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Abstract. The present studies entail formulation development of novel solid self-nanoemulsifying drug
delivery systems (S-SNEDDS) of valsartan with improved oral bioavailability, and evaluation of their in
vitro and in vivo performance. Preliminary solubility studies were carried out and pseudoternary phase
diagrams were constructed using blends of oil (Capmul MCM), surfactant (Labrasol), and cosurfactant
(Tween 20). The SNEDDS were systematically optimized by response surface methodology employing
33-Box–Behnken design. The prepared SNEDDS were characterized for viscocity, refractive index,
globule size, zeta potential, and TEM. Optimized liquid SNEDDS were formulated into free flowing
granules by adsorption on the porous carriers like Aerosil 200, Sylysia (350, 550, and 730) and Neusilin
US2, and compressed into tablets. In vitro dissolution studies of S-SNEDDS revealed 3–3.5-fold increased
in dissolution rate of the drug due to enhanced solubility. In vivo pharmacodynamic studies in Wistar rats
showed significant reduction in mean systolic BP by S-SNEDDS vis-à-vis oral suspension (p<0.05) owing
to the drug absorption through lymphatic pathways. Solid-state characterization of S-SNEDDS using FT-
IR and powder XRD studies confirmed lack of any significant interaction of drug with lipidic excipients
and porous carriers. Further, the accelerated stability studies for 6 months revealed that S-SNEDDS are
found to be stable without any change in physiochemical properties. Thus, the present studies
demonstrated the bioavailability enhancement potential of porous carriers based S-SNEDDS for a BCS
class II drug, valsartan.
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INTRODUCTION

Valsartan is a competitive antagonist of angiotensin II
which shows higher affinity for angiotensin type I receptor.
By blocking the action of angiotensin II, it dilates blood ves-
sels and reduces mean systolic blood pressure (BP). It is used
for the management of high BP, congestive heart failure, and
post-myocardial infarction (1). It is a BCS class II drug, exhib-
its low aqueous solubility <0.1 mg/mL with high log P value of
5.8 and low oral bioavailability (<25%) (2). Further, it under-
goes extensive hepatic first-pass metabolism, high P-gp efflux
and shows variable oral bioavailability in the presence of food,
which decreases the AUC by 40% and peak plasma concen-
tration by 50% (3,4).

Several formulation approaches have already been
employed such as inclusion complexes with cyclodextrin, solid
dispersions, surfactants (5), lipidic excipients (6), and nano-
particles (7) to enhance the oral bioavailability of valsartan
but yielded limited fruition due to their solubility enhance-
ment characteristic alone (8). Lately, self-emulsifying drug
delivery systems (SEDDS) are found to be highly promising

technique to enhance the oral bioavailability of poorly water-
soluble drugs by circumnavigation of the hepatic first-pass
effect, metabolism by gut cytochrome-P450 family of iso-
zymes, inhibition of P-gp efflux, protection of drug degrada-
tion in the gastric acidic environment and drug absorption
through lymphatic pathways (9,10).

SEDDS are preconcentrate containing isotropic mixture
of oils, surfactants, cosurfactant and/or cosolvents, which un-
dergo emulsification by gentle agitation in presence of aque-
ous phase/gastric fluid to form fine o/w emulsion. SEDDS with
globule size ranging between 20 and 200 nm are called as self-
nanoemulsifying drug delivery system (SNEDDS), whereas
globule size ranging between 100 and 200 nm are known
as self-microemulsifying drug delivery system (SMEDDS)
(11–13).

Recent technological advancements in the SEDDS for-
mulation have evolved myriad self-emulsifying (SE) systems
like liquids, solids, spray-dried, porous carrier-based, eutectic,
osmotic, cationic, supersaturable systems, etc. (14,15). Such
systems invariably contains holistic interplay of lipidic and
solidifying excipients to formulate different dosage forms like
SE controlled release tablets, pellets, granules, microspheres,
minicapsules, etc. Among these, the solid SNEDDS (S-
SNEDDS) formulations have explored widely due to their
potential advantages to surmount the ostensible problems
associated with liquid SNEDDS like lower formulation
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stability, plausible interaction of lipidic excipients with capsule
shell, irritating effect on GI mucosa and low drug loading
(16,17).

SNEDDS contains diverse class of formulation excipients
which may invariably affect the performance of a dosage form.
Hence, application of experimental design methodology such
as factorial design, Box–Behnken design (BBD), central-com-
posite design, D-optimal design, and mixture design for sys-
tematic optimization helps in optimizing drug delivery systems
to obtain robust formulations (18,19). BBD is most widely
acceptable approach for systematic optimization of SNEDDS
to obtain robust formulations. It is the simplest and cost-
effective approach over others due to ease of design execution
and interpretation. Other advantages include its less complex
structure, fewer experimental runs required, and time econo-
my. Literature reports the application of BBD in systematic
optimization of SNEDDS formulations by many researchers
such as Nazzal and Khan (2002) for optimization of ubiqui-
none SNEDDS (20), Shaji and Lodha, (2008) to optimize the
celecoxib SMEDDS (21), and Rajput et al. (2011) for devel-
opment and optimization of isradipine SNEDDS (22).

