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Abstract The aim of present research work was to develop
self microemulsifying drug delivery system (SMEDDS) to
improve the oral bioavailability of lercanidipine hydrochlo-
ride and to evaluate the effect of surfactant on the
microemulsion existing area in the pseudo ternary diagram.
Based on the solubility studies, capmul MCM C8 as oil, brij
35 and cremophor EL as surfactants, and propylene glycol as a
co-surfactant were selected. Pseudo ternary phase diagrams
were developed with two surfactants individually and the con-
centration of each surfactant on oil solubilization, existence of
the monophasic area in a phase diagram was evaluated. A
wider microemulsion existing area with greater amount of
oil solubilization (37.0 %) and lesser globule size
(15.02 nm) was observed with cremophor EL compared to
brij 35. Formulation composed of lercanidipine hydrochloride
(3.23 %), capmul MCM C8 (16.13 %), cremophor EL
(53.76 %), and propylene glycol (26.88 %) was optimized
based on the self-emulsification time, globule size analysis,
and in vitro dissolution studies. Optimized formulation was
evaluated further for UV spectra, cloud point, viscosity, ro-
bustness to dilution, transmission electron microscopy, and
ex vivo permeation studies. SMEDDS was found to be prom-
ising in improving solubility and permeability of lercanidipine
hydrochloride that are proven by in vitro dissolution and
permeation studies.

Keywords Phasediagram .Microemulsion .CremophorEL .

Ex vivo permeation

Introduction

Most of the upcoming drug molecules synthesized by the
contribution of combinatorial chemistry are insoluble and de-
mand special delivery strategies for the expected therapeutic
benefit. As oral delivery is most preferred, now-a-days re-
search is mainly focused to bring many bioavailable formula-
tions into the market. Among various drug delivery strategies,
lipid-based delivery systems, in which a drug is usually deliv-
ered by dissolving or dispersing in lipids, are being paid more
attention these days. Lipid contributes to the improvement of
bioavailability of poorly soluble drugs by diverse mechanisms
such as improved solubility [1], improved permeability [2],
stimulation of lymphatic transport [3], etc. Self micro emulsi-
fying drug delivery systems (SMEDDS), one of the lipid-
based delivery systems, is composed of lipid, surfactant
and co-surfactant. SMEDDS are pre concentrates of
microemulsions, as these contain all the components of
microemulsions except water and produce microemulsion up-
on dilution with water instantaneously [4] with droplet size
less than 100 nm [5]. The advantages associated with
SMEDDS like ease of preparation, minimal number of unit
operations, stability, and low cost offered a prime research tool
for formulation scientists [4, 6].

Lercanidipine hydrochloride (LER) is an antihypertensive
agent categorized under calcium channel blockers. It belongs
to class IV of the Biopharmaceutical Classification (BCS)
System. The bioavailability of lercanidipine hydrochloride
was reported to be 10 % [7]. SMEDDS is a promising ap-
proach to improve the bioavailability of lercanidipine
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hydrochloride owing to the reasons stated in the following
paragraphs.

Improved Solubility

Lercanidipine hydrochloride is insoluble in water with aque-
ous solubility of 5 μg/ml [8]. Poor water soluble drugs with
dissolution rate limited absorption can be absorbed efficiently
by SMEDDS with consequent stable plasma time profile [4].
Constant plasma drug levels by SMEDDS is due to presenta-
tion of poorly soluble drug in dissolved form which can by-
pass the dissolution step [9].

Improved Permeability

The absorption of lercanidipine hydrochloride is also limited
by its poor permeability [8]. The fluidization of intestinal cell
membrane by lipids and surfactants causes opening of tight
junctions that contribute to the increased permeability of the
drug [2, 10].

Affect on First-Pass Metabolism

Lercanidipine hydrochloride undergoes extensive metabolism
in the liver as it is a substrate for CYP450IIIA4 isoenzyme [8].
Surfactants like polysorbate 80, cremophor EL, cremophor
RH 40, D-α-tocopherol polyethyleneglycol (1000) succinate
(TPGS) are reported to have inhibitory action on CYP 450
enzymes [11]. As the developed formulation comprises CYP
inhibitory surfactant, this may contribute to the improved bio-
availability of the drug.

Variable Bioavailability

Absorption of lercanidipine increases by three to four times
with co-administration of food, particularly food containing
high fat content. This food-dependent-improved bioavailabil-
ity is not desirable and may lead to inter subject variability [8].
SMEDDS is a promising approach not only to improve oral
bioavailability but also to overcome the variability in bioavail-
ability caused by co-administration of food. As the delivery
system is lipid based and hardly affected by the presence of
bile salts, the effect of the co-administration of food is not
significant [12, 13].

