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ABSTRACT

The study aimed to develop and optimize self-microemulsifying drug delivery systems (SMEDDS) for rosiglitazone
(RGZ), apoorly water-soluble anti-diabetic agent, to enhance its oral bioavailability. Four liquid SMEDDS (RLS1-RLS4)
formulations were prepared using varying concentrations of Capmul MCM C8EP (oil), Cremophore RH 40 (surfactant),
and Labrafil M 2125 CS (co-surfactant). The formulations were optimized based on the globule size, polydispersity index
(P.I.), and zeta potential. The optimized RGZ L-SMEDDS (RLS2) demonstrated globule sizes below 70 nm with good
colloidal stability across simulated physiological environments, achieving a zeta potential between +13.12 and +14.23 mV.
Transmission electron microscopy (TEM) confirmed uniform spherical globules, supporting the formation of a stable
nanoemulsion. The in vitro dissolution studies revealed rapid drug release from the RGZ L-SMEDDS, with the highest
cumulative release (96.23%) in SAB pH 4.5 at 60 minutes, indicating robust performance across different gastrointestinal
conditions. A solid SMEDDS (P-SMEDDS) formulation was developed by adsorbing the liquid SMEDDS onto Neusilin
US2, enhancing its flowability, with an angle of repose of 22°23' and a Hausner ratio of 1.08. The dissolution studies for
P-SMEDDS showed an improved drug release profile with a maximum cumulative release of 94.8% in SAB pH 4.5.
Finally, T-SMEDDS tablets were formulated and evaluated, showing satisfactory hardness (4—4.5 kg/cm?), disintegration
time (less than 5 seconds), and friability (<0.6%). The T-SMEDDS demonstrated optimal drug release, with the highest
release observed in SAB pH 4.5, suggesting enhanced bioavailability for RGZ.
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INTRODUCTION

The global burden of diabetes mellitus (DM), particularly
Type 2 DM, has become a major public health concern, with
an estimated 828 million adult’s worldwide living with
diabetes as of 2022. This number is projected to rise to 1.3
billion by 2050, underscoring the need for effective and
accessible therapeutic strategies.? India alone accounts for
approximately 77 million diabetic patients as of 2021, a
figure expected to reach 134.2 million by 2045.! The
persistent hyperglycemia associated with DM is linked to
serious long-term complications such as cardiovascular
diseases, nephropathy, neuropathy, and retinopathy.>
Many anti-diabetic drugs suffer from poor aqueous
solubility, especially those falling under Biopharmaceutics
Classification System (BCS) Class II, characterized by low
solubility and high permeability.* This pharmacokinetic
limitation results in low oral bioavailability, inconsistent
absorption profiles, along with diminished therapeutic
efficacy, necessitating innovative formulation strategies.’
Lipid-based drug delivery systems (LBDDS), including
Self-Microemulsifying Drug Delivery Systems
(SMEDDS), have shown significant promise in enhancing

the solubility and oral bioavailability of lipophilic drugs.®
SMEDDS are isotropic mixtures of oils, surfactants, and co-
surfactants that spontaneously form fine oil-in-water
microemulsions upon contact with gastrointestinal fluids,
thus improving drug solubilization and facilitating
lymphatic transport.”

However, conventional liquid SMEDDS are associated
with several drawbacks such as leakage, low stability,
handling issues, and poor patient compliance.® To address
these limitations, solidification techniques have been

Figure 1: TEM image obtained from 1000-fold dilution
of RGZ L-SMEDDS (RLS2)
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Table 1: Composition of RGZ Liquid SMEDDS (RGZ L-
SMEDDS)

Table 2: Globule Size, Polydispersity Index, and Zeta
Potential of Optimized RGZ L-SMEDDS (RLS2) in