Thus, the present work embarks upon development of
optimized SNEDDS of valsartan using rational blend of lipidic
excipients, surfactants, and cosurfactants to enhance the oral
bioavailability. The suitability of SMEDDS for bioavailability
enhancement of valsartan has already been discussed in the
prior art (23). However, in order to understand the relation-
ship between the phase behaviors of the mixture to delineate
the nanoemulsion region, more exhaustive study was carried
out. The concentration of oil and surfactant/cosurfactant mix-
ture were varied from 10 to 90% v/v at all the Smix ratios (1:1,
1:2, 1:3, 2:1, 2:3, 3:4) to obtain the maximal region and to select
best possible formulations with enhanced solubility and bio-
availability. Further, drug-loaded SNEDDS were converted
into free flowing solid granules (S-SNEDSS) using porous
carriers like Aerosil 200, Sylysia (350, 550, and 750) and
Neusilin US2 by adsorption technique. The prepared S-
SNEDDS formulations were characterized for in vitro physi-
ochemical performance, in vivo pharmacodynamic potential,
solid-state compatibility, and stability studies in order to get a
best possible formulation.

MATERIALS AND METHODS

Materials

Valsartan was obtained as a generous gift sample from
M/s Aurobindo Pharma (Hyderabad, India). Labrasol, Labra-
fac PG, and Labrafil M were gifted by M/s Gattefosse (Saint
Priest Cedex, France), Cremophor RH40, Captex 200P, Cap-
tex 355, and Capmul MCM were gifted by M/s Abitec (Janes-
ville, USA). Different grades of Sylysia (350, 550, and 730)
were obtained as gift samples from M/s Fuji chemicals
(Toyama, Japan), and Neusilin US2 fromM/s Gangwal Chem-
icals (Mumbai, India). Various tableting excipients like Avicel
112, Aerosil 200, cross povidone, and magnesium stearate
were purchased from M/s FMC Biopolymer (Mumbai, India).
Deionized double distilled water was used throughout the
study obtained from Milli-Q-water purification system Milli-
pore (Massachusetts, USA), while all other chemicals and
reagents used were of analytical reagent grade.

Methods

Solubility Studies

Screening of excipients was carried out for determining
the equilibrium solubility of valsartan in different oils, surfac-
tants, and cosurfactants. An excess quantity of valsartan was
added to 2.0 mL of each excipient taken in 5-mL vials and
mixed for 5 min using CM101, Cyclomixer (Remi, Mumbai,
India) (24). The mixtures in vials were shaken for 48 h using
RS12R Rotary shaker (Remi, Mumbai, India). After solubili-
zation, extra amount of drug was added to the vials containing
drug–excipient mixture. The process was repeated until satu-
ration solubility of valsartan, indicated by presence of undis-
solved drug. The mixtures were kept at room temperature for
24 h and centrifuged using 12Cmicro-centrifuge (Remi,Mumbai,
India) at 3,000 rpm for 15 min. The separated supernatant
fraction was suitably diluted with methanol. The drug concen-
tration was analyzed spectrophotometrically at λmax 248 nm
using UV–visible spectrophotometer (Shimadzu-1800, Japan).

Construction of Pseudoternary Phase Diagrams

Self-nanoemulsifying systems form fine o/w emulsions
when introduced into aqueous media with gentle agitation.
Surfactant and cosurfactant get preferentially adsorbed at
the interface, reduce the tension, and provide mechanical
barrier to prevent the globules from coalescence. The de-
crease in free energy required for emulsion formation conse-
quently improves the thermodynamic stability. The selected
oil, surfactant, cosurfactant on the basis of solubility studies
were used to develop the pseudoternary phase diagrams using
water titration method. The various surfactant–cosurfactant
(Smix) ratios were prepared using different proportions of
surfactant and cosurfactant (1:1, 1:2, 1:3, 2:3, 3:4) to fulfill
HLB value requirement (between 12 and 16) for formation
of transparent clear solution. A series of oil/Smix mixtures
were prepared at all nine combinations (1:9, 2:8, 3:7, 4:6, 5:5,
6:4, 7:3, 8:2 and 9:1) and titrated with water to identify the
nanoemulsion region. The total water consumed was noted in
terms ofw/w and during titration oil–Smix ratio and observations
were made for phase clarity. The concentration of water at
which turbidity‐to‐transparency and transparency‐to‐turbidity
transitions occur were derived from the weight measurements.
These values were used to determine the boundaries of the
nanoemulsion region corresponding to the selected value of oil
and Smix ratio. Phase diagrams were constructed using PRO
SIM Ternary phase diagram software (STRATEGE, Cedex,
France).

Formulation and Optimization of SNEDDS as Per
Experimental Design

The liquid SNEDDS were formulated as per the experi-
mental design employing a three-factor, three-level (33) Box–
Behnken design (BBD) using Design-Expert 8.0.5 software
(Stat-Ease Inc., Mineapolis, USA) by selecting the volume
(microliter) of Capmul MCM (X1), Labrasol (X2), and Tween
20 (X3) as independent variables, while self-emulsification time
in sec (Y1), percent drug release after 15 min (Y2), and globule
size in nanometer (Y3) as responses. Response surface analyses
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were carried out to identify the effect of different independent
variables on the observed responses. Table I illustrates the factor
levels selected from the phase diagram for the BBD. A
fixed dose of the drug (40 mg) was admixed with the oil,
surfactant, and cosurfactant at ambient temperature with
continuous stirring in a vortex mixer (Remi, Mumbai, India) to
achieve complete solubilization in the formulation components
to obtain a homogeneous mixture. Table II illustrates the
experimental runs obtained from BoxBehnken design and their
observed responses. The responses were statistically evaluated
using ANOVA procedure. Further, the optimum formulation
was selected by the numerical optimization procedure using the
desirability function.

