines. The fraction above 250 μm
was denoted as Fa. The friability of pellets was calculated
using Eq. 6.

Friability %ð Þ ¼ F s−Fað Þ
F s

� 100 ð6Þ

Assay HPTLC method was utilized to calculate drug
content in gliclazide SMEDDS pellets. Pellet was
weighed and crushed. The pellet powder equivalent to
the 40 mg of drug was accurately weighed and dissolved
in methanol in a 50-ml volumetric flask, and volume
was made up by methanol. Drug content was further
measured in the same manner as of drug content of
liquid SMEDDS.

In vitro drug release study Gliclazide SMEDDS pellets
were filled into the capsule, and the capsule was kept in
900 ml pH 7.4 phosphate buffer. The rotating speed of
paddle and temperature of the medium were at 75 rpm
and 37 ± 0.5 °C, respectively. Five milliliter sample was

taken and substituted with fresh medium after 5, 10, 15,
and 20 min. The sample was filtered and analyzed using
HPTLC assay. The release profile from the marketed
formulation of gliclazide (40 mg) and gliclazide SMEDDS
pellets was compared [43].

Biological evaluation of gliclazide SMEDDS pellets
All in vivo experiments in the present study were con-
ducted as per the norms of the Committee for the Purpose
of Control and Supervision of Experiments on Animals
(CPCSEA), Government of India and approved by the In-
stitutional Animal Ethics Committee (protocol approval
number: MPC/IAEC/09/2017). Healthy Swiss albino mice
either sex weighing 20 to 25 g included in this study. Ani-
mals used in the study were procured from Jay Research
Foundation, Vapi. Animals were randomly divided into
three groups, six animals in each group and subjected to
the oral glucose tolerance test (OGTT).
Group I, control (glucose 2 g/kg, p.o.); group II, mar-

keted formulation (1 mg/kg, p.o.) + glucose 2 g/kg, p.o.;
and group III, SMEDDS formulation (pellet equivalent
to 1 mg/kg, p.o.) + glucose 2 g/kg, p.o.
Prior to the OGTT test, the mice have fasted for 16 h,

and glucose solution (2 g/kg) was given orally to control
group while in group II and group III were administered
with SMEDDS and marketed formulation 30min prior to
glucose administration [5]. Pellets were suspended in 0.5%
CMC solution. Blood samples were collected from mice
from a tail cut (by removing the distal 2 mm of the tail) at
0, 30, 60, 90, and 120min after the administration of glu-
cose to measure glucose level (one-touch glucometer).
There was no need to provide euthanasia or anaesthesia
for blood collection from the tail. The animals were not
killed after study, and after study, they were utilized for
behavioural studies by post graduate students.

Statistical methods
All the data were presented as mean ± SD. Significance
was evaluated at a P value of 0.05. Statistical analysis
was performed using SPSS Ver. 19 (Trial version). A
phase diagram was prepared using the prosim ternary
diagram software.

Stability study
The optimized SMEDDS pellets were stored at 25 °C/
60% RH and 40 °C/75%RH up to 6 months and analyzed
for appearance, flowability, compressibility, mean pellets
size, drug content, and in vitro drug release [44].

Results
Screening of oil
One of the major challenges of formulating SMEDDS is
to avoid precipitation of the drug upon dilution in the
in vivo gut lumen. Therefore, oils, surfactants, and co-
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surfactants used in the system should have high
solubilization capability for the selected drug. The solu-
bility of gliclazide in oils (Capmul MCM C8 EV, oleic
acid, miglyol, Miglyol, ethyl oleate, captex, isopropyl
myristate) is reported in Table 3.

Screening of surfactant and co-surfactant
Hydrophilic-lipophilic balance (HLB) value of surfactant
and co-surfactant governs self-emulsification capacity.
Usually, surfactants with HLB 12–15 show acceptable
self-emulsification efficiency. HLB values of Tween 80
and Tween 20 were found to be 15 and 16.7, respect-
ively. The solubility of a drug in surfactant and co-
surfactant is mentioned in Table 3. The solubility of the
drug in Tween 80 and Tween 20 was found to be 96.6
and 7.26 mg/ml, respectively. The solubility of gliclazide
in propylene glycol, PEG 400, and PEG 600 was found
to be 6.7, 15.8, and 11.12 mg/ml, respectively.