Components (mg) RLS1 RLS2 RLS3 RLS4 Various Media
RGZ 29.0 29.0 29.0 29.0 Formulation Media Globule P.I.  Zeta
Capmul MCM C8 EP 1594 1594 1594 177.0 Code Size Potential
Cremophore RH 40 1594 141.8 1242 106.6 (nm) (mV)
Labrafil M 2125 CS 36.2 548 724 724 RGZ L- Distilled 61.18+ 036 +13.12
Mass Fill per Capsule  375.0 375.0 375.0 375.0 SMEDDS Water 3.27
. . : (RLS2) (DW)
employed to convert llqu1d SMEDDS into Solid SMEDDS 0.1N HCI 66.23 + 042 +14.23
(S-SMEDDS), which offer the benefits of both improved (SGF) 315
drug delivery and patient-friendly solid dosage forms.’ Phosphate 62.19+ 0.44 +14.09
These solid systems provide enhanced stability, ease of Buffer 315
manufacturing, and improved patient compliance while (SIF)

retaining the self-emulsifying properties crucial for
bioavailability enhancement.'

This study aims to develop and optimize Solid SMEDDS
formulations for poorly water-soluble anti-diabetic agents
by utilizing systematic formulation strategies guided by the
Lipid Formulation Classification System (LFCS) and BCS.
The goal is to enhance oral bioavailability, improve
pharmacokinetic performance, and ultimately contribute to
better glycemic control in diabetic patients.

MATERIALS AND METHODS

Materials

Rosiglitazone (RGZ) was received as a gift sample from
Sun Pharmaceutical Industries Ltd., Bharuch, Gujarat,
India. Oleic acid and ethyl oleate were procured from Alpha
Chemicals Laboratories and SDFCL, Mumbai,
respectively. Various oils including soybean oil, coconut
oil, shark liver oil, linseed oil, sunflower oil, olive oil,
arachis oil, castor oil, and clove oil were obtained from S.D.
Fine Chemicals, Mumbai. All other chemicals used were of
pharmaceutical or analytical grade.

Excipients Screening

The formulation of Self-Emulsifying Drug Delivery
Systems (SEDDS) requires careful selection of oils,
surfactants, and co-surfactants to achieve efficient self-
emulsification. Preliminary studies involved solubility

Cumulative Drug Release Profile of RGZ in Different Media
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determination of RGZ in various excipients, followed by
formulation screening to assess self-emulsification under
mild agitation.!1?

Preparation of RGZ L-SMEDDS

Four formulations of RGZ L-SMEDDS (RLS1-RLS4)
were prepared, each containing 29.0 mg of RGZ. The oil
phase (Capmul MCM C8 EP), surfactant (Cremophore RH
40), and co-surfactant (Labrafil M 2125 CS) were varied to
optimize emulsification.!

Globule Size, Polydispersity Index (P.I.), and Zeta
Potential Analysis

The optimized RGZ L-SMEDDS (RLS2) was diluted 1000-
fold with various dissolution media, including distilled
water (DW), simulated gastric fluid (SGF), and simulated
intestinal fluid (SIF). The globule size, P.I., and zeta
potential of the L-SMEDDS were measured using dynamic
light scattering (DLS) to evaluate emulsification efficiency
and colloidal stability.'*

Transmission Electron Microscopy (TEM)

TEM analysis was performed on the optimized RGZ L-
SMEDDS formulation (RLS2) after 1000-fold dilution with
distilled water to confirm the formation of spherical,
uniform nanometric oil globules. '’

In Vitro Dissolution of RGZ L-SMEDDS
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Figure 2: In Vitro Dissolution Profile of RGZ L-SMEDDS  Figure 3: In vitro dissolution profile of RGZ P-SMEDDS

in Various Dissolution Media

IJPQA, Volume 15 Issue 4, October - December 2024

Page 2649



Optimization and Evaluation of Rosiglitazone - Loaded SMEDDS for Enhanced Bioavailability

Table 3: Comparison of adsorbing agents for their
binding capacity and flow properties

Parameter Observation
Binding Capacity of Neusilin US2 2000

(mg/g)

Angle of Repose 22°23°

Bulk Density (BD) (g/mL) 0.323 £0.015
Tapped Density (TD) (g/mL) 0.350+0.010
Carr’s Index (%) 7.714 £ 0.10
Hausner Ratio 1.08
P-SMEDDS Equivalent to Target 375.00

Dose of RGZ (mg)

The dissolution behavior of RGZ L-SMEDDS was assessed
using three different dissolution media: 0.1N HCI, SAB pH
4.5, and PB pH 6.8. The cumulative drug release at various
time points (10, 20, 30, 45, and 60 minutes) was recorded
to determine the release profile and the impact of different
pH conditions on drug release.!