Characterization of SNEDDS

Dispersibility Studies and Self-Emulsification Time. The
dispersibility studies were carried out to observe the self-
emulsification efficiency and self-emulsification time (SEF
time). One milliliter of each of the SNEDDS was added to
500 mL of distilled water in a glass beaker with gentle agita-
tion by placing it on a magnetic stirrer at 50 rpm with temper-
ature at 37°C. The process of self-emulsification was visually
monitored for the rate of emulsification and appearance of
produced microemulsion.

Globule Size. One milliliter of the formulation was taken
in a volumetric flask and diluted with 25 mL water with gentle
mixing. The globule size of the resultant emulsions was deter-
mined using Malvern Particle size analyzer (Zetasizer, Model
Nano75 Malvern, UK).

In Vitro Drug Release Studies. In vitro dissolution profile
of liquid SNEDDS formulation were carried out in USP type-
II apparatus (Electrolab TDT06L, Mumbai, India) using
1,000 mL of simulated gastric fluid (SGF) pH1.2 containing
0.2% (w/v) sodium lauryl sulfate at 50 rpm and 37±0.5°C
temperature. At predetermined time intervals (5, 15, 25, 35,
45, 60, 90, and 120 min), an aliquot (5 mL) of the sample was
collected with replacement, filtered, diluted, and analyzed
spectrophotometrically at 205 nm using Shimadzu-1800 UV–
visible spectrophotometer (Shimadzu, Japan). Similarly, disso-
lution study was also conducted on pure drug in an analogous
manner. A plot was made between cumulative percentage drug
release with respect to time (minute).

Thermodynamic Stability. The liquid SNEDDS were sub-
jected to six refrigerator cycles between temperatures of 4°C to
45°C with storage not less than 48 h in a heating–cooling incu-
bator (Remi). Formulations stable at these temperatures were

further subjected to centrifugation test at 3,500 rpm for 30 min
using 12C micro-centrifuge (Remi). Formulations which did not
show any phase separation upon centrifugation were taken for
freeze thaw stress test by three cycles between −21°C and 25°C
temperature for 48 h. Based on the thermodynamic stability
studies the SNEDDS formulations were selected.

Optical Birefringence. The optical clarity of the optimized
liquid SNEDDS formulation was determined in terms of re-
fractive index using Abbes’ refractrometer (Mettler Toledo,
Mumbai, India).

Viscosity. The viscosity of the optimized liquid SNEDDS
was determined by placing 1 mL of the formulation in a Brook-
field viscometer R/S CPS Plus (Brookfield Engineering Labora-
tories Inc., Middleboro, MA) using spindle C 50–1 at 25±0.5°C
temperature. The spindle no. 50 was used at a speed of 70 rpm at
shear stress of 413 per min and wait time was kept at 15 min.
Finally, shear rate produced as a parameter of viscocity was
noted in terms of centipoise.

Transmission Electron Microscopy. The visual observa-
tion of the emulsion droplet was observed by transmission
electron microscopy (TEM) (PHILIPS TECNAI 12, The
Netherlands). The optimized liquid SNEDDS formulation
was diluted with distilled water 1:25 and mixed by slight
shaking, and a drop of the sample was placed on copper grid,
stained with 1% w/v phosphotungstic acid solution for 30 s and
visually observed under microscope.

Preparation of S-SNEDDS

The optimized liquid SNEDDS formulation was trans-
formed into free flowing granules using various porous car-
riers like Aerosil 200, Sylysia 350, 550, 730, and Neusilin US2
as adsorbent due to their oil adsorption property (25). The
liquid SNEDDS formulation was poured onto the porous
carriers placed in a small stainless-steel bowl, mixed, and wet
granulation was performed with hand to obtain the homoge-
neous mass. It was passed through sieve (BSS 22) to achieve
the uniformly free flowing self-nanoemulsifying granules
(SNEGs). Finally, the SNEGs were compressed into tablets
by direct compression using 12-mm flat circular punch in a
rotary multistation tablet compression machine (Cadmach
Ltd., Ahmedabad, India), by addition of various tableting
excipients like Avicel 112 as filler, Crosspovidone as super-
disintegrant, and magnesium stearate as lubricant.

Optimization of S-SNEDDS

The S-SNEDDS prepared using different porous carriers
were optimized based upon their oil adsorption capacity,
micromeritic properties, and in vitro drug release. Oil adsorp-
tion capacity was determined by allowing the self-nanoemul-
sifying formulations to adsorb onto the porous carriers till it
solidifies and estimating the drug content. Various micromer-
itic properties (bulk density, tapped density, angle of repose,
Carr’s index, and Hausner’s ratio) of the prepared granules

Table I. Ranges of the Factors Investigated Using Box–Behnken
Experimental Design

Independent variables (factors)

Range

Low High

X10Amount of Capmul MCM (μL) 100.00 135.00
X20Amount of Labrasol (μL) 162.50 180.00
X30Amount of Tween 20 (μL) 162.50 180.00
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were determined. In vitro drug release from prepared
S-SNEDDS tablets were determined by dissolution studies.

