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Abstract. The aim of the current investigation was to generate a self-nanoemulsifying
drug delivery system (SNEDDS) of gliclazide (GCZ) to address the poor solubility and
bioavailability. Ternary phase diagram was created with Capmul MCM C8 NF (oil),
Cremophor RH 40 (surfactant), and Transcutol HP (co-surfactant) to distinguish the self-
emulsifying region. A D-optimal design was employed with three variables, such as oil,
surfactant, and co-surfactant, for further optimization of liquid (L)-SNEDDS. GCZ-loaded
L-SNEDDs were analyzed for globule size, polydispersity index (PDI), and solubility. In vitro
dissolution of optimized L-SNEDDS exhibited (F5) faster drug release (97.84%) within
30 min as compared to plain drug (15.99%). The optimized L-SNEDDS was converted to
solid (S)-SNEDDS as a self-nanoemulsifying powder (SNEP) and pellets by extrusion-
spheronization. Optimized S-SNEDDS were characterized using Fourier-transform infrared
spectroscopy (FTIR), X-ray diffractometry (XRD), differential scanning calorimetry (DSC),
and scanning electron microscopy (SEM). In vitro dissolution of SNEP (S3) and pellet were
90.54 and 73.76%, respectively, at 30 min. In vivo studies showed a twofold rise in
bioavailability through SNEDDS with a significant decline in blood glucose levels compared
to plain drug suspension suggesting a lipid-based system as an alternative approach for
treating diabetes.

KEY WORDS: D-optimal design; extrusion spheronization; SNEDDS; pharmacokinetics; single-pass
intestinal perfusion; self-nanoemulsifying powder.

INTRODUCTION

Gliclazide (GCZ), chemically known as [1-(3-azabicyclo
(3,3,0)oct-3-yl)-3-(p-tolylsulfonyl) urea] (Fig. 1a) (1), belongs
to second-generation hypoglycemic sulfonylureas, which is
commonly used in the management of non-insulin-dependent
diabetes mellitus (NIDDM)/type 2 diabetes. It has a capacity
to slow down the advancement of diabetic retinopathy and
also potent free radical scavenging activity in vitro. GCZ is
very slightly soluble in water (0.19 mg/mL) with pKa of 5.8
exhibiting slow GI absorption rate with inter-individual
variability (2). Poor dissolution and extensive first-pass

metabolism make the drug to have weary absorption rate,
and hence, the oral delivery of the drug is challenging (3,4).
The mean absolute bioavailability of the modified release
tablets was reported as 97% (5).

To overcome the above limitations, many approaches were
explored. Solid dispersion was reported for enhancing the oral
bioavailability of GCZ; yet, there was only 1.5-fold increment (6).
Moyano et al. investigated the beta-cyclodextrin inclusion com-
plexes and found small improvement in the dissolution profile (7).
Ranjith et al. prepared GLZ-loaded chitosan nanoparticles to
sustain the drug release. The size of the nanoparticles was found
to be around 900 nm, the drug entrapment was low, and the
overall bioavailability enhancement is less (1.3-fold) (8). Also,
Eudragit and PLCL nanoparticles were reported for sustained
release of GCZ, where the pharmacokinetic study was not
performed (9,10). However, all these formulations have achieved
limited benefits in terms of solubility, drug loading, dissolution, or
bioavailability. In this regard, lipid-based systems have evolved as
alternative systems for efficient drug delivery due to their
advantages; out of which self-nanoemulsifying drug delivery
systems (SNEDDS) grabbed high attention for oral delivery of
hydrophobic drugs, which practically enhances oral bioavailability
(11). SNEDDS is a lipid-based formulation consisting of an
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isotropic fusion of oil, surfactant, and co-surfactant, which on
exposure to aqueous medium lead to the evolution of an oil-in-
water nanoemulsion instinctively (12). SNEDDS composed of a
non-ionic surfactant, such as Cremophor RH 40, which is an o/w
solubilizer and an emulsifying agent, facilitates trans-cellular and
para-cellular absorption of the drug, and thus improves the
bioavailability of poorly soluble drugs (13,14). SNEDDSare often
composed in liquid state and placed into soft gelatin capsules. Yet,
the soft gelatin capsules have few limitations like low drug
compatibility, poor stability, drug leakage from gelatin shells,
precipitation, capsule aging, scale up, and high production cost
(15). Hence, it is beneficial to modify L-SNEDDS into solid
dosage form referred to as solid (S)-SNEDDS (16), which can
overcome above drawbackswith improved patient compliance. S-
SNEDDS can be formulated as free-flowing powder, granules,
and tablets, which are advantageous to obtain high stability.

Though GCZ-loaded L-SNEDDS was reported earlier, the
authors focused only on characterization and in vitro evaluation
(17). They have not studied the advantages of GCZ-loaded L-
SNEDDS and S-SNEDDS in terms of bioavailability and anti-
diabetic efficacy. Keeping this in view, L-SNEDDSwas converted
into self-nanoemulsifying powder (SNEP) and pellets via
extrusion-spheronization technique via adsorption of GCZ L-
SNEDDS onto various porous adsorbents.

To achieve this goal, GCZ-loaded L-SNEDDS was
formulated using Capmul MCM C8 NF (oil), Cremophor
RH 40 (surfactant), and Transcutol HP (co-surfactant)
applying statistical design of experiments (DoE). DoE is a
novel approach used to investigate, optimize the formulation,
and process parameters by cost-effective screening in mini-
mum time. Formulated L-SNEDDSs were analyzed for
globule size, PDI, solubility, % transmittance, zeta potential,
and drug release. Optimized L-SNEDDS was converted to S-

SNEDDS using inert carriers, such as Aerosil, Sylysia, and
Neusilin US2. The potential of L-SNEDDS and S-SNEDDS
to raise the bioavailability of GCZ was evaluated along with
its anti-diabetic efficacy in comparison to plain drug.