Preparation of RGZ P-SMEDDS

P-SMEDDS formulations were prepared by adsorbing the
L-SMEDDS onto Neusilin US2. The resulting powder
formulation was characterized for flow properties (angle of
repose, Carr's index, Hausner ratio) and binding
capacity.The P-SMEDDS equivalent to the target dose (375
mg RGZ) was then subjected to dissolution studies.'”

In Vitro Dissolution of RGZ P-SMEDDS

The dissolution profiles of RGZ P-SMEDDS were
evaluated in 0.1N HCI, SAB pH 4.5, and PB pH 6.8 media.
The cumulative drug release was measured at 60 minutes to
assess the formulation’s performance across different
gastrointestinal pH conditions. '8

Development of RGZ T-SMEDDS

The RGZ T-SMEDDS formulation was prepared by
blending 375 mg of RGZ-loaded L-SMEDDS with
excipients (Neusilin US2, Crospovidone, MCC,
Magnesium Stearate, and Talc).

The blend was compressed into tablets using a 12 mm
single-punch tablet press, and the hardness of the tablets
was maintained between 4 and 4.5 kg/cm?2."

Evaluation of T-SMEDDS

The physical characteristics (surface appearance, hardness,
disintegration time, friability) of the T-SMEDDS were
evaluated. The release profile of RGZ from T-SMEDDS
was studied using the same dissolution media (0.1N HCI,
SAB pH 4.5, and PB pH 6.8) to determine drug release
efficiency at various time points.?

RESULTS

Composition of RGZ Liquid SMEDDS (RGZ L-
SMEDDS)

Four RGZ L-SMEDDS formulations (RLS1-RLS4) were
prepared, each containing 29.0 mg of rosiglitazone. Capmul
MCM CS8EP (oil), Cremophore RH 40 (surfactant), and
Labrafil M 2125 CS (co-surfactant) were varied to optimize
emulsification. Oil ranged from 159.4—177.0 mg, surfactant
from 106.6-159.4mg, and co-surfactant from 36.2—
72.4 mg, maintaining a total capsule fill of 375 mg for dose
uniformity as mentioned in table 1

Globule Size, Polydispersity Index (P.I.), and Zeta
Potential of RGZ L-SMEDDS in Various Dilution
Media

The optimized RGZ L-SMEDDS (RLS2) exhibited globule
sizes below 70 nm in all tested media—distilled water

(61.18£3.27 nm), simulated gastric fluid
(66.23+3.15nm), and simulated intestinal fluid
(62.19 + 3.15 nm)—indicating  efficient nanoemulsion

formation. The polydispersity index (0.36—0.44) suggested
uniform globule distribution, while the positive zeta
potential values (+13.12 to +14.23 mV) confirmed good
colloidal stability across physiological environments which
is also shown in Table 02.

Transmission Electron Microscopy (TEM) of RGZ
TEM analysis of the optimized RGZ L-SMEDDS, diluted
1000-fold with distilled water, confirmed the formation of
well-defined, spherical oil globules with uniform size and
distribution. The nanometric droplets, consistent with prior
globule size data (<100 nm), validated the successful
development of a stable nanoemulsion system. The
uniformity and spherical morphology indicate efficient
emulsification and physical stability, supporting enhanced
solubilization and oral bioavailability of RGZ as shown in
figure O1.

Cumulative Drug Release of RosaglitazoneRGZ L-
SMEDDS

The RGZ T-SMEDDS exhibited rapid and efficient drug
release in all three media, with the highest cumulative
release observed in SAB pH 4.5 (96.23%) at 60 minutes,
followed closely by SGF pH 6.8 (96.04%) and 0.1 N HCI
(93.12%). This indicates the formulation's robust
performance across gastrointestinal pH conditions as shown
in Figure 02.