Hence, the present study aimed to develop SMEDDS of
lercanidipine hydrochloride using capmul MCM C8 as oil
phase, brij, and cremophor EL as surfactants and propylene
glycol as a co-surfactant. With each surfactant, the effect of
surfactant and co-surfactant concentration on emulsification
area in the pseudo ternary phase diagram was investigated.
Suitable surfactant was identified by considering the amount
of oil solubilized. Self-emulsification efficiency, droplet size,
percentage transmittance and enhanced in vitro dissolution

profile with the lowest possible amount of surfactant were
considered during optimization of formulation. Optimized for-
mulation was evaluated further for robustness to dilution, UV
spectra, cloud point, viscosity, and ex vivo permeation.

Experimental

Materials

Lercanidipine hydrochloride was obtained as a gift sample
from Cipla Limited, Mumbai, Maharashtra, India. Capmul
MCM C8, Miglyol 810 was a gift sample from Strides
Arcolab, Bangalore, India. Brij 35 was purchased from
Sigma Chemicals, St Louis, MO, USA. Tween 80 was pur-
chased from National Chemicals, Gujarat, India. Tween 20
was purchased from SISCO Research Laboratories,
Mumbai, India. Cremophor EL was obtained as gift sample
from Signet Chemical Corporation Pvt. Ltd., Mumbai, India.
Vegetable oils like olive oil, peanut oil, corn oil, cotton seed
oil, sun flower oil, soyabean oil were purchased from Rajesh
Chemicals, Mumbai, India. Capryol PGMC, Labrasol,
Labrafac PG were gift samples from Gattefosse, Mumbai,
India. Miglyol 517 N, Crodamol GTCC were gift samples
from Dr. Reddy’s laboratories, Hyderabad, India.
Lauroglycol 90, Labrafil M2125CS were gift samples from
Ranbaxy Laboratories, India. Propylene glycol was purchased
from Suvidinath Laboratories, Baroda, India. Polyethylene
glycol 400 and Polyethylene glycol 600 were purchased from
Merck Specialities Pvt. Ltd., Mumbai, India.

Methodology

Saturation Solubility Studies

Solubility studies are preliminary tests in the development of
SMEDDS and are performed to select suitable excipients that
show maximum solubility for the drug [14]. Drug was added
in an excess amount to each excipient and mixed initially by
vortexing and allowed to be shaken for 48 h using a water bath
shaker at 25 °C. After 48 h, samples were subjected to centri-
fugation at 10,000 rpm for 5 min. The drug present in the
supernatant was completely extracted into mobile phase by
vortexing and analyzed for drug content with suitable dilution
using HPLC [15].

HPLC Analysis of Lercanidipine Hydrochloride

A RP-HPLC method was developed and validated to deter-
mine the concentration of drug using LC 2010cHT system
equipped with dual wavelength UV spectrometric detector.
The stationary phase was Hibar®C18 column (250×4.6 mm,
5 μ) maintained at 25 °C. Mobile phase composed of
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acetonitrile and pH 3.5 phosphate buffer (70:30v/v) was deliv-
ered isocratically with a flow rate 1.0 ml/min. The samples
were analyzed with UV detector at wavelength of 242.0 nm.
Chromatographic data was processed using LC solution 1.24
SP1 software. Typical chromatogram was depicted in Fig. 1
and validation data was provided in Table 1.

Construction of Pseudo Ternary Phase Diagram

Ternary diagram denotes the phase behavior of a system com-
posed of three components. When the system to be evaluated
contains three components, one of which is a combination of
two different components, it is called as the pseudo ternary
phase diagram [16]. These pseudo ternary phase diagrams are
needed to select suitable proportion of excipients (Smix=
surfactant:co-surfactant) to achieve maximum self-
emulsification efficiency.

Pseudo ternary phase diagrams were developed with two
surfactants i.e. brij 35 and cremophor EL individually. Two
systems were evaluated, i.e., System A: capmul MCM C8, brij
35, propylene glycol; System B: capmul MCMC8, cremophor
EL, propylene glycol.Water titrationmethod was employed for
construction of pseudo ternary phase diagrams. In this method,
different mixtures of Smix (surfactant:co-surfactant) were pre-
pared like 1:1, 2:1, 3:1, 4:1, 1:2 in weight ratio.

Smix ratios were selected in increasing concentration of
surfactant with respect to co-surfactant (1:1, 2:1, 3:1, 4:1)
and increasing concentration co-surfactant with respect to sur-
factant (1:1, 1:2) in order to evaluate the effect of both surfac-
tant and co-surfactant on changes in phase behavior. For each
phase diagram, Smix was mixed with oil in different weight
ratios like 9:1, 8:2, 7:3, 6:4, 1:1, 4:6, 1:2, 3:7, 1:3, 1:4, 1:5, 1:6,
1:7, 1:8, and 1:9. These ratios were selected in order to cover
the entire region of the phase diagram for a detailed evaluation
of the system. For each combination of oil, surfactant, and co-
surfactant, water was added in 5 % increments. For every
incremental addition of water, the solution was kept aside
for 10 min and checked for clarity, dispersibility, and
flowability [14]. Then pseudo ternary phase diagram was

plotted with the help of CHEMIX School v3.51 software.
Compositions which formed clear solution without phase sep-
aration were denoted by symbols (dots) in the phase diagram
[17]. The area formed when these points are joined signifies
the microemulsion existing area [18].