Optimization of oil and ratio of surfactant to co-
surfactant (S:CoS) using a pseudoternary phase diagram
By combining the phase inversion and phase titration
method, the boundary points were obtained in the phase
diagram. The microemulsion regions have been devel-
oped for both S:CoS ratio, i.e., ratio of 4:1 and 2:1 and is
shown in Figs. 1 and 2, respectively. Boundary point
compositions of microemulsion formulations having S:
CoS ratio 4:1 and 2:1 are reported in Table 4.

Table 3 Solubility of gliclazide in oil, surfactant, and co-
surfactant

Sr. no. Vehicle Gliclazide solubility* (mg/ml)

1 Capmul MCM C8 EV 97.31 ± 6.12

2 Oleic acid 25.53 ± 8.79

3 Miglyol 23.29 ± 6.46

4 Ethyl oleate 3.20 ± 0.19

5 Captex 2.04 ± 1.03

6 Isopropyl myristate 1.40 ± 0.97

7 Tween 80 96.6 ± 9.01

8 Tween 20 7.26 ± 1.79

9 Propylene glycol 6.7 ± 2.63

10 PEG 400 15.8 ± 2.14

11 PEG 600 11.12 ± 1.98

*Mean (n = 3) ± SD

Table 4 Boundary point composition of microemulsion formulation having S:CoS ratio of 4:1 and 2:1

Series % of components having S:CoS ratio of 4:1 % of components having S:CoS ratio of 2:1

1 Oil 5.4
Smix 23
Water 70

Oil 3.5
Smix 26.8
Water 69.7

2 Oil 9.8
Smix 26
Water 63

Oil 11.6
Smix 25.3
Water 63.2

3 Oil 15
Smix 30
Water 54

Oil 14
Smix 29.9
Water 56.1

4 Oil 21.6
Smix 39.2
Water 39.2

Oil 15.4
Smix 36.7
Water 47.7

5 Oil 22.4
Smix 51.7
Water 25.9

Oil 17.5
Smix 45
Water 37.5

6 Oil 18.2
Smix 59.9
Water 21.7

Oil 14
Smix 56.7
Water 29.5

7 Oil 14.3
Smix 68.4
Water 17.3

Oil 11.1
Smix 66.7
Water 22.2

8 Oil 11.8
Smix 72.2
Water 15.9

Oil 11.8
Smix 72.2
Water 15.9

9 Oil 9
Smix 76.8
Water 14.1

Oil 9.8
Smix 70.4
Water 19.7

10 Oil 5
Smix 81.5
Water 12.7

Oil 8.3
Smix 75
Water 16.7
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Characterization of gliclazide SMEDDS
Dilution test
All the formulation of batches M1 to M8 remained clear
after 10 times dilution. Formulation from batch M2, M4,
to M6 was rejected as they became turbid after 100
times dilution. Formulation of batches M1, M3, M5, M7,
and M8 remains clear upon 100 times dilution, which
proved the system’s compatibility with excess water [14].

Transmittance
Percentage transmittance of batches M1, M2, M3, M4,
M5, M6, M7, and M8 at 630 nm was found to be 97.96
± 1.01, 67.03 ± 0.77, 98.83 ± 0.68, 69.93 ± 0.80, 95.66 ±
0.04, 84.93 ± 0.15, 96.06 ± 1.14, and 95.82 ± 0.34, re-
spectively. Percentage transmittance of formulations of
batches M1, M3, M5, M7, and M8 was more than 95%.
This result was in agreement with the dilution test,
means batches M1, M3, M5, M7, and M8 can form the
transparent microemulsion.

Dispersibility and emulsification test
Either phase separation or precipitation of a poorly sol-
uble drug can occur upon infinite dilution of SMEDDS
as SMEDDS are formed at a specific concentration of
oil, surfactant, co-surfactant, and water. The formula-
tions M1, M3, M5, M7, and M8 passed the criteria of
grade A.

Globule size, polydispersity index, pH, and zeta potential
Due to high transmittance, batches M1 and M3 were
subjected for further evaluation. The mean globule size
of the formulation of batches M1 and M3 was found to
be 90 and 31.50 nm, respectively. The PDI of the formu-
lation of batches M1 and M3 was found to be 1.46 and
0.67, respectively. These findings thus indicated that the
formulation of batch M3 confirmed a more uniform
globule size distribution than batch M1 [21]. The formu-
lations of batches M1 and M3 have zeta potential 11.38
and 0.90 mV, respectively. pH affects on the stability of
dispersion as changes in the pH may change the zeta po-
tential of the formulations. The pH of the formulations
of batches M1 and M3 was 6.30 ± 0.07 and 6.38 ± 0.04,
respectively.