MATERIALS AND METHODS

Materials

GCZ was gifted by BAL Pharma Limited, Bangalore,
India. Capmul MCM C8 NF was provided by Abitec
Corporation (Janesville, Wisconsin). Capryol 90, Capryol
PGMC, Labrasol, Lauroglycol FCC, Labrafil M 1944 CS,
Transcutol P, and Transcutol HP were gifted by Gatteffose
(FRANCE). Miglyol 812 was gifted by Leiutis Pharmaceuti-
cals Pvt. Ltd. Hyderabad, India. Kolliphor® RH 40, isopropyl
myristate (IPM), soybean oil, and olive oil were procured
from Sigma-Aldrich®, India (Sigma® Chemical, St Louis,
MO). Cremophor® RH 40 was gifted by BASF
(Ludwigshafen, Germany). Sorbitan monolaurate 20 (Span
20), Sorbitan monooleate 80 (Span 80), and Triacetin were
acquired from SD Fine Chem Ltd. India. Polysorbate 20
(Tween 20), Polysorbate 80 (Tween 80), PEG 200, PEG 400,
and Brij 35 were acquired from Loba Chemicals Pvt. Ltd.,
Mumbai, India. Propylene glycol and glycerin were purchased
from Final Chemical Limited Ahmedabad, India. Sylysia 350
and 770 fcp and Neusilin US2 were gifted by Fuji Sylysia
Chemicals Ltd., USA. Croscarmellose sodium (Ac-di-sol),
sodium carboxymethylcellulose (CMC), microcrystalline cel-
lulose pH 101, and hydroxypropyl methylcellulose (HPMC)
E5 were purchased from Accent Microcell Pvt. Ltd. Gujarat,
INDIA. Methanol, acetonitrile, ethyl acetate, and all other
chemicals were of analytical grade.

Fig. 1. a Chemical structure of gliclazide and glibenclamide (I.S.). b–d Solubility of gliclazide in different oils,
surfactants, and co-surfactants, respectively. e Analytical chromatogram of gliclazide and glibenclamide (I.S)
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Methods

Solubility

The solubility of GCZ was estimated in different vehicles
by means of shake flask method (18). In brief, surplus amount
of GCZ was in corporate in 1 mL of every vehicle like oil
(Capmul MCM C8 NF, Capryol 90, Capryol PGMC,
Lauroglyol FCC, Oleic acid, Labrafil 1944 CS, Olive oil,
Sunflower oil, Miglyol 812, IPM, coconut oil, soybean oil),
surfactant (Cremophor RH 40, Labrasol, Cremophor EL,
Tween 20, Tween 80, Brij 35, Span 80, Span 20), and co-
surfactant (Transcutol HP, Transcutol P, PEG 400, PEG 200,
ethanol, triacetin, glycerin). These samples were vortexed for
15 min to ensure proper mixing and subjected to continuous
mixing at 37°C up to 72 h in a shaker water bath and
centrifuged at 5000 rpm for 15 min. The samples were filtered
through a Millipore membrane filter (0.45 μm). The super-
natant was suitably diluted with methanol, and the soluble
drug was estimated using HPLC (19).

HPLC Analysis

Equipment. Chromatographic separation was carried-out
by an Inert sustain C18 column (150 × 4.6-mm diameter, 5-μm
particle size) connected to a Shimadzu (Shimadzu, Cort, Japan)
HPLC provided with a SAP-20AUV/visible indicator and LC-20
AD solvent pump unit. Mobile phase composed of acetonitrile
and 0.1% formic acid (60:40, isocratic mode) was employed at a
flow rate of 1 mL/min. Samples of 20 μL were injected, and
eluents were monitored at a wavelength of 228 nm.

Preparation of Standards. GCZ and glibenclamide (in-
ternal standard) were accurately weighed, and the primary
stock of 1 mg/mL was prepared. From this, a secondary stock
of 100 μg/mL was prepared. Calibration standards were
prepared in the range of 0.250–64 μg/mL.

Sample Extraction for Bioanalysis. Protein precipitation
method was adopted to extract GCZ from plasma samples.
Briefly, 250 μL of acetonitrile was added to 50 μL rat plasma
and vortex mixed for proper extraction. Samples were
centrifuged at 8500 rpm for 10 min, and the supernatant was
analyzed by HPLC at a wavelength of 228 nm (20).

Method Validation. The developed method was vali-
dated for parameters, such as the limit of detection (LOD),
limit of quantification (LOQ), linearity, accuracy, precision,
specificity, recovery, and robustness (21).

Construction of Ternary Phase Diagram

From the solubility studies, the excipients (oil, surfactant,
and co-surfactant) showing highest GCZ solubility were selected.
A series of self-emulsifying systems (without drug) were prepared
by varying the concentrations of selected vehicles. The oily phase
was mixed with the Smix (surfactant and co-surfactant mixture)
and sonicated in a trembling water bath at 30°C for 5 min. To this

mixture, distilled water was added dropwise with mechanical
shaking by a vortex mixer. Ternary phase diagram was built using
Sigma Design version 12.0 software to identify the optimal self-
emulsification region. The% transmission of blank SNEDDSwas
measured and the region, which showed clear or slight bluish
dispersions of droplet size of ≤ 200 nm, was considered as the
nanoemulsion region in the ternary phase diagram. The studywas
performed in triplicates (22).

Design of Experiments for the Preparation of GCZ L-
SNEDDS

The D-optimal mixture design was used based on a
three-component system: the oil X1 (Capmul MCM C8 NF, %
w/w), the surfactant X2 (Cremophor RH 40%w/w), and co-
surfactant X3 (Transcutol HP % w/w). The range of each
component was fixed based on the outcome of phase diagram.
The droplet size (Y1), solubility (Y2), and polydispersity index
(PDI) (Y3) were used as responses (dependent variables) to
know the effect of excipient concentration (23–25).

A total of 12 runs were generated by Design-Expert®
software (version 11.0.2.0; Stat-Ease, Inc., Minneapolis, MN)
to compose the L-SNEDDS. Linear, quadratic, special
quadratic, and special cubic models consisting of three
components are suitable models of mixture designs. Based
on the evaluation of several arithmetical parameters, the best
fitting mathematical model was chosen. The dependent and
independent variables were mentioned with ranges in Table I.

The responses remained improved by a desirability
function as per the method presented by Derringer and Suich
(design-expert software). Response is connected with desir-
ability function (di). The value B0^ is assigned for unaccept-
able response and 0–1 for an acceptable response subjected to
the nearness of the response to its goal value. The maximum
desirability (di.max) function Eq. (1) is as follows:

di:max ¼ Y i−Ymin=Ymax−Ymin ð1Þ

Table I. Design of experiments (DoE) for the preparation of GCZ L-
SNEDDS

RUN X1 X2 X3 Y1 Y2 Y3

1 56.66 33.33 10 55.75 21.9 0.281
2 36.66 26.66 36.66 169.8 25.36 0.383
3 50 40 10 64.96 21.2 0.289
4 30 40 30 182.3 25.36 0.494
5 30 20 50 110.4 29.9 0.362
6 36.6 46.66 16.66 180.9 23.46 0.16
7 56.66 20 23.33 62.38 23.1 0.237
8 43.33 46.66 10 154.5 21.73 0.417
9 43.33 33.33 23.33 66.4 21.75 0.409
10 50 20 30 136.2 23.1 0.237
11 30 60 10 201.4 21.37 0.448
12 70 20 10 52.21 22.2 0.189

Note: X1—Capmul MCM C8 NF, X2—Cremophor RH 40, and
X3—Transcutol-HP
All the excipients were taken as % w/w
Y1—globule size, Y2—solubility, and Y3—PDI
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where di.max is taken as distinct desirability of the responses
and Yi is the experimental result.