Preparation of SMEDDS

SMEDDSwas prepared by dissolving the drug in a mixture of
oil, Smix (surfactant and co-surfactant) with initial vortex
mixing followed by mixing using rotospin to ensure homoge-
neous mixing which was then tested for the signs of turbidity.
A clear solution of SMEDDS was stored in a glass vial until
use. Different formulations were prepared with brij 35 and
cremophor EL separately [19]. Composition of various formu-
lations with both systems was presented in Table 2.

Characterization of SMEDDS

Time for Emulsification and Drug Precipitation Assessment

Measurement of time required for emulsification indicates the
self-emulsification capacity of the system. Precipitation as-
sessment is helpful to predict the maintenance of solubilized
form of the drug in vivo [20]. Time required for self-
emulsification was assessed by adding the formulation drop
wise to the beaker containing 250 ml of distilled water. The
time required for the formation of clear solution was noted and
was tested for any sign of drug precipitation for 12 h [21].

Fig. 1 Typical chromatogram of
lercanidipine hydrochloride

Table 1 Validation parameters

Validation parameter Results

Accuracy (%Mean±SD) 99.5±1.12

Repeatability precision (%RSD) 0.44

Intermediate precision (%RSD) 0.89

Linearity (R2) 0.999

LOD (μg/mL) 0.02

LOQ (μg/mL) 0.05
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Percentage Transmittance

The test is indicative of the clarity of microemulsion.
Percentage transmittance of diluted SMEDDS was deter-
mined by using water as blank. Water was scanned in
the range of 400–800 nm and percent transmittance at
560 nm was recorded [14].

Droplet Size and Zeta Potential Analysis

SMEDDS was added to 250 ml of distilled water and the
diluted formulation was subjected to droplet size, polydisper-
sity index, and zeta potential analysis using Zetasizer (Nano
ZS, Malvern Instruments, UK) at 25 °C [21]. Dynamic light
scattering technique was employed for droplet size analysis.
The polydispersity index (PDI) of formulation gives informa-
tion regarding the pattern of size distribution and uniformity of
droplet size. M3-PALS technique that utilizes both laser
Doppler velocimetry and phase analysis light scattering
(PALS) was used for the measurement of zeta potential.
Disposable polystyrene cuvette and disposable capillary
cell were used for globule size and zeta potential mea-
surements respectively [22].

Dissolution

Drug release from the formulations was studied using USP
type I dissolution apparatus. Capsules were placed into bas-
kets of the apparatus; 0.01 N HCl was selected as dissolution

media [23] and the system was maintained at 37±0.5 °C.
Baskets were rotated at 50 rpm [24]. Formulation was filled
into the size 0 hard gelatin capsules prior to dissolution.
Samples (5.0 ml) were withdrawn at regular time intervals
and replaced with fresh media to maintain the sink conditions.
Samples were filtered (0.22 μm) and analyzed for drug con-
tent using UV spectrophotometer at 242 nm [25]. Samples
from the placebo were used as blank to avoid interferences
from the components of the formulation in recording the UV
absorbance.

Robustness to Dilution

Formulation was subjected to the different extent of dilutions,
i.e. 50 fold, 100 fold, 1000 fold with water to evaluate the
effect of volume of a medium on the dispersion, drug precip-
itation and phase separation. The formulation was also tested
for clarity and drug precipitation in 0.1 N hydrochloric acid,
6.8 pH phosphate buffer, and 7.4 pH phosphate buffers to
evaluate the effect of pH of the dispersionmedia. The resultant
solutions were observed visually for any changes initially and
after 12 h [26].

Transmission Electron Microscope

Droplets produced upon dilution of SMEDDS were examined
under the transmission electron microscope (TEM; Hitachi H
7650, Canada). Sample stained with uranyl acetate was placed
on formvar-coated copper grids and allowed to dry. The dried

Table 2 Compositions of
prepared formulations System A Components (mg/unit) and (percentage)

Formulation (oil :Smix) LER Capmul MCM C8 Brij 35 Propylene glycol

F1 (1:3) 10 (4.76) 50 (23.81) 112.5 (53.57) 37.5 (17.86)

F2 (1:4) 10 (3.85) 50 (19.23) 150 (57.69) 50 (19.23)

F3 (1:5) 10 (3.23) 50 (16.13) 187.5 (60.48) 62.5 (20.16)

F4 (1:6) 10 (2.78) 50 (13.89) 225 (62.50) 75 (20.83)

F5 (1:7) 10 (2.44) 50 (12.20) 262.5 (64.02) 87.5 (21.34)