Assay
The amount of gliclazide was calculated from the cali-
bration curve by HPTLC method. The drug content in
the formulation of batches M1 and M3 was found to be
79.15 ± 3.72% and 100.9 ± 2.69%, respectively. Formula-
tion of batch M3 was considered as an optimized liquid
SMEDDS.

Viscosity
The viscosity of formulations of batches M1 and M3 was
found to be 5.31 cp and 5.91 cp after 10 times dilution.
Thus, it confirmed that the external phase of the micro-
emulsion is water which confirms the redispersion of
SMEDDS into O/W microemulsion.

Characterization of gliclazide SMEDDS pellets
Pellet size analysis
The mean pellet size was found to be within 950–1000 μm
which is an acceptable range as per reference [20].

Scanning electron microscopy study
As per the image of scanning electron microscopy study,
the pellets were found to be spherical with a smooth
surface. Aspect ratio (AR) and roundness of pellets were
calculated from the SEM image (Fig. 4). They were
found to be 1.012 and 0.946, respectively, which proved
sphericity of the pellet [45].

Flowability and compressibility
Carr’s compressibility index and Hausner’s ratio of the
SMEDDS pellets were found to be 3.04 and 1.03,
respectively.

Friability
Friability (%) of the SMEDDS pellets was found to be
0.8% which is acceptable for pharmaceutical pellets.

Assay
The amount of gliclazide content in the SMEDDS pellets
was found to be 102.2%.

Fig. 4 Scanning electron microscopy (SEM) image of glicliazide
SMEDDS pellet
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In vitro drug release study
More than 70% of the drug was released within 10 min
from the SMEDDS pellet formulation. The dissolution
rate of the SMEDDS pellets was higher compared to the
marketed formulation of gliclazide (Fig. 5).

Performance of SMEDDS on blood glucose level in albino
mice
When SMEDDS and the marketed product were
administered with glucose, the reduction in plasma
glucose level was observed (Fig. 6). The results of
ANOVA indicated that there was a significant differ-
ence in plasma glucose level among three groups
(control, SMEDDS, and marketed) at 30, 60, 90, and
120 min. The results were also confirmed by the post
hoc test using the SPSS software. It can be concluded
that gliclazide SMEDDS is more effective than a mar-
keted product.

Stability study
No significant differences were detected in appearance,
Carr’s compressibility index, Hausner’s ratio, mean pel-
lets size, drug content, and in vitro drug release of the
optimized pellets at 25 °C/60% RH and 40 °C/75%RH up
to 6 months (Table 5), indicating the stability of the opti-
mized batch.

Discussion
Screening of oil, surfactant, and co-surfactant
Gliclazide exhibited the highest solubility in Capmul
MCM C8 EV. The chemical name of Capmul MCM
C8 is glyceryl monocaprylate. It is a glycerin mono
and diester of caprylic acid (97%) and that of capric
acid (~ 3%) [46]. Madan et al. reported that pioglita-
zone HCl exhibited good solubility in the Capmul
MCM C8 and oleic acid [36]. As per their view, drug

exhibits higher solubility in medium-chain triglycer-
ides (MCT) rather than long-chain triglycerides (LCT)
because MCT possesses higher ester content per gram
than LCT.
Higher solubility of the drug observed in Tween 80

than Tween 20 is due to longer hydrocarbon chains of
Tween 80 than Tween 20 [5]. The toxicity of nonionic
surfactants is generally less than ionic surfactants as they
are usually accepted for products given by the oral route
[47]. Prajapati et al. also observed the highest emulsifica-
tion efficiency of Tween 80 with oily phase Acrysol EL
135 [48].
PEG 400 showed more solubility of the drug than PEG

600 and propylene glycol. Guleria et al. also observed
higher solubility of gliclazide in PEG 400 because of the
complete dissolution of drug particles [49]. The per-
formance of co-surfactants is affected by their structure
and chain length as they work by penetrating interfacial
surfactant monolayer [50].

Characterization of gliclazide SMEDDS
Formulations that remain clear upon 100 times dilutions
were selected for further studies as larger dilutions simu-
late in vivo conditions in the stomach following the oral
administration of SMEDDS (pre-concentrate) [51]. The
selected batches M1, M3, M5, M7, and M8 formed
transparent microemulsion. In the dispersibility and
emulsification test, the emulsion was rapidly formed
with a clear bluish appearance.
In the present study, we used distilled water as a

dispersion medium because, as per the literature re-
port, the insignificant difference was observed in the
SMEDDS prepared using nonionic surfactants, dis-
persed in either water or simulated gastric or simu-
lated intestinal fluid [29].