If Yi≤Ymin, then di.max = 0 and if Yi≥Ymax, then di.max =
1.

If the response is to be reduced, the desirability function
Eq. (2) is defined as:

di:min ¼ Ymax−Y i=Ymax−Ymin ð2Þ

where if Yi≤Ymax, then di.min = 1 and Yi≥Ymax, then di.min =
0.

Overall desirable value (D) is calculated via integration
of individual desirable values as geometric mean ascertains
the maximum desirable value by a comprehensive grid search
over the domain for all the responses. Validation of
Design. Validation of the statistical model prediction in
droplet size, solubility, and PDI was carried by taking design
points from the software.

Preparation of Gliclazide-Loaded L-SNEDDS

In brief, exactly weighed 30 mg of GCZ was dispersed in
the mixtures of Cremophor RH 40 and Transcutol HP (Smix),
and the dispersions were gently wobbled at 30°C for 5 min.
Capmul MCM C8 NF was added to the Smix and sonicated for
15 min to get a clear dispersion. The resulting L-SNEDDS
was preserved in air-tight containers at room temperature for
further studies.

Characterization of L-SNEDDS

Self-Emulsification Time. Self-emulsification test was per-
formed on all miscible self-nanoemulsifying system combinations
according to the method suggested by Craig (22). Accurately,
0.6 mL of each self-nanoemulsifying systemwas placed in 200mL
of distilled water and agitated using magnetic stirrer at 100 rpm.
The clarity of dispersion, spontaneity of emulsification, and
apparent stability were observed.

Robustness to Dilution. L-SNEDDS was subjected to
increasing dilutions (50, 100, and 1000 folds) using distilled
water, simulated gastric fluid (0.1-N HCl, pH 1.2), and
simulated intestinal fluid (phosphate buffer, pH 7.4) as
media. After dilution, it is stored for 24 h to assess the
stability and see if any physical change, such as phase
separation and precipitation taking place. L-SNEDDS after
suitable dilution with purified water (1:100) was subjected
to centrifugal force (26). Droplet size was measured to
check the influence of dilution on emulsion stability
(27,28).

Determination of Globule Size, Polydispersity Index, and
Zeta Potential. Mean globule size, PDI, and zeta potential
were computed in triplicates at a light scattering angle of 90°
by Malvern Nanosizer/Zetasizer® Nano-ZS ZEN 3600
(Malvern Instruments; UK) at 25°C (27). Each sample was
suitably diluted to 50, 100, and 1000 folds with different media
for comparison.

In Situ Single-Pass Intestinal Perfusion (SPIP)
Method. To know the intestinal perfusion of L-SNEDDS,
SPIP study was carried out following the previously reported
methods (29,30).

In brief, the rats were segregated into two groups (pure drug
and formulation) comprised of three animals each. The rats were
anesthetized with thiopental sodium (50 mg/kg, intraperitoneal).
The abdomen section of rat was cut up to 3–4 cm, and ileum
segment of 10 cm was identified with ileo-cecal junction as a distal
marker. The ileum and lumen were cleaned with saline by making
semi-circular incisions at the two ends. Polyethylene tubing was
inserted at the two ends and tied with a thread. The intestine was
primarily infused with blank perfusion buffer (phosphate buffer
saline) at a flow rate of 1 mL/min for 5 min using syringe pump
(Olives India). Subsequently, the intestine was perfused with pure
drug (in 0.5%w/v ofCMC) and optimizedL-SNEDDS (10mM) at
a continuous flow rate of 0.2mL/min for a duration of 120min, and
perfusate was recovered for every 10min. Isotonic saline-wet gauze
was spread over the ileum segment. The length of the ileum
segment was measured at the end of the perfusion. Perfusion
samples collected at pre-fixed time points were evaluated byHPLC
to estimate the concentration of drug. An outlet perfusate steady-
state concentration achieved at different time pointswas considered
for final calculations. The steady-state intestinal effective perme-
ability (Peff) was determined according to a parallel tube model.

Peff ; rat ¼ −Q � ln Cout=Cinð Þ=60 � 2πrl

where Q is the perfusion rate, r is the radius of the intestinal
segment, l is the intestinal segment length, and Cin and Cout

are the inlet and fluid transport corrected outlet solute
concentrations, respectively.

Preparation of S-SNEDDS

S-SNEDDS was prepared from the optimized L-
SNEDDS by two methods, i.e., SNEP and pellets by
extrusion-spheronization technique. Self-Nanoemulsifying
Powder. The L-SNEDDS with less globule size, low PDI, and
possessing good solubility was converted into SNEP by
adsorbing onto the different solid porous carriers (inert),
such as Neusilin US2, Aerosil 200, Sylysia 350, and Sylysia
770. In brief, 1 g of optimized L-SNEDDS was taken in a
clean, dry glass mortar, and chosen solid inert carrier was
gradually mixed in increment quantities and mixed to get a
homogeneous free flowing powder. The prepared SNEPs
were kept in a desiccator for further characterization and
evaluation (31,32).

Preparation of Pellets by the Extrusion-Spheronization
Technique. An optimized L-SNEDDS was converted into a
solid pellet by extrusion-spheronization technique. In brief,
Sylysia 350, MCC PH 101, HPMC E5, and ac-di-sol were
mixed with optimized L-SNEDDS in a dry glass mortar to get
a non-sticky solid powder (15). Few drops of distilled water
were added for the formation of wet mass suitable for
extrusion. The wet mass was extruded through 1-mm screen
at 50 rpm for 5–8 min for the formation of extrudates. The
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extrudates were then spheronized using a spheronizer (M.B.S
1029, 250406, Caleva, England) fitted with a screw of
dimension 1 mm × 1 mm × 1 mm at 1000 rpm subjected to 8–
12 min for the formation of spheres. The pellets were dried at
45°C (hot air oven) for 1 h and kept in a desiccator until
further evaluation (33,34).

Determination of Liquid Adsorption Capacity, Micromeritics,
and Reconstitution Properties

The fluid adsorption capacity of various carriers
(Neusilin US2, Aerosil 200, Sylysia 350 and Sylysia 770) used
in formulating SNEP was assessed by computing the quantity
of inert porous carrier needed to adsorb 1 g of L-SNEDDS.
Angle of repose, Hausner’s ratio, Carr’s compressibility
index, bulk density, and tapped density were measured for
SNEP (35).