F6 (1:8) 10 (2.17) 50 (10.87) 300 (65.22) 100 (21.74)

F7 (1:9) 10 (1.96) 50 (9.80) 337.5 (66.18) 112.5 (22.06)

System B Components (mg/unit) and (percentage)

Formulation (Oil :Smix) LER Capmul MCM C8 Cremophor EL Propylene glycol

F8 (4:6) 10 (7.41) 50 (37.04) 50 (37.04) 25 (18.52)

F9 (1:2) 10 (6.25) 50 (31.25) 66.66 (41.66) 33.33 (20.83)

F10 (3:7) 10 (5.66) 50 (28.30) 77.8 (44.03) 38.9 (22.01)

F11 (1:3) 10 (4.7) 50 (23.81) 100 (47.62) 50 (23.81)

F12 (1:4) 10 (3.85) 50 (19.23) 133.33 (51.28) 66.67 (25.64)

F13 (1:5) 10 (3.23) 50 (16.13) 166.66 (53.76) 83.34 (26.88)

F14 (1:6) 10 (2.78) 50 (13.89) 200 (55.56) 100 (27.78)

F15 (1:7) 10 (2.44) 50 (12.20) 233.33 (56.91) 116.67 (28.46)

F16 (1:8) 10 (2.17) 50 (10.87) 266.66 (57.97) 133.34 (28.99)

F17 (1:9) 10 (1.96) 50 (9.80) 300 (58.82) 150 (29.41)
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specimen was examined under microscopy at an accelerated
voltage of 80 kV [26].

Thermodynamic Stability Studies

Formulation was subjected to thermodynamic stability stud-
ies, i.e., centrifugation and freeze thaw tests to evaluate the
phase separation and drug precipitation after dilution.
Centrifugation was performed at 5000 rpm for 5 min.
Formulations were subjected to three freeze thaw cycles that
included freezing at −4 °C for 24 h and thawing at +40 °C for
24 h [21].

Ultra Violet Spectra of Microemulsion

Entrapment of drug with locus can be assessed by recording
UV spectra [27]. Spectra were recorded for individual excip-
ients containing the dissolved drug, i.e., capmul MCM C8,
propylene glycol using pure excipients as blank. A spectrum
of diluted SMEDDSwas recorded by scanning the placebo for
baseline. The spectra were recorded from 200–400 nm range
using UV–Visible spectrophotometer (UV-1601 Shimadzu
spectrophotometer, Japan).

Cloud Point

The effect of temperature on the performance of SMEDDS
can be evaluated by the determination of cloud point. The
diluted formulation was kept in a water bath (Julabo TW20,
USA) and temperature was increased gradually. The formula-
tion was allowed to keep for 10 min at each incremental tem-
perature (30, 35, 40, 45, 50, 60, 70, and 80 °C). Percentage
transmittance was determined at each increment in tempera-
ture and compared with initial value. The temperature at
which the percentage transmittance drops significantly was
noted [26].

Viscosity

Viscosity of the SMEDDSwas determined by LVDV-III Ultra
programmable rheometer (Cone/plate rheometer, Brookfield
Engineering Laboratories, Middleboro, MA, USA) using
spindle 40 at 25±1 °C. In this, the spindle was immersed in
the fluid whose viscosity is to be tested and is driven through a
spring. The spring’s deflection gives an indication about the
resistance of the fluid to flow against the spindle. The viscos-
ity of the sample was measured at maximum torque, i.e.,
100 % [28].

Ex Vivo (Non-Everted Intestinal Sac) Permeation Studies

The non-everted intestinal sac method was employed to eval-
uate the permeability of the drug from the diluted formulation

and from the drug solution through the gastrointestinal tract.
The animals were fasted overnight and had only access to
water to clear the gastric contents. Male Wistar rats were
sacrificed by intra peritoneal administration of excess anaes-
thetic agent. Intestinal segment between the upper end of the
duodenum and ileum was isolated and cut into small parts
having 7 cm length. Each part is washed with normal saline
solution and filled with diluted formulation and pure drug
solution (5 mg/0.5 ml) individually. Both ends were tied,
and 5 cm of effective length was maintained for drug perme-
ation. Then, it was placed in a beaker containing the media
(Phosphate buffer saline pH 7.4) with aeration (10–15 bub-
bles/min) maintained at 37.0±1 °C on amagnetic stirrer with a
speed of 50 rpm. At regular intervals, 2.0 ml of sample was
withdrawn and sink conditions were maintained by adding the
same amount of fresh media. Cumulative amount of drug
permeated per unit area of sac and flux were determined as-
suming intestine in cylindrical shape. The results expressed
were averages of triplicate experiments [29].

Statistical Analysis

All the measurements in the study were carried out three times
and the data was expressed as mean±standard deviation (SD).
A two-tailed unpaired student’s t test was performed to test
statistical significance. Statistical probability (p), p<0.01 was
considered as statistically significant (99 % CI).