Characterization of S-SNEDDS

The S-SNEDDS tablets prepared from different SNEGs
were evaluated for hardness, weight variation, friability (per-
cent), and disintegration time as per the USPXXII procedure.
Hardness measurement was carried out by Pfizer tester (Sang-
meshwar Int., India).Weight variation test was carried out using
20 tablets and determining their weight with the help of elec-
tronic balance (Scientech Ltd., USA). Friability (percent) was
calculated by taking 20 tablets with the help of Roche’s friability
tester (Key International Inc., NJ). Disintegration test was car-
ried out in USPXXII disintegration test apparatus (Electrolab)
using 900 mL of SGF.

Drug Content Estimation

Liquid SNEDDS, SNEGs, and S-SNEDDS containing val-
sartan, each equivalent to 40 mg was dispersed in suitable quan-
tity ofmethanol. The samples weremixed thoroughly to dissolve
the drug in SGF, centrifuged at 3,000 rpm for 15 min using 12C
micro-centrifuge (Remi, Mumbai, India) to separate the undis-
solved excipients. The supernatant was suitably diluted and
analyzed spectrophotometrically at λmax 205 nm using Shimadzu
160A UV–visible spectrophotometer.

Comparative In Vitro Drug Release Studies

The comparative in vitro dissolution profile studies were
carried out for pure drug, marketed preparation (Valzaar® 40,
Torrent Pharma, Ahmedabad, India), optimized liquid
SNEDDS and S-SNEDDS, each containing valsartan equiva-
lent to 40 mg. The dissolution studies were carried out in USP
type-II dissolution apparatus (Electrolab TDT06L, Mumbai,
India) as per the dissolution conditions specified by FDA
guidelines for dissolution testing of immediate release tablets
of valsartan in 1,000 mL of SGF pH1.2 (0.2% (w/v) sodium

lauryl sulfate) and pH6.8 phosphate buffer (official FDA
recommended media) at 50 rpm and 37±0.5°C temperature
(26). At predetermined time intervals (5, 15, 25, 35, 45, 60, 90,
and 120 min), aliquot (5 mL) samples were collected with
replacement, filtered, diluted, and analyzed spectrophotomet-
rically at 205 and 248 nm for SGF pH1.2 and pH6.8 phosphate
buffer, respectively. A plot was made between cumulative
percentage drug release with respect to time (minute).

In Vivo Pharmacodynamic Studies

The in vivo study protocol was approved by Institutional
Ethics Committee, Roland Institute of Pharmaceutical Scien-
ces, Berhampur under the protocol number RIPS/IAEC/46/
2011. The study was conducted as per committee for preven-
tion, control, and supervision of experimental animals
(CPCSEA) guidelines. The in vivo antihypertensive activity
was carried out in 18 male Wistar rats (200–250 g) of either
sex, divided into three groups (groups A, B, and C) with n06.
The animals were housed in polypropylene cages six per cage,
kept under standard laboratory conditions, at 25±2°C temper-
ature and 55±5% RH. The animals have free access to stan-
dard laboratory diet (Lipton feed, Mumbai, India) and water
ad libitum. Before commencement of the study, to reduce the

Table II. Experimental Runs Obtained from Box–Behnken Design and Observed Responses

RUN

X1 X2 X3 Y1 Y2 Y3

Capmul (μl) Labrasol (μl) Tween 20 (μl) SEF time (secs) % Drug Release after 15 min Globule size (nm)

1 100.00 162.00 171.00 35 86 82
2 135.00 162.00 171.00 20 82 87
3 100.00 180.00 171.00 42 92 78
4 135.00 180.00 171.00 55 81 79
5 100.00 171.00 162.00 45 84 76
6 135.00 171.00 162.00 18 88 89
7 100.00 171.00 180.00 15 82 93
8 135.00 171.00 180.00 30 71 84
9 117.50 162.00 162.00 28 91 85
10 117.50 180.00 162.00 25 84 87
11 117.50 162.00 180.00 35 82 85
12 117.50 180.00 180.00 65 92 78
13 117.50 171.00 171.00 71 89 77
14 117.50 171.00 171.00 64 85 68
15 117.50 171.00 171.00 66 84 91
16 117.50 171.00 171.00 68 88 56
17 117.50 171.00 171.00 62 87 86

Fig. 1. Equilibrium solubility of valsartan in various oils in mg/ml,
data represented as mean±SD; (n03)
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spontaneous variations in BP, animals were adjusted to the
experimental cage by bringing them into the restraining cage
three to four times for a period of 30 min. After attaining at
normal condition, the initial systolic BP of normotensive ani-
mals were recorded using small animal tail noninvasive
blood pressure system, NIBP200A (Biopac System Inc.,
California, USA) based on tail cuff technique. After re-
cording the initial BP of rats, hypertension was induced in
all the three groups of animals by subcutaneous injection
of methyl prednisolone acetate (MPA) (20 mg/kg/week)
for 2 weeks (27). After induction of hypertension, the
animals in group A were treated as control where no
treatment was given; however, the animals in groups B
and C considered as treatment groups were given oral
suspension of pure drug and optimized S-SNEDDS for-
mulation, each equivalent to 40 mg of valsartan. The
mean systolic BP of animals was recorded after treatment

at predetermined time intervals (0, 0.25, 0.5, 1, 2, 4, 6, 8,
and 12 h). A plot was made between mean systolic BP (mm of
Hg) with respect to time (hour). The statistical analysis was
carried out by applying paired t test to identify the significant
difference between the groups.