For reconstitution property, the SNEP and pellets were
dissolved in 100 mL of distilled water with gentle agitation on
a magnetic stirrer at 100 rpm for 30 min. Further samples
were filtered and analyzed for globule size, PDI, and zeta
potential.

In Vitro Drug Release Studies

The dissolution was performed to compare the release
pattern of a plain drug, L-SNEDDS, SNEP, and pellet in
phosphate buffer (900 mL; pH 7.4) at a speed of 100 rpm and
37 ± 0.5°C using USP Type-II apparatus (DS 8000, LAB
INDIA, Mumbai, India). Plain drug and formulations (equiv-
alent to 30-mg GCZ) were placed in USP-II dissolution
apparatus. At fixed time intervals, aliquots of 5 mL were
collected and replaced with the phosphate buffer to maintain
sink conditions. All the samples were clarified (0.45 μm) and
analyzed by HPLC (20).

Characterization and Evaluation

Fourier-Transform Infrared Spectroscopy. The infrared
spectrum of the plain GCZ, L-SNEDDS, Sylysia 350, SNEP,
MCC PH 101, HPMC E5, Ac-di-sol (excipients), and the
pellet was recorded on Fourier-transform infrared spectro-
photometer (Shimadzu, Japan) in the range of 4000–400 cm−1

to find out interactions among the excipients used in the
formulations.

Differential Scanning Calorimetry (DSC). DSC of
plain drug, physical mixture of GCZ & Sylysia 350,
optimized SNEP, and pellet was carried out using a
differential scanning calorimeter (DSC Shimadzu, DSC-
60, Kyoto, Japan). Accurately weighed samples were
placed in a flat-bottomed standard aluminum pan and
scanned at a heating rate of 20°C per minute in the range
of 0–200°C under an inert nitrogen atmosphere at a flow
rate of 40 mL/min.

X-ray Diffractometry. X-ray diffraction studies (XRD-7000
Shimadzu) of plain GCZ, optimized SNEP, and pellet were
performed to investigate the change in crystallinity of the drug

when L-SNEDD transformed to S-SNEDD. The analysis was
performed using copper (Cu Kα) radiation and graphite mono-
chromatic voltage of 40 kV. The samples were scanned from 2 to
80°, at 2θ at a step size of 0.045° at the time of 0.5 s.

Scanning Electron Microscopy (SEM). Scanning electron
micrographs for the plain drug, Sylysia 350, SNEP (S3), and
pellet were taken using scanning electron microscope
(Shimadzu, S-3700N, Japan) to study surface topography
and shape. An accelerating voltage of 15 kV was used to
capture SEM micrographs.

Pharmacokinetics. The experimental protocol was au-
thorized by the Institutional Animal Ethics Committee
(IAEC), NIPER-Hyderabad, Telangana, India (under pro-
tocol no. NIP/2/2015/PE/131). Male Wistar rats (180-200 g)
were used for studying in vivo bioavailability of GCZ (plain
drug suspension, optimized L-SNEDDS, SNEP (S3), and
pellet). Animals were habituated to the laboratory condi-
tions with temperature of 20 ± 2°C and 50–60% RH under
light/dark climate for a week prior to experiments with
complete access to food and water. Preceding the experi-
ment, all the animals were fasted overnight with unre-
stricted access to water. All the rats were randomly
segregated into four groups with six animals in each group.
Plain drug (dispersed in 0.5% w/v CMC), L-SNEDDS,
SNEP, and the pellet were orally administered (GCZ eq.
to 6-mg/kg body weight). Retro-orbital plexus was used
draw blood sample of 250 μL into EDTA coated tubes
under mild anesthesia at pre-fixed time intervals (0, 0.25,
0.5, 1.0, 1.50, 2.0, 2.50, 3.0, 4.0, 5.0, 7.0, and 8.0 h). Blood
samples were centrifuged at 7000 rpm up to 10 min using an
Eppendorf centrifuge. The separated plasma was processed
and analyzed according to the process mentioned in HPLC
analysis (36).

Pharmacokinetic Parameters. Pharmacokinetic parame-
ters, such as maximum plasma concentration (Cmax), time
taken for its occurrence (Tmax), and area under the curve
(AUC) for each rat, were calculated using the Phoenix
software Winnonlin version 6.3 (Pharsight, Certara Company,
USA). All the data are expressed as mean ± standard
deviation, and one-way ANOVAwas applied using GraphPad
Prism software (version 4.00; GraphPad Software, San Diego,
CA). The results were considered significant if P value is less
than 0.05.

Anti-Diabetic Activity

Hypoglycemic activity of prepared formulations was
tested in overnight fasted normoglycemic rats, which were
grouped into five (n = 6). The control group received only
vehicle (1 mL of 0.5% w/v CMC; p.o.), and the rest of the
groups received 1 mL of a plain drug suspension, L-
SNEDDS, SNEP (S3), and pellets (25 mg/kg; p.o.). All the
animals were given glucose overload (2 g/kg, p.o.) post-
30 min of drug administration. Blood samples were with-
drawn (tail vein) prior to drug dosing and at 30-min interval
up to 12 h of glucose administration. The fasting blood
glucose level was measured using glucose-oxidase-peroxidase
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active strips (Accu-check, Roche Diagnostics, GmbH,
Germany) (37).

RESULTS AND DISCUSSION

Solubility

Solubility study of GCZ was performed in various selected
vehicles as shown in Fig. 1b–d. Among all the tested oils, GCZ
showed high solubility inCapmulMCMC8NF (11.96 ± 0.49mg/
mL) and Capryol 90 (10.52 ± 0.11 mg/mL). Similarly,
Cremophor RH 40 (13.93 ± 0.65 mg/mL) and Labrasol (13.80
± 0.48 mg/mL) among surfactants and Transcutol HP (32.03 ±
0.73 mg/mL) and Transcutol P (30.55 ± 0.61 mg/mL) among co-
surfactants have shown comparatively highest solubility. The
analysis was done using HPLC. To select a suitable combination
of oil, surfactant, and co-surfactant, miscibility and % transmit-
tance were tested (Supplementary Table 1). The % transmit-
tance was high with Transcutol HP than Transcutol P even
though they are miscible in combination. Labrasol gave a turbid
solution of poor% transmittance (≤ 7.75). With Capryol 90, the
% transmittance is still less and it has shown turbidity with other
combinations. Therefore, Capmul MCM C8 NF, Cremophor
RH 40, and Transcutol HP were selected as oil, surfactant, and
co-surfactant, respectively, for formulating L-SNEDDS.