Stability Studies

The optimized formulation was subjected to stability studies
by storing the samples at accelerated stability storage condi-
tions of 40±2 °C/75±5 % RH for 3 months as per ICH guide-
lines. SMEDDS was filled in a glass vial sealed with rubber
cap and crimped for storage in the stability chamber
(Thermolab, Mumbai, India). Samples were analyzed for
self-emulsification and globule size [27, 30].

Results and Discussion

Solubility Studies

Solubility studies play an important role in the design of
SMEDDS as drug loading, drug precipitation, and total vol-
ume of the formulation depend on the proper selection of
excipients. Solubility of the drug in various excipients was
shown in Fig. 2. Selection of excipients in which the drug
exhibits superior solubility would avoid drug precipitation
in vitro and in vivo, improve drug loading, and help to present
the drug in a solubilized form in the gastrointestinal tract for
efficient absorption. The capacity of oil to hold the drug and
the capacity of surfactant to emulsify maximum amount of oil
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can be improved by using a proper combination of excipients
[14].

The solubility of lercanidipine hydrochloride was studied in
various oils andmaximum solubility was observedwith capmul
MCM C8 which is a medium chain mono glyceride (glyceryl
monocaprylate). Oil phase is the important component of the
formulation as maintenance of drug in solubilized form de-
pends on the type and amount of oil. Solubility of lercanidipine
hydrochloride was found to be less in various fixed oils tested,
which might be due to lower solubilization capacity of long
chain glycerides compared to medium chain glycerides.
Capmul MCM C8 belongs to small molecular volume oils in
which case emulsification was investigated to be easy and also
found to have good solubilization capacity [16, 31].

Brij 35 and cremophor EL were chosen as surfactants as
these excipients are found to have superior solubility for the
drug. The selected surfactants belong to the category of non-
ionic surfactants, which are proven to be safe and effective [32].

The hydrophilic and lipophilic balance (HLB) of two surfac-
tants was high by which they form O/W microemulsion upon
dilution as hydrophilicity of surfactant is the prime parameter to
be considered for the formation of O/W emulsions. The drug
was found to exhibit greater solubility in propylene glycol
among various co-surfactants tested, which is non volatile and
compatible with gelatin capsules compared to alcoholic co-sur-
factants. Among the tested co-surfactants, propylene glycol is
relatively non polar and high solubilization of lercanidipine
hydrochloride might be due to its non polar nature.
Solubilization of oil can be improved by using propylene glycol
as the improved solubility in the presence of polyols such as
propylene glycol and glycerol was well investigated [33].

Construction of Pseudo Ternary Phase Diagram

Construction of a ternary phase diagram requires careful ob-
servation after each addition of water. The change in phase

Fig. 2 Solubility of lercanidipine
hydrochloride in various oils (a),
surfactants (b) and co-surfactants
(c); Data represented as mean±
SD (n=3)
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behavior of the system according to the change in composition
can be evaluated by pseudo ternary phase diagrams. Pseudo
ternary phase diagrams are helpful to select suitable concen-
trations of excipients that form mono phasic microemulsions
[24]. In both systems, capmul MCM C8 was taken as oil and
propylene glycol as co-surfactant.

During water titration, the mixtures were kept aside for
10 min after each addition of water to evaluate the appearance
of metastable forms [34]. The emulsification area was found
greater with cremophor EL compared to brij 35. The area

represents the emulsification ability of the system and the
higher the area, the higher the emulsification ability. Pseudo
ternary phase diagrams were depicted in Fig. 3. With brij 35
(system A), the microemulsion existing area was increased
with an increased amount of surfactant relative to co-surfac-
tant. This was confirmed by the phase diagrams drawn with
surfactant to co-surfactant ratios of 1:1, 2:1, 3:1. However,
when the surfactant was increased from 3:1 to 4:1, the
microemulsion area was decreased. From the results, it is ev-
ident that the maximum amount of oil solubilized was about

Fig. 3 a Pseudo ternary phase diagrams of system A (formulations using
brij 35) with varying Smix ratios (1:1, 2:1, 3:1, 4:1, and 1:2). Shaded
region represnets microemulsion existence region. b Pseudo ternary

phase diagrams of system B (formulations using cremophor EL) with
varying Smix ratios (1:1, 2:1, 3:1, and 1:2). Shaded region represents
microemulsion existence region
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23.0 % and the highest microemulsion existing area was
found with Smix ratio of 3:1. With cremophor EL (system
B), microemulsion existing area was increased from Smix
ratio of 1:1 to 1:2 and when the surfactant was increased
beyond this, the area was decreased. The maximum amount
of oil solubilized was about 37.0 % with cremophor EL. The
highest microemulsion existing area was found with Smix
ratio of 2:1.