Fourier Transformed Infrared Spectroscopy

The drug–excipient compatibility study was carried
out by Fourier transformed infrared (FT-IR) spectrosco-
py. The FT-IR spectra of physical mixture of drug with
self-emulsifying excipients and porous carriers were car-
ried out using KBr disk. The spectra were recorded
employing the Shimadzu IR-affinity-1 FT-IR spectrophotome-
ter (Shimadzu, Japan).

Powder XRD Studies

Powder X-ray diffraction studies were carried out for solid-
state characterization and to observe the crystallographic struc-
ture of pure drug and SNEGs. X-ray diffraction patterns
of pure drug, physical mixture with porous carrier were
recorded on Philips PW 17291 powder X-ray diffractome-
ter (Jeol, Peabody, MA) using Ni-filtered, Cu kV radia-
tion, a voltage of 40 kV and a 25-mA current. The
scanning rate employed was maintained at 1°min−1 over
the 10–40° 2θ range.

Accelerated Stability Studies and Shelf-life Estimation

For accelerated stability studies, the optimized liquid
SNEDDS and S-SNEDDS were stored at 40°C/75% RH

Fig. 2. Equilibrium of valsartan in various surfactants and cosurfac-
tants in milligrams per milliliter, data represented as mean±SD; (n03)

Fig. 3. Pseudoternary phase diagram of systems containing 1:1, 1:2, 1:3, 2:3 ratio of S/CoS such as Labrasol
and Tween 20, Capmul MCM as oil
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for 6 months. Samples were withdrawn after specified
time intervals (0, 1, 2, 3, and 6 months) and observed
for SEF time, globule size, drug release in 15 min and
disintegration time. For estimation of shelf life, the opti-
mized S-SNEDDS was suitably packed in high-density
polyethylene plastic bottles and stored at different temper-
atures such as 30±0.5, 40±0.5, 50±0.5 and 60±0.5°C up to
a period of 3 months. Samples were withdrawn after
specified time intervals (0, 1, 2, 3, and 6 months), concen-
tration, and log concentration of drug remaining was an-
alyzed. Order of reaction was determined to identify the
degradation kinetics under accelerated conditions. The
reaction rate constant (K) for drug degradation was mea-
sured from the slope of the lines at each elevated temperature
using Eq (1):

Slope0
�K
2:303

ð1Þ

Arrhenius plot was made between log K values at various
elevated temperatures against the reciprocal of absolute tem-
perature. From the plot, K value at 25°C (K25) was deter-
mined and used to calculate shelf life (t90) by substituting in
the Eq. (2):

t900
0:1052
K25

ð2Þ

RESULTS AND DISCUSSION

Solubility Studies

The comparative solubility studies of the drug in various
oils, surfactants, and cosurfactants are reported in Figs. 1 and 2,

respectively. As portrayed from the figures, among the oils
Capmul MCM (365±1.9 mg/mL), among the surfactants Labra-
sol (520±1.8 mg/mL) and among the cosurfactants PEG 600
(387.5±2.3 mg/mL), and Tween 20 (194.5±2.0 mg/mL) showed
highest solubility for valsartan. Hence, they were selected for
phase titration studies for construction of pseudoternary phase
diagrams.

Construction of Pseudoternary Phase Diagrams

The pseudoternary phase diagrams were constructed in the
absence of drug to identify the self-emulsifying regions and to
optimize the concentration of oil, surfactant, and cosurfactant in
the SNEDDS formulations. Figures 3 and 4 depict the phase
diagrams of the systems containing Capmul MCM as oil, Lab-
rasol as surfactant, and Tween 20 and PEG 600 as cosurfactants.
It was observed that efficiency of emulsification was good when
the Smix concentration was more than 65% of SNEDDS formu-
lation. Further, increasing the concentration of surfactant in-
creased the spontaneity of the self-emulsification process.
However, it was also observed that emulsification was not effi-
cient with less than 50% of Smix ratio. The increase in cosurfac-
tant decreases the region of emulsion formation, as cosurfactant
have very little effect on reducing the interfacial tension directly
rather they help the surfactants to reduce the interfacial tension
(24). In a comparative study between the selected cosurfactants,
Tween 20 showed larger self-emulsification region than PEG
600, due its hydrophilic nature. Higher hydrophilicity property
favors faster emulsification of the oil–surfactant mixture in con-
tact with water (28). Based on the various combinations, Cap-
mul MCM, Labrasol, and Tween 20 (1:1) were selected for
formulation development, as the above Smix ratio showed high-
est area for nanoemulsion formation.

Fig. 4. Pseudoternary phase diagram of systems containing 1:1, 1:2, 1:3, 2:3 ratio of S/CoS such as Labrasol
and PEG 600, Capmul MCM as oil
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Optimization of SNEDDS

A total 17 formulations were prepared as per the experi-
mental design and characterized for various responses like SEF
time, % drug release in 15 min and globule size as shown in
Table II. The response surface analysis was carried out to un-
derstand the effect of selected independent variables on the
observed responses. Themathematical relationships were estab-
lished and coefficients of the second order polynomial equation
(Eq. 3), generated using MLRA for SEF time, percent drug
release in 15 min and globule size were found to be quadratic
in nature with interaction terms. The coefficients of the poly-

nomials fit well to the data, with the values of R2 ranging
between 0.9350 and 0.9942 (p<0.05 in all the cases).