HPLC Method Validation

HPLC method was developed with previously mentioned
parameters, and the chromatogram is shown in Fig. 1e.

Limit of Detection and Limit of Quantification

LOD and LOQ are the concentrations where the signal to
noise ratio (S/N) is above 3.3 and 10, respectively. Here, the LOD
and LOQ were found to be 0.0625 and 0.250 μg/mL, respectively.

Linearity

The linearity of the compound was established in the
range of 0.250 to 64 μg/mL, and the regression coefficient
(R2) was 0.999. Accuracy and Precision. Accuracy and
precision were assessed to know the quality control of
samples, and the results are given in Supplementary Table II.

Specificity. The chromatograms of the sample are com-
pared with the blank to determine the specificity.

Recovery. The response acquired from the concentration of
the analyte extracted from the biological matrix is compared to
the response of the pure standard to obtain percentage recovery.
This study was performed at three concentrations (low, medium,
and high) and un-extracted standards representing 100% recov-
ery (Supplementary Table III).

Construction of Ternary Phase Diagram

Ternary phase diagram was constructed (without GCZ)
to identify the self-emulsifying region and optimize the

concentration of oil, surfactant, and co-surfactant for prepar-
ing L-SNEDDS in the ternary phase. The green solid line
region in Supplementary Fig. 1 represents the more effectual
self-emulsifying region. L-SNEDDS form a fine o/w emulsion
within the self-emulsifying region with gentle agitation.
Cremophor RH 40 reduces the interfacial tension and also
lowers the bending stress of the film, which leads to formation
of stable emulsion (38). Moreover, Transcutol HP (HLB-4),
which is a co-surfactant, behaves as an amphiphile and is
anticipated to enhance the interfacial fluidity of external
surface of emulsifier in the micelles as a consequence of the
entrapment of the previous in Cremophor RH 40 (HLB 14),
improving the emulsification process upon dilution (11,39).

Design of Experiments

From the ternary phase diagram, oil (30–70%), surfactant
(20–60%), and co-surfactant (10–50%) ranges were selected for
the D-optimal design. A total of 12 experiments were con-
ducted, and the responses observed were summarized in Table I.

Globule Size (Y1)

Response (Y1) of nanoemulsion was ranging from 52.21
to 201.4 nm. The model suggested by the design was linear,
which was found to be significant. The adequate precision
value was 8.70, which are more than the required value
indicative of adequate signal and the model can be used for
further analysis. ANOVAwas performed to analyze the effect
of factor over the response (Y1), and the P value obtained
was 0.0085. As shown in Fig. 2a, three-dimensional response
surface plots and contour plots were constructed to interpret
the correlation between dependent and independent vari-
ables. This correlation can be further studied by the actual
regression equation given by the design.

Globule size Y1ð Þ ¼ −−0:82231X1 þ 3:23953X2 þ 2:14753X3

This equation displays an inverse relation between the particle
size and the concentration of CapmulMCM (X1), whereas a direct
relation with the levels of Cremophor RH 40 (X2) and Transcutol
HP (X3). Increase in X1 concentration along with decrease in the
levels of X2 and X3 resulted in decrease in particle size. This
relation can be justified by reduction in the droplet size from 201.4
to 52.2 nm, when the amount of Capmul MCM C8 NF was
increased from 20 to 70% keeping Cremophor RH 40 and
Transcutol HP (X3) at low levels of 20 and 10%, respectively.

Solubility (Y2)

Solubility (Y2) of the drug plays an important role in the
formulation. Hence, it is selected as the response, and after
the experimentation, the solubility ranged from 21.1 to
29.9 mg. Linear model was applied for the regression analysis,
and it was found to be significant with adequate precision
value 12.58, which is more than the required value indicative
of adequate signal and the model can be used for further
analysis. Further ANOVA was performed to analyze the
effect of factors on the response (Y2), and the P value
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Fig. 2. a Response surface and contour plots showing the effects of variables on globule size (Y1). b Response surface and contour plots
showing the effects of variables on solubility (Y2). c Response surface and contour plots showing the effects of variables on PDI (Y3). d
Overlay plots obtained by criteria of low globule size, low PDI, and solubility greater than 25 mg/mL
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Fig. 2. (continued)
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obtained was 0.0004. As shown in Fig. 2b, the contour, 3D
surface plots, and the solubility are affected by all the factors.
This correlation can be explained by the actual regression
equation, which is

Solubility Y2ð Þ ¼ 0:18898 X1 þ 0:20500 X2 þ 0:37025X3:

All the factors have positive impact on the response,
whereas the response of X3 has prominent impact, which can
be noticed with the increase in solubility up to 29.9 mg when
the levels of X1, X2, and X3 are 30, 20, and 50, respectively.

Polydispersity Index (Y3)

PDI gives the broadness of the prepared formulation,
whether the prepared formulations are mono or
heterodisperse. In these trials, the PDI values varied from
0.160 to 0.494. Reduced special quartic model was applied for
the regression analysis, and it was found to be significant with
adequate precision value 11.23, which is more than the
required value indicative of adequate signal and model can
be used for further analysis. Further ANOVAwas performed
to analyze the effect of factors on the response (Y3), and the
P value obtained was 0.0029. As shown in Fig. 2c, the
contour, 3D surface plots, and the PDI are affected by all the
factors. This correlation can be explained by the actual
regression equation, which is

Polydispersity index Y3ð Þ ¼ 0:168X1 þ 0:486 X2 þ 0:375X3

þ 33:86 X1
2X2X3–29:32 X1X2

2X3:

ANOVA, regression analysis, and factor co-efficient with
corresponding P values of each response were provided in
Supplementary Tables IVa, IVb, and IVc, respectively.

To obtain the desirability values, the criteria were set to
minimize the response Y1 and Y3 and to maximize the
response Y2. The higher the desirability value, the higher is
the assurance of obtaining the desired values with the
provided formulations. Desirability value of 0.806 was
obtained for the solution, which is the same as that of the
formulation F5 (X1 = 30 mg, X2 = 20 mg, and X3 = 50 mg).
The overlay plot for the same was generated, and the region
in yellow color represents the area of choice where the
desired results shall be obtained and the gray area represents
the out of scope area shown in Fig. 2d.

Validation of the design was done by confirmation trial.
The result obtained by the run was compared with the values
predicted by the design, and the difference between these
values was calculated. The reliability of the design used was
assured by the low value of biasness obtained.