The increase in microemulsion existing area with an in-
creased Smix indicates the efficiency of surfactant in reducing
interfacial tension between oil and water. In both the systems,
increase in the concentration of surfactant above certain range
decreased microemulsion existing area. This is attributed to an
increase in the viscosity of the system hindering self-
emulsification [35]. This might be the reason for decreased
monophasic area from Smix ratio of 3:1 to 4:1 in case of
system A and from 2:1 to 3:1 in case of the system B.

As the amount of co-surfactant increased, the self-
emulsification area was found decreased in both the systems,
and dispersion yielded cloudy solutions with subsequent
phase separation. Because of the polar nature of the co-surfac-
tants, they get partitioned into the aqueous phase upon disper-
sion and may lead to decrease in self-emulsification efficiency
[36]. In the case of phase diagrams prepared with an increased
amount of co-surfactant, the clear zone was not found to be
extended towards the apex of the water, which clearly sig-
nifies the loss in emulsification efficiency with infinite dilu-
tion as formulations in which the clear zone extended towards

the water apex can only be diluted to the maximum extent
[34].

From the phase diagrams, it can be concluded that optimal
ratio of surfactant and co-surfactant is necessary for the
achievement of superior self-emulsification. The property of
the surfactant that makes the interfacial film condense and the
property of the co-surfactant that expands the interfacial film
have effects on the self-microemulsifying property of the dos-
age form, and both are concentration dependent.
Concentrations of surfactant and co-surfactant should be op-
timized to achieve the lowest possible droplet size and to
impart robustness to the formulation upon dilution.

Characterization of SMEDDS

Time for Emulsification and Drug Precipitation Assessment

The time required for self-emulsification of the prepared for-
mulations for both systems was presented in Table 3. As the
free energy of formation of microemulsion is low and nega-
tive, the formation of microemulsion from SMEDDS is in-
stantaneous. The presence of co-surfactant in suitable propor-
tion imparts flexibility to the interface by which spontaneity in
formation of microemulsion is made possible. Emulsification
time was shorter for F3 of the system A and F13 and F14 of
the system B. No drug precipitation was observed for 12 h
[19]. The absence of drug precipitation indicates the optimum
proportion of oil and surfactant in the formulation.

Table 3 Characteristic
parameters of developed
formulations

Formulation Globule
size (nm)

Poly dispersity
index (PDI)

Zeta potential
(mV)

Time for
self-emulsification

Percentage
transmittance

System A

F1 93.52±2.5 0.192±0.03 34±1.1 4 min 95.5

F2 63.46±2.3 0.207±0.02 28.4±0.9 1 min 30 s 98.6

F3 52.02±2.1 0.171±0.01 25.5±0.8 40 s 99

F4 55.54±2.5 0.171±0.03 27.4±0.5 40 s 98.4

F5 55.59±3.0 0.173±0.03 22.3±0.5 1 min 98.5

F6 57.02±2.5 0.169±0.02 21.9±0.4 1 min 10 s 98.5

F7 57.5±2.4 0.209±0.02 22.5±0.5 1 min 10 s 98.7

System B

F8 180.5±4.8 0.327±0.02 20.5±0.8 6 min 86.5

F9 165.5±4.2 0.31±0.01 23.8±0.7 4 min 30 s 88.7

F10 117.4±3.6 0.302±0.03 21.2±0.8 3 min 93.5

F11 78.05±2.5 0.278±0.02 20.5±0.6 2 min 95.8

F12 20.68±2.6 0.255±0.03 21.93±0.6 1 min 30 s 99.5

F13 15.84±2.0 0.221±0.02 21.2±0.7 50 s 99.6

F14 14.37±3.7 0.202±0.03 22±0.6 50 s 99.4

F15 14.11±3.6 0.116±0.03 20.5±0.5 1 min 99.5

F16 17.02±2.8 0.233±0.04 18.9±0.6 1 min 30 s 99.6

F17 17.51±2.5 0.228±0.05 18.1±0.5 1 min 30 s 99.4

Data expressed as mean±SD; n=3
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Percentage Transmittance

Percentage transmittance of the prepared formulations with
both brij and cremophor EL was presented in Table 3. The
transmittance values near 100 % indicate the transparency of
the formulations which in turn indicate the formation of
microemulsion with nano size droplets [14]. The transmit-
tance values were near to the pure water except for F1 of
system A and F8, F9, and F10 of system B.

Droplet Size and Zeta Potential Analysis

Droplet size plays a vital role in the drug release profile and
thereby absorption of the drug through the gastrointestinal
membrane. Droplets of nano size range impart higher surface
area for partitioning of the drug [37]. In system A, different
formulations were prepared using Smix 3:1 as this ratio has
shown higher emulsification region. Formulations were pre-
pared by varying oil to Smix ratio, i.e. from F1–F7 and sub-
jected to globule size and zeta potential analysis after dilution
with aqueous phase. In system B, different formulations were
prepared using Smix 2:1, as this ratio has shown higher emul-
sification region. Formulations were prepared with different
oil to Smix ratio, i.e., from F8–F16 and subjected to globule
size and zeta potential analysis after dilution with aqueous

phase. Droplet size and zeta potential of prepared formulations
of both systems are presented in Table 3.