Y0boþ b1X1 þ b2X2 þ b3X3 þ b4X1X2 þ b5X1X3

þ b6X2X3 þ b7X1
2X12 þ b8X2

2X13 þ b9X3
2X23 ð3Þ

Figure 5 (a–c) depicts the 3D-response surfaces for vari-
ous response variables. Figure 5a depicts a dome-shaped re-
sponse surface plot, characterizing initial increase in the SEF
time with increasing the concentration of both oil (Capmul
MCM) and surfactant (Labrasol), followed by a gradual de-
crease. Hence, it can be revealed that at the intermediate
levels of oil and surfactant, the SEF time was found to be
maximum. Similarly, Fig. 5b depicts a relationship between
surfactant and co-surfactant on drug release. It was observed
that at low concentration of oil, surfactant, and intermediate
concentration of cosurfactant, percent drug release in 15 min
was larger. Figure 5c portrays an interaction effect and rela-
tionship between oil (Capmul MCM) and cosurfactant (Tween
20) on the globule size as the response variable. A curvilinear
plot was observed, where with increasing the amount of Cap-
mul MCM and Tween 20, a linear increase in the globule size
was observed. Hence, at low levels of oil (Capmul MCM) and
cosurfactant (Tween 20) and intermediate levels of surfactant
(Labrasol), the globule size was ideal. All the response surfa-
ces were best fitted with quadratic polynomial models, and
able to predict the interaction effects too. Finally, the model

Fig. 5. Response surface analysis: a response surface graph representing the effect of Capmul MCM and Labrasol on SEF time of
SNEDDS, b response surface graph representing the effect of Labrasol and Tween 20 on%Rel15min of SNEDDS, c response surface
graph representing the effect of Capmul MCM and Tween 20 on globule size of SNEDDS

Table III. ANOVA Results of Various Responses Using Experimen-
tal Design

ANOVA
parameters

Y1

(SEF time)

Y2 (% drug
release after
15 min)

Y3

(globule size)

SS 2446.17 5900.67 287.23
df 9 9 9
MS 271.80 655.63 31.91
F value 6.27 3.20 37.82
Prob>F 0.1451 0.2610 0.0260
Std. deviation 6.59 14.32 0.92
R2 value 0.9658 0.9350 0.9942
Suggested model Quadratic Quadratic Quadratic
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was observed for ANOVA (p<0.001), which revealed that the
model terms for main effects and interaction effects were
statistically significant. The ANOVA results are enumerated
in Table III. Finally, the optimized formulation was selected
by numerical optimization method from the Design-Expert
8.0.5 having the desirability value as 1. The composition of
the optimized SNEDDS formulation was found to be Capmul
MCM (117.50 μL), Labrasol (171.00 μL), Tween 80 (171.00
μL), and valsartan 40 mg, respectively.

Characterization of SNEDDS

All the liquid SNEDDS formulation prepared as per
the experimental design showed good self-emulsification
efficiency and forms nanoemulsion immediately after dilu-
tion with aqueous phase within 1 min. In vitro drug re-
lease studies showed more than 80% drug release in
initial 15 min and complete drug release was observed
within 30 min. This was attributed due to solubility en-
hancement by selected lipidic excipients (29). Figure 6
represents the globule size distribution of liquid SNEDDS

were found to be within the nanometric range (56–
91 nm). Refractive index and viscocity were found to be
1.398±0.021 and 28.38±0.63 cPs, which indicated that for-
mulations were clear and transparent with good pourabil-
ity. TEM image of the optimized SNEDDS after dilution
appeared as dark globules as shown in Fig. 7.

Optimization of S-SNEDDS

The formulation composition of different batches of
SNEGs and S-SNEDDS prepared are shown in Table IV.
The SNEGs prepared using porous carriers were optimized
based on their oil adsorption capacity, faster drug release
property, and flow characteristics. The micromeritic proper-
ties and drug content of different granules indicating oil ad-
sorption tendency of porous carriers as depicted in Table V.
All the batches of SNEGs showed good flow characteristics
with Carr’s index between 12 and 16, Hausner’s ratio less than
1.25 and angle of repose (θ) <25. Oil adsorption capacity was
determined by drug content estimation showed that Sylysia
350 and Neusilin US2 containing granules (G2 and G5)

Fig. 6. Particle size distribution of optimized liquid SNEDDS formulation

Fig. 7. TEM image of the optimized liquid SNEDDS formulation representing the dark emulsion globules
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showed highest oil adsorption tendency due to highly porous
nature and presence of larger interparticulate void space in
the particles, however, Aerosil 200-containing granules
showed lowest oil adsorption tendency. It has also been ob-
served that in case of Sylysia-containing granules, oil adsorp-
tion tendency was decreased with higher grades of Sylysia in
order of Sylysia 350 (G2) >Sylysia 500 (G3) >Sylysia 730
(G4), owing to increase in particle size which decreases the
porosity (30, 31). Further, the oil adsorption tendency of
Neusilin US2-containing granules (G5) was found to be better
over Sylysia 500, 730, due to highly porous structure. The in
vitro dissolution studies of the S-SNEDDS revealed that all
formulations showed faster drug release property with more
than 75% drug release in first 15 min and complete drug
release within 30 min. Among Sylysia 350-containing gran-
ules-based tablet formulations (T2–T4), T2 showed faster dis-
solution with highest drug release up to 91%. Thus, T2 was
finally selected as the optimized S-SNEDDS formulation.