Characterization of L-SNEDDS

Assessment of Self-Emulsification Time and Robustness to
Dilution

Emulsification studies clearly distinguish the emulsifica-
tion potential of several surfactants. A proper mixture of low
and high HLB surfactants is imperative to develop a stable

self-nanoemulsifying system. An adequate ratio with perfect
blends of surfactants with HLB value of 14–16 and 4.2 for
Cremophor RH 40 and Transcutol HP, respectively, aids in
the highest emulsification efficiency (98.05%). The mixtures
prepared using Labrasol as surfactant exhibited a low
transmittance value (< 10%), which is indicative of poor
emulsification capacity. Though the selected surfactants in
this study have a HLB value in the range of 14–16, the
experimental variation in their emulsification capability may
be ascribed to the variation in their arrangement and chain
length (13). This combination of surfactant and co-surfactant
resulted in lucid nanoemulsion with short time for emulsifi-
cation (11).

Also, after 50, 100, and 1000 times dilution with water,
pH 1.2 and pH 7.4, there was no precipitation, cloudiness, or
separation even after 72 h. The resulting emulsions were
satisfactory with less particle size (< 201 nm) demonstrating
their toughness to dilution.

Globule Size, PDI, and Zeta Potential

Globule size, PDI, and zeta potential are critical
parameters, which in turn affect the bioavailability of drug.
Globule size limits the drug release and absorption, since
smaller particles come up with a high surface area for faster
drug diffusion. A perfect ratio of oil, surfactant, and co-
surfactant contributes to stable and efficient SNEDDS that
undergoes spontaneous emulsification because of its low
globule size. A variation in the length of fatty acid carbon
chain and degree of unsaturation of the selected oil and
surfactant will greatly determine the stability of the formed
emulsion (40). As shown in Fig. 3, globule size was calculated
by zeta sizer, and the results were found to be in the range of
52.21 to 201.4 nm, which indicated nanometric size range. The
globule size of the nanoemulsion is believed to be an
important parameter that results in less emulsification time
with improved absorption via lymphatic uptake and thereby
causing a successive intensification in therapeutic effective-
ness of the drug (41,42). Capmul MCM C8 NF is a good
solvent for lipophilic drugs, and besides, it aids in self-
dispersibility of formulation upon hydration. Further, it is
likely that the use of high HLB surfactant possess an
advantage in increasing interfacial fluidity and emulsification
of SNEDDS upon dilution with water (39). Cremophor RH
40 (HLB 14), a non-ionic solubilizer, and Transcutol HP
(HLB 4), being a co-solvent, are responsible for the
formation of small globule size with low PDI in the presence
of fatty acids (22). Among the prepared formulations, F5 was
found to have a droplet size of 110.4 ± 1.9 nm and PDI of
0.262 with zeta potential − 30.1 mV (Fig. 3). A higher value of
zeta potential interprets an increase in electrostatic repulsive
force, therefore, ruling out the probability of coalescence
(43,44).

Preparation and Evaluation of Self Nanoemulsifying Powder
and Pellets

S-SNEDDS concept was evolved to overcome the
stability and compatibility issues that arise upon incorpora-
tion of L-SNEDDS into the capsule. The L-SNEDDS (F5)
was changed into SNEP by adsorbing onto porous inert
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carriers. The liquid adsorbing capacity and flow properties
are given in Table II. Amid the various adsorbent carriers,
Sylysia 350 has shown better flow properties with a minimum
amount for adsorption (380 mg for 1 g of L-SNEDDS). The
ratio of excipients to L-SNEDDS needs to be tailored in such
a manner that there is effective adsorption without any loss of
drug during the process. Sylysia 350 is an amorphous
micronized silica characterized by high porosity with an
average particle size of 3.9 μm and has a bed surface area
of 300 m2/g, frequently used to adsorb lipid formulations (45).
Sylysia 350 is widely used as a powdering agent and carrier
for liquid medicaments with good flowability, which helps in
the conversion of powder to pellets and does not affect the
quality and stability of drug on storage. SNEP prepared using
Sylysia 350 is having a Carr’s index value of 16.75 and
Hausner’s ratio of 1.25 and hence can be regarded to possess
good flow proper t ies . SNEP was conver ted to
nanoemulsifying system and observed that on dilution, there
was an increase in the particle size. However, it was below
200 nm (189.2 ± 14.2 nm), and a slight increase in particle size
may be owed to the time taken for surfactant and co-
surfactant to release from powder matrix. Further, the
prepared SNEP was evaluated for in vitro dissolution and

chosen for extrusion spheronization to prepare pellets for
easy handling, which can improve the patient compliance.
The concept of combining the benefits of self-emulsifying
system with pellets prepared by extrusion spheronization
technique was established by Newton et al. (42). Based on the
micromeritics and in vitro dissolution studies, SNEP formula-
tion containing Sylysia 350 (S3) was chosen for further studies
because of its high adsorbing capacity and less particle size
with enormous surface area. The composition of optimized
pellets prepared using SNEP (S3) was shown in Supplemen-
tary Table V. The physical state of the drug in SNEP and
pellet formulation was further investigated as it influences
release characteristics (46).

In Vitro Drug Dissolution Studies for L-SNEDDS, SNEPs,
and Pellet

Cumulative percent drug release was carried out in
phosphate buffer (pH 7.4) using a USP apparatus type II.
The drug release profiles of plain drug and F5 (L-SNEDDS)
are shown in Fig. 4a. Formulation F5 (97.84%) showed higher
drug release within 30 min compared to plain drug dispersion
(15.99%), which is significantly low (P < 0.05). Greater

Fig. 3. Globule size and zeta potential results

Table II. Liquid adsorbing capacity and flow properties of various adsorbents for SNEP preparation from L-SNEDDS(F5)

Code Solid carrier Drug (mg) Carrier required for
1-g L-SNEDDS(F5) (in mg)

Bulk density Hausner’s ratio Tapped density Carr’s index Angle
of repose

S1 Aerosil 200 30 417 ± 24.50 40.9 1.23 50.21 19.05 26.21
S2 Neusilin US 2 30 732.5 ± 17.67 45.4 1.19 54.11 16.09 22.6
S3 Sylysia 350 FCP 30 380 ± 14.14 36.06 1.25 43.32 16.75 25.43
S4 Sylysia 770 FCP 30 1145.5 ± 26.89 55.79 1.21 67.75 17.65 24.84
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availability of the dissolved GCZ and nanosized droplets of
emulsion could have led to higher drug release, which is also
supported by other authors (47). Hence, F5 was further
selected for transformation of L-SNEDDS to S-SNEDDS,
and dissolution was carried out for the same. Dissolution was
performed for all the prepared SNEPs to know the effect of
different carriers.