In both systems, the globule size was found to be decreased
from oil to Smix ratios of 4:6 to 1:5 (1:3, 1:4, 1:5) and beyond
this, the size was found to be constant up to 1:9. As it is
desirable to use surfactant concentration as minimum as pos-
sible, oil to Smix ratio of 1:5 was selected as optimum in both
systems based on globule size. Globule size and zeta potential
graphs of optimized formulations of both systems are shown
in Fig. 4.

The decreased globule size with an increased amount of
surfactant is due to the functional property of surfactant, i.e.,
reduction in interfacial tension and increased availability of
surfactant at the interfacial region for droplet stabilization
[38].

Less globule size was observed with system B than system
A and was thought to be due to greater emulsification efficien-
cy of cremophor EL than brij 35. The results of polydispersity
index indicate the uniformity in droplet size distribution as
these values lie below 0.327. As the magnitude of zeta poten-
tial indicates the stability of the colloidal system, the stable
dispersed system was attributed to higher zeta values and also
indicated the absence of aggregation [39].

When two systems are compared, cremophor EL (system
B) was found to solubilize high amount of oil (37 %) com-
pared to brij 35 (system A) (23 %) which has an impact on

Fig. 4 Size (a) and zeta potential
(b) distribution graphs of
optimized formulation of System
A (F3 - formulation using brij 35);
size (c) and zeta potential (d)
distribution graphs of optimized
formulation of system B (F13—
formulation using cremophor EL)
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drug loading. Due to high solubilization capacity of oil, sys-
tem B can incorporate a high amount of drug without precip-
itation and the optimized Smix include high surfactant in-
crease of system A (Smix 3:1=75 %) compared to system B
(Smix 2:1=66 %).

As the use of high amount of surfactant may cause unde-
sirable effects, it is important to reduce the concentration of
surfactant to the minimum extent possible [40]. When droplet
size was compared, the lowest possible droplet size was ob-
served with formulation (F13) of system B (15.84 nm) that is
lower than that of system A (F3) (52.02 nm). High solubiliza-
tion capacity and less globule size with relatively low surfac-
tant concentration was observed with system B compared to
the system A. The advantages associated with system B made
it to be preferred than the system A. Hence, system B
employing cremophor EL was selected and analyzed further.

Dissolution Studies

From system B, F10, F11, F12, F13, F14, and F15 were se-
lected for in vitro dissolution studies based on droplet size and
self-emulsification time. Release rate from all the formulations
was high compared to plain drug. In vitro dissolution profile
of lercanidipine from SMEDDS in comparison to pure drug
was depicted in Fig. 5. Among tested formulations, drug re-
lease rate was increased from F10 to F13, and F14 has shown
similar release profile with F13. The increase in release rate
might be due to decreased droplet size by which surface area
for drug partition increases significantly [27, 34]. Drug release
from pure drug was only 25.72 % in 60.0 min whereas about
90.0 % release was observed from all formulations in 60 min
indicates increased release rate. F13 and F14 has shown the
complete release of drug with enhanced release rate indicating
the efficiency of SMEDDS in improving both rate and extent
of drug release. From the results, F13 (oil:Smix 1:5) was

optimized as less droplet size, less self-emulsification time,
and better drug release profile were observed with the said
ratio.

Robustness to Dilution

Optimized formulation was subjected to different dilutions,
i.e., 50-, 500-, and 1000-fold with water. Droplet size was
found to be 18.73±3.5 nm, 16.77±2.54 nm, 20.80±3.05 nm
for 50, 500, and 1000 mL dilutions, respectively. The disper-
sion was found to be clear without drug precipitation at all
dilutions and no significant change in droplet size was ob-
served. The dispersions were found to be stable for 12 h indi-
cating robustness of formulation to dilution [26]. It was inves-
tigated that the presence of co-surfactant in the optimum
amount ensures flexibility to interface and makes formulation
to be stable and robust to dilution [41]. The formulation was
also found to form a stable dispersion in 0.1 N hydrochloric
acid, 6.8 pH phosphate buffer, and 7.4 pH buffers without any
sign of precipitation of drug for 12 h indicating the stability in
performance of SMEDDS in vivo as the pH varies along the
gastrointestinal tract.

Transmission Electron Microscopy

Droplets produced upon dilution of SMEDDSwere visualized
under high magnification (Fig. 6). TEM photograph con-
firmed that the globules are of nano size. The droplet size is
in agreement with the results obtained from droplet size anal-
ysis using the zetasizer

Fig. 6 Transmission electron microscopy of optimized formulation
(F13)

Fig. 5 Dissolution profile of lercanidipine hydrochloride (mean percent
release±SD, n=3) from formulations (F10–F14) of system B
(formulations using cremophor EL) and pure drug
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Thermodynamic Stability Studies

The formulation was found to be stable without any phase
separation. Stability of diluted formulation upon stress
imparted by centrifugation and freeze thaw tests might be
due to low free energy involved in the formation of
microemulsion [21].