Characterization of S-SNEDDS

The tablet hardness was found to be 6 kg/cm2, friability
was less than 1%, disintegration time was less than 2 min, and
weight variation was found to be within the pharmacopoeial
acceptance limits. This indicated immediate release nature of
the prepared tablets due to the porous carriers.

Comparative In Vitro Drug Release Studies

Dissolution profile of pure drug valsartan, marketed
preparation (Valzaar® 40), optimized liquid SNEDDS and
S-SNEDDS (T2) was carried out using standard conditions
in SGF and phosphate buffer pH6.8 are shown in Fig. 8. The

drug release studies portrayed optimized liquid SNEDDS and
S-SNEDDS formulations exhibited faster drug release up to
98.91% and 93% within 30 min in SGF vis-à-vis the pure drug
and marketed preparation showed maximum drug release up
to 29.2% and 31% in 30 min, respectively. This confirmed that
prepared S-SNEDDS formulations showed 3–3.5-fold in-
crease in the dissolution rate of valsartan due to enhanced
solubility. The faster drug release from SNEDDS is attributed
due to spontaneous formation of nanoemulsion due to low
surface free energy at oil–water interface, which causes imme-
diate solubilization of drug in dissolution medium. During
emulsification with water, oil, surfactant, and cosurfactant
effectively swells and decreases; the globule size leads to
decrease in surface area and surface free energy, thus eventu-
ally increases the drug release rate (23).

Further, upon deep investigation it has been revealed that
drug release from S-SNEDDS was slightly slower compared to
SNEDDS, because additional steps like disintegration of tablet
into granules desorption of liquid SNEDDS from silica surface
and interparticulate voids of porous carrier slows down the
release process (25). However, the difference in drug release
between liquid SNEDDS and S-SNEDDS was not statistically
significant (p>0.1). This confirmed that S-SNEDDS preserved
the property of liquid SNEDDS. The mean dissolution time
(MDT) was used to predict dissolution efficiency of prepared
formulations. Lower MDT with SNEDDS (MDT07.97 min)

Table V. Micromeritic Properties and Drug Content Estimation of
SNEGs

SNEGs
Hausner’s

ratio
Carr’s
index

Angle
of repose (θ)

%Drug
content

G1 1.02±0.09 15±3 21.0±2 86±0.14
G2 1.09±0.05 16±5 25.0±5 100±0.23
G3 1.13±0.08 15±2 24.0±3 97±0.31
G4 1.03±0.03 14±7 23.5±7 95±0.36
G5 1.07±0.04 14±4 23.0±6 98±0.17

Table IV. Composition of S-SNEDDS Prepared Using SNEGs

Component(s) G1 G2 G3 G4 G5

SNEDDS (μL) 500 500 500 500 500
Aerosil 200 (mg) 450 – – – –
Sylysia 350 (mg) – 270 – – –
Sylysia 550 (mg) – – 375 – –
Sylysia 730 (mg) – – – 425 –
Neusilin US2 (mg) – – – – 310
Component(s) T1 T2 T3 T4 T5
Avicel 112 (mg) 110 140 135 135 100
Cross povidone (mg) 80 80 80 80 80
Mg stearate (mg) 10 10 10 10 10
Total (mg/tablet) 650 500 600 650 500

Fig. 8. Comparative in vitro drug release profile of pure drug, mar-
keted preparation (Valzaar®40), optimized SNEDDS and S-SNDDS
formulations containing Sylysia 350 in SGF and pH6.8 phosphate
buffer. Data represented are cumulative percent drug release versus
time (minute) in terms of mean±SD. (n03)

Fig. 9. In vivo pharmacodynamic study representing the mean systolic
BP (millimeter in Hg) by control, oral suspension, and S-SNEDDS.
Data represented are cumulative percent drug release versus time
(minute) in terms of mean±SD. (n03)
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and S-SNEDDS (MDT09.03 min) indicated higher dissolution
efficiency and faster solubilization of drug compared to pure
drug (MDT025.76 min) and marketed preparation (MDT0
22.95 min).

The in vitro drug release from S-SNEDDS prepared using
porous carriers can be explained by the rapid desorption of
the liquid SNEDDS from silica surface owing to the stronger
physical interactions between silica and SGF compared to
silica and liquid SNEDDS (25,32). Further, high specific

surface area of these particles contributes to improved disso-
lution compared to pure drug. Additional parameters influ-
encing dissolution rate of S-SNEDDS are the improved
wetting of dispersion granules due to accelerated penetration
of dissolution medium into the voids and capillaries of these
granules. Mathematical modeling of dissolution data revealed
that drug release from S-SNEDDS follows non-Fickian zero
order kinetic. Other mechanisms including diffusion and con-
vection of liquid SNEDDS when porous carriers come in
contact with dissolution medium governs the drug release
from S-SNEDDS (33).

In Vivo Pharmacodynamic Studies

Figure 9 represents the comparison of mean systolic BP
of different groups of animal after treatment with oral suspen-
sion of pure drug and optimized S-SNEDDS of valsartan. The
comparison of mean systolic BP of rats before and after MPA
treatment for 2 weeks revealed that hypertension was success-
fully induced in the normotensive rats due to excessive pro-
duction of glucocorticoids. Administration of MPA raised the
mean BP to 198.13–220.23 mm of Hg in normotensive animals.
However oral administration of valsartan suspension and S-
SNEDDS formulations revealed a significant reduction in
mean systolic BP.