Physical Property of P-SMEDDS of RGZ

The P-SMEDDS formulation exhibited excellent flow
properties, as indicated by an angle of repose of 22°23’,
Carr’s Index of 7.71%, and Hausner Ratio of 1.08. Neusilin
US2 showed a high binding capacity of 2000 mg/g,
enabling efficient conversion of L-SMEDDS into a free-
flowing powder with a target dose of 375 mg RGZ also
shown in table 03.

In Vitro Dissolution Profile of RGZ P-SMEDDS

The dissolution profile shows enhanced drug release from
the P-SMEDDS formulation, with maximum cumulative
release observed in SAB pH 4.5 (94.8%) followed by PB
pH 6.8 (92.5%) and 0.1N HCI (88.2%) at 60 minutes. This
indicates efficient release across varied gastrointestinal pH
conditions as shown in Figure 03.

Development of RGZ T-SMEDDS

The optimized RGZ T-SMEDDS formulation was prepared
by blending 375mg of RGZ-loaded L-SMEDDS with
excipients including Neusilin US2 (210 mg), Crospovidone
(2.5% w/w), MCC (31 mg), Magnesium Stearate (6.5 mg),
and Talc (6.5 mg). The uniform blend was compressed into
tablets using a 12mm single-punch tablet press at a
hardness of 4—4.5 kg/cm?. Crospovidonewas selected based
on disintegration studies to enhance tablet breakdown,
while Neusilin US2 acted as a solid adsorbent carrier. The
final tablets underwent evaluation for weight variation,
hardness, and disintegration time.
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Table 4: Evaluation Parameters for T-SMEDDS of RGZ

Parameter Sample
1 2 3 4 5 6 7 8 9 10

Surface Smooth Smooth Smooth Smooth Smooth Smooth Smooth Rough Rough Rough

appearance

Hardness 55 5.0 5.0 4.5 4.5 4.5 4.5 Not Not Not

(kg/cm?)* Done Done Done

Disintegration 30 15 6 12 7 3 7 <Ss <5s <Ss

Time* (min)

Friability (%) 0.28 0.4 0.45 0.45 0.6 0.54 0.45 Not Not Not
Done Done Done

Evaluation Parameters for T-SMEDDS of RGZ

The evaluation of T-SMEDDS (Tablet Self-
Microemulsifying Drug Delivery Systems) for RGZ shows
consistent surface smoothness across most samples, with
roughness observed in Samples 8, 9, and 10. Hardness
measurements indicate moderate strength in the samples,
with most showing a value around 4.5 to 5.5 kg/cm?, except
for some samples where testing was not done.
Disintegration time ranges from less than 5 seconds to 30
minutes, highlighting variability in how quickly the tablets
break down. Friability values are generally low, suggesting
good tablet integrity, with values ranging from 0.28% to
0.6% in most samples (Table 04)

In Vitro Dissolution Profile of RGZ T-SMEDDS

The cumulative drug release profile of T-SMEDDS
containing Rosiglitazone (RGZ) was evaluated in three
dissolution media: 0.1IN HCI, Sodium Acetate Buffer
(SAB) pH 4.5, and Phosphate Buffer (PB) pH 6.8. The
results showed that SAB pH 4.5 consistently facilitated the
highest drug release at all time points, reaching 70.65% at
60 minutes. 0.1N HCl followed with 65.17%, while PB pH
6.8 showed the slowest release, achieving 56.26%. The T-
SMEDDS formulation demonstrated optimal performance
in mildly acidic conditions, suggesting enhanced RGZ
bioavailability, especially in the small intestine as depicted
in figure 04.