The comparative dissolution profiles of plain GCZ, S1
(Aerosil 200), S2 (Neusilin US2), S3 (Sylysia 350 FCP), and
S4 (Sylysia 770 FCP) are shown in Fig. 4b. The results show
that SNEP prepared with Sylysia 350 (95.13%) showed faster
drug release within 30 min followed by S2 (91.84%). Less
drug release was seen for both S1 and S4 (around 86%) when
compared to the plain drug. Though there was an insignificant
variation in drug release among S2 and S3 within 30 min,
percent drug released within 5 min was greater for S3. The
percent drug release from plain drug, S3 SNEP, and pellet
was shown in Fig. 4c. The percent drug release within 30 min
was 73.76 and 95.13% for pellet and SNEP, respectively. The
average dispersing droplet size formed by S3 and pellets with
Sylysia 350 was in the order of 152.45 and 189.2 14.22 nm,
respectively. The faster dissolution kinetics of powder and
pellet was in accord by smaller size of droplets produced,
which render a great surface area for drug diffusion and rapid
emulsification of L-SNEDDS also led to higher dissolution
(22). Superior dissolution is also attributed to huge surface
area of the Sylysia 350, and its high porous nature helps in
uptake of release medium and simultaneously leading to
rapid emulsification.

In Situ Single Pass Intestinal Perfusion Method

In spite of the good in vitro results, most of the drugs fail
to show the in vivo activity due to the reasons like poor
absorption, water insolubility, and physical instability. Intes-
tinal mucosa forms the major barrier for controlling the
process of absorption. Regarding the same, we conducted the
SPIP study for determining formulation efficiency in an intact
rat model. Intestinal permeability of plain drug and L-
SNEDDS was assessed in rat ileum. Effective permeability
(Peff) was determined from the steady-state drug concentra-
tions in the collected perfusate. Results showed that there was
an improvement in effective permeability of drug from 0.08 ±
0.002 × 10−4 to 0.3 ± 0.04 × 10−4 cm/s. The main advantage of
in situ SPIP technique is integral physiological conditions in
experimental animals. This method helps in predicting
intestinal absorption in humans as it relates to the local
absorption rate across the epithelial barrier. Our results
predicted that drug delivery in nanoemulsion increased the
intestinal permeability due to reasons like reduced particle
size, increased surface area, increased solubility, and better
dissolution.

Characterization and Evaluation

Fourier Transform Infrared Spectroscopy for SNEP and
SNEDDS Pellets

To reveal the compatibility among the components,
IR spectra of plain GCZ, excipients, and formulations (L-
SNEDDS, SNEP, and pellets) were recorded as shown in

Fig. 5a, b. The plain GCZ showed distinctive absorption
peaks at 3270, 2932, 1707, 1596, and 1349 cm−1, whereas
Sylysia 350 exhibited broad absorption peaks at 1080.29,
972.22, and 799.58 cm−1. The unique peaks of the drug at
2925, 2857.37, 1737.54, 1456.93, and 1350.39 cm−1 were
retained in L-SNEDDS, SNEP, and pellet formulation.
However, in SNEP, the disappearance of remaining peaks
of GCZ could be related to over lapping with Sylysia
peaks, and no additional peaks were detected. Similarly,
the SNEDDS pellet showed the absorption peaks of the
drug as seen in plain drug revealing the absence of any
chemical interaction among drug, porous carrier, and
other components, thus confirming the compatibility of
excipients.

Differential Scanning Calorimetry

DSC thermograms of GCZ, a physical blend of drug
and Sylysia 350, SNEP (S3), and pellet, are shown in
Fig. 6. Plain GCZ confirmed a pointed endothermic peak
at 169.86°C corresponding to its melting point. In physical
mixture, an endothermic peak of drug was seen at
163.24°C with less intensity, and the carrier exhibited a
diffused peak at around 230.2°C. But, in case of SNEP (S3)
and pellet formulations, a broad diffused peak was seen,
which is an evidence of transforming crystalline state of
drug to amorphous form or a reduced crystallinity of GCZ
in optimized formulation (14,48) that may be further
confirmed from powder XRD.

X-ray Diffraction

The XRD for the plain drug, SNEP (S3) and pellet are
shown in Fig. 6b. The XRD prototype of GCZ shows spiky
peaks at diffraction angles (2θ) of 11, 15, 17, 18, 21, and 22
showing crystallinity of drug. XRD spectra of SNEP and
pellet revealed that there was no drug precipitation during
conversion of L-SNEDDS to SNEP and pellets. Drug peaks
were also noticeable in XRD pattern of pellets but with low-
intensity characteristic peaks of GCZ and even the absence of
some peaks indicating the transformation of GCZ from
crystal-like to unstructured form in S-SNEDDS (49) and
hence could be the reason for faster dissolution for SNEP and
pellet.

Scanning Electron Microscopy

The external surface of the drug (plain), Sylysia 350, S3
SNEP, and pellets was observed through SEM, and the
illustrations are shown in Fig. 7. Plain drug disclosed a
combination of unevenly formed crystals of numerous
dimensions, whereas Sylysia 350 powder was found to be as
a very fine granular porous powder. SEM image of SNEP
(S3) and pellet indicated the absence of any drug crystals on
the pellet surface, which confirmed the solubilization state of
a drug. The lack of the distinctive crystalline structure of
GCZ in SNEP (S3) designates the conversion of the drug to
unstructured or as molecular condition (50). Similarly, pellets
were spherical in shape with a rough surface.
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Fig. 4. a In vitro dissolution profiles in phosphate buffer (pH 7.4; mean ± SD; n = 3) of F5
L-SNEDDS and plain drug. b In vitro dissolution profiles in phosphate buffer (pH 7.4;
mean ± SD; n = 3) of F5 L-SNEDDS with adsorbents of Sylysia 350, Sylysia 770, Aerosil
200, Neusilin US2, and plain drug. c In vitro dissolution profiles in phosphate buffer (pH
7.4; mean ± SD; n = 3) of S3 SNEP, pellet, and plain drug
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Fig. 5. a FTIR overlay of drug, L-SNEDDS, Sylysia 350, and S3 SNEP. b FTIR overlay of the drug, MCC, HPMC,
Ac-di-sol, Sylysia 350, L-SNEDDS, and pellet

Fig. 6. a Overlay of differential scanning calorimetric thermograms of drug, drug + Sylysia 350 FCP, optimized S3 SNEP, and
SNEDDS pellet. b Overlay of X-ray diffractograms of drug, S3 SNEP, and SNEDDS pellet
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Pharmacokinetics

The plasma drug concentration versus time profile of
plain drug suspension, L-SNEDDS, SNEP, and pellets
subsequent to oral administration is depicted in Fig. 8,

and pharmacokinetic parameters are given in Table III.
Unlike the plain drug, L-SNEDDS exhibited significantly
higher plasma drug profiles followed by pellets and SNEP.
The Cmax values of L-SNEDDS (3639.7 ± 120 ng/mL),
SNEP (2106.08 ± 115 ng/mL), and pellets (2585.73 ±