In the control group, the mean systolic BP was found to
be constant throughout the study period with minimum BP
was recorded to be 161.53±2.31 mm of Hg at 12 h, while in
treatment group received the oral suspension of valsartan
observed reduction of mean systolic BP to 144.75±1.85 mm
of Hg after 0.5 h and 122.34±2.26 mm of Hg in 2 h. However
administration of S-SNEDDS formulation of valsartan ob-
served a significant reduction in mean systolic BP to 114.54±
1.84 mm of Hg after 0.5 h and 112.01±2.27 mm of Hg in 2 h
i.e., animals reaches to normotensive state due to faster onset
of action attributed by enhanced bioavailability potential of
self-nanoemulsifying formulations (Fig. 9) (34). The S-
SNEDDS upon peroral administration undergo emulsification
in gastric milieu to produce nanoemulsion, which get easily
absorbed through lymphatic pathways. Statistical analysis by
paired t test revealed that significant difference (p<0.05) in
mean systolic BP reduced by S-SNEDDS and oral suspension
of valsartan.

Fourier Transformed Infrared Spectroscopy

The FT-IR spectra of physical mixture of drug with var-
ious excipients observed no specific physiochemical interac-
tion. There was no significant difference found in wave

Fig. 10. Powder XRD spectra of valsartan with different solid exci-
pients: a valsartan, b physical mixture of valsartan and Sylysia 350, c
physical mixture of valsartan and Neusilin US2, d valsartan-loaded
self-nanoemulsifying granules using Sylysia 350, e valsartan-loaded
self-nanoemulsifying granules using NeusilinTM US2

Fig. 11. FT-IR spectra of valsartan and different formulations: a val-
sartan, b physical mixture of valsartan and Capmul MCM, c physical
mixture of valsartan and Labrasol, d physical mixture of valsartan and
Tween-20, e optimized SNEDDS formulation, f valsartan-loaded self-
nanoemulsifying granules in Sylysia 350, g valsartan-loaded self-nano-
emulsifying granules in Neusilin US2, h optimized S-SNEDDS tablet
formulation T2

Table VI. Characterization of S-SNEDDSAfter Accelerated Stability
Study at 40°C/75%RH

Sampling
time (months)

SEF
time (s)

Globule
size (nm) %Rel15min Dt (min)

0 16±0.2 46±0.6 101.5±0.7 3.3±1.1
1 16±0.8 48±0.7 99.9±2.7 3.7±1.1
2 18±0.3 47±0.3 98.8±3.1 4.3±2.3
3 17±0.7 47±0.4 97.7±3.7 3.9±1.1
6 18±0.5 51±0.3 96.6±0.8 4.2±0.2
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number (per centimeter) or functional group of the drug in all
spectra (Fig. 10).

Powder XRD Studies

Powder X-ray diffraction patterns confirmed physical na-
ture of the valsartan and prepared SNEGs (G2 and G5) con-
taining Sylysia 350 and Neusilin US2 (Fig. 11). X-ray
diffractogram of pure drug showed no sharp peak indicating
its amorphous nature. Similar observations were seen for
SNEGs, as they showed no intense peaks dictating the drug
is present in solubilized state in lipidic excipients. The diffuse
peaks observed in the spectra are may be due to the porous
carriers (6,22).

Accelerated Stability Studies and Shelf-life Estimation

During accelerated stability studies (40°C/75%RH), dif-
ferent formulation parameters like SEF time, globule size,
percent drug release in 15 min and disintegration time of
prepared self-nanoemulsifying formulations were evaluated
at specified time intervals (0, 1, 2, 3, and 6 months) are
depicted in Table VI. Results showed that there was no sig-
nificant change in these parameters with respect to tempera-
ture. Further, to find out the shelf life of prepared S-SNEDDS
stored at 30±0.5°C, 40±0.5°C and 50±0.5°C for 3 months, the
concentration and log concentration of drug remaining was
determined. The order of degradation of valsartan in formu-
lation was found to follow first-order kinetics. The reaction
rate constant “K” for the degradation was measured from the
slope of the lines at each elevated temperature (Table VII).
Arrhenius plot for the S-SNEDDS at each elevated tempera-
ture was drawn between log K values against the reciprocal of
absolute temperature as shown in Fig. 12. From the plot, K
value at 25°C (K25) was determined and used to calculate shelf
life. Finally, shelf life of the optimized S-SNEDDS at room
temperature was calculated to be 617 days or 1.76 years.

CONCLUSION

The present studies successfully developed a novel S-
SNEDDS of valsartan employing porous carriers for augment-
ing its oral bioavailability. The application of experimental
design and response surface methodology helped in analyzing
the effect of independent variables on responses viz. self-
emulsification time, percentage drug release, and globule size,
which acts as parameters for performance evaluation of
SNEDDS. Among the porous carriers utilized viz. Sylysia
350, 550, 730 and Neusilin US2, the Sylysia 350 showed better
drug release property. In vitro dissolution studies showed that
S-SNEDDS had a faster drug release rate than conventional
marketed preparation and pure drug. The optimized S-
SNEDDS formulation exhibited 3–3.5-fold enhancement in
dissolution rate as evident from in vitro dissolution studies.
Further, the FT-IR and XRD study showed no interaction of
porous carriers used with developed self-emulsifying system.
Thus, it can be concluded that the S-SNEDDS can be suitable
formulation approach for bioavailability enhancement of
valsartan.
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