Ultra Violet Spectra of Microemulsion

The maximum wavelengths of UVabsorption were 359.0 nm,
239.2 nm for drug dissolved in capmul MCM C8 and propyl-
ene glycol respectively (Fig. 7). The maximum wavelength

for microemulsion was 240.0 nm and is closer to that of drug
dissolved in propylene glycol. The closer λmax of the two
solutions indicates the presence of the drug in the interfacial
region of microemulsion [27].

Cloud Point

Temperature has an effect on functional property of sur-
factant, especially surfactants containing polyoxyethylene
moiety as these undergo dehydration at high temperature
that causes phase separation of emulsion with subsequent
cloudiness [26]. The diluted formulation was found to be
clear and transparent up to 70 °C and above this

Fig. 8 Drop in percentage transmittance at 70 °C indicating the absence of drug precipitation at body temperature

Fig. 7 Ultraviolet spectra indicating the location of drug in diluted formulation of SMEDDS (a) and drug dissolved in propylene glycol (b)
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temperature, it turned cloudy with a sudden drop in per-
centage transmittance value to 65.3 from initial 99.6.
Drop in percentage transmittance was represented in
Fig. 8 From the test, it is evident that the formulation
was stable without drug precipitation and phase changes
up to 70 °C indicating its stability at body temperature.

Viscosity

The ease of emulsification is governed by viscosity of the
formulation. Viscosity is an important in vitro physical param-
eter to evaluate the filling feasibility and filling rate of the fluid
into soft gelatin capsules during its production [28].
Optimized SMEDDS has shown a viscosity of 304.7 cP. The
lesser viscosity of SMEDDS (<10,000 cps) indicates the fea-
sibility of filling in large-scale capsule production [42].

Ex Vivo (Non-Everted Intestinal Sac) Permeation Studies

Cumulative amount of drug permeated with respect to time
from the pure drug solution (control) and diluted SMEDDS
was shown in Fig. 9. The amount of drug permeated per unit
area of sac (permeability) were 974.89 and 430.80 μg/cm2

with diluted SMEDDS and pure drug solution, respectively
in 3 h (p<0.01). Increase in amount of drug permeation for

about 2.26 times was observed with diluted SMEDDS com-
pared to pure drug. The rate of permeation (flux) was found to
be 324.96 and 143.60 μg/cm2/h from the diluted SMEDDS
and control respectively. The enhanced permeation is due to
less droplet size and also due to the surfactant partitioning
effect through the intestinal barrier for drug permeation [4].
The result indicates that the absorption of drug can be im-
proved significantly from SMEDDS. As lercanidipine hydro-
chloride belongs to class IVof the BCS classification, perme-
ability problem associated with oral administration of the drug
can be avoided with SMEDDS.

Stability Studies

Stability samples were evaluated for self-emulsification effi-
ciency and droplet size. There was no significant change in the
droplet size and self-emulsification capacity. Stability param-
eters are presented in Table 4. No change in physical appear-
ance and droplet size upon dilution with initial samples indi-
cates the stability of SMEDDS.

Conclusion

The present study demonstrated that lercanidipine hydrochlo-
ride, a poorly soluble drug, can be formulated as SMEDDS to
improve the oral bioavailability by improving both the solu-
bility and permeability. Cremophor EL was found to solubi-
lize capmul MCM C8 to a significant extent compared to brij
35 at relatively low concentration. Formulation with
cremophor EL was optimized based on the results of amount
of oil solubilized, globule size analysis, self-emulsification
efficiency, percentage transmittance, in vitro dissolution, and
ex vivo permeation studies. As cremophor EL is known to
inhibit CYP enzymes, which are responsible for the first-
pass metabolism of the drug, the optimized formulation would
be a promising dosage form to overcome all associated prob-
lems of the oral delivery of the drug, i.e., solubility, perme-
ability, presystemic metabolism, and variable bioavailability
with co-administration of food.

Table 4 Stability parameters of
optimized formulation (F 13) Time Globule

size (nm)
Poly dispersity
index (PDI)

Zeta potential
(mV)

Self-emulsification
time

Percentage
transmittance

0 15.84±2.0 0.221±0.02 21.2±0.7 50 s 99.6

30 days 17.84±2.7 0.24±0.02 18.5±0.5 1 min 98.5

60 days 20.05±3.3 0.26±0.03 16.9±0.8 1 min 96.5

90 days 23.95±3.5 0.323±0.03 15.8±0.7 1 min 20 s 95.8

Data expressed as mean±SD, n=3

Fig. 9 Ex vivo permeation profile (mean percent release±SD, n=3) of
pure drug and optimized formulation (F13)
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