Fig. 7. Scanning electron microscopy images of a drug, b Sylysia 350, c S3 SNEP, d S-SNEDDS at 1-mm scale, and e S-SNEDDS at 10-μm scale

Fig. 8. Pharmacokinetic profiles in male Wistar rats (n = 6) of drug in plasma following oral
administration of plain drug suspension, L-SNEDDS, SNEP (S3), and SNEDDS pellets
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130 ng/ml) were approximately twofolds higher than plain
drug suspension (1347.81 ± 118 ng/mL). However, Tmax in
case of L-SNEDDS and SNEP was 1–2 h compared to 3 h
for the plain drug. Area under the curve (AUC0 − t), which
indicates the extent of absorption, was higher around
twofolds for L-SNEDDS compared to suspension. In total,
it is clear that the degree of absorption of GCZ had been
evidently enhanced from the prepared formulations, which
was due to existence of hydrophobic drug in tiny emulsion
globules that makes the availability of drug in a dissolved
state across gastrointestinal (GI) membrane and thereby
lymphatic transportation during intestinal trans-cellular
corridor (51). Another reason for high bioavailability of
GCZ in SNEDDS is attributed to its ability to get
dispersed in GI fluid, crossing the intestinal epithelial
layers, possibility of lymphatic uptake, bypassing the p-
glycoprotein efflux system, and cytochrome P-450 mediated
drug metabolism (52). The present study outcomes too
favored absorption of GCZ from the preparations due to
the medium chain triglycerides of Capmul MCM C8 NF,
which improves lymphatic absorption (49,50). Studies also
suggest that the lipid-based drug delivery systems
consisting of lengthy chain and intermediate fatty acids
deliver the drugs to gastric lymph and evade the portal
movement (41).

Anti-Diabetic Activity

The mean percentage reduction in blood glucose level in
Wistar rats after administration of plain GCZ, L-SNEDDS,
SNEP, and pellet is shown in Table IV. The results demon-
strated a considerable improvement in biological behavior of
L-SNEDDS, SNEP, and pellet than plain GCZ, and there was
no remarkable variation among the L-SNEDDS, SNEP, and
pellet. The reduction in the glucose levels could be due to
effective solubilization of GCZ in SNEDDS leading to faster
and complete absorption (37).

CONCLUSION

Self-nanoemulsifying system for GCZ was formulated
and optimized using Capmul MCM C8 NF (30%),
Cremophor RH 40 (20%), and Transcutol-HP (50%) as oil,
surfactant, and co-surfactant, respectively. D-optimal design
was applied to study the effects of variables on responses, and
further, an optimum formulation was selected by numerical
and graphical optimization. The final composition yielded a
translucent nanoemulsion with a mean particle size < 200 nm
on dilution. To increase the ease of handling, L-SNEDDS has
been successfully transformed into SNEP and pellet. In vitro
dissolution studies revealed the ability of lipid carriers to

Table III. Pharmacokinetic parameters of drug (6 mg/kg) in Wistar rats following oral administration of plain drug, L-SNEDDS, S3-SNEP, and
pellets (mean ± SD; n = 6)

PK parameter (units) Plain drug suspension L-SNEDDS (F5) SNEP (S3) Pellets

AUC(0 − t) (ng ∗ h/mL) 8264.46 ± 102 17,445.78 ± 125 12,095.86 ± 132 11,962.44 ± 122
AUC(0 − α) (ng ∗ h/mL) 11,463.85 ± 105 18,471.90 ± 128 22,539.19 ± 135 13,114.83 ± 125
Cmax (ng/mL) 1347.81 ± 118 3639.73 ± 120 2106.08 ± 115 2585.73 ± 130
Tmax (h) 3.00 1.00 2.00 2.00
Kel (1/h) 0.13 ± 0.04 0.33 ± 0.06 0.04 ± 0.01 0.30 ± 0.07
t1/2 (h) 5.48 ± 1.2 2.07 ± 0.15 16.53 ± 2.5 2.33 ± 0.5
Vz-obs (L/kg) 4.14 ± 1.2 0.97 ± 0.3 6.35 ± 1.8 1.54 ± 0.6
CLz-obs (L/h/kg) 0.52 ± 0.2 0.32 ± 0.12 0.27 ± 0.1 0.46 ± 0.13
MRT (h) 8.03 ± 0.8 3.74 ± 0.6 17.87 ± 1.5 4.48 ± 0.5
% relative bio-availability (Frel)

a 100.00 211.09 146.36 144.75

a Frel calculated for the average AUC values

Table IV. Anti-diabetic activity of GCZ formulations in normoglycemic Wistar rats after oral administration (25 mg/kg, n = 6)

Time (h) Blood glucose level (mg/dl)

Control Plain drug suspension L-SNEDDS SNEP Pellets

0 79.65 ± 2.27 83.20 ± 3.61 74.63 ± 1.54 76.31 ± 3.42 82.88 ± 3.29
0.5 155.23 ± 1.26 136.22 ± 6.84 104.43 ± 1.61 106.29 ± 4.03 112.63 ± 4.38
1 136.88 ± 2.79 118.37 ± 2.88 92.91 ± 1.21 94.02 ± 3.70 104.55 ± 2.58
2 106.66 ± 0.56 102.12 ± 2.63 86.79 ± 3.56 88.71 ± 3.58 96.45 ± 1.77
4 100.48 ± 4.30 93.50 ± 3.69 73.57 ± 1.25 72.68 ± 5.40 79.11 ± 1.76
6 94.30 ± 1.16 83.93 ± 0.91 76.23 ± 1.33 74.61 ± 2.70 81.32 ± 4.18
12 96.36 ± 3.46 82.78 ± 5.01 73.81 ± 2.37 79.66 ± 3.54 87.49 ± 3.61
24 99.52 ± 2.60 82.77 ± 4.82 74.45 ± 3.64 75.14 ± 3.44 79.91 ± 1.35
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enhance the drug dissolution in a significant manner, while
plain form failed in similar prospect. Similarly, in vivo plasma
concentration profiles of SNEDDS were superior with higher
Cmax and AUC values compared to plain drug suspension as a
result of higher diffusion and dissolution achieved by smaller
droplet size of nanoemulsion. Correspondingly, SNEDDS
formulation had shown a significant decrease in blood glucose
levels in normoglycemic glucose tolerance tests. To conclude,
the use of SNEDDS for delivering GCZ could be a potential
approach for combating the current therapy.
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