Fig. 5 Comparison of drug release of SMEDDS pellet with the marketed formulation
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The globule size was in the acceptable range (< 100
nm) which may support the permeation of formulation
through biological membranes. Nonionic surfactants can
enhance penetration of the drug through the epithelial
cells by improving the solubility and dissolution of the
drug and also reducing the interfacial surface tension.
The mean globule size of the formulation of batch M3
was less than 50 nm which can favor penetration of
microemulsion at the site of absorption via the transcel-
lular pathway.
Normally, high zeta potential (negative or positive) of

dispersion indicates electrically stabilized dispersion as it
prevents aggregation due to electric repulsion. In the
case of low zeta potential, attraction predominant than
repulsion and results in coagulates or flocculates. How-
ever, this assumption is not applicable to all colloidal
dispersion, especially the dispersion which contains

steric stabilizers. Surfactants used in this study were
nonionic and they lowered zeta potential values. In
addition, the M3 batch was found to be stable during
the study period (3 months), which suggested that for
such systems, stabilization might be promoted by a steric
contribution from nonionic surfactants [52, 53]. pH for
the formulation was near to neutral indicates suitability
for oral administration.

Characterization of gliclazide SMEDDS pellets
Pellets were found to be spherical, and pellet size was
found to be within an acceptable range. The values of
Carr’s compressibility index and Hausner’s ratio sug-
gested excellent flowability and compressibility of the
pellets. Plasticity and good binding property of MCC are
due to low bulk density, high surface area and high hy-
groscopicity of it. Fechner et al. compared the effect of

Table 5 Results of stability study of the optimized gliclazide SMEDDS pellets

Time Carr’s index (%) Hausner’s ratio Mean pellet size* (μm) Drug content* Drug release at 15 min* (%)

0 3.04 1.031 969 ± 8.72 100.9 ± 2.69 93.00 ± 4.62

Product stored at accelerated condition of 40 °C/75% RH

3months 3.03 1.031 965.96 ± 9.14 99.9 ± 2.46 91.82 ± 3.96

6months 3.03 1.030 972.84 ± 10.72 99.1. ± 3.06 92.16 ± 4.27

Product stored at room temperature

3months 3.03 1.031 968.19 ± 8.65 100.2 ± 3.16 93.1 ± 3.05

6months 3.04 1.031 971.08 ± 6.19 99.9 ± 1.47 90.19 ± 4.27

*Mean (n = 3) ± SD

Fig. 6 Comparison of in vivo hypoglycemic effect of SMEDDS pellet with the marketed formulation
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powder cellulose (PC), MCC 101, and MCC 301 on pel-
let quality and concluded that MCC 101 was the best
substance, with easy handling and acceptable product
properties [54]. The higher dissolution rate of SMEDDS
pellets compared to the marketed formulation of glicla-
zide was due to micro-sized globule formation. Cui et al.
improved the in vitro release rate and oral absorption
of Pueraria lobata isoflavone by preparing self-
microemulsifying tablets [55]. The major components
of SMEDDS were ethyl oleate, Tween 80, and Trans-
cutol P. They reported that more than threefold faster
in vitro release rate of puerarin from SMEDDS was
from Yufengningxin tablets. Laddha et al. improved
solubility and dissolution rate of BCS (Biopharmaceut-
ical Classification System) class II antiemetic agent,
domperidone, by developing a self-microemulsifying
drug delivery system (SMEDDS) [56]. A significant re-
duction in plasma glucose level in albino mice proved
that gliclazide SMEDDS is more effective than the
marketed product. The selected optimized batch was
found to be stable as per ICH guidelines.

Conclusion
Solid SMEDDS (Self microemulsifying drug delivery sys-
tem) can be a suitable therapeutic approach for effective
anti-diabetic drug therapy. The low bioavailability of gli-
clazide is due to its poor water solubility and lower dis-
solution rate. Liquid gliclazide SMEDDS provided
improved dissolution rate and in vivo hypoglycemic
effect of the drug compared to the marketed formula-
tion. SMEDDS pellets prepared from optimized liquid
SMEDDS formulation by extrusion-spheronization
method showed to retain all the properties of liquid
SMEDDS and provided benefits of solid multiparticulate
drug delivery system. Bioavailability enhancement and
dose reduction study can be a future of the present re-
search work. Using optimized formulation composition,
S-SMEDDS of other BCS class II drugs can also be for-
mulated and characterized.
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