DISCUSSION
The formulation and optimization of RGZ L-SMEDDS
(rosiglitazone-loaded self-microemulsifying drug delivery

Cumulative Drug Release of Rosiglitazone (RGZ) T-SMEDDS
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Figure 4: In vitro dissolution profile of RGZ T-SMEDDS

systems) were carried out with the goal of improving the
bioavailability of the poorly water-soluble drug
rosiglitazone (RGZ). Four RGZ L-SMEDDS formulations
(RLS1-RLS4) were prepared by varying the components of
the oil (Capmul MCM CS8EP), surfactant (Cremophore RH
40), and co-surfactant (Labrafil M 2125 CS). The varying
concentrations of these excipients ensured uniform drug
dose filling (375 mg per capsule) and helped to optimize the
emulsification process for better stability and drug
solubilization.?!>> The optimized formulation, RLS2,
demonstrated favorable physicochemical properties with a
globule size of below 70 nm in various media, confirming
the formation of a stable nanoemulsion. The uniform
distribution of globules, indicated by a polydispersity index
(P.I.) of 0.36-0.44, further supported the consistency of the
formulation. Zeta potential values between +13.12 and
+14.23 mV showed that the formulation exhibited good
colloidal stability, which is essential for maintaining the
drug's solubility and preventing aggregation in
physiological conditions.?*?’

Transmission Electron Microscopy (TEM) analysis of the
optimized RGZ L-SMEDDS formulation confirmed the
formation of spherical oil globules, validating the
consistency in droplet size and morphology. This
characteristic plays a crucial role in improving the solubility
and enhancing the oral bioavailability of poorly soluble
drugs like RGZ. The high rate of drug release observed in
vitro, particularly in SAB (pH 4.5), SGF (pH 6.8), and 0.1N
HCI (93.12%), supports the formulation's ability to release
the drug efficiently across various gastrointestinal
environments.”®

Further, the L-SMEDDS formulation was converted into P-
SMEDDS (powder) using Neusilin US2 as an adsorbent.
The powder exhibited excellent flow properties, as
indicated by a Carr’s index of 7.71% and a Hausner ratio of
1.08, which are ideal for further processing into solid
dosage forms. This efficient conversion was crucial for
maintaining the formulation’s enhanced bioavailability
while also improving the handling and manufacturing of the
drug product.

The dissolution profile of P-SMEDDS showed enhanced
drug release across various media, with the highest
cumulative release in SAB pH 4.5 (94.8%), followed by PB
pH 6.8 (92.5%), and 0.1N HCI (88.2%), demonstrating the
formulation’s efficiency in solubilizing the drug under
conditions resembling the human gastrointestinal tract.?
Additionally, the  T-SMEDDS (Tablet  Self-
Microemulsifying Drug Delivery Systems) formulation
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was successfully developed by incorporating excipients like
Crospovidone, MCC, Magnesium Stearate, and Talc into
the L-SMEDDS formulation. These tablets showed rapid
disintegration, with disintegration times as low as 5 seconds
in some samples, indicating the potential for quick drug
release. The tablets exhibited moderate hardness, ranging
from 4.5-5.5 kg/cm? ensuring adequate mechanical
strength while allowing for rapid dissolution.

The dissolution profiles of T-SMEDDS demonstrated
optimal performance, especially in mildly acidic
conditions, with the highest drug release in SAB pH 4.5
(70.65%) at 60 minutes. This suggests that the T-SMEDDS
formulation is highly effective in enhancing the
bioavailability of RGZ, particularly in the small intestine,
where the pH is more acidic. The observed dissolution rates
are consistent with the goals of improving the solubility and
bioavailability of poorly soluble drugs, thus providing an
efficient drug delivery system for RGZ.30-44

CONCLUSION

The RGZ L-SMEDDS, P-SMEDDS, and T-SMEDDS
formulations demonstrated excellent physicochemical
properties, enhanced drug release, and stability. The
optimized formulations have the potential to significantly
improve the oral bioavailability of Rosiglitazone by
increasing its solubility and dissolution rate. The use of
Neusilin US2 as an adsorbent in the P-SMEDDS and T-
SMEDDS formulations also facilitated the conversion of
liquid formulations into solid forms, enabling convenient
tablet dosage forms with improved drug release profiles.
Overall, these findings underscore the potential of self-
microemulsifying drug delivery systems in enhancing the
bioavailability of poorly soluble drugs like Rosiglitazone.
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